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Preface

 Research and development (R&D) has played a 
central role in the advances Malaysia has been able to 
achieve, in its endeavour to transform its economy from 
dependence on agriculture and exports of raw materials 
into a diversified economy characterized by exporting 
high-tech electronics and striving to become a knowledge-
based economy. Malaysia has managed to stand at 
par with many developed countries with regard to its 
competitiveness through adopting science and technology 
policies and taking significant actions to increase the R&D 
infrastructure in the past three decades. The country has 
also witnessed a marked increase in innovative activity 
and transforming the output of R&D activities into applied 
patents and innovations.

 As an esteem statutory body, MARDI is mandated 
to conduct research in agriculture, food and agro-based 
industries. MARDI research endeavours for more 
than 50 years had successfully generated many new 
crop varieties and clones, animal breeds, commercial 
products and public good technologies and practices. 
Cutting edge technologies in food processing and post-
harvest handling are also developed for horticultural 
and livestock products. ICT technologies are being 
exploited in farm management and operations such as 
“precision farming” technology for rice cultivation and 
yield estimation, using the imaging technology. New 
techniques are also being developed in environmental 
management and optimum utilization of agricultural 
resources particularly climate smart agriculture (CSA), 
soil, water and genetic resources. Besides performing 
contract R&D projects, MARDI also provides technical 
services and entrepreneurship development in food, 
agriculture and other fields related to the industry. 
The technical services are in the forms of advisory, 
consultancy, technical trainings, analytical laboratory 
services and quality assurance, product development and 
processing and also technology upscaling. Farmers and 
entrepreneurs who had adopted MARDI technologies 
have contributed to the development of the national food, 
agriculture and agro-based industries. This has made the 
agricultural sector a compelling contributor to the national 
economy. MARDI also provides a pool of experts in 
relevant fields and contributes significantly to the global 
knowledge corpus. All information, scientific findings 
and agricultural skills acquired from the R&D activities 
are channelled via publications, exhibitions, conferences 
and seminars at national and international levels.

 MARDI Science and Technology Exhibition or MSTE 
has been organized since 2005 and is a platform for 
MARDI management and professional (P&P) groups 
to share knowledge and experience by showcasing the 
findings of R&D that has been conducted. The event 
is a platform for recognition to researchers for their 
contributions and achievements in R&D of science, 
technology and innovation at national and international 
levels.

 The Proceedings of MARDI Science and Technology 
Exhibition 2021: Extended Abstract is a compilation of 
151 articles from the participants representing innovation 
and knowledge categories from biotechnology, crops, 
environment and natural resources, food technology, ICT, 
livestock, automation and mechanization, nanotechnology, 
social sciences, technology transfer, economy and 
operational services. 

 I strongly feel that the papers presented in the 
proceedings will help in consolidating research knowledge 
and stimulate R&D leading to potential commercialisation. 
Last but not least, I hope the proceedings will be 
a significant tool for disseminating MARDI R&D 
knowledge to the stakeholders and reviving Malaysia 
agriculture as significant contributor to the national 
economy. I would like to express my gratefulness to all the 
reviewers for their constructive criticisms, who in spite of 
their busy schedules helped in timely manner evaluation 
of the manuscript. Also gratifying acknowledgements to 
the editorial, technical and production teams for bringing 
out this special Proceedings of MARDI Science and 
Technology Exhibition 2021: Extended Abstract.

Dato’ Dr Mohamad Zabawi bin Abdul Ghani
Director General
MARDI
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Abstract 

 Creating new mushroom-based products is one of the important efforts to improve our local mushroom industry. Due 
to their vast array of bioactive compounds, mushrooms can be developed into health and wellness products, such as 
cosmeceuticals. MycoSkin topical products were developed by using extracts from Schizophyllum commune (cendawan 
kukur) as the main bioactive ingredient. The formulations of this anti-aging and anti-pigmentation topical product 
are stable, free from harmful and irritating chemicals, as well as free from ingredients from animal sources. Results 
from organoleptic and consumer perception studies suggest that these products have high potential to be marketed 
and accepted by the consumer. More than half of the respondents of a survey (77.4%) were willing to replace their 
current products with MycoSkin. The efficacy study of these formulations showed positive effects on human skin. 
Compared to placebo and skin baseline measurements of the volunteers, MycoSkin anti-aging and anti-pigmentation 
products improved hydration and elasticity, as well as decreased trans-epidermal water loss (TEWL), melanin content 
and erythema index. These scientifically proven properties of the mushroom-based topical formulations can diversify 
the product range from the local mushroom industry, and provide the consumers with more variety of products 
containing the active ingredient from natural resources.  The formulations of this product are protected under Trade 
Secret (TS 2021/12/100).

Keywords: anti-aging, anti-pigmentation, mushroom, Schizophyllum commune, topical products
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Introduction

 Creating new mushroom-based products is one of the 
important efforts to improve our local mushroom industry. 
There is a significant lack of downstream processing and 
variety of mushroom-based products developed from 
locally-cultivated mushrooms. Apart from being used as 
a source of food and medicine, mushrooms have long 
been used as nutraceuticals and cosmetic functional 
ingredients. Compounds from mushrooms display 
multiple cosmeceutical functions such as antioxidative, 
anti-aging and anti-hyperpigmentation [1], and are 
frequently used to address facial skin concerns. The 
rising demand for natural ingredients and concerns about 
synthetic substances, as well as awareness on impact to 
the environment and on health, supports the trend of the 
consumer’s and producer’s receptiveness to the usage of 
natural cosmetics [2]. There is an increasing number of 

commercially available personal care products containing 
mushroom extracts or their bioactive compounds. 
Based on numerous studies on the capability of extracts 
or compounds from mushrooms to act as functional 
cosmetic ingredients [3], it is evident that mushrooms 
should be further explored and actively developed into 
effective products.
 Realising the potential of mushrooms as a source of 
functional ingredients for personal care products, we 
developed two types of moisturising cream formulations 
(anti-aging and anti-pigmentation/whitening) containing 
specialized extracts from Schizophyllum commune 
which have antioxidative, anti-hyperpigmentation and 
anti-wrinkle properties as an active ingredient. The 
objective of the study was to evaluate the effects of the 
mushroom-based anti-aging and anti-pigmentation cream 
on human skin, as well as consumer acceptance of the 
prototype topical products. The prototypes were subjected 
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to an organoleptic study, followed by an assessment of 
their effects on human skin through evaluation of skin 
physiological changes at certain periods after application. 
A survey on consumer acceptance of these products was 
also carried out. 

Materials and Methods

Production of Mushroom-Based Prototype Creams

 Two functional extracts from S. commune were 
produced through a specific extraction method in the 
Bio-processing Laboratory, MARDI. Glycerin, carbomer, 
triethanolamine and other ingredients were purchased 
from Personal Formula Resources, Malaysia. The 
formulations were developed without the use of harsh 
chemicals or chemicals of animal origins. Whitening (anti-
pigmentation) cream and anti-aging cream containing the 
S. commune extracts and their respective placebo creams 
(without the extracts) were produced at a GMP-certified 
facility in Johor.

Organoleptic (Sensory) Evaluation of Mushroom-
Based Topical Products

 A total of 39 untrained panellists (men and women), 
aged between 19 and 50 years, participated in this study. 
Prior to the test, the subjects were informed about the 
research goals and procedures. Three samples of face 
cream were presented to each subject in coded transparent 
plastic containers. The test was performed in a sensory 
laboratory under conditions of standard lighting and 
temperature (20 °C) with groups of 6 subjects per session, 
each placed in individual booths. Analysis of variance 
(ANOVA) and Post-hoc Duncan test were applied by 
using the Statistical Package for Social Sciences (SPSS) 
version 25.0.

Efficacy Study of Mushroom-Sased Topical 
Products

 Ethical application was approved for the study by 
the National University of Malaysia’s ethical committee 
in October 2020. The study was performed in a 
controlled temperature and humidity room. Skin baseline 
physiological (biometrics) measurements on each of 26 
volunteers were recorded. The creams were applied to the 
face twice a day for 12 weeks. Further measurements were 
made after 4, 8 and 12 weeks. Skin hydration, TEWL, 
skin pigmentation (melanin) and redness (erythema) and 
elasticity were measured by a corneometer, tewameter, 
mexameter and cutometer, respectively, which were 
mounted on a multi probe adapter MPA580 (Courage 
& Khazaka, Electronic GmbH, Germany). Comparisons 
between the treatment groups and control were performed 
using the two-way analysis of variance (ANOVA) 
and Tukey’s multiple comparison post-test (GraphPad 
Prism 6.0).

Consumer Survey

 An empirical study was conducted throughout the states 
of Selangor, Kuala Lumpur, Negeri Sembilan and Johor, 
involving a total of 213 respondents. Each respondent 
was given a survey pack containing a paper questionnaire, 
products information sheet and two mushroom-based 
topical products (anti-aging and whitening moisturising 
cream) as test samples. 

Results and Discussion 

Sensory Evaluation

 The sensorial properties of the mushroom-based 
topical creams are shown in Table 1. Score 0 represents 
lowest acceptance or extremely dislike, while score 10 
indicates highest acceptance or extremely like. The overall 
acceptance of all the samples, obtained from the mean 
scores, was higher than 6 (like slightly) and was strongly 
correlated with all the assessed attributes. These findings 
indicate that all the samples presented sensory appeal and 
have the potential to be commercialised.

Effects of Mushroom-Based Topical Products on 
Human Skin

 Compared to before application (treatment), the 
mushroom-based anti-aging cream significantly decreased 
TEWL at 4, 8 and 12 weeks (p <0.05). Skin hydration 
was also increased, suggesting that the cream had the 
ability to improve skin barrier function. A similar trend 
was observed in the whitening mushroom-based cream; 
however, there was no significant difference when 
compared to the placebo and baseline measurement. 
Compared to pre-treatment, the mushroom-based anti-
aging cream showed increased skin elasticity at 4 and 
12 weeks. The increment rates were 5.3 and 12.7%, 
respectively. A similar trend was also observed in the 
whitening cream. Compared to pre-treatment and the 
placebo, the mushroom-based whitening cream showed a 
decrease in melanin and erythema index value at 4, 8 and 
12 weeks.  The decrement rates were found to be very high 
during week 4, which indicated that the cream showed 
fast reaction as a depigmenting agent. The decrement in 
erythema value showed that the cream did not induce 
irritation on the treated skin; unlike in the placebo, for 
which the erythema value was found to increase at week 
12. These results are shown in Figures 1 (a) to (e).
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(a)

(b)

(c)

Table 1. Mean scores from respondents’ feedback on the sensorial properties of the 
topical products

Attribute1 Topical product (moisturising cream)2

Anti-aging Anti-pigmentation Commercial
Appearance 6.87 ± 1.44a 7.00 ± 1.34a 5.82 ± 1.95b

Fragrance 4.87 ± 1.95b 6.31 ± 1.92a 6.62 ± 2.02a

Colour 7.33 ± 1.20a 7.38 ± 1.30a 6.23 ± 1.87b

Consistency 6.90 ± 1.67a 7.00 ± 1.36a 6.28 ± 1.89a

Smoothening 7.00 ± 1.38a 7.15 ± 1.29a 6.41 ± 1.98a

Spreadibility 6.54 ± 1.67a 6.90 ± 1.85a 6.33 ± 1.81a

Oiliness 6.36 ± 1.97a 6.74 ± 1.71a 6.56 ± 1.96a

Adhesiveness 6.41 ± 1.89a 6.79 ± 1.36a 6.28 ± 1.92a

Overall acceptance (O.A) 6.36 ± 1.80a 6.85 ± 1.50a 6.31 ± 2 .02a

1Values correspond to mean data; ± corresponds to standard deviation; 2different letters in 
column show the values are significantly different from one another (p <0.05)
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Table 2. Respondents’ opinions on the anti-pigmentation mushroom-based product

Like Dislike
No. of respondents No. of respondents

Nice scent 66 Unpleasant scent 35
Easily absorbed 44 Harsh and sticky 8
Non-sticky 52
Easy to spread 6
Smooth, moist and soft 25
Non-greasy 3

Table 3. Respondents’ opinion on the anti-aging mushroom-based product

Like Dislike
No. of respondents No. of respondents

Nice scent 45 Unpleasant scent 32
Easily absorbed 33 Harsh 4
Non-sticky 42 Not absorbed well 17
Moist and soft 22
Easy to spread 2

(d)

(e)

Figure 1. Changes in skin biometrics of human volunteers at 4, 8 and 12 weeks after application: (a) TEWL, 
(b) skin hydration, (c) elasticity, (d) melanin index and (e) erythema index
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Consumer Acceptance of Mushroom-Based Topical 
Products

 The respondents’ opinions regarding the studied 
products were evaluated by using open-ended questions. 
Based on the results shown in Tables 2 and 3, a favourable 
opinion was observed for the scent and non-sticky 
quality of both the whitening and anti-aging moisturising 
creams. 77.4% (data not shown) of the respondents were 
willing to swap their current moisturising creams with the 
developed products.

Conclusion 

 It can be concluded that the studied products’ efficacy 
may be due to the properties of our specialised S. 
commune extracts. The content of the extracts as the 
natural active ingredient in the product formulations and 
their sensory quality may be considered as the drivers 
for the respondents’ positive feedback. To the best of our 
knowledge, no other topical product based on S. commune 
has yet been developed in Malaysia. These unique 
formulations are safe, effective and have the potential to 
be marketed and to be well-received by consumers. 
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Abstract

 Rapid development in the livestock and animal husbandry industries has led to increases in feed production and 
output, especially grain corn-based feed. However, due to certain factors, harmful mycotoxins can appear in both 
processed and non-processed grain corn which can lead to serious health issues in livestock and humans. There are a 
few hundred mycotoxins that are known to be produced by the genera Aspergillus and Fusarium. The most prominent 
toxins associated with grain corn are aflatoxins, deoxynivalenol (DON), fumonisin, ochratoxin, trichothecene (T-2) 
and zearalenone. Until today, the detection of mycotoxins still relies heavily on instrumentation methods (i.e., HPLC 
and LC-MS/MS) offered by private laboratories. Even though these techniques are sensitive and are the gold standard, 
they require more than one day for analysis with a minimum turnaround time of 7 days. To address the problem of the 
need for a rapid test and the availability of a reliable detection kit, a local immuno-based diagnostic kit for quantitative 
detection of mycotoxins in grain corn, particularly of aflatoxin B1, ochratoxin A and fumonisin B1, was developed. 
Polyclonal antibodies employed in this study were produced in-house and showed high sensitivity to their targeted 
toxins in both inter- and intra-species studies. High recovery rate was achieved in spiked corn sample analysis (>75%). 
Real sample analysis was conducted on commercial grain corn (GWG 888), and the results obtained were compared 
with HPLC and LC-MS/MS analyses to validate the sensitivity of the kit. The detected ochratoxin and fumonisin were 
over the permissible limits, while aflatoxin was detected in very low concentrations. This locally developed kit (at an 
estimated cost of less than RM1,500/kit) offers a feasible and practical means for the rapid detection of toxins in grain 
corn besides providing a great alternative to commercial assay kits (with estimated cost of more than RM3,500/ kit). 
This kit can be targeted for the regulatory agencies, grain corn industries and animal feed producers.

Keywords: aflatoxin, diagnostic kit, fumonisin, mycotoxins, ochratoxin

Proceedings of MARDI Science and Technology Exhibition (2021): 6 – 8

Introduction

 Grain corn is a major feed grain and a standard 
component of livestock diets as a source of energy. 
Since 2018, Malaysia has taken the initiative to grow and 
produce local grain corn as animal feed, which envisaged 
savings of billions of ringgit spent in importing it [1]. 
However, the storage environment such as poor aeration 
and high humidity, in addition to the natural Malaysian 
weather, are potential factors that can speed up fungal 
growth and the production of mycotoxins in grain corn [2]. 
Mycotoxins are a toxic group of secondary metabolites 
produced by a few fungal species which can infest all 
stages of corn production, processing and storage. They 
are considered as difficult-to-control natural contaminants 
in food. The principal genera of mycotoxin-producing 

fungi are Penicillium, Aspergillus and Fusarium; and 
mycotoxins may remain even after fungal destruction 
[3]. Although aflatoxins remain the most widely studied 
mycotoxins, other mycotoxins such as ochratoxin and 
fumonisin also persist in grain corn.
 Contamination by mycotoxins poses a serious health 
problem for humans and animals as well as imposes an 
economic obstacle. Exposure to even low concentrations 
of mycotoxins in the long term has been associated with 
liver diseases such as cancer, hepatitis, and jaundice, both 
in humans and in animals, apart from being generally 
carcinogenic [4]. Under these circumstances, it is of 
paramount importance in ensuring that our corn is free 
from mycotoxins before it enters the animal feed and food 
chains. Conventional methods in mycotoxin detection 
mainly rely on chromatography instrumentation methods 
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(e.g., HPLC, LC-MS/MS). These techniques, although 
sensitive and regarded as the gold standard, require tedious 
sample preparation and are costly. Morphological analysis 
may take a week for a microbiologist to isolate and 
identify a single colony of the fungus or the contaminated 
microbial. Commercially available diagnostic kits, on the 
other hand, are expensive and may take weeks to months 
for the procurement process. With this regard, a locally 
produced rapid diagnostic kit with low-cost testing offers 
innovative solutions to meet the needs in monitoring for 
safety and quality, as well as analytical requirements. 
We report here the development of a rapid diagnostic kit 
based on the principles of enzyme-linked immunosorbent 
assay (ELISA) principles for the detection of aflatoxin 
B1, ochratoxin A and fumonisin B1 toxins in grain corn. 

Materials and Methods 

 The schematic layout of the whole experimental design 
is illustrated in Figure 1. The protocol for polyclonal 
antibody production against aflatoxin B1 (AFB1) in 
rabbits has been reviewed and approved by the Malaysia 
Animal Ethics Committee of the Malaysian Agricultural 
Research and Development Institute, (MARDI) (Approval 
number: 20190215/R/MAEC00045). 

Polyclonal Antibody Production

 An immunisation protocol was performed based on the 
guidelines by Leenars & Hendriksen [5]. Six rabbits were 
used in the immunisation procedure, with two replicates 
for each toxin. The toxins were denoted as A1 and A2 for 
aflatoxin, O1 and O2 for ochratoxin, and F1 and F2 for 
fumonisin. Blood samples from the rabbits were collected 
a week after each immunisation and treated with Protein 
A affinity column to obtain pure IgG antibodies against 

aflatoxin, ochratoxin and fumonisin. The developed 
polyclonal antibodies were characterised using indirect 
enzyme-linked immunosorbent assay (ELISA), and their 
activities were compared with that of the pre-immune 
antibody (control study). 

Development of the Detection Kit for Mycotoxins

 The mycotoxins standard curve and cross-reactivity 
were determined using competitive direct ELISA as 
described elsewhere [6]. Commercial grain corn (GWG 
888) samples from MARDI’s Engineering Research 
Centre were used in the recovery study and real sample 
application. For the validation study, HPLC for aflatoxin 
B1 and ochratoxin A analysis were performed by UKM 
UNIPEQ, Bangi. Fumonisin B1 was determined by 
using liquid chromatography-tandem mass spectrometry 
(LC-MS/MS) performed by SGS (Malaysia) Sdn. Bhd., 
Shah Alam.

Results and Discussion

Standard Curve Development

 The sensitivity of the developed antibody was 
determined in a buffer (phosphate-buffered saline, pH 
7.4, 0.1 M) and corn matrix. The performances of the 
antibody against aflatoxin B1 and ochratoxin A was 
better in the grain corn matrix compared to the buffer 
(Table 1), with a lower limit of detection (LOD) and 
limit of quantitation (LOQ). As for the antibody against 
fumonisin B1, detection in the grain corn matrix was 
comparable with that in the buffer system, and its LOD 
was still below the permitted maximum residue limit 
(MRLs). This proved that the matrix study was successful 
in eliminating possible interferences in the corn matrix.

Figure 1.	Work	flow	for	research	activities	involved	in	the	development	of	the	diagnostic	kit	for	the	detection	of	mycotoxins	
in grain corn
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Table 1. Comparison of the standard curve values for 
mycotoxin detection in different matrices

In Buffer Matrix In Grain Corn Matrix
Aflatoxin B1
(0 – 10 ppb)

R2 = 0.9457
LOD = 3.31 ppb
LOQ = 10.03 ppb

R2 = 0.9756
LOD = 1.90 ppb
LOQ = 5.77 ppb

Ochratoxin A
(0 – 10 ppb)

R2 = 0.9533
LOD = 15.80 ppb
LOQ = 47.88 ppb

R2 = 0.9903
LOD =8.07 ppb
LOQ = 24.47 ppb

Fumonisin B1
(0 – 2500 ppb)

R2 =0.9952
LOD = 303.81 ppb
LOQ = 920.94 ppb

R2 = 0.9798
LOD = 689.96 ppb
LOQ = 2090.81 ppb

 For the cross-reaction studies, the specificity of 
aflatoxin B1 with others in the aflatoxin family was 
conducted by replacing aflatoxin with AFB2, AFG1 and 
AFG2 and other mycotoxins (ochratoxins A and B, and 
fumonisins B1, B2, and B3) which can be found in the 
same food commodities. For aflatoxins, the antibody 
was relatively specific to AFB1; AFG1 cross-reacted at 
60 – 100% relative to AFB1, AFB2 at 50 – 60%, while 
AFG2 showed cross-reactivity of less than 20% (data not 
shown). The cross-reactivity was in the order of AFB1 > 
AFG1 > AFB2 > AFG2. This result is the same as that 
reported by Lakkireddy et al. [7]. No cross-reaction was 
observed with the other toxins groups, which indicates the 
specificity of the antibody against aflatoxin. Similarly, the 
antibody against ochratoxin A and fumonisin B1 displayed 
non-significant cross-reactivity towards all the groups of 
mycotoxins. The performance of the developed antibody 
in a competitive assay is therefore highly selective towards 
its respective target analytes.  

Recovery Study and Real Sample Application

 Prior to the recovery test, the corn sample was treated 
with 30% sodium hypochlorite and autoclaved. A high 
recovery rate was achieved in the spiked corn samples 
analysis (>75%), indicating the high accuracy of the 
detection assay. For real sample application, matrix 
interference was studied and its dilution factor was 
optimised (data not shown). The developed mycotoxin 
detection kit was further compared with instrumentation 
analysis in order to validate the sensitivity of the kit. 
Non-spiked grain corn samples were used to determine 
the initial concentration of possible mycotoxin present 
in the samples. Overall, the kit exhibited similar results 
with HPLC or LC-MS/MS analysis. Both ochratoxin and 
fumonisin were detected to be over the permissible limits, 

Table 2. Comparison of mycotoxin analyses performed by MARDI’s diagnostic kit and by instrumentation 
methods

MARDI diagnostic kit (ppb) Instrumentation method (ppb) MRL (ppb)
Aflatoxin B1 n.d* 0.34a 5
Ochratoxin A 25.60 25.82b 5
Fumonisin B1 1116.79 2220.00c 1000

a as detected by Immunoaffinity Columns/HPLC (UVE reactor/Fluorescent Detector)
b as detected by mmunoaffinity Columns/HPLC
c as detected by LC-MS/MS

while aflatoxin was detected in a very low concentration.
 Based on the validation study, a detection method for 
mycotoxins in grain corn has been successfully developed 
using the ELISA approach involving biological reactions 
between polyclonal antibodies and the targeted toxins. 
This developed kit has proven to have high selectivity, 
sensitivity and accuracy; and is able to detect the presence 
of mycotoxins at low concentrations.

Conclusion

 The rapid detection kit developed here offers an 
excellent detection system, providing rapid quantitative 
results as opposed to the conventional instrumentation 
methods in ensuring the safety and quality of grain corn 
as animal feed. In future, this kit’s application can be 
widened to other food commodities such as peanut, rice, 
milk or cereals. 
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Abstract

 Mushroom is one of the most popular delicacies highly sought after by Malaysians. Among the cultivated ones, 
grey oyster mushroom is the most popular for local consumption and export.  Insufficient mushroom production to 
meet domestic demand has led to the importation of mushrooms and mushroom products valued at RM372 million. 
This was mainly caused by the less productive and easily contaminated existing grey oyster mushrooms. Therefore, 
oyster mushroom cultures were screened to select for a highly productive strain that is resistant against weedy fungi 
contamination. Out of 10 isolates screened, two of them, Seri Jelira 1 (MP9) and 2 (MP28), showed potential in 
replacing the available commercial varieties. The productivity of Seri Jelira 2 was as good as that of the commercial 
variety with low contamination, while Seri Jelira 1 produced bigger and thicker fruiting bodies with lower contamination 
and having a longer shelf life (an additional one week) compared to the commercial and MP28 isolates. Results from 
a simple sequence repeat markers (SSRs) analysis showed that both Seri Jelira 1 and 2 are new strains and can be 
protected by the Plant Variety Protection (PVP) rights. An economic feasibility study showed that the production of 
mushrooms using MARDI’s isolates in conventional mushroom houses was more profitable than using the commercial 
strains, mainly due to less contamination. The biggest mushroom farm in Malaysia, C&C Mushrooms, has requested 
to use the Seri Jelira 1 and 2 isolates in their farm as replacements for their existing cultures. MARDI is currently 
upscaling the production of Seri Jelira 1 and 2 mushroom isolates to supply small and medium-sized mushroom farms 
in the country. The introduction of these two strains is expected to enhance grey oyster mushroom production thereby 
reducing significantly the importation of mushroom cultures, spawn and mushrooms from foreign countries.

Keywords: oyster mushroom, Plant Variety Protection (PVP), Seri Jelira 1, Seri Jelira 2, simple sequence repeat markers (SSRs)

Proceedings of MARDI Science and Technology Exhibition (2021): 9 – 11

Introduction

 Mushrooms areone of the most popular delicacies 
which are highly sought after by Malaysians. Before 
2000, mushrooms were categorised as a low-profile crop, 
because mushroom production was still at the expansion 
stage. After 2009 (RMK10), the government’s perception 
of the mushroom industry changed considerably, on 
realising the high value of the crop and its importance for 
food and nutrient security. This industry also promises a 
lucrative income; therefore, mushrooms are now perceived 
to be a crop for wealth generation. The main mushrooms 
produced in Malaysia are oyster, wood ear, paddy straw 
and shiitake. Grey oyster mushroom is the most popular 
in the Malaysian market.

Mushroom production in Malaysia amounted to 4,458 
tonnes in 2018, which was insufficient to fulfil the 
local demand; therefore, 37, 477 tonnes of mushrooms 
(valued RM372 million) were imported (DOA, 2019). 
Although the Malaysian Agri-food policy had set a goal 
to increase mushroom production in Malaysia with the 
intention to reduce the import dependence, the expansion 
of the mushroom industry is far from satisfactory. One 
of the main issues is the lack of excellent mushroom 
strains which are highly productive and resistant against 
colonisation of weedy fungi. Therefore, the aim of this 
study was to select a highly productive grey oyster 
mushroom strain and efficiently control the contamination 
caused by weedy fungi.
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Materials And Methods

Screening of Oyster Mushroom Isolates

 Ten oyster mushroom isolates, namely MP1, MP2, 
MP5, MP9, MP11, MP14, MP25, MP28, MP52 and 
PPUM, were screened for prolific yield production 
and resistance against weedy fungi contamination. 
Mushroom spawns were prepared by inoculating each 
isolate individually into a sterile wheat grain substrate 
in a polypropylene bag [2,3]. Supplemented sawdust 
substrate bags which consisted of rubber sawdust, rice 
bran and gypsum at 100:10:1 ratio were prepared and 
steamed for eight hours to sterilise against any potential 
contamination. Ten mushroom bags were prepared by 
inoculating the supplemented sawdust substrate with 
individual mushroom spawn mentioned above, and 
incubated in a controlled environment mushroom house 
(CEMH) (25 °C). After the mushroom mycelia fully 
covered the sawdust substrates, all the mushroom bags 
were opened to induce mushroom fruiting. The weight of 
the mushroom fruiting bodies generated by each isolate 
was recorded.

Bigger Scale Mushroom Production in CEMH and 
a Conventional Farm (Non-CEMH)

 Mushroom spawn was prepared as explained above 
for MP9, MP28 and a commercial strain. The commercial 
mushroom culture was kindly provided by Mr Nabil from 
Nas Agro Farm, Jenderam Hulu, Selangor. A thousand 
mushroom bags were prepared for each of the three 
isolates. The experiment was conducted in MARDI’s 
CEMH. The time needed for full mycelial colonisation 
of the substrate, yield production, rate of contamination 
and post-harvest quality were determined. Later, this 
experiment was repeated in a conventional production 
system (non-controlled environment) at a commercial 
farm at Jenjarom, Selangor. The mushrooms produced 
from both the MARDI and the commercial strains 
were subjected to post-harvest analysis and storage-life 
determination.

Phylogenetic Analysis of Selected Mushroom 
Cultures by using Simple Sequence Repeat Marker 
(SSR)

 All the three mushroom isolates tested in big scale 
production and eight more isolates were subjected to 
SSR analysis to construct the phylogenetic tree and to 
elucidation of these strains.

Results and Discussion

Screening of Oyster Mushroom Isolates

 Ten mushroom isolates were screened to select for 
strains with potential for industrial use. Generally, all 
the isolates tested showed good mycelial growth and 
did not record any contamination. For the production of 
mushroom fruiting bodies, MP28 recorded the highest 
yield at 148 g/bag, followed by MP9 (110 g/bag), MP2, 
MP11 and MP 52 (Figure 1). The other five isolates 
totally failed to produce any mushrooms. This failure 
in fructification may be caused by the environment in 
CEMH, or the induction technique for fructification. 
The best performing isolates MP9 and MP28 were 
selected for a big-scale production trial in CEMH and 
conventional systems.

Large-Scale Mushroom Productions in CEMH and 
in a Conventional Farm (Non-CEMH)

 For large-scale mushroom production in CEMH, MP9 
and MP28 were compared with the commercial strain 
available in the market (spawn from Nas Agro Farm, 
Jenderam Hulu, Selangor). MP9 and MP28 recorded 
shorter spawn run and fructification time compared to 
the commercial strain (Table 1). The total time needed 
for one crop cycle for both the MARDI isolates 144 
days compared to the commercial strain which needed 
191 days. Hence, the MARDI isolates are fast growing, 
saving 47 days (1.52 months) compared to the commercial 
strain for each crop cycle; this allows for more crop 
cycles per year with the MARDI isolates (average 2.5 
cycles/annum) compared to the commercial strain (1.9 
cycles/annum). This fast-growing characteristic helps 
the MARDI mushroom strains to quickly colonise the 
substrate and restrain any possible contamination from 
other contaminant fungal spores. 

Post-Harvest Quality of the Mushrooms Generated 
by the MARDI Strains

 As mushroom is considered as a highly perishable 
crop with a short shelf life, the mushrooms generated 
from the MARDI isolates and the commercial strain 
were subjected to post-harvest analysis. Both MP28 and 
the commercial strain recorded a storage life of 2 weeks, 
while MP9 isolate showed an extended storage life of 3 
weeks (Table 1). This extended shelf life makes MP9 
strain suitable for the export market.
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Phylogenetic Analysis of Selected Mushroom 
Isolates by using Simple Sequence Repeat Markers 
(SSR)

 Phylogenetic analysis using SSR markers showed 
that both MP9 dan MP28 were different from nine other 
isolates, including two commercial strains. This finding 
suggests that the cultures are new strains that are currently 
not available in the market. Therefore, both the MARDI 
strains were registered for Plant Variety Protection (PVP). 

Conclusions

 Two excellent mushroom strains were identified 
through screening and large-scale production. These strains 
generated as high a yield as the commercially available 
strains but with better quality (less contamination) and 
with one having a longer storage life. These new isolates 
need to be tested further in other commercial farms. The 
country’s biggest mushroom producer, C&C Mushrooms, 
has shown interest in the strains, and plans to test them 
in their farm. In 2023, we also plan to upscale the 
spawn production which will then be supplied to many 
commercial farms for mushroom production. 

Table 1. Production time, yield and contamination rate 
for oyster mushroom isolates MP9 and MP28 
compared to the commercial strain

Isolate Commercial MP9
Spawn run time (days) 66 39
Fructification time (days) 125 105
Total time for 1 crop cycle (days) 191 144
Yield (g/bag) 148 100
Contamination rate (%) 15 1.7
Storage life of mushroom (weeks) 2 3
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Figure 1. Yield performance of 10 oyster mushroom isolates grown in CEMH
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Abstract

 Screening of new quality rice lines for glycaemic index (GI) is important to fast track the breeding and selection of 
healthy rice. Rice with low GI offers an alternative to diabetic patients, especially for Malaysians as white rice is the 
main source of carbohydrate in their diets. Rice with low GI, therefore is imperative. 12 polished samples of white rice 
lines, namely MRQ 74, 76, 88, 98, 103, 104, 110, 115, 116, 117, 118 and 123, and one unpolished (brown rice) sample 
of MRQ 98 were tested. Five lines, MRQ 74, 76, 88, 98 and 104, have been released as varieties, while the remaining 
seven lines have potential to be promoted as parental lines or for new variety release. All the rice lines have different 
amylose content, from low to intermediate to high. Besides which, they are either aromatic or non-aromatic, sticky or 
flaky. Carbohydrate portion to be consumed by human volunteers was determined by proximate analysis, prior to GI 
testing. In addition, it is mandatory to ensure that the test food is free from arsenic (As), lead (Pb), cadmium (C/d) and 
mercury (Hg). GI testing was carried out on 13 healthy individuals, noting the change in blood glucose concentration 
over a two-hour period following the start of ingestion of the test food, and was determined by the incremental area 
under the iAUC curve. Results showed that all the rice lines tested had low glycaemic index, ranging from 21 – 44. 
The rice line with the lowest amylose content (16%) showed a GI value of 44, while polished rice and unpolished 
coloured rice with intermediate amylose content showed GI values of 30 and 34, respectively. As the results showed 
an outstanding GI value for white rice, especially the line with low amylose content, the GI test was recommended to 
be repeated to verify the existing findings.

Keywords: amylose, aromatic, blood glucose, carbohydrate, and proximate

Introduction

 Rice (Oryza sativa L.) serves as a staple food and 
energy source for about half of the world’s population with 
a global consumption at 85% of the total production of 
rice, and mainly consumed as white rice. It is a primary 
source of carbohydrate, which contributes approximately 
35 – 59% of a person’s calorie intake [1]. Recently, the 
high prevalence of non-communicable diseases (NCD), 
such as cardiovascular disease, cancer and diabetes, 
among Asians has prompted greater attention among 
researchers and nutritionists. It is reported that a high 
carbohydrate diet has been a significant factor contributing 
to 3.6 billion of diabetics among people aged above 18 
years [2]. According to Salmeron et al. (1997), food with 
a low glycaemic index (GI) lessens the risk of diabetes 

and cardiovascular disease [3]. Therefore, low GI rice 
is imperative.
 GI is a property of the carbohydrate in different foods, 
and a well-established indicator of the blood glucose-
raising potential of the digestible carbohydrate [4]. GI 
can be classified into three categories: low GI (below 
55), medium GI (56 – 69) and high GI (70 and above). 
White rice as the most widely consumed form, eliciting 
a relatively large glycaemic response and glycaemic 
load to the diets, due to both the large quantity eaten 
and its higher GI [5]. A report has also shown that GI 
of rice can range from 54 to 121 [6]. The variation may 
be due to the inherent botanical differences of rice from 
one geographical location to another; thus, individual 
rice-producing countries need to carry out their own GI 
testing [7].

Proceedings of MARDI Science and Technology Exhibition (2021): 12 – 15
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 To date, the Malaysian Agricultural Research and 
Development Institute (MARDI) has released 50 rice 
varieties since 1964. Among them, five were specialty 
rices, with quality traits of aromatic, jasmine and basmathi 
type. However, due to health concerns with the increasing 
prevalence of diabetes and related chronic diseases in 
recent times, the development of specialty rice with 
healthy traits is crucial. Therefore, the objective of the 
study was to determine the blood glucose response of 
seven specialty lines for potential release, namely MRQ 
103, 110, 115, 116, 117, 118 and 123, alongside five 
released varieties, namely MRQ 74, 76, 88, 98 and 104.

Materials and Methods

Rice Samples

 The samples were from twelve locally produced rice 
lines, freshly harvested in MARDI Seberang Perai, Pulau 
Pinang. Eleven samples were polished (milled rice) and 
one coloured rice remained unpolished (brown rice).

Head Rice

 The paddy samples were dehulled (Satake THU-35B) 
and the brown rice obtained was polished for 60 sec. After 
polishing, the milled rice samples were graded at 5.2 mm 
and 4.75 mm of a cylindrical grader [8]. Head rice (HR) 
recovery of the dried samples was calculated using the 
formula below:

% HR=Weight of HR (g) ÷ Weight of paddy (g) X 100

Amylose Content

 Amylose content of rice was analysed according to 
the reported method [9, 10]. A head rice sample was 
ground (0.1 g) before adding 95% ethanol, followed 
by 1M sodium hydroxide, and then heated in a boiling 
water bath. Then acetic acid was added, followed by 
iodine solution. Absorbance was measured at 620 nm 
using a UV-VIS Spectrophotometer (Cary -50). Amylose 
content was determined from a standard curve of check 
varieties with known amylose content. The rice lines were 
then classified according to their amylose content: low 
(10 – 20%), intermediate (20 – 25%) and high (25 – 33%).

Aromatic Observation

 The aroma of the rice samples was measured 
qualitatively using potassium hydroxide (KOH). To each 
head rice sample (1.0 g) was added 0.2 N KOH and left 
for 20 minutes before observation of the aroma were 
made by a trained panel. The aroma was categorised a: 
strong, moderate, slight or non-aromatic [11].

Test Foods and Reference Foods

 A test rice sample was prepared as having 50 g 
available carbohydrate; this was determined as the total 
carbohydrate content minus total dietary fibre [12]. Milled 
rice samples were cooked in electric rice cookers, with 
a water : rice ratio of 1:2 for white rice, and 1:4 for 
unpolished rice. Cooking time was inimizezed at 15 – 18 
minutes for white rice, and 40 minutes for unpolished 
rice. A standard glucose drink (Glucolin™, The Boots 
Company, England), dissolved in 500 ml of water, was 
given as a reference food.

Proximate Analysis

 Proximate analysis was carried out using the methods 
of AOAC, 2000 [13]. Data obtained from the proximate 
analysis were contents of moisture (MC), protein, ash, fat 
and fibre. These data were required to determine available 
carbohydrate, using the formula below:

Available carbohydrate = 100 – (MC + Fat + Ash + Protein + Fibre)

Heavy Metal Analysis

 The test rice samples were analysed to determine that 
they were assured free from heavy metals (arsenic; As, 
lead; Pb, cadmium; Cd and mercury; Hg) before human 
consumption [14].

Protocol of the Study

 Thirteen healthy Malay volunteers with body mass 
index (BMI) of 18.5 to 24.99, who were non-smokers, 
not on any medication, not suffering from Type 1 or 
Type 2 diabetes, and with a fasting blood glucose of not 
more than 5.2 mmol/L, were recruited to participate in 
the study [4]. This study was approved by the Medical 
Ethical Review Committee of Hospital Universiti Putra 
Malaysia (UPM). Blood glucose was analysed using the 
glucose oxidase method by an automatic glucose analyser 
[4].

Statistical Analysis

 Significant differences between samples were 
determined using analysis of variance (ANOVA) and 
Duncan’s multiple range test (DMRT) at a 5% level of 
significance.
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Results and Discussion

Heavy Metals

 Heavy metal content of As, Pb and Cd were below 
0.1 mg/kg (maximum permitted proportions: As 
(1 mg/ kg), Pb (2 mg/kg), and Cd (1 mg/kg), while Hg 
was below 0.01 mg/kg (maximum permitted proportion: 
Hg (0.05 mg/kg) [15].

Available Carbohydrate of Testing Rice

 Proximate values are depicted in Table 1. The results 
showed that all the rice samples contained 72 – 82 g 
carbohydrate. Available carbohydrate in 50 g was 
calculated from the carbohydrate values obtained.

Physicochemical Properties of Selected Specialty 
Rice Lines

 The test rice lines were selected based on their amylose 
content, as well as aroma. Generally, rice with high 
amylose content has low GI value, while low amylose 
group shows high GI value. However, several findings 
indicated that blood glucose response was similar either 
to high or low amylose food groups [16]. Among the 
13 lines, only three had no aroma but possessed low GI 
content. These lines can be promoted for the existing 
white rice market, but with the additional healthy trait 
of having low GI. The physicochemical properties of the 
selected specialty rice lines are summarized in Table 2.

Glycaemic Index of Selected Specialty Rice Lines

 The available carbohydrate in 50 g of rice, consumed 
by the human volunteers, ranged from 62.10 – 69.54 g. 
Figure 1 shows the blood glucose response to all the 
rice lines compared to the reference food. Fasting 
blood glucose was recorded below 5.0 mmol/L, before 
increasing at every 15-minute interval until it declined 
below 5.22 mmol/l after 75 min to 120 min from the time 
of test food ingestion. Blood glucose for the reference food 
drastically escalated up to 8.68 mmol/L, before declining 
5.47 mmol/L after 2 hours.
 All the tested rice samples showed low GI values, 
ranging from 21 – 44, as tabulated in Table 3. Amylose 
content (amylose : amylopectin ratio) seemed not to 
influence postprandial blood glucose in response to the 
rice samples. Other than amylose content, post-harvest 
processing (test food preparation; water ratio and cooking 
time) can also affect blood glucose level but these had 
been standardised. In addition, all the samples were 
taken from the same freshly harvested batch in order to 
minimised factors (such as age) influencing postprandial 
blood glucose response to the rice. Thus, the rice line 
tested in the study may be the factor influencing blood 
glucose as each line carries genetic and botanical 
differences.

Conclusion

 The GI results from the 13 well-milled rice lines were 
impressive, as studies have shown that generally only 
unpolished (brown rice) and parboiled rice possessed low 
GI. Polished rice (white rice) has been widely reported 
to have medium to high GI.  Therefore, the GI testing 
was recommended to be repeated in order to verify the 
existing findings.

Table 1. Proximate values of 13 test rice samples and available carbohydrate (CHO) calculated at 50 g consumption

Line Moisture content 
(%)

Ash Protein Fat Fibre CHO
(by calculation)

Available CHO 
at 50 g

Polished
MRQ 74 12.3 0.4 8.7 0.3 2.3 78.3 65.79
MRQ 76 11.5 0.4 8.5 0.2 1.9 79.4 64.52
MRQ 88 12.3 0.3 6.9 0.3 2.4 80.2 64.27
MRQ 98 11.3 1.4 7.2 2.1 1.5 78.0 65.36
MRQ 103 9.4 ± 0.54 0.4 ± 0.02 8.2 ± 0.35 0.3 ± 0.04 2.2 ± 0.23 81.7 ± 0.90 62.64
MRQ 104 10.0 ± 0.29 0.4 ± 0.13 7.3 ± 0.15 0.4 ± 0.06 2.7 ± 0.11 81.9 ± 0.28 63.48
MRQ 110 10.7 ± 0.73 0.3 ± 0.10 6.9 ± 0.15 0.1 ± 0.02 2.3 ± 0.14 82.0 ± 0.81 62.10
MRQ 115 11.3 ± 0.66 0.3 ± 0.01 8.3 ± 0.05 0.3 ± 0.01 2.4 ± 0.19 79.8 ± 0.64 64.85
MRQ 116 11.4 ± 1.06 0.5 ± 0.05 8.5 ± 0.12 0.3 ± 0.04 2.3 ± 0.36 79.3 ± 1.07 65.10
MRQ 117 10.2 ± 0.24 0.5 ± 0.09 7.6 ± 0.22 0.3 ± 0.09 2.7 ± 0.29 81.5 ± 0.56 62.91
MRQ 118  9.9 ± 0.33 0.4 ± 0.10 7.9 ± 0.46 0.5 ± 0.10 2.5 ± 0.22 81.4 ± 0.67 63.37
MRQ 123 10.0 ± 0.17 0.3 ± 0.06 7.9 ± 0.10 0.2 ± 0.06 2.6 ± 0.26 81.6 ± 0.26 63.68
Unpolished
MRQ 98 12.6 1.2 7.9 2.9 3.5 75.4 69.54

Mean values with ± standard deviation of triplicate (n = 3) samples
Values without standard deviation were from samples analysed by a private service laboratory
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Abstract

 Generally, acclimatisation of pineapple plantlets rooted in vitro requires two steps under laboratory and nursery 
conditions. First, the plantlet is maintained in the bottle for 2 – 3 weeks with gradual exposure to the nursery 
environment. Next, the plantlet is transferred into a polybag containing a soil mixture. These two steps are laborious 
and costly. Therefore, a direct agronomic approach using non-rooted pineapple plantlets was carried out for a simpler 
acclimatisation technique to nursery conditions. The treatment involved the application of a rooting hormone solution 
together with a water-soluble fertiliser during transplanting. The objective of this trial was to develop a fertiliser and 
hormone combination formulation for root induction. The results revealed that non-rooted pineapple plantlets can be 
transplanted directly to a soilless media to induce rooting. This technique is able to shorten the acclimatisation time 
from six months to 3 – 4 months before the seedlings are ready to be planted in the field.

Keywords: Ananas comosus var MD2, NPK fertiliser, hormone, pineapple, plantlet, root
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Introduction

 Pineapple (Ananas comosus) is a tropical fruit that 
has a high export market for Malaysia. The demand 
for pineapple has greatly increased in the local and 
the international markets. Besides fresh consumption, 
the demand for processed pineapple has also increased 
rapidly. The growth of the pineapple industry in terms of 
utilisation of pineapple in food-based products as well as 
in waste processing has progressed rapidly worldwide as 
well [1]. Most pineapple farms use suckers as planting 
material due to their vigorous and fast growth. Apart from 
the use of suckers, planting material from tissue culture 
sources is also used by pineapple growers in Malaysia. 
However, the use of tissue cultured planting material is 
still not widespread in Malaysia due to several factors, 
such as the unresolved issue of somaclonal variation 
and the stigma of a longer cultivation period compared 
to when suckers are used. In addition, there is a lack of 
information on the rooting behaviour of tissue cultured 
plantlets under nursery conditions. Hence, this study was 
carried out to determine the influence of rooting hormone 

solution together with a water-soluble fertiliser during 
transplanting under nursery conditions.

Materials and Methods

Treatment and Data Collection

 The experiment was conducted at the Centre of 
Excellence for Tropical Fruits of MARDI Sintok, at the 
Horticulture Research Centre, Bukit Kayu Hitam, Kedah, 
Malaysia, in a nursery covered with UV plastic and having 
a netted structure. The pineapple plantlets of 10 – 13 
cm length that were produced through the liquid shake 
culture system were used for the experiment. Healthy and 
vigorous plantlets without root formation were selected 
for evaluation. A 2 × 2 factorial experiment was arranged 
in a completely randomised design with three replications 
for each treatment. The effect of the hormone solution and 
fertiliser (separately and in combination) was evaluated 
against untreated plantlets (control). The hormone solution 
was prepared from a combination of thiamine mononitrate 
(0.2%), 0.05 % naphthalene acetic acid (NAA), 0.5 % iron 
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ethylenediamine tetraacetate (Fe-EDTA) and phosphorus 
pentoxide (10%). The water-soluble fertiliser used in 
the experiment was NPK at the 18:18:18 ratio and 5 g/L 
concentration.  The plantlets were soaked in a 1:10 ratio 
of hormone to water solution for 5 – 10 min. After air 
drying for a while, the plantlets were sown into a 104-hole 
seedling tray filled with sterile coco-peat. The tray was 
placed on a customised bench that can hold water. The 
water level was maintained at 2 – 3 cm throughout the 
experiment. A mist irrigation system was set up to mist for 
15 min each time, twice a day, to provide optimum amount 
of water. Data collection was carried out at 8 weeks after 
sowing; the data included plant growth, root morphology 
and proline content. Proline analysis was carried out using 
dry leaves of MD2 pineapple according to the method 
of Dreier and Goring [2]. Twenty plantlets were taken 
randomly from each treatment for the measurements. All 
the data were subjected to analysis of variance (ANOVA) 
and Duncan’s New Multiple Range Test (DMRT) at a 
0.05% of significant level using the SAS program version 
9.4 (SAS Institute, Cary, NC).

Results and Discussion

Plant Growth

 The results showed that at 8 weeks after sowing, MD2 
pineapple plantlets treated with hormone and fertiliser had 
a higher growth rate of 45% compared to the control with 
a rate of 27%. Treatment T4 (combination of hormone and 
fertiliser) showed the highest fresh weight, suggesting that 
together the hormone and fertiliser stimulate the growth 
of the plantlets (Table 1). Good vegetative growth of a 
plant is translated from its photosynthetic activity and its 
biomass [3].
 Table 2 shows the morphological root data of MD2 
pineapple plantlets at 8 weeks after sowing. There were 
significant differences on root number, root length and root 
dry weight between treatments at the 0.05% probability 
level by DMRT. Root number ranged from 4 – 6 for all 
the treatments with the highest number observed in the 
T4 treatment. Root number plays an important role in 
plant growth and efficient nutrient uptake. Root length 
is closely related to the number of roots formed; if the 
number of roots formed is high, then the ability of the 
roots to absorb nutrients is also high [4].
 Proline, an amino acid, plays a highly beneficial role 
in plants exposed to various stress conditions [5]. In this 
study, proline content of the control (T1) showed the 
highest value of 1.99 μg/g, followed by T2 (1.02 μg/g) and 
T3 (0.95 μg/g), indicating that it is in sufficient amount 
for plant vigour. It was observed that plantlets treated 
with fertiliser had less proline content compared to those 
treated with hormone alone. Meanwhile, plantlets treated 
with the combination of hormone and fertiliser showed 
the lowest proline content (0.80 μg/g). 

Table 1. Growth performance of MD2 pineapple plantlets at 
8 weeks after sowing on media

Treatment Plant height (cm) Growth 
percentage (%)Initial/sowing 8 weeks

T1 (Control) 11ab 14ab 27b
T2 13a 17a 30b
T3 12ab 17a 41ab
T4 10c 14.5ab 45a

Values followed by the same letter in a column are not significantly 
different by DMRT at 0.05% probability level. T1 (control): without 
hormone and fertiliser; T2: treatment with hormone but without 
fertiliser; T3: treatment without hormone but with fertiliser; T4: 
treatment with hormone and fertiliser

Table 2. Root morphological data of MD2 plantlets treated 
with and without fertiliser and hormone

Treatment Root parameters
Number Length (cm) Dry weight (g)

T1 (Control) 4 b 6 c 1.22b
T2 5 b 9ab 1.78ab
T3 5 b 9ab 2.09ab
T4 6 a 10a 2.16a

Values followed by the same letter in a column are not significantly 
different by DMRT at 0.05% probability level. T1 (control): without 
hormone and fertiliser; T2: treatment with hormone but without 
fertiliser; T3: treatment without hormone but with fertiliser; T4: 
treatment with hormone and fertiliser

Table 3. Proline content in MD2 pineapple 
leaves at 8 weeks after treatment

Treatment Proline content (μg/g)
T1 (Control) 1.99 a

T2 1.02 ab
T3 0.95 b
T4 0.80 b

Values followed by the same letter in a column 
are not significantly different by DMRT at 0.05% 
probability level. T1 (control): without hormone and 
fertiliser; T2: treatment with hormone but without 
fertiliser; T3: treatment without hormone but with 
fertiliser; T4: treatment with hormone and fertilizer
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Conclusion

 At the end of this study, it should be noted that root 
formation of pineapple can be induced directly under 
nursery conditions.  The application of the hormone 
solution during plantlet preparation and fertiliser after 
sowing can stimulate root formation and photosynthetic 
activity of the plant.  According to the results, the height 
of plantlets reached 14 cm with root formation after 
two months.  The plantlets can then be transferred into 
polybags or transplanted directly into the field.  This 
finding can save cost and time in pineapple production, 
and help ensure the availability of pineapple planting 
material in Malaysia.
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Abstract

 Bacterial panicle blight (BPB) disease in rice, caused by Burkholderia glumae, affected at least 12,000 hectares 
of rice-producing areas in 2018, resulting in yield losses of up to 50% as reported by the Department of Agriculture 
Malaysia. Infection and yield loss are expected to rise further. Farmers have little choice but to quarantine the affected 
seeds and fields due to a lack of effective management practices and a limited number of bactericides available in the 
local market. Therefore, the study was initiated to develop an effective management package to control BPB disease 
using copper-based fungicides together with several related products that are registered and available in the commercial 
market. The study results showed that seed treatment with copper sulphate pentahydrate solution at 0.5% dilution (1.0 
g a.i./L) for 24 hours, followed by a foliar spray with copper hydroxide at 250 g/ha (153.5 g a.i.) at a spray volume 
of 280 L /ha showed the lowest disease incidence of 30% compared to the control (at 61%). Based on the findings, 
a management package for BPB disease, covering seed preparation right up to field management, was established 
to provide guidelines that can be practised by seed producers, farmers and extension agencies who are directly or 
indirectly involved in rice cultivation. This package ensures the production of rice seeds that are free from BPB disease 
while also lowers significantly the source of pathogen inoculum and the incidence of BPB in the field by up to 50%. 
As there has been no effective existing or conventional technology for BPB disease control in Malaysia before, this 
package is expected to benefit farmers in all the rice granary areas in Malaysia, which will help increase the country’s 
rice production.  Copyright filing (CR 2020/21/056) of the package for seed treatment has been completed.

Keywords: bacterial panicle blight, Burkholderia glumae, copper fungicide, management package, seed treatment
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Introduction

 Bacterial panicle blight (BPB) is a disease caused by 
the bacterium Burkholderia glumae that leads to rotting of 
the seeds and seedlings of rice (Oryza sativa L.) [1]. The 
disease has been reported to attack rice crops in several 
countries in the world [2, 3]. However, the disease was 
first found in Malaysia in 2016 at Sg. Manik, Kerian, while 
the causal pathogen B. glumae was first verified in 2017 
[4] from BPB disease samples recovered in Sungai Acheh, 
Penang.  BPB disease can cause significant yield loss and 
affect the quality of milled rice. Severe BPB attacks have 
been reported in most of the countries with yield losses 
ranging from 50 to 75%. In 2018, the disease affected 
at least 12,000 hectares of the paddy production areas in 
Peninsular Malaysia, resulting in yield losses of up to 
50% as reported by the Department of Agriculture (DOA). 
Disease incidence is expected to increase further if no 
containment and control activities are implemented. BPB 

has been found to attack most of the popular varieties in 
Malaysia, especially MR 220 CL2 and MARDI Siraj 297.
 Currently, quarantining seeds that have been 
contaminated with BPB from being sown is the sole 
suggested technique for preventing the disease from 
spreading. However, farmers’ management tactics, such 
as spraying disinfectants that are not recommended for 
agricultural use, have had a negative impact on the growth 
and physiological fitness of the rice plants. This non-
recommended practice is brought about by the limited 
sources of registered bactericides in the local market. 
Furthermore, the protocol for the import and registration 
of new bactericides is unregulated. This is one of the 
reasons why farmers do not have the option of utilising 
suitable bactericides for effective BPB disease control. 
One of the best alternatives that may be proposed is 
copper-based active component bactericides/fungicides, 
which are available in the Malaysian market. However, 
there are no clear recommendations or guidelines for the 
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effective management of BPB disease, particularly for 
seed treatment. BPB being is a seed-borne disease, treating 
rice seeds before the sowing is critical. Aside from using 
chemical control such as copper-based bactericides at 
the plant’s growth stage, sterilising seeds with chemical 
pesticides or hot water treatment are effective methods 
of controlling seed-borne bacteria. As a result, a modest 
reduction in disease incidence has been reported [5]. To 
that goal, the seed treatment approach has been combined 
with the foliar spray method at the rice mature stage. This 
was done to boost the rate of control of BPB incidence 
in the field even further. MARDI took the initiative to 
conduct disease control research by conducting a trial 
on seed treatment and integrating seed treatment with 
foliar spraying. As a result, a management package 
was effectively established as an informed guidance for 
farmers, seed producers and extension agencies.

Materials and Methods 

Seed Treatment

 In the trial, seeds of MARDI Siraj MR 297 were used. 
The seeds were artificially inoculated by soaking them 
in bacterial inoculum at 108 CFU concentration [5]. The 
seeds were subsequently treated with copper sulphate 
pentahydrate (21.36 % w/w) by soaking them in various 
concentrations with T1 (soaked in sterilised water) as 
the control, while in treatments T2 to T7 the seeds were 
soaked in 0.01, 0.05, 0.10, 0.50, 1 and 5% concentration 
of the copper solution, respectively, for 24 hours at room 
temperature. The seeds were then placed in petri dishes 
with King’s B agar (KBA) for germination, and data on 
germination and bacterial growth were collected. The 
treated seeds were also transferred into pots and placed in 
a glasshouse at MARDI Seberang Perai, and the resulting 
plants were later monitored for disease development. The 
trial was carried out utilising a randomised complete 
block design (RCBD) design with four replications. After 
panicle emergence, disease incidence and severity (score) 
were recorded using the scale described elsewhere [6].

Integrated Management

 In this trial, seeds of MARDI Siraj MR 297 were used. 
The seeds were artificially inoculated by soaking them 
in bacterial inoculum [5]. The seeds were subsequently 
treated with copper sulphate pentahydrate (21.36% w/w) 
by soaking them for 24 hours at various concentrations 
(T1- control, T2, T4, T6 - 0.1%, and T3, T5, and T7 - 
0.5%). The treated seeds were then potted and placed in 
a glasshouse. The trial was carried out utilising an RCBD 
design with four replications. Spray inoculum was used 
for artificial inoculation again at the mature stage when 
there was 20% panicle emergence [6]. Foliar spraying 
was performed at booting and after panicle emergence 
with two different copper-based active ingredients (T1 
- control, T2 and T3 - no spraying, T4 and T5 - copper 

sulphate pentahydrate, T6 and T7 - copper hydroxide). 
After panicle emergence, disease incidence and severity 
(score) were recorded using the scale described by [6].

Results and Discussion

Seed Treatment

 As seen in Figure 1, the best result was obtained with 
seed treatment T5, which involved soaking the seeds in a 
0.5% (1.0 g a.i./L) copper sulphate pentahydrate (21.36% 
w/w) solution for 24 hours. Although T6 and T7 had the 
lowest disease incidence, both treatments had germination 
rate lowered to less than 80%. Overall, compared to the 
control, T5 showed that bacterial growth on the seed 
surface had been reduced to 88%, and the percentage of 
seed germination was more than 80%. Disease incidence 
in the glasshouse study was also significantly lower, 
with up to 20% reduction compared to the control. Seed 
treatment inhibited the growth of B. glumae on the surface 
of the seed, thus reducing the source of the inoculum and 
potentially lowering the incidence of BPB disease in the 
field by up to 20%. Although the BPB control methods 
used during seed preparation reduced the incidence of 
BPB in the field, they had not yet achieved the targeted 
control level.
 To further improve BPB disease management in the 
field, a study combining seed treatment and foliar spray 
at the mature stage was done. As seen in Figure 2, the T7 
integrated treatment with a combination of seed treatment 
with copper sulphate pentahydrate (21.36 % w/w) at 0.5 % 
dilution (1.0 g a.i./L) for 24 hours followed by foliar spray 
with copper hydroxide (61.4 % w/w) at 250 g/ha (153.5 
g a.i.) at a spray volume of 280 L /ha showed the most 
significantly lowest disease incidence of 30% compared 
to the other treatments. As a result, BPB disease control 
utilising integrated management can lower the incidence 
of BPB disease in the field by more than 50% compared 
to seed treatment alone, which can only achieve control 
of up to 20%.

BPB Management Package

 Based on the findings, a management package was 
developed that detailed each step of the process, from seed 
preparation to foliar spraying at the mature stage of the 
rice plants. Figure 3 illustrates the flow of the package. 
The rice seeds are first treated by soaking them in a 0.5% 
dilution of copper sulphate pentahydrate (21.36 % w/w) 
for 24 hours, after which they are drained and placed in 
a shaded area to germinate. After 24 – 48 hours, the seed 
germination rate is tested to ensure it is more than 80%. 
Seeding can be carried out by direct wet sowing or by 
transplanting. For direct wet sowing, a total of 120 kg/
ha of seeds are sown directly into the field containing 
water at saturation level. For transplanting, soil or peat 
moss is prepared and used to fill nursery trays. Following 
that, 80 kg/ha of rice seeds are sown into the nursery 
trays, transferred to and maintained in the nursery. 
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After 20 – 30 days, the seedlings are transplanted into the 
field either using a mechanical transplanter or manually. 
The first foliar spraying is done at the booting stage 
which is between 50 and 60 days after direct sowing, or 
at 40 – 50 days after transplanting, with copper hydroxide 
(61.4% w/w) at a rate of 250 g/ha or 153.5 g a.i./ha with 
a spray volume of 280 L/ha. A second foliar spraying 
is done after panicle emergence, which is between 65 
and 75 days after direct sowing or at 55 – 65 days after 
transplanting using the same rate. All cultivation activities 
such as fertiliser application, weeding and spraying of 
other pesticides or fungicides are carried out as usual 
based on Manual Penanaman Padi Lestari MARDI.

Figure 1. Record of disease incidence and severity on several 
seed treatments with various concentrations of copper 
sulphate pentahydrate (21.36% w/w). Integrated 
management

Figure 3.	BPB	management	package	flow	(step	by	step	procedure	A-H)

Costing

 Farmers and seed growers must bear additional 
costs such as the cost of the bactericides and workers’ 
wages. The cost is estimated to be RM282.78/ha using 
the mechanical seeding method, whereas the direct wet 
seeding method is expected to be RM336.22 /ha. However, 
given the considerable yield loss in BPB-affected plots, 
which can range from 50 to 75%, this additional cost may 
be acceptable as it is still cheaper than using antibiotics 
or biological control methods.

Figure 2. Record of disease incidence and severity on selected 
concentrations seed treatments of copper sulphate 
pentahydrate (21.36% w/w) integrated with different 
copper-based active ingredients for foliar spray



22

Conclusion

 The BPB management package was developed 
as a comprehensive guide for effective BPB disease 
management, from seed preparation to field management. 
The package helps in inhibiting the growth of B. glumae 
on the surface of the seed without significantly affecting 
seed germination rate and facilitating easy handling of 
treated seeds which can be sown immediately after the 
treatment process is completed. The benefits of this 
package include the potential to lower the incidence of 
BPB disease in the field by up to 50% while having no 
substantial phytotoxic effect on the rice plants. However, 
copper is known to cause an adverse effect on microbial 
diversity and activity, including beneficial microbes, 
if used in excess or on a long-term basis. Therefore, 
it is highly recommended to use the package only in 
affected seeds or areas until the problem is resolved. 
The management package also includes easy-to-follow 
operating recommendations for both farmers and seed 
producers. Furthermore, copper-based active ingredients 
are the only antibacterial chemicals currently available 
in the Malaysian market at a reasonable cost. This 
management package is estimated to benefit over 250,000 
farmers from 10 rice granaries in Malaysia. The package 
will be regularly updated and reinforced through ongoing 
research, and it is currently being tested by farmers in 
Yan, Kedah, and Tanjung Karang, Selangor.

Acknowledgement

 This research is a funded by rice development 
project under the Malaysian Agricultural Research 
and Development Institute (MARDI) (Project No. 
P21003004010001).

References 

T. On the pathogenic bacterium of bacterial grain rot of rice. Annual 
Phytopathology Society of Japan. 1967. 33: 111. (In Japanese)

Ham JH, Melanson RA and Rush MC. Burkholderia glumae: next 
major pathogen of rice? Molecular plant pathology. 2011. 
12(4): 329 – 39

Mizobuchi R, Fukuoka S, Tsuiki C, Tsushima S and Sato H. 
Evaluation of major Japanese rice cultivars for resistance 
to bacterial grain rot caused by Burkholderia glumae and 
identification of standard cultivars for resistance. Breeding 
science. 2018: 18018

Kogeethavani R, Vijaya SI, Ahmad FN, Amzah B and Zakaria L. 
Characterization and identification of Burkholderia glumae as 
the causal pathogen of bacterial panicle blight of rice (Oryza 
sativa L.) in Malaysian rice granaries. Journal of General 
Plant Pathology. 2021. 87(3): 164 – 169

Adachi N, Tsukamoto S, Inoue Y and Azegami K. Control 
of bacterial seedling rot and seedling blight of rice by 
bacteriophage. Plant disease. 2012. 96(7):1033 – 1036

Nandakumar R, Shahjahan AK, Yuan XL, Dickstein ER, Groth DE, 
Clark CA, Cartwright RD, Rush MC. Burkholderia glumae 
and B. gladioli cause bacterial panicle blight in rice in the 
southern United States. Plant Disease. 2009. 93(9): 896 – 905



23

New potted foliage plant production for desirable indoor landscaping

Masnira Mohammad Yusoff*, Puteri Aminatuhawa Megat Amaddin, Mohamed Hafeifi Basir, Sakinah Idris, 
Mohd Yusmizan Ab Manan and Mohd Aliff Fitri Azali

Horticulture Research Centre, Malaysian Agricultural Research and Development Institute (MARDI), Persiaran MARDI-UPM, 43400 Serdang, 
Selangor

*E-mail: mmyusof@mardi.gov.my

Abstract

 Ornamental foliage species for indoor landscaping are gaining popularity among today’s consumers. Several 
ornamental foliage species including Ledebouria socialis, L. petiolata, Tradescantia sp. and Alocasia reginula were 
collected, evaluated, acclimatised and propagated during RMke11. This study showed that all four species are suitable 
as indoor plants and can last for 4 – 6 months when they are placed in an indoor environment. L. petiolata was 
multiplied successfully by using bulb scale cutting techniques. The outer bulb scale and bulb scale with leaf were found 
to produce a higher number of plantlets compared to using the bulb. The recommended technique for L. socialis is the 
use of horizontal leaf cuttings and leaves, both of which produced higher numbers of buds and plantlets. Tradescantia 
sp. did not root easily when propagated with corm cuttings alone. Therefore, it is advisable to use the corms with 
leaves for its propagation, and using substrates such as vermiculite and perlite to produce large amounts of planting 
materials. For A. reginula, horizontal corm cuttings can be used as a practical vegetative propagation part. The top of 
the horizontal cutting corm was found to be the best part for propagating this species. Nevertheless, the bottom of the 
horizontal cutting corm can be used to increase the number of propagated regenerative plants. The corm of A. reginula 
generated new shoots and roots better in vermiculite, or in a combination substrate of both vermiculite and perlite.

Keywords: Indoor species, landscape, ornamental foliage, propagation technique, substrate
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Introduction 

 Foliage potted plants which consist of various species 
of beautiful leafy ornamentals have been identified as 
suitable for use in interior decoration [1]. Most of these 
species have attractive shapes and colours, and also 
can survive in an indoor environment. These indoor 
ornamental plants can improve the aesthetics and air 
quality of the enclosed surroundings [2, 3]. Several 
ornamental foliage species had been collected, evaluated, 
acclimatised and propagated in a research project under 
the 11th Malaysia Plan (RMKe-11). These species include 
Tradescantia palida, Alocasia reginula, Ledebouria 
socialis and L. petiolate (Figure 1). This study shows that 
all four species are suitable as indoor plants. They can last 
for 4 – 6 months when placed in an indoor environment.
 L. petiolata and L. socialis are normally propagated 
by seed and by division of the bulblets. Propagating by 
seed will take a few years to achieve a sizeable plant. The 

common way of propagating by division of the bulblets 
yields only a few plants [4, 5]. Alocasia species such as 
A. amazonica, A. cuprea, A. robusta, A. longiloba and 
A. chaiican can be propagated using micropropagation 
or tissue culture techniques [4]. The plant only produces 
productive bulbs after one year of planting. Information 
on agronomic practices for A. reginula is still limited, 
especially for conventional vegetative propagation 
techniques. Tradescantia sp. can be propagated from seeds 
which have a high germination rate, but the resultant plants 
take a long time to reach the flowering stage. There is very 
little information available on the vegetative propagation 
of all the four species. Therefore, a study on vegetative 
propagation techniques for L. petiolata, L. socialis, A. 
reginula and Tradescantia sp. using vegetative parts and 
suitable growth substrates was conducted to develop mass 
production techniques for optimum regenerative growth. 
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Materials and Methods 

 Four experiments were carried out at the Flower 
and Orchid Complex, Horticulture Research Centre of 
MARDI, under 50% shaded nursery conditions. The 
experiments consisted of four propagation techniques 
for L. petiolata, L. socialis, Alocasia reginula and 
Tradescantia sp., respectively. 

Ledebouria Petiolata

 The experiment consisted of two factors: Factor A- 
Three types of cutting (C1: outer bulb scale; C2: bulb 
(control) C3: bulb scale with leaf) Factor B- Three types 
of substrates, [M1: sand (control); M2: perlite; M3: 
vermiculite] (Figure 2). The experiment was arranged in 
a 3 x 3 factorial in a Randomized Complete Block Design 
(RCBD) with four replications. Important parameters 
that were recorded were the number of buds, number of 
plantlets and survival rate of the plantlets.

Ledebouria Socialis

 The treatments were laid out using RCBD and were 
replicated three times. The treatments were three types 
of cutting (C1: horizontal leaf cutting, C2: leaf; C3: 
bulb (control), and three types of substrates [M1: sand 
(control); M2: perlite; M3: vermiculite] (Figure 3). 
Important parameters that were recorded were the 
number of buds, number of plantlets and survival rate of 
the plantlets. 

Tradescantia sp.

 Two types of cutting (C1: Corm with leaf; C2: 
Corm) and two types of substrates, [M1: vermiculite; 
M2: vermiculite:perlite (1:1)] were used as treatments 
(Figure 4). The experiment was arranged in a 2 x 2 
factorial in RCBD with four replications. Data obtained 
included survival rate of the plants, days for adventitious 
roots to appear, days for buds on the corm to appear, 
rooting percentage, number of adventitious roots, number 
of buds and bud length. 

Figure 1. (a) Ledebouria petiolate; (b) L. socialis; (c) Tradescantia sp.; (d) Alocasia reginula

a b c d

Figure 2. Ledebouria petiolata (a) Outer bulb scale; (b) Bulb; (c) Bulb scale with leaf

a b c

Figure 3. Ledebouria socialis (a) C1: Horizontal leaf cutting; (b) 
C2: leaf; (c) C3: bulb

a b c
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Table 1. Effects of cutting and substrate on number of buds, number of plants and survival rate of 
Ledebouria petiolate

Treatment Number of buds Number of plantlets Survival rate (%)
Cutting

Outer bud scale C1 6a 5a 72.78b

Bulb (control) C2 1b 1b 100a

Bulb scale with leaf C3 7a 4a 65.890b

Substrate
Sand (control) M1 5a 3a 40.34a

Perlite M2 5a 4a 51.67a

Vermiculite M3 5a 3a 60a

Substrate 
Cutting

ns
***

ns
***

ns
**

Substrate*cuttings ns ns Ns
Means of a treatment factor within a column having the same letter(s) are not significantly different from each 
other (*p <0.05, **p <0.01, ***p <0.001, ns: not significant)

Alocasia Reginula

 The experiment was laid out in a 2 x 2 factorial in 
RCBD. Two types of substrates: vermiculite (M1) and 
vermiculite mixed with perlite (1:1 by volume) (M2) 
were used as the first treatment factor in this study, and 
two types of horizontal corm cutting techniques: top of 
corm cutting (1 – 2 cm) (K1) and bottom of corm cutting 
(1 – 2 cm) (K2) were used as the second treatment factor 
(Figure 5). Parameters recorded in the study were days 
to shoot appearance, days to root appearance, number of 
rooted cuttings, shoot numbers, number of leaves, leaf 
length and root fresh weight.
 The data were subjected to analyses of variance 
(ANOVA) and differences among treatment groups were 
assessed using LSD in SAS software version 9.4. 

Results and Discussion

Ledebouria Petiolata

 The combined effect of types of cutting and types of 
substrates on number of buds, number of plantlets and 
survival rate was found to be not significant as shown in 
Table 1. Thus, attention was focused on the main effect 
of the factors. Only type of cutting showed significant 
differences. The number of buds was significantly 
influenced by the type of cutting. The highest number 
of buds were recorded in C1 (6 buds) and C3 (7 buds), 
while the lowest number was in C2 which produced only 
one. The buds emerged from the lower part of the bulb 
scale. The number of plantlets was counted when the 
bud produced two true leaves. At this stage, the bud is 
known as a plantlet. Significant variations were observed 
in the number of plantlets as influenced by the type of 
cutting. C1 (outer bulb scale) showed the highest number 
(5 plantlets) which was statistically similar to C3 (bulb 
scale with leaf) (4 plantlets). On the other hand, the lowest 
number of plantlets was recorded in C2 (1 plantlet). Type 
of cutting produced a significant difference in survival 
rate. C2 recorded 100% survival while C1 (72.78%) and 
C3 (65.89%) were statistically similar and lower than C2.

Ledebouria Socialis

 The interactions between type of cutting and substrate 
were not significant as shown in Table 2. Thus, attention 
was focused on the main effects of the factors. The number 
of buds was significantly influenced by the type of cutting 
(Table 2). The highest number of buds was recorded in 
C1 and C2 (both with 18 buds), while the lowest number 
was in C3 (1 bud). The number of plantlets was recorded 
when the bud produced two true leaves. As before, at 
this stage, the bud is known as a plantlet. Significant 

Figure 4. Tradescantia sp. (a) Corm with leaf; (b) corm

a b

Figure 5. Alocasia reginula (a) Top of corm; (b) bottom of the 
corm

a b
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variations were observed in the number of plantlets as 
influenced the by type of cutting. C2 showed the highest 
number (13 plantlets) which was statistically similar to 
C1 (11 plantlets), while the lowest number was recorded 
in C3 (1 plantlet). Type of cutting showed a significant 
difference in survival rate of the plantlets. C3 recorded 
100% survival while C1 and C2 had 66.1 and 70.73% 
survival, respectively. Substrate M2 and M3 showed a 
better effect on the numbers of buds and plantlets. Survival 
rate was not affected by the type of substrate.

Tradescantia sp. 

 The results show that the interaction between type of 
cutting and substrate did not produce significant effects 
on the parameters studied. Hence, only the main factors, 
i.e., type of cutting and substrate, will be discussed 
further. Substrate did not significantly affect the survival 
rate in the Tradescantia sp. cuttings. For the types of 
Tradescantia sp. cuttings, number of roots and the days 
for adventitious roots to appear in C1 (corm with leaf) 
was significantly better (p <0.001) than in C2 (corm), in 
producing more roots and taking less time to produce 
them. For bud formation in the Tradescantia sp. cuttings, 
the same trend was shown for days for bud to appear and 
the length of bud: C1 took significantly fewer days to 
produce buds which were longer (p <0.05) than in C2. 
The buds in C1 were generated in 2 days compared to 12 
days in C2. However, there was no significant difference in 
the number of buds per corm for all treatments. Substrate 
had no significant effects on the parameters studied.

Alocasia Reginula

 Roots appeared from 6 – 8 days after planting in both 
the top and bottom of the corm and on both substrates. 
Regeneration of shoots was observed from 9 – 15 days 
for all treatments while the roots were abundantly 
regenerated at 10 – 15 days after planting. All the 
treatments showed varying results for the parameters 

studied (Table 1). No significant difference was shown 
for the percentage of rooted cuttings, number of roots on 
rooted cuttings, number of shoots, number of new leaves 
and root fresh weight for either of the two factors. There 
was also significant interaction between the two treatment 
factors on all the parameters except leaf length in the 
regenerated cuttings. Substrates showed a significant 
difference with M2 (vermiculite : perlite) producing 
shoots earlier than M1 (vermiculite). The shoots in M2 
appeared at 10.75 days compared to M1 at 14.13 days. 
No significant difference was shown for root appearance 
between M1 and M2. However, for treatments K1 and 
K2, there was a significant difference for both days to 
shoot and to root appearance. K1 (cutting from top of 
the corm) showed earlier shoot (9.5 days) and root (6.25 
days) appearance compared to K2 (cutting from bottom 
of the corm) with shoot and root appearance at 15.38 
and 8.00 days, respectively. There was a significant 
difference in leaf length due to substrate. Leaf length for 
M1 (1.9 cm) produced significantly longer leaves than 
M2 (1.36 cm). No such significant effect on leaf length 
was shown by the corm cutting treatment factor. The best 
propagation part appears to be K1 – cutting from the top 
of the horizontal corm horizontal cutting – while M2 
(vermiculite : perlite) was the best propagation substrate 
for regenerating A. reginula vegetatively. A. reginula 
tended to generate new buds in the corm on both the 
substrates. These new buds formed new shoot becoming 
leaves, while new primary roots developed on the corm 
surface. Thus, A. reginula corm parts planted in aggregate 
mineral substrates with 50 – 60% of total porosity, such 
as perlite and vermiculite, are the best way to regenerate 
plants from the vegetative part.

Table 2. Effects of cutting and substrate on number of buds, number of plants and survival rate of 
Ledebouria socialis

Treatment Number of buds Number of plantlets Survival rate (%)
Cutting

Horizontal leaf cutting C1 18a 11a 66.11b

Leaf C2 18a 13a 70.73b

Bulb (control) C3 1 b 1b 100 a

Substrate
Sand (control) M1 9b 7b 79.62a

Perlite M2 13a 10a 81a

Vermiculite M3 13 a 9ab 76.22a

Substrate 
Cutting

**
***

*
***

ns
***

Substrate*cuttings ns ns ns
Means of a treatment factor within the same column having the same letter(s) are not significantly different from 
each other (*p <0.05, **p <0.01, ***p <0.001, ns: not significant)



27

Table 3. Main and interaction effects of two types of cutting x two types of substrates on days for roots to appear, number of roots, 
days for buds of corm to appear, number of buds per corm and bud length of Tradescantia sp.

Treatments Days for root to 
appear

N u m b e r  o f 
roots

Days for bud of corm 
to appear

Number of buds per 
corm

Bud length 
(cm)

Cutting
Corm with leaf C1 5a 4a 2b 1a 1.3a

Corm C2 21b 1b 12a 1a 0.1b

Substrate
Vermiculite M1 16a 3a 8a 1a 0.6a

Vermiculite:perlite M2 10a 1a 7a 1a 0.8a

Cutting
Substrate

***
ns

**
ns

*
ns

ns
ns

**
ns

Substrate*cuttings ns ns ns Ns ns

Means of a treatment factor within the same column having the same letter(s) are not significantly different from each other (*p <0.05, 
**p <0.01, ***p <0.001, ns: not significant)

Table 4. Regenerative performance of Alocasia reginula cuttings in different substrates

Treatment Shoot 
appearance 
(days)

Root 
appearance 
(days)

No. of 
rooted 
cuttings

Rooted 
cuttings 
(%)

No. of 
roots on 
rooted 
cuttings

Shoot 
no.

No. of 
new 
leaves

Leaf 
length 
(cm)

Root 
fresh 
weight 
(g)

Substrate
Vermiculite M1 14.13a 7.19a 2.44a 61.00a 5.81a 1.31a 1.00a 1.9a 0.99a

Vermiculite: perlite M2 10.75b 7.06a 2.38a 59.50a 4.75a 1.31a 1.00a 1.36b 0.94a

Cutting
Top of the corm

K1 9.5b 6.25b 2.38a 84.50a 5.63a 1.31a 1.00a 1.68a 1.03a

Bottom of the 
corm

K2 15.38a 8.00a 3.44a 86.00a 4.94a 1.31a 1.00a 1.58a 0.90a

Substrate*cuttings ns ns ns ns ns ns ns * ns
Means of a treatment factor within a column having the same letter(s) are not significantly different from each other (*p <0.05, **p <0.01, 
***p <0.001, ns: not significant)

Conclusion

 Ledebouria petiolata was mass propagated successfully 
by using bulb scale cuttings. The outer bulb scale and 
bulb scale with leaf were found to produce more plantlets 
than the bulb itself (control). Substrate did not have any 
significant effect to onthe number of buds, number of 
plantlets and survival rate. The recommended technique 
for L. socialis is use of the horizontal leaf cutting and the 
leaf which produce higher numbers of buds and plantlets. 
Tradescantia sp. will not root easily when propagated with 
corm cuttings. It is advisable to use corms with a leaf for 
its propagation and to use substrates such as vermiculite 
and perlite to produce large amounts of planting materials. 
Horizontal corm cuttings of Alocasia reginula can be used 
as a practical vegetative propagation part. The top part 
of the horizontal corm’s part was better for propagating 
this species. However, the bottom part of the horizontal 
corm can be used to increase the number of regenerative 
plants. The corms of A. reginula regenerate new shoots 
and roots well in both the substrates, vermiculite and 
vermiculite and perlite combination.
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Abstract

 Due to improper post-harvest management, harvested taro corms change in texture to become soft, soggy, watery, 
rotten, or hard, dry, wrinkled, cracked, mouldy, or show sprouting at 7 – 8 months after planting. Taro corms were 
evaluated in terms of quality. Low quality affects production and post-harvest quantity. Therefore, taro post-harvest 
handling techniques need to be studied to better understand quality changes and overcome problems during handling to 
develop the best method for maintaining quality and for extending storage life. In this study, commercial taro (keladi 
wangi) was cultivated, and the effects of maturity index, curing treatment, sanitation, storage temperature and packaging 
on quality and storage life were investigated. According to the findings a combination post-harvest treatments of corms 
harvested at 7 months after planting with 100 ppm chlorine as a sanitary treatment, curing for 3 days at 25 °C, and 
wrapping them in polypropylene (PP) was the best solution to prolong storage life of taro corms. This combination of 
post-harvest treatments can extend the storage life up to 5 weeks at 10 °C without causing physical, physiological, or 
pathological damage compared to corms stored for 4 days at ambient temperature and for 2 weeks using conventional 
post-harvest handling using cold storage. The new post-harvest handling package will serve as a guideline for reducing 
post-harvest losses and to maintain quality, extend storage life, and enhance marketable yield of taro.

Keywords: Colocasia esculenta, post-harvest, maturity, storage, treatment, packaging
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Introduction

 Due to improper post-harvest management, harvested 
taro corms change in texture to become soft, soggy, 
watery, rotten, or hard, dry, wrinkled, cracked, mouldy, or 
show sprouting at 7 – 8 months after planting. Taro corms 
are evaluated in terms of quality. Low quality affects 
production and post-harvest quantity [1]. Taro (Colocasia 
esculenta) is a high-carbohydrate food that provides 24% 
of the body’s energy needs, as well as fibre, calcium, 
iron, and vitamins. Global taro production is 10,541,914 
tonnes from 1,957,358 hectares of land, and this sum is 
worth USD2.46 billion [2]. Meanwhile, the area cultivated 
with taro in Malaysia is 669.3 hectares with an average 
yield of 6.4 tonnes/hectare; the total production of 3,591 
tonnes was valued at RM7,899,000 [3]. This value can be 

increased if post-harvest losses are reduced. Post-harvest 
losses of taro are estimated to be between 10 and 65% 
[4]. Therefore, taro post-harvest handling techniques need 
to be studied to better understand quality changes and 
overcome problems during handling to develop the best 
method for maintaining quality and extending storage 
life. In this study, commercial taro, (keladi wangi) was 
cultivated, and the effects of maturity index, curing 
treatment, sanitation, storage temperature, and packaging 
on quality and storage life were investigated. The 
objective of this study was to generate basic post-harvest 
information for keladi wangi, and to develop post-harvest 
handling technology for keladi wangi. These basic data 
and technology will assist stakeholders (manufacturers, 
distributors, retailers, exporters) to maintain its quality 
and to extend storage life. The prepared package will 
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serve as a guideline for reducing post-harvest losses while 
maintaining produce quality and enhancing the marketable 
yield of taro.

Materials and Methods 

 Two approaches were used to identify appropriate 
methods for post-harvest handling of taro corms to 
extend their storage life. The first approach was to gather 
information through visits to farms and wholesale markets 
to better understand the handling methods practised. 
The next approach was to set parameters covering such 
aspects as maturity index, sanitation, curing, packaging, 
and storage conditions for extending the storage life of 
the corms. 
 Maturity index studies involved taros corms aged 4 
to 7 months at the time of harvest, and monitoring their 
quality each month after harvest. This aimed to identify 
the optimal physical and physiochemical qualities 
for harvesting. Sanitation studies involved the use of 
chlorine as a decontaminant agent (disinfectant) to kill 
pathogens and were aimed at extending the storage life. 
The curing study included curing periods of 1, 2, and 3 
days at 25 °C and at 85 – 95% RH during storage, to 
determine the optimum curing conditions for keladi wangi. 
The next step was to evaluate the effects of different 
storage temperatures and different packaging materials, 
such as polypropylene 0.08 mm (PP), low-density 
polyethylene 0.04 mm (LDPE), cling wrap 0.008 mm 
and control (no packaging), on the quality of keladi 
wangi during storage. All the parameters were evaluated 
based on physicochemical qualities (pH, soluble solids 
concentration (SSC), total titration acidity (TTA) and 
ascorbic acid content). Statistical analyses used either 
one-way or two-way ANOVA, depending on the type 
of experiment. The experiments used the completely 
randomised design (CRD) in a factorial arrangement 
of two factors treatments. The means of the main and 
interactive effects between the two factors are presented 
in the table.

Results and Discussion

Maturity Index Study

 Maturity is the stage in the growth process at a level 
of development when quality is adequate and acceptable 
to the consumer [5]. Predicting when a crop matures is a 
necessity for measuring the changes in the development 
and chemical composition of the crop. Maturity also is a 
key factor in the management and prediction of processing 
quality after storage [6]. Assessments of physical maturity, 
physiological and chemical characteristics taken after 
harvest may be used to identify variety or the type of 
corm for long-term storage.
 The corms of keladi wangi were harvested at 4, 5, 6 and 
7 months after planting. The quality characteristics of the 
corms were evaluated for their physical, physiological, and 
chemical characteristics (Table 1). Significant differences 

were found for all parameters except moisture content at 
the bottom of the tubers. Weight, girth, and length of the 
corms were directly proportional to their age, reaching 700 
g, 22.86 cm and 18.47 cm, respectively, at 7 months after 
planting. Corm diameter in the fourth month was 5.77 cm, 
while at five months the corms were found to be slightly 
swollen/expanded with a diameter of 7.67 cm. Then at 6 
months, the diameter shrunk slightly to 6.38 cm, growing 
back at 7 months to 7.27 cm. SSC generally increased 
with corm age, which means the corms became sweeter. 
Acidity (TTA) increased after 6 months. Ascorbic acid 
content increased with corm age, reaching the highest 
level (6.52 mg/100 g) at 6 months and began to decline 
at 7 months to 4.52 mg/100 g.

Curing 

 Taro corms were cured for 1, 2 and 3 days at 25 °C, 
85 – 95% RH, followed by storage at ambient temperature 
for 21 days. The parameters studied were SSC, moisture 
content, pH and TTA (Table 2). The best curing period 
was 2 – 3 days at 25 °C, 85 – 95% RH, which retained 
the freshness of the corms during storage at ambient 
temperature for up to 7 days. After that period, the 
proximal end of the corm turned black. Curing for 2 – 3 
days at 25 °C, 85 – 95% RH restored/cured any injury 
to the surface of the corm, as shown by the significantly 
lower SSC and moisture content of the corm compared 
to the shorter curing period. This suggests corm quality 
depended on a shorter curing period. Curing did not affect 
pH and TTA of the corms.

Packaging and Storage Studies

 The effect of packaging during storage is shown in 
Tables 3, 4 and 5. All samples that were sanitised and 
cured remained fresh for 3 days at 25 °C, 85 – 95% RH 
before the experiments were performed. All the treatments 
carried out had a significant effect on the parameters 
studied. It was found that PP 0.08 mm was the best 
packaging compared to cling wrap and LDPE 0.04 mm. 
pH, SSC and ascorbic acid content were retained with PP 
0.08 mm packaging when the corms were stored for up 
to 5 weeks (Table 3). In general, all the characteristics 
of the corms were significantly influenced by the type 
of packaging (Table 4). Cling wrap showed the highest 
SSC at 11.09%, followed by PP at 10.39%. PP preserved 
ascorbic acid content at the highest level of 8.7 mg/100 
g, followed by LDPE and cling wrap. In terms of storage 
time, it was found that pH and MC had little change 
compared to TTA, SSC and ascorbic acid content. It was 
found that keladi wangi corms were sweeter when stored 
for up to 5 weeks with the given pre-storage treatment 
while ascorbic acid content dropped.
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Table 1. Physical and physicochemical characters of keladi wangi corms

Treatment Corm weight 
(g)

Corm girth 
(cm)

Corm length 
(cm)

Corm diameter 
(cm)

MC (%) SSC (%) pH TTA Ascorbic acid 
(mg/100g)

4 347.42c 18.15c 14.66c 5.77c 65.63a 7.40b 6.23c 0.57b 4.38c
5 482.25b 20.81b 15.91b 7.67a 64.915a 7.32b 6.59a 0.45c 5.39b
6 518.81b 22.80a 16.20b 6.38b 58.89b 8.30ab 6.38bc 0.82a 6.52a
7 700.27a 22.86a 18.47a 7.27a 63.78a 9.16a 6.54ab 0.75a 4.52c

TTA = total titratable acidity, SSC = soluble solids concentration, MC = moisture content. Values are the mean of triplicate samples. Means 
in within a column followed by the same letter are not significantly different from one another as analysed by Duncan Multiple Range Test 
(DMRT), p <0.05

Table 2. Effect curing on storage time

Treatment SSC (%) MC (%) pH TTA 
Curing time (C) (day) * * * ns

control 8.5b 65.46a 6.25b 0.57b
1 9.46a 62.43ab 6.70ab 0.76a
2 7.26c 56.37c 6.64ab 0.75a
3 7.34c 59.01cb 6.67ab 0.80a

Storage time (S) (day) * * * *
0 8.51b 63.04a 6.30b 0.60b
7 10.02a 60.68a 6.34b 0.86a

14 8.95b 62.95a 6.27b 0.94a
21 5.95c 52.74b 7.75a 0.63b

C x S * ns ns *
TTA = total titratable acidity, SSC = soluble solid concentration, MC = moisture 
content. Values are the means of triplicate samples. Means within a column within 
treatment factor followed by the same letter are not significantly different from one 
another as analysed by Duncan Multiple Range Test (DMRT), p <0.05

Table 3. Effect of packaging during storage up to 5 weeks

Packaging type Storage time (weeks) pH TTA SSC (%) MC (%) Ascorbic acid (mg/100 g)
Control 1 6.10b 0.6a 8.00b 68.16a 9.75a

2 6.13b 1.5a 8.47b 68.4a 13.25a
3 6.20a 1.1a 9.84b 74.50a 6.23bc
4 6.15b 0.7a 10.68 71.71a 6.40b
5 6.17b 0.9a 14.13a 67.62a 6.77b

Cling Wrap 1 6.34a 0.6a 10.54a 65.42a 9.57a
2 6.23ab 1.4a 10.76a 65.06b 10.23a
3 6.32a 0.7a 11.02a 68.40b 7.46a
4 6.20b 0.7a 11.49 68.45a 7.09ab
5 6.36a 0.5c 11.66b 68.49a 5.37c

LDPE 0.04mm 1 6.18b 0.7a 8.23b 67.30a 9.33a
2 6.26ab 1.1a 8.55b 68.13ab 10.41a
3 6.29a 0.7a 10.36ab 71.58ab 7.43bc
4 6.30b 0.7a 10.75 68.18a 6.70c
5 6.37a 0.6b 10.65b 65.67a 7.78b

PP 0.08mm 1 6.19b 0.7a 4.74c 67.42a 9.36b
2 6.35a 1.1a 9.81ab 67.68ab 13.25a
3 6.47a 0.9a 10.36ab 70.20a 7.19b
4 6.77a 0.7a 11.99 69.86a 7.49b
5 6.36a 0.5bc 10.04b 65.18a 7.78b

TTA = total titratable acidity, SSC = soluble solid concentration, MC = moisture content. Values are the mean of triplicate samples. 
Means separation in columns within treatment followed by the same letter are not significantly different as analyzed by Duncan 
Multiple Range Test (DMRT), p <0.05
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Conclusion

 The combination of post-harvest treatments which 
included maturity index for optimum harvesting time 
(7 months after planting), curing (3 days at 25 °C, 
85 – 95% RH), packaging (with PP 0.08mm) and storage 
(at the optimum temperature of 10 °C) can prolong 
storage life of taro (keladi wangi) from 4 days at ambient 
temperature and 2 weeks with cold storage to 5 weeks at 
10 °C. Innovations in the post-harvest handling technology 
package for taro corms (keladi wangi) gave them a storage 
life of 5 weeks which enables them to be marketed over a 
longer period in the local market and in export markets.
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Table 4. Physicochemical changes with different packaging

Treatment pH TTA SSC (%) Ascorbic acid (mg/100 g)

Control 6.15c 0.96a 10.15b 7.84c
Cling wrap 6.29b 0.81b 11.09a 8.01bc

LDPE 0.04mm 6.28bc 0.78b 9.71b 8.47ab
PP 0.08mm 6.43a 0.78b 10.39ab 8.74a

TTA = total titratable acidity, SSC = soluble solid concentration, MC = moisture content. 
Values are the means over storage times. Means within a column followed by the same 
letter are not significantly different from one another as analysed by Duncan Multiple 
Range Test (DMRT), p <0.05

Table 5. Physicochemical changes in relation to storage time

Week pH TTA SSC (%) MC (%) Ascorbic acid (mg/100 g)
1 6.20b 0.67c 9.13d 67.10b 9.28b
2 6.24ab 1.30a 9.40cb 67.32b 11.22a
3 6.32ab 0.86b 10.50bc 71.15a 7.08c
4 6.60a 0.71bc 11.22ab 69.57a 6.76c
5 6.32ab 0.60c 11.62a 66.74b 7.02c

TTA = total titratable acidity, SSC = soluble solid concentration, MC = moisture content. 
Values are the means over packaging types. Means within a column followed by the same 
letter are not significantly different from one another as analysed by Duncan Multiple Range 
Test (DMRT), p <0.05
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Abstract

 This study involves an assessment of biochemical (eGI), chemical (sugar profiles) and physical (colour and 
appearance) characteristics to develop new high value-added alternative sweetener products with a specialty feature of 
in vitro glycaemic value (eGI). Pandan coconut palms can produce flower nectar with a yield of 0.58 – 0.73 L/ palm/
day. In this study, three coconut flower syrups were produced and tagged as S1, S2 and S3 natural syrup products. The 
findings of the physico-chemical analyses were as follows: i). S1, S2 and S3 were brighter in colour (light brown) than 
the commercial coconut flower syrup samples. ii). The cumulative sugar profile of S2 was 45.25%, which was lower 
than the S1 and S3 syrup samples and the commercial samples. The S1 syrup (45.26%) was equivalent to S2 and close 
to the commercial syrup products (50.64%) for the sugar profiles. iii). The eGI values of the 3 coconut syrup samples 
and commercial products were recorded at between 40 and 62, while the eGI value for the control glucose sugar (as a 
reference) is 100. The coconut flower syrup samples - S1, S2 and S3 - were found to have lower eGI, being closer to 
the low and medium categories of the GI index, and with eGI of S1 being close to a low GI range. The form of coconut 
flower sugar syrups (S1 and S2) was a liquid paste like honey. iv). A comparison between the nutritional value of the 
sugar profiles of the syrup products and the commercial samples showed the following differences: fructose 17.34 
vs. 17.80%, glucose 19.91 vs. 17.09%, sucrose (11.01vs. 3.64%; no maltose sugar was detected by HPLC analysis. It 
would appear that S1 and S2 coconut syrups are the best forms of restructured coconut flower sugar produced with a 
low eGI of 40 – 62.

Keywords: Coconut flower, eGI, Glycaemic index, nectar, sugar profiles
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Introduction

 Pandan coconut variety produces a medium-sized 
coconut which has a pandan-like aroma and is very 
sweet in taste. This study involved biochemical, chemical 
and physical assessments to develop a new tasty and 
nutritious alternative sweetener product with a specialty 
feature of in vitro glycaemic value (eGI), as well as other 
evaluations. Coconut flower nectar (nira) can be used to 
produce a nutritious brownish sugar known as coconut 
sugar. This can replace the commercial white sugar as 
one of the healthier sweeteners used for beverages and 
food preparations, as well as in its widespread use in 
traditional cooking products and cakes in Malaysia and 
other Asian countries [1]. Coconut flower sugar can 
substitute white sugar (which has high GI) for healthy 

beverage preparations. Both FAO and WHO support the 
use of GI to classify carbohydrate-rich foods, and suggest 
that the food GI values be used in conjunction with food 
composition tables for nutritional diets [2]. Figure 1 sugar 
as glucose molecules in the blood stream resulting from 
our daily intake of sugar and other foods, as well as a GI 
classification and glucose standard as a reference.
 Long-term consumption of a diet with a relatively 
high GL (adjusted for total energy) is associated with 
an increased risk of type 2 diabetes and coronary heart 
disease [4]. Other studies have tested the hypothesis 
that high dietary GI and/or GL increases the risk of 
type 2 diabetes (T2DM), using data from a number of 
observational studies in healthy subjects as reported by 
Hermansen et al. [5]. The GI classification has been shown 
elsewhere [6] and was used in this study as a biochemical 
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guidance. This study was carried out to highlight the 
potential of innovative coconut flower syrup products 
which are developed based on scientific information to 
restructure and produce Pandan coconut-based syrup paste 
products.

Materials and Methods

Two procedures were followed to diversify a value-added 
coconut syrup product:

a. Preparation and Processing Parameters of 
Coconut Flower Syrup

Results and Discussion

 Pandan coconut palms produce flower nectar with a 
yield of 0.58 – 0.73 L/palm/day. Three coconut flower 
syrup formulations were produced and tagged as S1, S2 
and S3 formulations (Figure 2).
 The physico-chemical analyses were conducted on the 
coconut flower syrup products (S1, S2 and S3). For the 
colour attributes (L, a and b values), the results showed 
that S1, S2 and S3 were brighter in colour (light brown) 
than the commercial coconut sugar samples (darker). The 
cumulative sugar profile content of the S2 formulation 
was 45.25% which was the lowest among all the samples. 
The S1 formulation was equivalent to S2 (45.26%) and 
the commercial syrup products (50.64%) for the sugar 
profile. Biochemical analyses showed that the eGI value 
of samples S1, S2 and S3, and commercial products 
was recorded at between 40 and 62, while the eGI value 
for glucose sugar (reference) was 100. The results of 
eGI analysis showed that a commercial organic coconut 
sugar and coconut sugar nectars of Nira-S6 (Terengganu), 
Nira-S7 (Melaka) and Nira-S8 (Perak) fall under category 
of low eGI. S1, S2 and S3, on the other hand, were found 
to be categorised as having medium eGI. Nevertheless, 
the S1 syrup sample was very close to a low GI range. 
The coconut flower sugar syrups S1 and S2 were liquid 
pastes (of medium viscosity) similar to honey. This may 
due to the initial total soluble solids in the samples being 
much lower than that of the S3 nectar sample (Table 1). 
A comparison between the nutritional value of the sugar 
profiles of the syrup products and the commercial samples 
showed the following differences: fructose 17.34 vs. 
17.80%, glucose 19.91 vs. 17.09%, sucrose (11.01 vs. 
3.64% no maltose sugar was detected by HPLC analysis. 
The S3 coconut flower syrup was too viscous and it had 
a higher fructose: glucose ratio of 31.76 : 31.02%, while 
the sucrose content was 14.26% due to the change in 
viscosity that converted a paste syrup into a very thick 
and viscous syrup. This may have also been caused by 
its initial total soluble solids content which was higher 
(17.9 oBrix) as compared to the other nectar samples. 

Glucose >

b. Physico-Chemical Analyses

Physico-chemical analyses were conducted as follows:
• Colour attributes (L, a and b values)
• Total cumulative sugars 
• eGI values of the coconut syrup samples 
• Nutritional value of the sugar profiles

Figure 1.	GI	classification,	glucose	standard	as	100	eGI,	and	sugars	in	the	blood	stream	[3]

>Sugar

GI
 © Low GI  = 55 or less
 © Medium GI  = 56 – 69
 © High GI  = 70 or more
Reference : J. Bramd-Miller, revised International Gylcemic Index, 
2003)

Figure 2. Sugar processing method and evaluation of the 
products

Coconut flower nectar

Filter through muslin cloth

Total soluble solids evaluation

Heating until brownish at different treatment temperatures (85/100/90 °C)

Pasteurisation

Filling

Storage in a chiller (2 – 7 °C)

Evaluation
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Table 1. Coconut flower sugar processing conditions and indicators

Coconut flower syrup S1 (t = 85 °C) S2 (t = 100 °C) S3 (t = 95 °C)
Coconut flower nectar (g) 500.13 500.09 500.03
Initial nectar total soluble solids (%Brix) 16.3o 15.5o 17.9o

Heating conditions
(time increment: 0 – 60 min)

i. t-0 min: 36.5 °C
ii. t-60 min: 84.0 

°C

i. t-0 min: 36.5 °C
ii. t-60 min: 101.0 °C

i. t-0 min: 36.5 °C
ii. t-60 min: 95.3 °C

Final processing indicators
%Brix indicator (Final processing) 85.5 – 85.6 ° 84.8 – 85.8° 79.3 – 79.8°
Colour indicator Brownish Brownish Brownish
Final texture indicator Liquid paste Liquid paste Liquid paste

Figure 2. Restructured	coconut	flower	syrups	(S1,	S2	and	S3)	and	commercial	coconut	sugar	samples	(S5	and	S6)

Conclusion

 S1 and S2 coconut syrups appear to be the best form of 
the restructured coconut flower sugars produced, having a 
low eGI of 40 – 62 and other desirable physico-chemical 
properties.
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Abstract

 As a seasonal fruit, technology to preserve the quality and prolong the shelf life of durian is compulsory. Based on 
the positive market value for durian export, trade has increased by 4.1%, from 23,367 tonnes (2018) to 24,981 tonnes 
(2019). Other than the China market, fresh durian has high demand in Hong Kong and Singapore. The shelf life of 
mature-dropped durian, especially the premium variety Musang King (D197), is very short (1 – 2 days) when stored 
at ambient temperature. The current commercial practice is to vacuum pack the fruit using plastic nylon material 
of 0.1 mm thickness, which helps avoid dehiscence (splitting) of the fruit for up to 7 days storage. However, due 
to the atmospheric conditions of the vacuum, there is an alteration in the taste of the flesh, and the core of the fruit 
becomes brown. Shrink-wrapping with low-density polyethylene (LDPE) can be used as it is a plastic material that 
comes in many types and thicknesses. A study was conducted in which durian was packed in two types of packaging, 
vacuum-packing using nylon bags of 0.1mm thickness and shrink-wrapping using LDPE bags of 0.04 mm thickness. 
The thickness of 0.04 mm had been proven in a previous study to provide the best gas permeability for fresh produce 
packaging. Unpacked fruit was set as the control. Quality, gas in the packaging and incidence of dehiscence were 
observed during a 21-day storage period. Packing the durian fruit with LDPE 0.04 mm reduced weight loss while 
retaining the freshness, taste, and overall acceptability of the fruit. The storage life of shrink-wrapped LDPE durian 
was extended up to 21 days when stored at 5 °C, without any dehiscence occurring and maintaining the fruit quality. 
Thus, this technique will benefit farmers and exporters in their quest for market expansion with cheaper transportation 
options, and to ensure the premium quality of Malaysian durian. 

Keywords: dehiscence, fruit quality, food loss, plastic material, postharvest handling
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Introduction 

 Packaging functions to keep a product from heat, light, 
moisture, pressure, microorganisms, gaseous emissions, 
etc., which have deteriorative effects. It also provides 
information about the product, facilitates time-saving and 
convenient distribution, and mentions the ingredients and 
sizes [1]. Practical and good plastic material can negatively 
impact economic, environmental, and social factors [2]. 
Due to the increased demand for safe packaging and for 
healthy foods, there is an interest in the food industry in 
research into suitable packaging in relation to the type of 
food. Active and intelligent packaging technologies offer 
to deliver safer foods with better shelf life.
 Durian (Durio zibethinus Murr) is a popular seasonal 
fruit with an attractive yellow pulp, delicious with a solid 
creamy taste. The postharvest loss of durian is a crucial 

problem that needs to be solved as this commodity has 
high commercial value, especially the Musang King 
(D197) variety. The loss happens because the shelf life 
is very short when stored at ambient conditions without 
any packaging. For export purposes, durian needs external 
protection to avoid dehiscence (splitting) of the fruit. 
Current practice is to vacuum-pack durian fruit using 
nylon material of 0.1 mm thickness; this helps to prevent 
dehiscence for up to 7 days’ storage. However, due to 
the atmospheric conditions of the vacuum environment, 
there is an alteration in the taste of the flesh and the core 
of the fruit becomes brown. Low-density polyethylene 
(LDPE) packaging can be used as it comes in many 
types and thicknesses. It can provide advantages over 
vacuum packaging if the plastic and thickness are 
correctly selected. Therefore, this study was aimed at 
evaluating the effectiveness of LDPE shrink-packaging 
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in extending the shelf life of fresh durian fruit in a cold 
storage environment of 5 °C.

Materials and Methods 

 Durian fruit (Musang King variety) was kept at 10 °C 
on arrival at the Postharvest Complex, MARDI Serdang. 
The fruit were sorted to discard those with any obvious 
signs of dehiscence as well as any visual defects. The 
fruit were randomised into three groups of treatments: 
no-packaging (control), vacuum-packed (nylon plastic 
bag, 0.1 mm) and shrink-wrapped (LDPE plastic bag, 
0.04 mm), and were all stored at 5 °C. The fruit (n = 4) 
were sampled and analysed initially and at every seven 
days during a 21-day storage period. For each analysis, the 
fruit were transferred to a room at 25 °C and left for 24 
hours to see if there were any symptoms of chilling injury.
 At every evaluation, each fruit was assessed for any 
external chilling injury symptoms, red lesions, dehiscence 
incidence (yes or no) and overall acceptability rating 
(Table 1). The percentage of weight loss was obtained 
by measuring the difference in weight before and after 
storage. pH was measured using an Origon digital pH 
meter (model SA 520). Total titratable acidity was 
measured by titrating a known volume of homogenates 
solution with 0.1 N NaOH to an endpoint of pH 8.1 
using a digital burette. Total soluble solids (TSS) were 
determined by a digital refractometer (ATAGO RX-5000, 
ATAGO, Japan).
 The gases in the packaging were measured weekly. A 
syringe drew the gas samples (O2, CO2 and C2H4) through 
a septum in the package. For ethylene measurement, 
1 mL of the gas sample was injected into a Perkin Elmer 
Auto System XL gas chromatography machine, fitted 
with a flame ionisation detector (FID) and a stainless-
steel column packed with Porapak T 100/120-mesh 
size. Simultaneously, CO2 was detected using a different 
detector (thermal conductivity detector; TCD) with a 
stainless-steel column packed with Porapak R of 80/100-
mesh size. The purified helium gas flow rate was 30 mL/
min, and the column oven was operated at 50 °C and 
100 °C for CO2 and ethylene gases, respectively. Three 
replications were used for each treatment.
 The experimental setup was a completely randomised 
design, performed for each variable. A one-way ANOVA 
test and Duncan Multiple Range Test were used for means 
difference testing. A 95% confidence interval was used 
for all calculations (p ≤0.05). SAS statistical software 
version 9.4 was used to perform the statistical analyses.

Table 1. Percentages of chilling injury symptoms, red lesions area and overall 
acceptability ratings

Chilling injury symptoms and red lesions area 
(% surface area)

Overall acceptability ratings

0% = No trace
<25% = Slightly affected

16 – 25% = Moderately affected
25 – 50% = Badly affected
>50% = Severely affected

5. Excellent
4. Good

3. Acceptable
2. Poor

1. Very poor

Results and Discussion

 In this study, there were red lesions along the sutures 
(core) in the vacuum-packed fruit (21%) after 14 days 
of storage; the red lesions became more evident (63%) 
after 21 days of storage in the vacuum-packed fruit 
(Figure 1). The shelf life of durian fruit is limited by the 
splitting or dehiscence of the husk [3]. Table 2 shows that 
on day 7, the durian fruit without packaging had already 
dehisced while vacuum-packed and shrink-wrapped 
durian still had not dehisced on day 14. By day 21, the 
vacuum-packed durian had already dehisced. According 
to Sriyook [4], water loss and ethylene production are the 
two main factors leading to dehiscence of mature durian 
fruit. Overall, only shrink-wrapped durian was acceptable 
up to 21 days of storage without any obvious red lesions 
and with no dehiscence.
 The highest weight loss was observed in fruit without 
packaging (1.82%), as shown in Table 3. Water loss in 
fruit is the main cause of postharvest deterioration, and it 
depends on the respiration characteristics of the fruit type 
[5]. There was a significant difference in the percentage 
of carbon dioxide (CO2), oxygen (O2) and ethylene (C2H4) 
gasses in the various packaging treatments (Table 3). 
Vacuum packaging had the highest CO2 percentage 
(21.9%) and lowest O2 level (4.8%) when compared to 
the control and shrink-wrap packaging (p <0.05). Based 
on the results, it appears that vacuum-packaging using 
nylon plastic bag 0.1 mm significantly altered the gasses 
in the package; this may be due to very low permeability 
and poor gas exchange. The high percentage of CO2 will 
incur carbon dioxide injury, and the symptoms show up 
as red lesions along with the fruit core, altering the taste 
of the aril (pulp).
 Results for pH, soluble solids content (SSC), TTA, 
and sugar : acid ratio (SSC : TTA) showed no significant 
differences due to packaging treatments (Table 4) (means: 
pH = 6.85, SSC = 35.5%, TTA = 0.1%, SSC:TTA = 
416.86). For sensory quality, the shrink-wrapped fruit 
scored the highest for all the sensory parameters evaluated 
compared to the control and vacuum-packaged fruit (data 
not shown). Vacuum-packaging was less preferred due to 
slight off-flavour (gaseous and bitter taste) as perceived 
by the panelists. In addition, the accumulation of high 
CO2 concentration and decreased respiration inside the 
vacuum-packaging may have led to anaerobic conditions, 
which later altered the flavour.
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Table 2. Severity of red lesions, dehiscence and overall acceptability rating (scale 1 – 5)

Treatment Day 0 Day 7 Day 14 Day 21
Red lesions (%) No-packaging (Control) 0.0a 0.0a 2.0bc 11.3b

Vacuum-packed 0.0a 0.0a 21.0a 62.5a
Shrink-wrapped 0.0a 0.0a 0.0c 20.0b

Dehiscence No-packaging (Control) No Yes Yes Yes
Vacuum-packed No No No Yes
Shrink-wrapped No No No No

Overall acceptability No-packaging (Control) 5.0a 3.0b 1.5b 1.0b
Vacuum-packed 5.0a 4.0a 2.3b 1.0b
Shrink-wrapped 5.0a 4.0b 3.5a 3.0a

Means in each column with the same letter are not significantly different from one another according to DMRT

Table 3. Gas composition and weight loss of durian in different packaging after storage 
at 5 °C

Treatment CO2 (%) O2 (%) C2H4 (ppm) Weight loss (%)
No-packaging (Control) (T1) 1.39b 16.81a 0.52a 1.82a
Vacuum-packed (T2) 21.91a 4.80b 2.60a 0.03b
Shrink-wrapped (T3) 0.77b 18.27a 0.00a 0.18b

Means in each column with the same letter are not significantly different from one another 
according to DMRT

Table 4. Composition of durian packed in different packaging and stored for 21 days at 5 °C

Treatment pH Soluble solids content (%) TTA (Citric acid, %) Soluble solids content/TTA
No-packaging (Control) (T1) 6.70a 34.40a 0.09a 452.25a
Vacuum-packed (T2) 6.93a 34.50a 0.11a 351.95a
Shrink-wrapped (T3) 6.92a 37.70a 0.09a 446.39a

Means in each column with the same letter are not significantly different from one another according to DMRT

Figure 1. Incidence of red lesions in durian stored at 5 °C
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Impact on Economics and Market

 Durian has become a new source of wealth for the 
country. It shows significant growth in production and 
market value over the last 5 years. In addition, export trade 
also has increased by 4.1%, from 23,367 tonnes (2018) 
to 24,981 tonnes (2019). Leading export destinations 
have been Singapore, Hong Kong and Brunei for 
decades, while China became prominent starting in 2011. 
Despite China’s conditions (requiring a frozen protocol), 
demand for fresh durian in the other importing countries 
has increased continuously over the years. Thus, this 
packaging technique will help satisfy the needs of these 
markets, reduce the cost of transportation and storage, 
and, therefore, benefit the industry players. 

Conclusion

 Using packaging to store durian at 5 °C was 
advantageous because it helped to prolong the shelf life of 
durian without deterioration in the quality of fruit. Storage 
life of durian in LDPE shrink wrap can be extended for 
up to 21 days at 5 °C without any dehiscence, while 
maintaining fruit quality.
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Abstract

	 Cauliflower	(Brassica oleracea var. botrytis)	grows	best	in	fertile,	well-drained	and	consistently	moist	soil	to	form	
a	head.	The	optimal	pH	for	cauliflower	is	between	6.0	and	7.0.	In	2018,	Malaysia	imported	cauliflower	from	China	
valued	at	RM280	million	to	meet	demand,	as	reflected	by	per	capita	consumption	of	1.95	kg/person/year.	The	main	
cauliflower	 production	 areas	 in	Malaysia	 are	 Ranau,	 Sabah	 (393	 hectares)	 and	 Cameron	 Highlands,	 Pahang	 (138	
hectares).	Cauliflower	is	a	cool-season	crop	and	thrives	in	temperate	climate.	High	temperature	stress	causes	various	
damaging	effects	during	plant	development.	However,	the	existence	of	heat-tolerant	varieties	will	potentially	expand	
the	cultivation	areas	to	the	lowlands.	An	agronomic	study	on	nutrient	requirements	and	plant	spacing	was	conducted	
in	the	lowlands	from	2019	to	2020.	Cauliflower	was	cultivated	under	a	protective	structure	located	at	the	Horticultural	
Research	Centre,	MARDI	Headquarters.	The	use	of	BioRichar	bio-organic	fertiliser	(applied	before	planting),	NPK	
fertiliser	and	micronutrients	(B,	Mo)	were	found	to	increase	the	yield	of	GE	1360	cauliflower	variety	by	up	to	470	g.	
Raised-bed	 cultivation	 at	 a	 spacing	of	 50	 cm	x	50	 cm	was	 found	 to	be	 ideal	 for	maximising	 the	yield	of	 lowland	
cauliflower	 to	 1.2	 kg/m2	 or	 118	 kg/100m2.	 These	 findings	 are	 expected	 to	 help	 reduce	Malaysia’s	 dependence	 on	
imported	vegetables,	as	well	as	solve	environmental	issues	relating	to	farming	in	the	highland	agricultural	areas.

Keywords:	Cauliflower,	lowland,	nutrient,	plant	spacing,	protective	structure

Introduction

	 Cauliflower	 (Brassica oleracea var. botrytis)	known	
as	 a	 cole	 crop	 belongs	 to	 the	 Brassicaceae	 family.	
Cauliflower	is	a	cool-season	crop	and	thrives	in	temperate	
climate.	It	is	one	of	the	important	vegetables	consumed	
in	Malaysia.	 It	 is	 a	 good	 source	 of	 fibre,	 vitamins	 and	
minerals,	and	is	also	rich	in	flavonoid	compounds	that	act	
as	antioxidants.	In	2018,	Malaysia	imported	cauliflower	
from	 China	 worth	 RM280	 million	 to	 meet	 domestic	
demand	[5].	The	total	area	cultivated	with	cauliflower	in	
Malaysia	is	540	hectares,	with	an	estimated	production	of	
4,700	tonnes	in	2018	[1].	The	main	cauliflower	production	
areas	 in	Malaysia	are	Ranau,	Sabah	(393	hectares)	and	
Cameron	Highlands,	Pahang	(138	hectares)	(2018)	[1].
	 Efforts	 have	 been	 made	 to	 reduce	 the	 country’s	
dependence	 on	 imported	 cauliflower	 through	 the	

implementation	 of	 cultivation	 studies	 in	 the	 lowland.	
The	 existence	of	heat-tolerant	 cauliflower	varieties	 can	
potentially	expand	the	cultivation	areas	to	the	lowlands.	
One	factor	that	may	influence	cauliflower	production	is	
soil	 fertility	 and	 fertilisers.	 There	 is	 little	 information	
available	on	the	combined	use	of	organic	and	chemical	
fertilisers	(NPK	fertilisers)	as	well	as	micronutrients	for	
lowland	cultivation.	Plant	spacing	is	an	important	aspect	
of	 crop	 production	 for	 attaining	 optimum	 crop	 growth	
and yield. Planting density varies according to variety. 
From	the	findings,	a	manual	book	on	lowland	cauliflower	
cultivation	has	been	published	as	a	guide	for	farmers	and	
agricultural	entrepreneurs	[4].
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Materials and Methods

Experimental Site and Design

	 The	studies	were	conducted	at	Horticultural	Research	
Centre,	MARDI	Headquarters	from	2019	to	2020	under	
protective	 structures.	The	 experiments	were	 laid	out	 in	
a	Randomised	Complete	Block	Design	(RCBD)	and	the	
data	were	analysed	statistically	using	SAS	software	(SAS	
Institute,	 Cary,	 NC,	 USA).	 Means	 of	 treatments	 were	
compared	 using	 least	 significant	 differences	 (LSD)	 at	
p	≤0.05	level	of	probability.

Fertiliser Treatments

	 Two	 selected	 lowland	 varieties	 of	 cauliflower,	 VE-
026	and	GE	1360,	were	used	in	the	experiment	[2].	The	
fertilisers	 tested	were	organic	 chicken	manure	 (Jutani),	
chemical	 fertiliser	 (N:P:K	 12:12:17)	 and	 bio-organic	
fertiliser	(BioRichar).	The	treatments	were	T1	–	Jutani	+	
NPK	fertiliser	(control),	T2	–	BioRichar	+	NPK	fertiliser	
+	 TE	 (B,	Mo)	 and	 T3	 –	 (Jutani	 +	 BioRichar)	 +	 NPK	
fertiliser	+	TE	(B,	Mo),	all	of	which	were	locally	available.	
Cauliflower	 was	 cultivated	 by	 conventional	 means	 on	
mineral	soil,	and	irrigated	using	a	drip	irrigation	system.	
Vegetative	growth	parameters	were	recorded	periodically,	
and	harvesting	was	done	when	the	curds	attained	a	proper	
size	and	compactness.

Plant Spacing

	 The	lowland	cauliflower	variety,	GE	1360,	was	used	in	
this	experiment.	The	experiments	were	conducted	on	two	
cultivation	systems:	raised	beds	and	planter	boxes.	The	
beds	were	raised	30	cm	from	the	soil	surface,	while	the	
planter	boxes	were	built	from	pallet	wood	with	a	height	
of	40	cm	and	filled	with	soil	up	to	30	cm	high.	The	crop	
was	cultivated	by	conventional	means	on	mineral	soil	at	
three	different	plant	spacings	(S1	–	40	cm	×	40	cm,	S2	

–	50	cm	×	50	cm	and	S3	–	60	cm	×	60	cm)	as	shown	in	
Figure 1	 [4].	Standard	cultural	practices	for	weed,	pest	
and	disease	control	were	applied.

Results and Discussion

Nutrient Requirements

	 From	the	study	(Figure 2),	it	was	found	that	fertiliser	
treatments	 T2	 -	 BioRichar	 +	 NPK	 fertiliser	 +	 TE	 (B,	
Mo)	 and	T3	 -	 (Jutani	 +	BioRichar)	 +	NPK	 fertiliser	 +	
TE	(B,	Mo)	significantly	increased	the	curd	weight	of	GE	
1360	variety	(470	g	and	450	g)	compared	to	the	control	
T1	-	Jutani	+	NPK	fertiliser	(390	g).	However,	the	curd	
weight	of	variety	VH-026	was	not	affected	by	the	different	
fertiliser	 treatments.	 The	 practice	 of	 blanching	 (leaves	
tied	together	to	shade	the	curd	from	direct	sunlight)	was	
implemented	when	 the	 curd	 size	 reached	 5	 –	 7	 cm	 in	
diameter	to	obtain	a	good	quality	curd	which	was	whiter	
in colour (Figure 3).	However,	the	blanching	technique	
is	not	 recommended	if	cultivation	 is	 intended	 to	obtain	
curds	with	high	content	of	quercetin	compounds	that	act	
as antioxidants (Table 1)	[4].

Optimum Plant Spacing

	 The	average	curd	weight	of	GE	1360	variety	cultivated	
at	plant	spacings	S2	-	50	cm	x	50	cm	and	S3	-	60	cm	x	
60	cm	increased	significantly	in	both	cultivation	methods;	
raised beds and planter boxes (Figure 4).	However,	 the	
total	yield	of	cauliflower	at	spacing	S2	was	the	highest	
(118	kg/100	m2,	102	kg/100	m2 for raised beds and planter 
boxes,	respectively)	compared	to	S3	(101	kg/100	m2,	89	
kg/100	m2)	and	S1	-	40	cm	x	40	cm	(99	kg/100	m2,	86	
kg/100	m2) due to the increase in plant density per unit 
area (Figure 5).

Figure 1. Cauliflower plants arranged in a zig-zag pattern and irrigated using a drip irrigation system
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Table 1.	 Content	 of	 quercetin	 (a	 natural	 flavonoid	 that	 acts	 as	 an	
antioxidant)	in	cauliflower	curds	from	several	sources

Source	of	cauliflower	 Quercetin content
(µg/g)

Imported	cauliflower	(China) 4.88
Organic	cauliflower	(Cameron	Highlands) 5.12
Lowland	cauliflower	(blanching) 8.72
Lowland	cauliflower	(without	blanching) 16.56

Figure 2. Effect of fertiliser treatment on curd weight and diameter of cauliflower varieties, GE1360 and 
VE-026

Figure 3. Blanching practice (shown at the top) on cauliflower produces a good quality and whiter curd 
(left) than an unblanched cauliflower (right)

Figure 4. Influence of plant spacing on curd weight of 
cauliflower cultivated using raised beds and planter 
boxes

Figure 5. Influence of plant spacing on yield (kg/100m2) of 
cauliflower cultivated using raised beds and planter 
boxes
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Conclusion

	 The	use	of	a	combination	of	BioRichar	(applied	before	
planting),	NPK	 compound	 and	micronutrients	 (B,	Mo)	
was	found	to	increase	the	yield	of	cauliflower,	GE	1360	
variety,	 up	 to	470	g	per	plant.	A	 raised-bed	 cultivation	
system	at	a	spacing	of	50	cm	x	50	cm	was	found	to	be	
suitable	 for	 lowland	 cauliflower	 production.	 Lowland	
cauliflower	 production	 under	 a	 protective	 structure	 is	
considered	to	be	viable	at	a	maximum	density	of	22,000	
plants/ha	(Table 2).	Cauliflower-based	products	should	be	
given	attention	to	generate	additional	income	for	farmers.
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Abstract

	 Diabetes	 is	 a	 significant	 public	 health	 concern	 in	Malaysia,	 and	 over	 the	 last	 decade,	 the	 prevalence	 of	 type	 2	
diabetes	(T2D)	among	persons	aged	30	years	and	above	has	been	increasing.	The	fourth	Malaysian	National	Health	
and	Morbidity	Survey	(NHMS	IV)	stated	in	2011	that	the	prevalence	of	T2D	has	climbed	to	20.8	percent,	and	affects	
2.8	million	people.	Thus,	a	new	rice	variety	with	a	low	glycaemic	index	is	needed	as	one	of	the	promising	strategies	to	
control	T2D	prevalence,	and	provides	a	better	choice	for	daily	dietary	consumption	among	Malaysians,	particularly	the	
diabetic	patients.	MRQ	103	is	a	new	fragrant	rice	which	was	developed	from	a	diallel	hybridisation	method	between	
MRQ	50	and	Q	89	in	the	main	season	of	2009/2010.	It	is	a	semi-dwarf	plant	(105	cm)	with	a	maturation	period	around	
117	–	120	days,	with	moderate	 resistance	 to	 foliar	 and	panicle	blast	 and	 also	 to	 the	brown	planthopper.	The	yield	
ranges	from	3.4	to	5.3	t/ha,	according	to	data	obtained	from	local	verification	trials.	Grain	quality	is	better	than	that	
of	MRQ	76	in	terms	of	physical	appearance,	especially	the	milled	grain	length.	Furthermore,	the	ratio	of	milled	grain	
length	to	milled	grain	width	is	more	than	4.0,	indicating	that	this	variety	has	very	long	and	slender	grain.	The	cooked	
rice	 texture	 is	flaky	and	moderately	 soft,	 similar	 to	basmati	 rice.	The	aroma	 is	high	during	cooking	and	decreased	
slowly	upon	cooling.	This	variety	is	categorised	as	having	a	low	glycaemic	index	(25.0	±	4.09),	and	suitable	for	daily	
consumption	Malaysians.

Keywords:	basmati-like,	flaky,	fragrant	rice,	glycaemic	index,	rice	variety
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Introduction

	 Rice	 is	 the	 most	 important	 cereal	 crop	 and	 the	
staple	food	of	more	than	half	of	the	world’s	population,	
particularly	 among	Asians.	 It	 accounts	 for	 20%	 of	 the	
world’s	dietary	energy	supply.	Rice,	as	the	primary	source	
of	 carbohydrate	 in	 the	 diet,	 is	 essential	 for	 supplying	
energy and nutrients. It has a higher blood glucose 
response	than	other	starchy	foods	such	as	wheat,	millet	
and	 noodles	 [1].	 Rice	 has	 a	 wide	 range	 in	 glycaemic	
index	(GI)	values,	according	to	various	studies	conducted	
around	the	globe	[2],	with	white	rice	having	GI	ranging	
between	54	and	121	[3].	According	to	FAO/WHO	(1998)	
[4]	GI	helps	to	guide	food	choices	because	low	GI	foods	
have	 been	 shown	 to	 improve	 blood	 glucose	 control	 in	

diabetics,	lower	serum	lipids,	increase	insulin	sensitivity,	
and	improve	B-cell	functions.
	 Diabetes	is	a	major	public	health	concern	in	Malaysia,	
and	over	the	last	decade,	the	prevalence	of	type	2	diabetes	
(T2D)	among	persons	aged	30	years	and	above	has	been	
increasing.	 The	 fourth	 Malaysian	 National	 Health	 and	
Morbidity	 Survey	 (NHMS	 IV)	 stated	 in	 2011	 that	 the	
prevalence	of	T2D	has	climbed	to	20.8	percent,	affecting	
2.8	million	people,	when	compared	to	14.9	percent	in	the	
third	National	Health	and	Morbidity	Survey	(NHMS	III)	
in	2006.	Of	the	major	ethnic	groups	in	Malaysia,	Indians	
had	the	highest	prevalence	of	T2D	(24.9%	in	2011	and	
19.9%	in	2006),	followed	by	Malays	(16.9%	in	2011	and	
11.9%	in	2006)	and	Chinese	(13.8%	in	2011	and	11.4%	
in	2006).	Glycaemic	control	among	Malaysians	with	T2D	
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has	continued	to	decline,	contributed	undoubtedly	by	the	
changes	in	human	lifestyle	and	improved	socioeconomic	
levels. The increase in the prevalence of T2D has also 
contributed	significantly	to	the	corresponding	increase	in	
the	prevalence	of	overweight	and	obesity.
	 MARDI	has	thus	developed	a	new	fragrant	rice	variety,	
MRQ	103,	which	has	a	 low	glycaemic	 index	as	one	of	
the	promising	strategies	to	control	T2D	prevalence,	and	
to	provide	a	better	choice	for	daily	consumption	among	
Malaysians,	particularly	the	diabetic	patients.	This	variety	
possesses	an	intermediate	maturation	period	ranging	from	
117	–	120	days	after	sowing,	a	short	plant	height	(105	cm)	
and	yield	potential	of	up	to	5.3	tonnes	per	hectare.	It	also	
had	moderate	resistance	 to	blast	disease	and	 the	brown	
planthopper,	is	aromatic,	and	has	good	eating	quality	and	
long and slender grain.

Materials and Methods

Varietal Development and Data Collection

	 MRQ	103	was	 developed	 by	 conventional	 breeding	
through	diallel	hybridisation	method	between	MRQ	89	
and	MRQ	50	(Figure 1,	2 and 3).	MRQ	76	was	used	as	
the	check	variety	to	compare	their	agronomic	traits,	pest	
and	disease	(P&D)	resistance,	grain	quality	and	glycaemic	
index.	 Almost	 all	 evaluations	 were	 carried	 out	 using	
the	 IRRI	standard	assessment	 system	(2014)	 [5],	while	
glycaemic	index	assessment	was	conducted	according	to	
Barakatun	Nisak	 et al.	 (2005)	 [6].	Data	were	 obtained	
from	 designated	 trials	 and	 analysed	with	 the	 statistical	
software	SAS	version	9.4	[7],	and	the	results	summarised	
in Table 1.

Results and Discussion

Varietal Performance: Agronomic Traits, P&D 
Resistance, Grain Quality and Glycaemic Index

	 MRQ	103	is	a	semi-dwarf	rice	variety	with	an	average	
plant	height	of	105	cm	and	a	maturation	period	ranging	
from	117	 to	120	days	 (Table 1). MRQ 103 has a yield 
potential	of	up	to	5.3	tonnes	per	hectare,	with	an	average	
of	 16	 panicles/hill;	 it	 has	 well-exerted	 panicles	 (up	 to	
25	cm),	and	produces	a	1000-grain	weight	of	19.2	g.
 Screening for pests and diseases revealed that MRQ 
103	 is	 moderately	 resistant	 to	 foliar	 and	 neck	 blast	
diseases	as	well	as	the	brown	planthopper.	It	is	moderately	
susceptible	 to	bacterial	 leaf	blight	(BLB),	sheath	blight	
and	 tungro.	 In	 terms	 of	 grain	 quality,	 MRQ	 103	 has	
long	 and	 slender	 grain	 with	 an	 average	 milled	 grain	
length	of	6.80	mm	and	a	 length	 to	width	 ratio	of	4.20.	
The	 percentage	 of	 milling	 and	 head	 rice	 recovery	 are	
63.1	and	78.2	percent,	respectively	with	a	slightly	high	
amylose	content	 (25.4	percent),	and	 is	categorised	as	a	
low	glycaemic	index	food	(below	55).

Figure 1. Lineage of MRQ 103
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Table 1.	 Varietal	performance	of	MRQ	103	and	the	check	variety,	MRQ	76

CHARACTERISTIC MRQ 103 MRQ	76

Agronomic
Maturation (days) 117	–	120 113	–	117
Plant	height	(cm) 105 119
Panicle	length	(cm) 	 25  24
Panicle	number/hill 	 16 	 15
1000-grain	weight	(g) 19.2 24.4
Yield	(t/ha) 3.4	–	5.3 3.9	–	5.3
Disease resistance
Foliar blast Moderately resistant Moderately resistant
Panicle blast Moderately resistant Resistant
Bacterial	leaf	blight Moderately susceptible Moderately susceptible
Sheath blight Moderately susceptible Moderately susceptible
Brown	planthopper Moderately resistant Moderately susceptible
Tungro Moderately susceptible Moderately susceptible

Grain	quality
Milling	recovery	(%) 63.1 63.2
Head	rice	recovery	(%) 78.2 76.5
Grain	length	(mm) 6.80 6.46
Length/weight	ratio 4.20 3.28
Amylose	content	(%) 25.4 17.0
Gel	consistency	(mm) 29.3 28.4
Glycaemic	index 25.0	±	4.09 35.5	±	5.17

Conclusion

	 MRQ	103	is	a	new	fragrant	rice	variety	from	MARDI	
with	a	low	glycaemic	index,	and	was	developed	by	the	
diallel	hybridisation	method	between	MRQ	89	and	MRQ	
50.	 This	 variety	 was	 recorded	 with	 short	 plant	 height	
(105	cm),	long	and	slender	grain,	is	aromatic,	has	a	slightly	
high	amylose	content	(25.4%),	good	head	rice	recovery,	
moderately	 resistant	 to	 blast	 disease	 and	 the	 brown	
planthopper,	and	has	good	yield	potential	up	to	5.3	t/	ha.	
This	variety	is	a	better	choice	for	daily	consumption	by	
Malaysians,	 especially	 by	 diabetic	 patients	 and	 local	
fragrant	rice	consumers.
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Abstract

	 Specialty	fertilisers	are	products	with	a	fast-growing	market,	containing	essential	primary,	secondary	and	micro-
nutrients	for	maximising	plant	growth	and	yield.	Specialty	fertilisers	are	formulated	with	complex	soluble	multi-nutrients	
for	specific	crops;	this	distinguishes	specialty	fertilisers	from	commodity	fertiliser	products	such	as	urea,	straight,	granular	
NPK	and	blended	fertilisers.	A	specialty	fertiliser	ginger	was	developed	according	 to	 the	ginger	plant	 requirements	
throughout	its	growth	period.	This	fertiliser	contains	balanced	water-soluble	macronutrients	and	trace	elements	set	at	
ratios	adapted	to	the	specific	requirements	of	the	ginger	crop.	The	specialty	fertiliser	can	be	used	in	a	solid	form	for	
conventional	soil	planting,	or	as	a	liquid	fertiliser	for	open-field	and	greenhouse	fertigation	systems.	An	efficacy	test	
of	the	developed	fertiliser	under	two	different	delivery	techniques	and	production	systems	showed	that	the	specialty	
fertiliser	(2,080	±	108	g	per	plant)	could	increase	rhizome	yields	by	up	to	57.6%	compared	to	the	standard	practice	
of	using	granular	fertiliser	(12:12:17:2	Mg	+	TE)	at	1,320	±	25 g	per	plant	in	conventional	soil	planting.	Significant	
rhizome	yields	 increase	up	 to	19.8%	were	observed	 in	 the	 fertigation	system	when	 the	specialty	 fertiliser	 (6,470	±	
115 g	per	plant)	was	applied	to	the	plant	instead	of	the	hydroponics	fertiliser	(5,400	±	110 g per plant). The specialty 
ginger	fertiliser	provides	specific	nutrients	to	satisfy	ginger	plant	growth	requirements,	and	increases	rhizome	yield	in	
conventional	soil	planting	and	fertigation	systems.	

Keywords:	Conventional	planting,	fertiliser,	fertigation	system,	ginger,	yield
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Introduction

	 Each	 crop	 requires	 different	 plant	 nutrients	 and	 at	
different	 rates	 for	 growth	 and	 yield.	 The	 practice	 of	
providing	a	granular	fertiliser	such	as	NPK	12:12:17	or	
NPK	 15:15:15	 to	 all	 types	 of	 crops,	 regardless	 of	 the	
specific	 crops’	 nutritional	 needs,	 has	 been	 adopted	 by	
farmers.	 In	 crop	 production,	 the	 best	 growth	 and	 yield	
can	 be	 achieved	 when	 macro-	 and	 micronutrients	 are	
supplied	 at	 balanced	 and	 optimal	 rates	 throughout	 the	
growth	 cycle.	 Therefore,	 there	 was	 a	 need	 to	 develop	
specific	fertilisers	for	a	specific	crop,	these	being	known	
as specialty fertilisers. Specialty fertilisers are products 
with	a	fast-growing	market,	containing	essential	primary,	
secondary,	and	micro-nutrients	to	maximise	specific	plant	
growth	and	yield	[1].
	 Malaysia	 still	 needs	 to	 import	 ginger.	 The	 self-
sufficiency	ratio	(SSR)	for	ginger	is	still	 low	at	16.2%,	
causing	 Malaysia	 to	 depend	 on	 importation	 (Import	
dependency	ratio	(IDR)	=	84.3%).	Market	opportunities	
and	high	domestic	demand	for	ginger	require	a	sustainable	
cultivation	system	to	produce	higher	yields.	In	terms	of	

agronomic	 practices,	 ginger	 crops	 are	 usually	 grown	
conventionally	on	soil	or	using	soilless	culture	systems	
[2].	 Through	 the	 development	 of	 modern	 agricultural	
technology,	suitable	fertilisers	and	fertilisation	practices	
have	the	potential	to	be	adopted	to	produce	high	rhizome	
yields	[3].
	 Ginger	 specialty	 fertilisers	 are	 formulated	 with	
complex	 soluble	multi-nutrients	 that	 are	 specific	 to	 the	
needs	 of	 ginger	 plant	 growth	 and	 yield.	 This	 fertiliser	
contains	 a	 balanced	macronutrients	 and	 trace	 elements	
ratio	formulated	to	the	specific	requirements	of	the	ginger	
crop.	The	specialty	 fertiliser	 is	used	 in	a	granular	 form	
for	 conventional	 soil	 planting	 and	 as	 a	 liquid	 fertiliser	
in	 fertigation	 systems. The specialty fertiliser for soil 
planting	contains	nitrogen,	phosphorus	and	potassium	as	
well	as	secondary	and	micronutrients,	ensuring	balanced	
nutrition	to	meet	the	ginger	crop’s	nutrient	requirement. 
The	 specialty	 fertiliser	 for	 fertigation	 systems	 contains	
water-soluble	macronutrients	and	trace	elements	that	are	
formulated	into	a	liquid	fertiliser	that	is	applied	through	
drip	 irrigation.	 In	 this	 study,	 the	 formulated	 specialty	
fertiliser	 was	 compared	 to	 conventional/commonly	
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used	 fertiliser	 in	 the	 market	 to	 determine	 its	 efficacy	
in	 promoting	 ginger	 crop	 growth	 and	 yield	 under	 two	
production	systems.

Materials and Methods

	 The	experiment	was	conducted	at	Bentong,	Pahang,	
Malaysia,	 starting	 in	 January	 2018	 and	 ending	 in	
September	 2018.	 Ginger	 (Zingiber officinale Roscoe) 
plants	of	the	variety	Bentong	were	selected	and	used	in	this	
study.	The	seed	rhizomes	were	treated	with	Propamocarb	
before	planting.	All	the	fertilisers	were	evaluated	under	
two	types	of	production	system:	conventional	soil	planting	
and	 a	 fertigation	 system.	 Four	 types	 of	 fertiliser	 were	
used	in	the	experiment:	(1)	granular	specialty	fertiliser	for	
conventional	soil	planting,	(2)	liquid	specialty	fertiliser	for	
the	fertigation	system	(3)	granular	NPK	12:12:17:2	Mg	+	
TE	for	conventional	soil	planting,	and	(4)	a	hydroponics	
fertiliser	for	the	fertigation	system.
	 The	fertilisers	were	compared	according	to	the	planting	
system.	The	conventional	soil	planting	field	experiment	
involved	 two	 fertilisers:	 the	 granular	 form	 specialty	
fertiliser	 and	 the	 granular	 NPK	 12:12:17:2	 Mg	 +	 TE	
fertiliser.	Both	 fertilisers	were	applied	4,	8,	12,	16,	20,	
24	and	28	weeks	after	 sowing	at	 a	1.5	 t/ha	application	
rate.	 Fertigation	 planting	 was	 carried	 out	 under	 a	 rain	
shelter	structure	without	insect-proof	nets.	Both	specialty	
and	hydroponics	fertilisers	were	prepared	as	100	L	stock	
solutions.	The	irrigation	solutions	were	prepared	in	a	1,500	
L	tank.	The	stock	solutions	were	added	into	the	tank	at	
a 1:1 ratio until the electrical conductivity (EC) reached 
the	 required	 levels.	 EC	 of	 the	 fertigation	 solution	was	
between	 1.8	 and	 2.4	 µS/cm.	 The	 fertigation	 schedules	
were	fixed	according	to	the	plant	development	stage	and	
matched	to	the	changes	in	nutrient	demand	by	the	plant	
throughout	its	growth.	The	experimental	design	used	was	a	
randomised	complete	block	design	with	three	replications.	

Each	treatment	plot	consisted	of	500	plants	with	a	total	
of	1,500	plants	for	three	replications	in	each	cultivation	
system.	The	total	number	of	ginger	plants	was	6,000.
	 The	growth	of	the	ginger	plants	was	measured	monthly	
by	measuring	the	plant	height,	weight	of	leaves/shoot	and	
rhizomes	weight	after	nine	months	of	planting	periods.	
Data	obtained	were	subjected	to	statistical	analysis	using	
analysis	 of	 variance	 (ANOVA)	 procedures	 to	 test	 the	
significant	 effect	of	 all	 the	variables	 investigated	using	
SAS	application	 (version	9.2.	SAS	Institute,	Cary,	NC,	
USA).	The	 statistical	 significance	 level	was	 set	 at	0.05	
for all tests.

Results and Discussion

	 There	was	a	significant	difference	among	the	fertiliser	
treatments	with	specialty	 fertiliser	gave	 rise	 to	 the	best	
growth	 and	 rhizomes	 yields	 in	 both	 planting	 systems	
(Table 1).	Results	showed	that	the	ginger	plant	had	grown	
better	in	the	fertigation	system	compared	to	conventional	
soil	planting	[4].	Highest	plant	height	and	shoot	and	leaves	
fresh	biomass	were	obtained	from	plants	supplemented	
with	 specialty	 fertiliser	 in	 both	 planting	 systems.	Field	
experiment	 data	 for	 fertiliser	 comparison	 showed	 that	
specialty	fertiliser	(2,080	±	108	g)	was	able	to	increase	
rhizome	yields	up	to	57.6%	compared	to	NPK	12:12:17:2	
Mg	+	TE	 (1,320	±	 25 g) in conventional soil planting. 
Rhizome	yields	per	plant	also	increased	up	to	19.8%	were	
observed	in	the	fertigation	system	when	specialty	fertiliser	
(6,470	 ±	 115 g)	 was	 applied	 to	 the	 plant	 compared	 to	
hydroponic	fertiliser	(5,400	±	110 g).	Specific	formulated	
fertiliser	provides	adequate	nutrients,	thus	increasing	crop	
growth	and	yield,	as	seen	in	chili	and	cucumber	[5,6].

Table 1. Ginger	plant	growth	and	rhizome	yield

Treatment Average plant 
height	(cm)

Average shoot and 
leaves	fresh	biomass	(g)

Average	rhizome	
yield per plant (g)

Rhizome	to	
shoot ratio

Conventional 
soil planting

12:12:17:2	Mg	+TE 	99	±	3d 1,050	±	25d 1,320	±	25d 1.25d
Specialty fertilizer 108	±	5c 1,100	±	108c 2,080	±	108c 1.89c

Fertigation 
system

Hydroponic	fertilizer 118	±	12b 1,327	±	110b 5,400	±	110b 4.0b
Specialty fertilizer 125.5	±	22a 1,465	±	115a 6,470	±	115a 4.42a

Notes:	Means	within	a	column	with	the	same	superscript	lower-case	letters	are	significantly	different	at	p	<0.05
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Conclusion

From	 the	 comparison	 studies	 conducted,	 it	 can	 be	
concluded that the specialty fertiliser developed for the 
ginger	plant	gave	the	highest	growth	and	rhizomes	yields	
in	both	planting	 systems.	Specialty	 fertiliser	 for	ginger	
can	 be	 used	 to	 attain	 better	 plant	 growth	 and	 higher	
rhizomes	 yields	 in	 both	 planting	 systems.	The	 positive	
and	encouraging	development	of	 specialty	 fertiliser	 for	
ginger can be the basis in expanding specialty fertiliser 
formulation	for	other	crops.
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Abstract

	 A	 new	 specific	 fertiliser	 package	 (S.C.	 FertPack)	 for	 the	 non-granary	 area	 in	 Skuduk-Chupak	 was	 developed	
through	the	adoption	of	a	site-specific	nutrient	management	(SSNM)	approach	involving	three	stages:	identification	of	
nitrogen	(N),	phosphorus	(P)	and	potassium	(K)	requirements;	determination	of	N	fertiliser	proportion	and	timing;	and	
verification	of	the	package.	Total	crop	NPK	requirements,	determined	from	the	nutrient	omission	plot	trials	carried	out	
for	consecutive	seasons	with	targeted	yield	of	5	t/ha,	were	86.5,	54.7	and	91.7	kg/ha	of	N,	P2O5	and	K2O,	respectively.	
Next,	the	N	fertiliser	proportion	and	timing	of	application	studies	were	carried	out	for	two	subsequent	seasons,	and	the	
results	showed	that	the	ratio	of	N	at	20%	during	early	tillering,	30%	at	active	tillering	and	50%	at	panicle	initiation	
(PI)	stage	produced	the	highest	yield	(5.03	t/ha)	of	all	the	treatments.	Application	of	50%	N	fertiliser	at	the	PI	stage	
contributed	to	a	higher	number	of	panicles	(380),	number	of	spikelets/panicle	(126)	and	percentage	of	filled	spikelets	
(81.6%).	P	and	K	fertiliser	sources	were	split	into	two	parts	and	applied	at	5	and	50	days	after	transplanting,	respectively.	
Verification	 of	 this	 new	 fertiliser	 package	 (called	S.C.	 FertPack)	 against	 the	 subsidy	 fertiliser	 package	 (104	N:	 42	
P2O5:	62	K2O)	(coded	Subsidy)	showed	a	significant	difference	in	yield	from	the	S.C.	FertPack	plots	which	recorded	
a	higher	yield	of	5.11	t/ha	compared	to	4.29	t/ha	from	the	Subsidy	plots.	Farmer’s	net	income	will	also	be	improved	
by	29.6%	or	RM991.61	more	per	hectare	than	from	the	current	subsidy	fertiliser	package.	Copyright	has	been	filed	
for	this	new	specific	fertiliser	package	(86.5	N:	54.7	P2O5:	91.7	K2O	ratio	at	three	recommended	times	of	application	
and	at	specified	proportions)	with	the	registration	number	CR2021/09/064.

Keywords:	S.C.	FertPack,	Skuduk-Chupak,	farmers	income,	subsidy	fertiliser	package,	yield
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Introduction

 Since the introduction of the subsidised fertiliser 
incentive	 in	 1979,	 a	 blanket	 recommendation	 with	
little changes has been observed in the total nitrogen 
(N),	 phosphorus	 (P)	 and	 potassium	 (K)	 rates	 in	 the	
fertiliser	supplied	to	paddy	farmers	throughout	Malaysia.	
Distribution of the subsidised fertiliser is currently 
implemented	 under	 the	 “Skim	 Baja	 Padi	 Kerajaan	
Persekutuan”	(SBPKP)	and	“Skim	Insentif	Pengeluaran	
Padi”	 (SIPP).	 Under	 SBPKP,	 the	 fertiliser	 is	 supplied	
with	 different	 formulations	which	 are	 better	 known	 as	
Padi	1	and	Padi	2.	Padi	1	is	supplied	to	the	West	Coast	
of	Peninsular	Malaysia,	Sabah,	and	Sarawak,	while	Padi	
2 is supplied to the East Coast of Peninsular Malaysia.

	 Skuduk-Chupak	Irrigation	Scheme,	which	is	located	55	
km	away	from	the	Kuching	city	centre,	is	a	non-granary	
area	 adopting	 the	 double-cropping	 system	 in	 Sarawak.	
With	an	estimated	total	area	of	200	hectares,	the	farmers	
who	 are	 mostly	 from	 the	 Bidayuh	 tribe	 grow	 various	
modern	 rice	 varieties	 that	 reach	 maturity	 around	 115	
days.	All	 registered	 farmers	 in	Skuduk-Chupak	 receive	
the	subsidised	fertiliser	through	the	Siburan	Farmers	Area	
Organisation	 which	 has	 the	 same	 fertiliser	 rate	 as	 the	
farmers	in	Padi	1	zone.	In	view	of	the	possible	imbalance	
in	nutrient	management	on	a	 local	area	basis,	our	 team	
started	the	groundwork	since	2018	to	determine	the	actual	
fertiliser	requirements	in	Skuduk-Chupak	through	a	site-
specific	nutrient	management	approach	(SSNM).
	 SSNM	 is	 an	 initiative	 for	 identifying	 nutrient	
requirements	 specifically	 for	 an	 area,	 from	 which	 it	
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is	 expected	 that	 yield	 will	 be	 increased	 by	 providing	
fertilisers	 at	 the	 required	 rate.	 This	 in	 turn	 will	 help	
towards	 cost	 savings,	 sustainability	 and	 improvement	
of	 the	 income	 of	 farmers.	Hence,	 the	 objective	 of	 this	
project	was	 to	 develop	 a	 specific	 fertiliser	 package	 for	
the	 Skuduk-Chupak	 Irrigation	 Scheme	 for	 sustained	
productivity	of	rice	in	a	non-granary	area.

Materials and Methods

	 The	 development	 of	 a	 specific	 fertilisation	 package	
for	 paddy	 cultivation	 in	 the	 Skuduk-Chupak	 Irrigation	
Scheme	was	 carried	 out	 over	 30	months	 through	 three	
stages	using	MR	269	rice	variety	which	has	a	maturation	
period	 between	 104	 and	 109	 days.	 The	 research	 was	
carried	out	in	three	areas	representing	the	three	villages,	
Kpg.	 Skuduk,	Kpg.	 Plaman	Payang	 and	Kpg.	Chupak,	
within	the	scheme.

Determination of NPK Fertilizer Requirement

	 The	amount	of	N,	P	and	K	fertilisers	required	to	attain	
the	targeted	yield	of	5	t/ha	was	determined	through	the	
nutrient	omission	plot	technique	[1].	The	targeted	yield	of	
5	t/ha	was	used	in	this	study	as	the	site	is	a	non-granary	
area	which	has	a	previously	reported	average	yield	of	3.5	
t/ha.	Determination	of	fertiliser	requirements	(N,	P	or	K)	
was	implemented	as	described	in	Table 1,	using	a	plot	size	
of	5	m	x	5	m	for	each	treatment.	To	ensure	that	the	yield	
was	not	limited	by	the	lack	of	a	nutrient	to	be	determined,	
N,	P	and	K	 fertilisers	were	 fully	 supplied	according	 to	
the	subsidy	fertiliser	package	(104	N:41	P2O5:	62	K2O 
kg/ha).	Yield	from	each	plot	was	recorded	at	harvest	and	
converted	to	a	per	hectare	basis	with	adjustment	to	14%	
moisture	content.	N,	P	and	K	fertiliser	requirements	were	
calculated	based	on	the	equations	[2]	shown	below:

FN	=	(GY	–	GY0N)	x	UN/REN
FP	=	(GY	–	GY0P)	x	UP/REP	x	2.292
FK	=	(GY	–	GY0K)	x	UK/REK	x	1.2

where:
FN	=	Recommended	requirement	for	N	fertiliser
FP	=	Recommended	requirement	for	P2O5 fertiliser
FK	=	Recommended	requirement	for	K2O fertiliser
GY	=	Target	yield	(t/ha)
GY0N	=	Grain	yield	(t/ha)	in	N	omission	plot
GY0P	=	Grain	yield	(t/ha)	in	P	omission	plot
GY0K	=	Grain	yield	(t/ha)	in	K	omission	plot
UN	=	Plant	 uptake	 requirement	 for	N	 (15	–	20	kg	N/t	
grain yield)
UP	=	Plant	 uptake	 requirement	 for	 P	 (2.6	 kg	 P/t	 grain	
yield)
UK	=	Plant	uptake	 requirement	 for	K	(15	kg	K/t	grain	
yield)
REN	=	N	recovery	efficiency	(40	–	50%)
REP	=	P	recovery	efficiency	(25%)
REK	=	K	recovery	efficiency	(50%)

Evaluation of the Proportion and Timing of 
Application of N Fertilizer

	 Once	 the	 NPK	 requirements	 were	 determined,	 a	
study	on	 the	proportion	and	 timing	of	application	of	N	
fertiliser	(consisting	of	a	total	of	15	treatments	with	three	
replications)	 was	 done	 over	 two	 consecutive	 seasons	
(Table 2).	The	percentage	of	N	fertiliser	distribution	at	5	
days	after	transplanting	(DAT)	was	the	same	for	all	the	
treatments	(20%	of	the	total	N).	For	the	second	fertiliser	
application	at	25	DAT,	N	fertiliser	was	applied	either	at	30,	
40	or	50%,	while	for	the	third	application,	the	breakdown	
was	made	by	considering	the	panicle	initiation	stage	which	
generally	occurs	around	50	DAT.	The	distribution	of	this	
third	round	N	fertiliser	was	made	at	50	DAT	as	well	as	
at	5	and	10	days	before	and	after	50	DAT	at	30,	40	or	
50%.	P	and	K	fertiliser	sources	were	split	into	two	parts	
and	applied	at	5	and	50	DAT,	respectively.	Data	on	yield,	
yield	components	and	plant-N	uptake	were	recorded	and	
analysed. 

Verification of the Fertiliser Package and Economic 
Analysis

	 In	 the	 final	 stage,	 the	 new	 fertiliser	 package	 was	
evaluated	against	the	existing	subsidy	fertiliser	package	
received	 by	 farmers,	 using	 0.5-hectare	 plots	 for	 each	
package	 in	 three	 villages.	 The	 total	 area	 used	 for	
verification	was	three	hectares.	Yield	and	yield	component	
data	were	recorded	and	analysed.	Estimated	production	
cost	 and	 returns	 were	 also	 calculated	 for	 both	 the	
packages.	

Results and Discussion

Total NPK Requirement

	 From	the	nutrient	omission	plot	trial	studies,	the	total	
NPK	requirement	rate	for	Skuduk-Chupak	was	86.5,	54.7	
and	91.7	kg	of	N,	P205	and	K2O per hectare. The surplus 
of	the	N	supplied	through	the	existing	subsidy	incentive	
was	16.8%;	however,	P	and	K	were	lower	by	30.2%	and	
47.9%,	respectively,	than	required.	Significant	differences	
were	 observed	 for	 the	 data	 on	 yield	 components	 as	
influenced	by	the	different	treatments	which	contributed	to	
the	yield	variations	in	the	nutrient-omitted	plots	(Table 4). 

Nitrogen Fertiliser Proportion and Application Time 

	 Effects	 of	 different	 N	 fertiliser	 proportions	 and	
application	 time	 are	 shown	 in	 Table 5.	 Number	 of	
panicles/	m2,	 spikelet	 number/panicle,	 filled	 grain	
percentage	 and	 yield	 showed	 significant	 differences	
between	the	treatments.	Application	of	50%	N	fertiliser	
at	 the	panicle	initiation	(PI)	stage	(T7)	contributed	to	a	
higher	 production	 of	 panicles	 (380),	 spikelet	 number/
panicle	(126)	and	filled	grain	(81.6%),	thus	resulting	in	
the	highest	yield	of	5.03	 t/ha.	Grain	productivity	 relies	
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Table 1.	Description	of	treatments	and	amounts	of	fertiliser	supplied

Treatment	(T) Description Fertiliser	supplied	(kg/ha)
1 N,	P	and	K	supplied	(full	fertilization) 104	N	:	42	P2O5	:	62	K2O
2 N	and	P	supplied	(K	omission) 104	N	and	42	P2O5
3 N	and	K	supplied	(P	omission) 104	N	and	62	K2O
4 P	and	K	supplied	(N	omission) 42 P2O5	and	62	K2O
5 No	fertilizer	applied -

Table 2.	Treatments	evaluated	to	determine	proportion	(%)	and	timing	(DAT)	of	N	fertiliser	application

Treatment	(T) N	fertiliser	proportion	(%)	applied	at	different	days	after	transplanting	(DAT)

5	DAT 25	DAT 40 DAT 45	DAT 50	DAT 55	DAT 60	DAT
1 20 30 50 0 0 0 0
2 20 40 40 0 0 0 0
3 20 50 30 0 0 0 0
4 20 30 0 50 0 0 0
5 20 40 0 40 0 0 0
6 20 50 0 30 0 0 0
7 20 30 0 0 50 0 0
8 20 40 0 0 40 0 0
9 20 50 0 0 30 0 0
10 20 30 0 0 0 50 0
11 20 40 0 0 0 40 0
12 20 50 0 0 0 30 0
13 20 30 0 0 0 0 50
14 20 40 0 0 0 0 40
15 20 50 0 0 0 0 30

Table 4.	Multiple	comparisons	on	yield	and	yield	components	in	the	study	determining	NPK	requirements

T Panicle	number Spikelets/panicle Filled	grain	(%) 1000-grain	weight	(g) Harvest	index Yield	(t/ha)
1 359	a 118	ab 79.1	a 26.3	b 0.49 a 4.40 a
2 311 b 121 a 68.5	c 26.4	ab 0.43 c 2.56	bc
3 305	b 116	b 67.7	c 26.9	a 0.44 bc 2.36	c
4 323 b 120 ab 73.1	b 26.5	ab 0.46	b 2.76	b
5 270	c 116	b 55.4	a 26.2	b 0.39 d 1.99 d

Mean 313.4 118.3 68.8 26.5 0.44 2.81
CV	(%) 15.12 6.14 13.17 3.38 12.41 20.5
Sig. level * * * * * *
Within	a	column,	means	followed	by	a	different	alphabet	is	significantly	different	from	one	another	at	0.05	probability	level	based	on	Tukey’s	test

mainly	 on	 the	 number	 of	 panicles	 and	 total	 number	 of	
spikelets.	 Accumulation	 and	 distribution	 of	 N	 in	 the	
vegetative	and	reproductive	organs	of	rice	are	important	
processes	for	determining	grain	yield	[3].	The	higher	N	
uptake	recorded	in	T7	(77.6	kg	N	per	tonne	of	grain)	also	
contributed	 to	 the	 higher	 yield	 by	 helping	 to	 improve	
spikelet	 production	 and	 grain	 filling.	 Apart	 from	 the	
contribution	 from	 photosynthesis,	 the	 most	 important	
factor	in	the	determination	of	spikelet	number	during	the	
reproductive	growth	stage	is	the	amount	of	N	absorbed	
[4].	Furthermore,	plant	N	status	at	the	beginning	of	panicle	
initiation	(PI)	influences	spikelet	differentiation	and,	thus,	
yield	potential	[3].	

Verification of the Fertiliser Package and Economic 
Returns
 
	 The	yield	obtained	using	the	specific	fertiliser	package	
(S.C.	FertPack)	was	5.11	t/ha,	and	this	was	significantly	
higher	than	the	yield	obtained	from	the	subsidy	fertiliser	
package	plot	(Subsidy)	(4.29	t/ha).	Estimated	production	
cost	for	and	returns	from	S.C.	FertPack	and	Subsidy	are	
shown	 in	Table 6.	Net	 income	from	S.C.	FertPack	was	
RM	4,343.61/ha	which	is	29.6%	(RM991.61/ha)	higher	
than	from	Subsidy.
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Table 6.	Production	cost	and	returns	per	hectare	from	S.C.	FertPack	and	subsidy

Variable S.C.	FertPack Subsidy
Gross	yield	(t/ha) 5.11 4.29
Net	yield	(t/ha)* 4.09 3.43
Paddy	price	with	subsidy	(RM/tan) 1,560.00 1,560.00
[A]	Gross	Income	(RM/ha) 6,380.40 5,350.80
[B]	Production	Cost	(RM/ha):

i. Fertiliser:
	 NPK	compound	1	(RM2.37/kg)
	 NPK	compound	2	(RM2.40/kg)
	 Urea	(RM2.25/kg)
	 TSP	(RM2.90/kg)
	 MOP	(RM2.70/kg)
 Total fertiliser
ii. Fertiliser application 
iii.	 Land	preparation
iv. Pest and disease control
v.	 Harvesting

590.13
240.00
126.90
81.78
187.38
1,226.79
240.00
250.00
200.00
120.00

568.80
360.00
180.00

0
0

1,108.80
320.00
250.00
200.00
120.00

Net	Income	[A]	–	[B]	(RM/ha) 4,343.61 3,352.00
Difference	(RM/ha) 991.61
Note:	S.C.	FertPack	–	Specific	fertiliser	package	for	Skuduk-Chupak
Subsidy	–	Subsidy	fertiliser	package
*	Yield	deduction	estimation	=	20%.

Table 5.	Multiple	comparisons	on	yield	and	yield	components	from	the	N	fertilizer	proportion	and	application	timing	study

T Panicle 
number

Spikelets/
panicle

Filled grain 
(%)

1000-grain	
weight	(g)

Harvest	index Yield	(t/ha)

1 288.0	defg 116.3	b 67.4	fg 26.23 0.434 cde 3.71	bcd
2 306.7	bcdefg 118.3ab 69.2	efg 26.48 0.430 cde 3.63	bcd
3 292.0 cdefg 118.4	ab 69.9	def 26.48 0.430 cde 3.57	bcd
4 296.0	cdefg 121.8	ab 72.7	cde 26.75 0.465	abcd 4.43 abc
5 357.3	ab 119.6	ab 72.5	cde 27.06 0.453	abcd 4.16	abcd
6 352	ab 126.8	a 74.1	bcd 26.74 0.499 ab 3.94 abcd
7 380.0	a 124.7	ab 81.6	a 26.56 0.503	a 5.03	a
8 341.3 abc 122.6	ab 78.6	ab 26.3 0.473	abc 4.61	ab
9 337.3	abcd 122.0 ab 76.4	bc 26.48 0.469	abc 4.55	ab
10 330.7	abcde 119.5	ab 70.9	def 26.68 0.443 bcde 4.04 abcd
11 328.0	bcde 119.8	ab 68.7	efg 26.46 0.460	abcd 3.91 abcd
12 317.3	bcdef 118.8	ab 65.1	gh 26.11 0.461	abcd 3.86	abcd
13 280.0	efg 116.1	b 61.7	hi 26.72 0.408	de 3.54	bcd
14 274.7	fg 116.4	b 58.0	i 26.52 0.422 cde 3.39 cd
15 262.7	g 115.8	b 49.6	j 26.63 0.393 e 3.23 d

Mean 316.3 119.8 69.09 26.55 0.449 3.97
CV	(%) 15.26 5.71 12.28 3.49 11.23 18.20
Sig. level * * * ns * *
Within	a	column,	means	followed	by	a	different	alphabet	is	significantly	different	from	one	another	at	0.05	probability	level	based	
on	Tukey’s	test
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Table 7.	Skuduk-Chupak	Specific	Fertiliser	Package	(S.C.	FertPack)	recommendations

Growth	stage Days after transplanting 
(DAT)

Fertilizer Rate 
(kg/ha)

N	proportion	
(%)

Early tillering 5	–	7 NPK	compound	1	(17.5:15.5:10) 99 20
TSP	46	% 26.1
MOP	60	% 59.9

Maximum	tillering 25	–	30 Urea	46% 56.4 30
Panicle initiation (PI) 50 NPK	compound	1	(17.5:15.5:10) 150 50

NPK	compound	2	(17:3:25) 100
TSP	46% 2.4

MOP	60	% 9.75

Conclusion

	 The	 specific	 fertiliser	 package	 developed	 for	 the	
Skuduk-Chupak	 Irrigation	 Scheme	 (S.C.	 FertPack)	 in	
Table 7	shows	an	overall	NPK	rate	of	86.5:	54.7:	91.7	kg/
ha.	Implementation	of	S.C.	FertPack	with	improvements	
to	irrigation	and	mechanisation	can	increase	the	previous	
average	yield	of	3.5	t/ha	by	at	least	1.0	t/ha.	Furthermore,	
Skuduk-Chupak	 can	 well-position	 itself	 as	 Sarawak’s	
best	double-cropping	model	farm	for	future	development	
of	 the	 paddy	 scheme	 with	 sustained	 productivity	 and	
better	 net	 income	 for	 the	 farmers.	 Future	 undertakings	
can	be	 focussed	on	 the	application	 timing	of	 the	P	and	
K	 fertilisers,	 as	 well	 as	 satisfying	 the	 micronutrients	
requirements.
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Abstract

	 Organic	waste,	or	green	waste,	from	crop	residues	or	livestock	manures,	requires	specific	disposal	methods	to	aid	in	
the	decomposition	of	its	high	organic	content.	On-farm	composting	is	commonly	carried	out	to	manage	such	wastes.	
However,	the	process	takes	about	four	months	to	be	completed	and	must	follow	a	systematic	procedure	that	requires	
strict	 adherence	 to	 ensure	 the	quality	of	 the	product.	Alternatively,	vermicomposting	may	 replace	 the	conventional	
composting	process	to	convert	such	waste	into	various	functional	products,	because	of	the	shorter	time	to	complete	
the	process	(in	two	months)	and	the	improved	nutrient	content	in	the	final	product	over	the	conventional	composted	
product.	To	further	diversify	the	use	of	vermicompost	as	an	organic	fertiliser,	its	overall	nutrient	content	needs	to	be	
enhanced.	Therefore,	an	enriched	vermicompost	product	was	developed	through	the	regular	vermicomposting	process	
but	by	undergoing	waste	 type	screening	and	by	applying	the	precise	amount	of	water	 to	prevent	 the	nutrients	from	
leaching	out	during	the	process.	The	leguminous	plant	residue	(LPR)	of	Gliricidia sepium	was	selected	as	the	primary	
source	of	feedstock	as	it	contains	higher	total	nitrogen	content	(4%)	compared	to	other	types	of	waste	available	at	the	
MARDI	Integrated	Organic	Farm	(IOF)	complex.	The	formulation	of	the	vermicomposting	materials	was	calculated	
according	to	the	Cornell	Composting	Guide,	and	the	water	requirement	was	determined	using	the	precipitation	rates	
calculator.	 Upon	 enhancing	 its	 quality,	 the	 vermicompost	 can	 function	 as	 an	 organic	 fertiliser,	 growth	 or	 potting	
medium,	 and	as	 a	 soil	 amendment.	As	 its	 application	can	potentially	 replace	 three	 types	of	 agricultural	 inputs,	 the	
cost	 of	 vegetable	 production	 using	 this	 vermicompost	 product	 should	 decrease,	 particularly	 for	 organic	 farmers	 or	
individuals	and	communities	who	adopt	organic	farming.	IP	application	for	the	product	was	initiated	in	August	2021	
through	PTJ	SF	and	was	endorsed	for	the	next	step	for	procuring	IP.

Keywords:	Soil	amendment,	germination	media,	organic	fertiliser,	vermicast,	waste	management
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Introduction

	 Organic	 green	 waste	 is	 plentiful	 in	 Malaysia,	
particularly	agricultural	waste.	Due	to	their	high	organic	
matter	 content,	 agricultural	 wastes	 require	 specific	
disposal	treatments	before	being	converted	into	a	compost	
product	which	is	suitable	as	a	soil	amendment.	According	
to Singh et al.	[1],	reusing	these	wastes	in	the	farm	after	
bioprocessing,	in	this	case	composting,	provides	nutrients	
to	plants,	improves	the	soil	characteristics,	and	increases	
soil	 fertility.	 Compost	 is	 a	 soil	 amendment	 commonly	
utilised	by	 the	farmers,	and	 is	a	product	 resulting	from	
composting	of	organic	wastes.	However,	in	recent	years,	
vermicomposting	 has	 become	 an	 alternative	 to	 process	
various	green	wastes	because	of	its	simple	and	convenient	

operation	which	is	odourless	[2].	Furthermore,	Lazcano	et 
al.	[3]	claimed	that	vermicomposting	is	both	cost-effective	
and	environmentally	friendly.
	 Thus,	 a	 study	 was	 carried	 out	 to	 determine	 the	
feasibility of using Gliricidia sepium	 trimmings	 as	 a	
vermicomposting	feedstock.	 	The	plant	was	selected	as	
it	 is	one	of	 the	 species	planted	 in	MARDI’s	 Integrated	
Organic	Farm	Complex	(IOF)	for	use	as	animal	feed,	as	
a	 natural	 nitrogen	 source	 for	 the	 area,	 for	 landscaping,	
and	to	provide	shade.	As	the	source	is	abundant,	the	leaf	
trimmings	 of	 the	 plants	 are	 sometimes	 discarded	 at	 a	
nearby	landfill.	As	the	plants	have	high	nitrogen	content,	
turning	 the	 waste	 into	 vermicompost	 can	 become	 an	
alternative	approach	for	managing	 the	 trimmings	while	
supporting the idea of a circular agriculture. 
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Materials and Methods

Vermicomposting and Analysis Methods

	 The	formulation	of	vermicomposting	feedstocks	was	
calculated	according	 to	 the	Cornell	Composting	Guide,	
and the process used Eudrilus eugeniae	 as	 the	 worm	
species,	and	shredded	wastepaper	and	compost	as	bedding	
materials.	The	moisture	of	 the	vermi	pit	was	calibrated	
by	 determining	 the	 water	 requirement	 for	 optimum	
vermicomposting	 activity,	 using	 the	 precipitation	 rates	
calculator	[4].	Daily	temperature	fluctuation	was	recorded	
until	 harvest	 of	 the	 vermicompost.	 Physicochemical	
properties,	 and	 vermicompost	 quality	 were	 analysed	
following	 the	 standard	 analytical	 methods,	 and	 the	
maturity	was	evaluated	according	to	the	seed	germination	
test	[5].	

Potting Media Efficiency Trial

	 Five-vermicompost	volumes	in	potting	soil	(T1:	20%,	
T2:	40%,	T3:	60%,	T4:	80%,	T5:	100%),	with	T6	as	the	
control	 (0%),	 were	 evaluated	 on	 a	 choy sum cultivar. 
Commercial	 liquid	 organic	 fertiliser	 was	 used	 for	 the	
control	treatment.	The	treatments	were	arranged	according	
to	a	Completely	Randomised	Design	(CRD)	layout	with	
three	replications	and	three	cropping	cycles.	The	number	
of	petioles	and	plant	yield	were	recorded	at	harvest	(35	
days	after	sowing),	and	quality	was	evaluated	according	
to	 the	 Malaysian	 Federal	 Agriculture	 and	 Marketing	
Agency	 (FAMA)	 guideline	 [6].	 Analyses	 of	 variance	
were	performed	on	the	data,	and	significant	means	were	
separated at p	 ≤0.05	 according	 to	 Duncan’s	 Multiple	
Range Test.

Results and Discussion

	 The	 study	 showed	 that,	 supplying	 10.0	 litres	 of	
water	daily,	the	vermicomposting	process	maintained	its	
moisture	level	at	60	to	70%,	and	produced	a	negligible	
amount	of	leachate.	This	ensures	that	the	nutrients	released	
during	 vermicomposting	 were	 contained	 within	 the	
vermi	pit.	The	temperature	profile	in	Figure 1	shows	that	
vermicomposting	was	at	its	optimal	state	for	maximum	

Table 1.	Vermicompost	properties	and	quality	from	the	study

Property Mean Reference value 
Total	N	(%) 1.22	±	0.10 0.76[9]

Available	P	(mg/kg) 1225.8	±	71.33 97.0[9]

K	(mg/kg) 34.7	±	0.50 107.0[9]

C/N	ratio 13.4	±	1.40 6.1[9]

pH 7.3	±	0.05 6.4[9],	8.4[10]

EC	(mS/cm) 0.5	±	0.03 5.9[10]

Bulk	density	(g/cm3) 0.7	±	0.05 0.4[10]

WHC	(%) 74.0	±	5.60 63.2[9],	58.7[10]

SGR 98	±	1.25 92[10],	>	90[11]

Means	are	expressed	with	standard	error.	N	=	nitrogen,	P	=	
phosphorus,	K	=	potassium,	C/N	=	carbon	to	nitrogen	ratio,	EC	=	
electrical	conductivity,	SGR	=	seed	germination	rate

Figure 1. Temperature profile of the vermicomposting process over 45 days

activity	of	the	worms,	which	was	reported	to	be	15	–	30	°C	
[7].	At	harvest,	the	vermicompost	produced	in	this	study	
had	a	very	nice	black	colour	with	an	earthy	smell,	which	
usually	 relates	 to	maturity.	The	vermicompost	also	had	
an	ideal	C/N	ratio	as	a	soil	amendment	product,	and	had	
comparable	physicochemical	properties	to	vermicompost	
reported in other studies (Table 1)	[8,	9,	10].	High	seed	
germination	 of	 98%	 without	 symptoms	 of	 toxicity	
confirmed	 that	 the	vermicompost	produced	was	mature	
[11],	which	indicated	that	it	was	safe	as	a	potting	media.
	 In	general,	 the	yield	of	organic	choy sum (Figure 2) 
shows	 that	 increasing	 the	 vermicompost	 volume	
incorporated	into	the	potting	soil	up	to	60%	(T3)	resulted	
in	a	significantly	higher	yield.	Adding	more	vermicompost	
to	 80%	 (T4)	 and	 100%	 (T5)	 volume	 produced	 no	
significant	 advantage	 over	 the	 60%	 volume	 (T3).	 The	
quality	of	the	vegetable	also	improved	from	being	small	
(<25	cm	height),	grade	1	(3	–	5	petiole	number)	category	
to	 medium	 (25	 –	 30	 cm	 height),	 premium	 (>6	 petiole	
number)	 classification.	 This	 indicates	 that	 adding	 60%	
vermicompost	 into	potting	soil	was	enough	 to	 improve	
yield	and	quality	of	choy sum.
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Table 2.	Treatment	 effects	 on	choy sum	 quality	 according	 to	
FAMA	Guidelines

Treatment Parameter	 Mean FAMA guide
T1 Petiole	(No.) 5.0c	±	0.17 Grade	1

Height	(cm) 23.5b	±	0.67 Medium
T2 Petiole	(No.) 6.0b	±	0.37 Premium

Height	(cm) 26.7ab	±	0.91 Medium
T3 Petiole	(No.) 7.0a	±	0.21 Premium

Height	(cm) 26.8ab	±	0.98 Medium
T4 Petiole	(No.) 6.0b	±	0.20 Premium

Height	(cm) 28.2a	±	1.48 Medium
T5 Petiole	(No.) 6.0b	±	0.20 Premium

Height	(cm) 26.5ab	±	2.03 Medium
T6 Petiole	(No.) 5.0c	±	0.17 Grade	1

Height	(cm) 19.3c	±	1.86 Small

Means	within	the	same	column	followed	by	the	same	letter	are	not	
significantly	different	from	one	another	at	p	≤0.05	according	
to	DMRT.	Means	are	expressed	with	standard	error

Conclusion

	 The	study	concluded	 that	 the	waste	 from	G. sepium 
leaf	 trimmings	 can	 be	 transformed	 into	 a	 quality	
soil	 amendment	 product	 via	 vermicomposting.	 The	
vermicompost	 can	 function	 as	 an	 organic	 fertiliser,	
growth	or	potting	medium,	and	as	a	soil	amendment.	As	
its application can potentially replace these three types of 
agricultural	inputs,	the	cost	of	vegetable	production	can	be	
reduced,	especially	for	organic	farmers	or	individuals	and	
communities	who	adopt	organic	farming.	As	the	G. sepium 
plants	have	high	nitrogen	content,	turning	the	waste	into	
vermicompost	 can	 become	 an	 alternative	 approach	 to	
managing	the	waste	from	the	trimmings	while	supporting	
the idea of a circular agriculture. 
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Abstract

	 The	bottle	cap	concept’s	original	design	idea	makes	it	suitable	for	use	on	water	bottles	(e.g.,	mineral	water/drinks)	
with	a	mouth	diameter	of	2.56	cm.	The	bottle	cap	has	three	main	compartments	(spaces),	namely,	(a)	bottle	cap	with	
a	punch	pin,	(b)	lid/film,	and	(c)	filler	cylinder.	When	this	bottle	cap	is	attached	to	a	commercially	available	drinking/
mineral	water	bottle,	following	the	existing	flow,	the	punch	pin	will	break	the	lid/film	layer	and	the	contents	in	the	
bottle	cap	will	fall	into	the	bottle	and	mix	with	the	water	inside	when	shaken.	Storage	studies	were	conducted	using	
commercial	products	(creatine	monohydrate	(CA)	and	branched-chain	amino	acids	(BCAA)	in	the	filler	cylinder.	As	
part	of	the	research,	three	packaging	methods	were	tested:	a	pouch	(control),	a	sealed	bottle	cap,	and	a	sealed	bottle	
cap	with	a	pouch.	Samples	were	tested	every	two	weeks	for	microbiological	qualities	(total	plate	count	analysis,	yeast	
and	mold,	coliform	and	E.	coli),	water	activity,	and	moisture	content,	using	 the	accelerated	shelf-life	method	 for	a	
period	of	 three	months	at	40	°C	and	relative	humidity	of	80%.	Results	 indicated	that	 the	CA	samples	sealed	in	 the	
cap	with	a	pouch	tended	to	have	a	lower	moisture	content	than	the	control	sample	during	the	three	months’	storage	
period.	Samples	of	BCAA	packaged	with	a	cap	alone	had	considerably	higher	moisture	levels	than	the	CA	samples;	
however,	BCAA	packed	in	a	sealed	cap	with	a	pouch	had	lower	moisture	content	and	were	essentially	identical	to	the	
BCAA	control	samples.	 In	both	samples,	 the	water	activity	(Aw)	values	showed	a	similar	 trend.	All	samples	 tested	
negative	for	microorganisms.	In	addition	to	the	ability	to	maintain	the	quality	of	the	packaged	nutrients,	convenience	
and	cleanliness	during	handling	can	provide	significant	added	value	to	the	packaging	system	that	was	developed.
 
Keywords:	convenience,	storage	qualities,	smart	cap,	smart	release,	versatile
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Introduction

	 Food	 packaging	 exists	 to	 make	 our	 lives	 easier.	
We	 need	 packaging	 to	 contain	 foods,	 protect	 foods	
from	 the	 outside	 environment,	 for	 convenience,	 and	 to	
communicate	 information	 to	 consumers	 about	 the	 food	
inside	the	package.	Containment	is	the	most	basic	function	
of	 a	 package.	 Even	 fresh	 produce,	 which	 is	 displayed	
unpackaged	at	 the	store,	must	be	transported	out	of	the	
store	 in	 some	 type	 of	 container.	 Packaging	 provides	
protection	 of	 food	 from	 adulteration	 by	 water,	 gases,	
microorganisms,	dust,	and	damage/punctures,	to	name	a	
few.	Packaging	also	allows	consumers	to	enjoy	food	the	
way	they	want,	at	their	own	convenience.	Foods	packages	
can	 be	 geared	 toward	 a	 person’s	 own	 lifestyle	 through	
designs	 like	 portability	 and	 single	 serving	 portions.	
Although	 traditional	 packaging	 covers	 the	 basic	 needs	
of	 food	 containment,	 new	 advances	 in	 food	 packaging	

are	both	anticipated	and	expected.	Society	 is	becoming	
increasingly	more	complex,	and	innovative	packaging	is	
the	result	of	consumer	demand	for	packaging	that	is	more	
advanced	 and	 creative	 than	 what	 is	 currently	 offered.	
Active	packaging	and	smart	packaging	are	the	results	of	
innovative	thinking	in	packaging	technology.
	 Active	and	smart	systems	are	a	branch	of	packaging	
that is truly innovative and offers exciting opportunities 
for	 food	 safety,	 quality	 and	 convenience.	Many	 active	
and	smart	packaging	concepts	are	commercially	available	
in	 the	 world.	 As	 society	 continues	 to	 advance,	 the	
expectations	of	the	consumer	will	continue	to	grow.	The	
use	 of	 active	 and	 smart	 packaging	 will	 likely	 become	
more	 popular	 as	more	 technologies	make	 their	way	 to	
the	market,	and	innovative	packaging	in	active	and	smart	
systems	 will	 become	 more	 common.	 Perhaps	 active	
and	smart	packaging	will	completely	replace	traditional	
packaging	 itself.	 Paul	 Gander	 of	 Food	 Manufacture	
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Magazine	stated,	“The	trend	is	 towards	less	packaging,	
and	what	there	is	will	be	more	interactive.	Whether	2020	
will	see	packs	which	literally	walk	off	the	shelf	is	quite	
another	matter”	[1].

Materials and Methods

Designing of Mould

	 The	development	of	a	prototype	mould	went	through	
several	 phases:	 designing	 the	 system;	 evaluating	 its	
functionality;	 design	 improvement;	 and	 evaluation	 of	
the	system	on	a	research	and	development	scale.	Various	
designs	were	made	before	the	final	designs	were	selected	
and	sent	to	be	moulded	as	the	prototype.

Storage Quality Test

	 Storage	 studies	 were	 conducted	 using	 commercial	
products	(creatine	monohydrate	(CA)	and	branched-chain	
amino	acids	(BCAA)	bought	from	GNC	Live	Well	Sdn.	
Bhd.,	 Malaysia.	 CA	 and	 BCAA	 were	 repacked	 three	
packaging	methods:	nutrients	in	a	pouch	as	the	control;	
nutrients	in	a	sealed	bottle	cap;	and	nutrients	in	a	sealed	
bottle	cap	 in	a	pouch.	Storage	 studies	were	carried	out	
for	three	months	using	the	accelerated	shelf-life	method.

Results and Discussion

Development of the Mould

	 The	 final	 form	 of	 the	 actual	 mould	 was	 precisely	
designed	 to	 be	 compatible	with	 the	 nutrients	 and	 their	
properties.	The	self-release	cap	comes	in	a	set;	each	set	
comprises	a	nutrient	carrier	(Part	2)	and	a	puncher	(Part	1)	
(Figure 1). 

Storage Quality

	 On	average,	the	moisture	content	of	CA	packaged	with	
a	sealed	cap	 increased	from	11.27	 to	12.05	%.	The	CA	
sample	 packaged	 in	 the	 sealed	 cap	 in	 a	 pouch	 showed	
a	 much	 smaller	 increase	 in	 moisture	 content	 that	 was	
practically	 identical	 to	 the	 control	 sample	 (in	 an	OPP/
AL/PE	pouch),	i.e.,	about	11.7	%.	The	moisture	content	
of	BCAA	packaged	using	the	sealed	cap	alone	increased	
significantly	over	the	12-week	storage	period,	rising	from	
2.10	to	4.93	%.	Meanwhile,	BCAA	samples	packed	into	
sealed	cap	in	a	pouch	demonstrated	much	better	sample	
stability,	 with	 a	 low	moisture	 content	 nearly	 the	 same	
as	in	the	BCAA	control	samples,	i.e.,	around	2.36	%,	as	
shown	in	Figure 2.

Concept design

Figure 1. Concept design and actual moulds

Part 1 Part 2
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	 As	shown	in	Figure 3,	the	water	activity	(Aw)	value	
for	 packed	 CA	 using	 the	 sealed	 cap	 alone	 increased	
significantly	 from	 0.221	 to	 0.451	 during	 the	 storage	
period.	Meanwhile,	the	CA	sample	packed	into	the	sealed	
cap	in	a	pouch	demonstrated	sample	stability,	with	a	low	
Aw	value	that	was	nearly	the	same	as	in	the	control	sample	
(OPP/AL/PE	pouch), i.e.,	around	0.288.	The	Aw	value	for	
the	BCAA	samples	packed	with	the	sealed	cap	alone	also	
increased	significantly	from	the	second	week	of	storage	
onwards.	Meanwhile,	the	BCAA	samples	packed	into	the	
sealed	cap	in	a	pouch	demonstrated	sample	stability,	with	
a	low	Aw	value	that	was	nearly	the	same	as	the	control	
sample	(OPP/AL/PE	pouch),	at	around	0.266.

Conclusion

	 The	developed	products	are	assumed	to	be	capable	of	
achieving	high	added	value	to	nutrient	powder	products	
in	the	market	by	improving	the	quality	of	handling	during	
preparation	for	use,	and	maintaining	quality	during	storage	
in	accordance	with	the	needs	of	today’s	healthy	lifestyle.	
Consumers	of	this	technology	will	be	mainly	energy	and	

Figure 2. Moisture content of CA and BCAA during storage varied depending on the type of packaging used (in 
an accelerated chamber)

Creatine	monohydrate	(CA) Branched-chain	Amino	acids	(BCAA)

Figure 3. Water activity (Aw) of CA and BCAA during storage varied depending on the type of packaging used (in an accelerated 
chamber)

Creatine	monohydrate	(CA) Branched-chain	Amino	acids	(BCAA)

health	 nutrient	 drinks	 manufacturers,	 particularly	 for	
products used for active (sporting) activities.
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Abstract

	 Sugared	ceri	 terengganu	 (CT)	 (Lepisanthes	 fruticosa	 (Roxb)	Leenh)	 juice	can	potentially	be	used	 for	 fermented	
beverage	production	along	with	a	consortium	of	kombucha	strains.	The	consortium	of	kombucha	strains	includes	multiple	
safe	microorganisms.	The	microorganisms	include	yeast	and	a	group	of	acetic	acid	bacteria,	such	as	Acetobacter	sp.	
and	Glucanobacter	sp.,	among	others.	Fermentation	affected	the	physiochemical	and	sensory	properties	of	the	juice.	
Aligned	with	 the	 goal	 of	 producing	 a	 product	with	 several	 health	 benefits,	 fermentation	 enhanced	 the	 antioxidant	
(DPPH,	FRAP,	TPC	and	TFC)	and	antimicrobial	activities	of	the	resulting	product,	as	well	as	the	bioactive	compounds,	
overall	augmenting	the	health	benefits.	The	antioxidant	activity	shown	is	attributed	to	various	biophenolic	compounds	
(gallic,	 chlorogenic,	 syringic,	 2,5-dihyroxybenzoic,	 caffeic	 and	 ferulic	 acid)	 and	 bioflavanoid	 compounds	 such	 as	
rutin.	The	 antimicrobial	 activity	of	 fermented	CT	beverage	 is	 largely	 attributable	 to	 the	presence	of	 organic	 acids,	
namely,	glucuronic,	galacturonic,	oxalic,	 tartaric,	L-malic,	 lactic,	acetic,	citric,	 succinic,	kojic	and	ascorbic	acid.	 In	
vivo	studies	showed	that	fermented	CT	beverage	had	no	toxic	effect.	Additionally,	fermented	CT	beverage	can	be	used	
as	part	of	a	therapeutic	regimen	to	positively	influence	hypercholesterolemia	via	its	lipid-lowering	properties.	Based	
on	recent	animal	studies,	fermented	CT	beverage	managed	to	reduce	the	blood	total	cholesterol	(TC)	and	low-density	
lipoprotein	cholesterol	(LDL-C)	levels	by	33.73	and	65.56%,	respectively.	Ceri	Terengganu	shows	potential	to	be	used	
in	the	development	of	a	functional	beverage	through	fermentation	with	a	consortium	of	kombucha	strains	and	should	
be	extensively	explored	for	 further	utilisation.	This	study	revealed	 that	 fermented	CT	beverage	 is	a	good	source	of	
several	beneficial	bioactive	compounds,	designating	it	to	be	a	functional	beverage.	Hence,	the	data	obtained	from	this	
work	can	be	useful	to	both	producers	and	consumers	as	this	functional	beverage	can	be	integrated	into	health	foods	
or utilised in the nutraceutical industry.

Keywords: Ceri Terengganu,	consortium	of	kombucha	strains,	fermentation,	fermented	ceri Terengganu	beverage,	
hypercholesterolemia
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Introduction

	 The	 concept	 of	 health-promoting	 foods	 is	 not	 new:	
2400	 years	 ago,	 Hippocrates	 said:	 “Let	 food	 be	 thy	
medicine	and	medicine	be	thy	food”.	Consumer	demand	
for	 “healthy”	 food	 and	 beverages	 is	 considered	 as	 a	
driving	force	behind	the	growth	of	the	functional	foods	
sector.	 The	 production	 and	 consumption	 of	 functional	
products have substantially increased because of the 
health	benefits	they	provide	beyond	their	basic	nutritional	
functions.	 It	 has	 been	 suggested	 that	 fermentation	 can	

influence	 the	 bio-accessibility	 and	 bioavailability	 of	
compounds	in	substrates. Food	fermentation	is	a	method	
of	 modifying	 food	 to	 produce	 products	 with	 preferred	
biochemical	conversion	to	obtain	or	enhance	nutritional	
value	[1].	A	definition	for	fermented	foods	is	foodstuffs	
or	 beverages	 that	 are	 produced	 using	 regulated	 growth	
of	microorganisms,	as	well	as	the	transformation	of	food	
constituents via	enzymatic	activity.
	 In	2015,	 the	global	market	 for	 functional	 foods	was	
worth	 around	USD129.39	billion,	 and	was	 expected	 to	
reach	 a	 value	 of	USD255.10	 billion	 by	 2024	 [2].	This	
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growth	is	stimulated	by	an	increase	in	awareness	in	the	
rise	of	 health	 issues	 such	 as	 cancer,	 diabetes	 and	heart	
disease,	which	leads	to	a	growth	in	demand	for	foods	that	
can	boost	one’s	health	[3].	One	of	the	arguments	in	favour	
of	functional	foods	is	the	fact	that	they	allow	end-users	
to	pursue	a	healthier	lifestyle	without	altering	their	eating	
habits	 [3].	Kombucha	 is	gaining	 traction	because	of	 its	
potential	health	benefits,	as	well	as	the	innovative	flavours	
incorporated	into	the	beverage	by	manufactures	as	a	way	
to	attract	more	consumers.	According	to	Fortune	Business	
Insights	(2020)	[4],	flavoured	kombucha	is	favoured	more	
than	natural-tasting	kombucha.	Moreover,	manufacturers	
are	 also	 incorporating	 flavours	 from	 natural	 flavouring	
agents	as	consumers	are	becoming	more	aware	about	the	
negative	 effects	 of	 synthetic	flavouring.	Thus,	MARDI	
has	ventured	into	diversifying	the	application	of	microbial	
fermentation	as	a	biotechnological	solution	to	enrich	the	
profile	 of	 the	 biogenic	 compounds	 of	 ceri Terengganu 
juice	with	a	consortium	of	kombucha	strains.
 Lepisanthes fruticosa	(Roxb)	Leenh	or	locally	known	
as ceri Terengganu	is	a	non-seasonal	under-utilised	fruit	
species that produces fruit throughout the year. The fruit 
tree	 is	 shady	with	 a	 height	 of	 4	 –	 10	m	and	has	 small	
buttresses. The ceri Terengganu fruit is round but sharp 
at	one	end,	measuring	2	cm.	The	skin	resembles	that	of	a	
cherry	and	is	smooth,	shiny,	bright	red	when	young	and	
dark	red	when	ripe.	The	fruit	tastes	bitter	when	young	and	
sweet	when	ripe.	Based	on	the	ethnobotanical	studies,	ceri 
Terengganu	is	usually	consumed	as	a	food	source	and	also	
used	in	traditional	medicine	by	rural	folks.	Currently,	there	
is no industry specialising in ceri Terengganu processing 
in	Malaysia,	 so	 the	 fruit	 remains	 under-utilised	 by	 the	
general	 population.	With	 proper	 product	 development,	
the potential of this indigenous ceri Terengganu as a 
cultivated	crop	may	be	reached.	In	this	project,	microbial	
fermentation	with	a	consortium	of	kombucha	strains	has	
been proposed as a biotechnological solution to enrich 
the	profile	of	the	biogenic	compounds	in	ceri Terengganu 
juice.	This	 favourable	 fermentable	 property	 of	 the	ceri 
Terengganu	juice	can	also	be	explored	for	other	fermented	
products	 with	 functional	 properties.	 Consequently,	 it	
is desirable to process fresh ceri Terengganu into a 
fermented	 beverage	 to	 avoid	 waste	 and	 to	 increase	 its	
marketability.

Materials and Methods 

 Ceri Terengganu	 juice	 can	 potentially	 be	 used	 for	
fermented	beverage	production	along	with	a	consortium	
of	 kombucha	 strains.	 The	 consortium	 of	 kombucha	
strains	 includes	 multiple	 safe	 microorganisms.	 These	
microorganisms	include	yeast	(Saccharomyces cerevisiae) 
and	a	group	of	acetic	acid	bacteria,	such	as	Acetobacter 
sp. and Glucanobacter sp. The ceri Terengganu	juice	was	
diluted	to	2.1	–	2.2%	Brix	with	distilled	water,	sweetened	
with	15%	sugar,	pasteurised	at	90	°C	for	10	min,	cooled	
and	inoculated	with	a	10%	culture	of	the	consortium	of	
kombucha	strains.	The	juice	with	initial	pH	5.25	was	then	
incubated	at	28	°C	for	21	days,	under	static	and	aerobic	

conditions.	At	 the	 end,	 the	 fermented	 ceri Terengganu 
juice	was	filtered	using	an	ultra-filter	(0.22	um)	to	obtain	
a	final	product	free	of	microorganisms.

Flow	chart	of	ceri Terengganu	fermentation	process	with	
a	consortium	of	kombucha	strains

Ceri Terengganu fruit

Washing	and	cutting	into	small	pieces
(seeds	removed)

Blending	using	an	industrial	blender	Ratio	1:2
(wet	weight	:	distilled	H2O)

Application	of	mechanical	pressure

Clear ceri Terengganu	juice
(Brix:	2.1	–	2.2%)

Pasteurisation and concentration of the total sugar 
(15%)	content	of	the	juice	(90	°C,	10	min)

Cooling

Inoculation	with	10%	consortium	of	kombucha	strains	
(initial	pH:	5.25)

Static	fermentation	(28	°C,	21	days)

Undergoing	filtration	process	(0.22	um)

Fermented ceri Terengganu beverage

Results and Discussion

 Ceri Terengganu	 juice	 can	 serve	 as	 suitable	 media	
for	cultivating	a	consortium	of	kombucha	strains	for	the	
production	of	fermented	beverages.	Fermentation	affected	
the	physiochemical	and	sensory	properties	of	 the	 juice.	
With	a	focus	on	developing	promising	new	value-added	
healthy	 products,	 the	 fermentation	 process	 served	 to	
enhance	 the	antioxidant	 and	antimicrobial	 activities,	 as	
well	 as	 the	 bioactive	 compounds,	 leading	 to	 desirable	
overall	organoleptic	properties	in	the	fermented	beverages.	
As	fermentation	progressed,	the	taste	of	the	fermented	ceri 
Terengganu	juice	changed	from	a	pleasurably	fruity	to	a	
sour	and	tart	taste,	thus	increasing	consumer	acceptance	of	
the	flavor,	as	well	as	other	sensory	aspects	of	the	beverage.	
Ultimately,	a	pleasantly	sweet	and	sour,	slightly	pungent	
(because	of	the	high	organic	acids	content),	apple	cider-
like	 beverage	was	 produced.	The	 fermentation	 process	
enhanced the antioxidant activity of ceri Terengganu	juice,	
as	 assessed	 by	 2,2	 diphenyl-1-picrylhydrazyl	 (DPPH)	
radical	 scavenging	 activity,	 ferric-reducing	 antioxidant	
power	 (FRAP),	 total	 phenolics	 content	 (TPC),	 total	
flavonoid	content	(TFC)	(Table 1).
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	 The	 antioxidant	 activity	 shown	 is	 attributed	 to	
various	 biophenolic	 compounds	 such	 as	 gallic	 (2.91	 ±	
0.07	ug/	mL),	chlorogenic	(2.93	±	0.04	ug/mL),	syringic	
(17.16	±	0.73	ug/mL),	2,5-dihyroxybenzoic	(2.93	±	0.01	
ug/mL),	caffeic	(1.67	±	0.24	ug/mL)	and	ferulic	(0.71	±	
0.01	ug/	mL)	acids,	and	bioflavanoid	compounds	such	as	
rutin	(0.42	±	0.5	ug/mL)	(Table 2).
	 The	 antimicrobial	 activity	 of	 the	 fermented	 CT	
beverage	 was	 largely	 attributable	 to	 the	 presence	 of	
organic	acids	such	as	glucuronic	(100.06	±	0.52	ug/mL),	
galacturonic	 (100.01	 ±	 2.44	 ug/mL),	 oxalic	 (403.19	 ±	
3.30	ug/mL),	tartaric	(1,318.05	±	10.54	ug/mL),	L-malic	
(15,833.34	±	83.21	ug/mL),	 lactic	 (188.58	±	40.22	ug/
mL),	acetic	(12,007.67	±	131.85	ug/mL),	citric	(24.77	±	
1.24	ug/mL),	succinic	(350.03	±	9.69	ug/mL),	kojic	(2.09	
±	0.08	ug/mL)	and	ascorbic	(11.44	±	0.05	ug/mL)	acids	
(Table 3).
 In vivo	 studies	 showed	 that	 the	 fermented	 beverage	
had	no	toxic	effect.	Additionally,	the	fermented	beverage	
can	be	used	as	part	of	a	therapeutic	regimen	to	positively	
influence	 hypercholesterolemic	 via its lipid-lowering	

Table 1.	Total	antioxidant	activities	(DPPH,	FRAP,	TPC,	TFC)	of	fermented	ceri Terengganu beverage

Antioxidant Unfermented	ceri Terengganu	juice Fermented	ceri Terengganu beverage
2,2	diphenyl-1-picrylhydrazyl	radical	scavenging	
activity	(DPPH)	(%) 82.63	±	1.97 92.63	±	0.01

Ferric-reducing	antioxidant	power	(FRAP)
(mg	AAE/mL	sample) 0.42	±	0.01 0.51	±	0.03

Total phenolics content (TPC)
(mg	GAE/mL	sample) 0.43	±	0.001 0.58	±	0.057

Total	flavonoid	content	(TFC)
(mg	QE/mL	sample) 0.08	±	0.01 0.07	±	0.01

Table 2.	Identified	phenolic	compounds	in	fermented	ceri Terengganu beverage

Phenolic	compound	 Unfermented	ceri Terengganu	juice	(ug/mL) Fermented	ceri Terengganu	beverage	(ug/mL)

Gallic	acid 0.08	±	3.8 2.91	±	0.07
Protocatechuic 1.08	±	1.6 nd
Chlorogenic acid 0.036	±	0.02 2.93	±	0.04
Syringic acid 0.77	±	0.27 17.16	±	0.73
2,5-dihydroxybenzoic	acid nd 2.93	±	0.01
Caffeic acid 0.046	±	0.8 1.67	±	0.24
Ellagic acid 0.88	±	5.2 nd
Ferulic acid 0.03	±	0.01 0.71	±	0.01
Rutin	(Quercetin	3-0-rutinoside) 0.92	±	2.2 0.42	±	0.5
Epigallocatechin 1.05	±	3.0 nd
Vitexin 0.21	±	0.4 nd

nd: not detected

properties.	 Based	 on	 recent	 animal	 studies,	 fermented	
ceri Terengganu	beverage	managed	to	reduce	blood	total	
cholesterol	(TC-C)	and	low-density	lipoprotein	cholesterol	
(LDL-C)	 levels	 by	 33.73	 and	 65.56%,	 respectively,	
compared	 to	 simvastatin	 (a	 commercial	 lipid-lowering	
medication)	at	28.66	and	58.94%,	respectively.	(Table 4). 
Further	investigations	on	blood	haematology	and	serum	
biochemical	profile,	liver	and	kidney	functional	analysis	
and	 blood	 glucose	measurement	 of	 rats	 revealed	 good	
health	 conditions	 after	 being	 fed	 for	 4	 weeks	 with	
fermented	ceri Terengganu	beverage.	The	findings	of	this	
study	provide	 an	 additional	 database	 for	 the	 fermented	
beverage,	which	has	not	been	available	so	far.	This	study	
suggests	 that	 fermented	 ceri Terengganu beverage can 
also	be	used	as	part	of	a	therapeutic	regimen	to	positively	
influence	atherosclerosis	via	its	lipid-lowering	properties	
and	as	a	natural	source	of	antioxidants.	Hence,	the	data	
obtained	from	this	work	can	be	useful	to	both	producers	
and	consumers	who	wish	to	use	the	beverage	as	functional	
ingredients for processing into health foods in the food 
and nutraceutical industries.
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Table 3.	Identified	organic	acids	in	fermented	ceri Terengganu beverage

Organic acid Unfermented	ceri Terengganu	juice	(ug/mL) Fermented	ceri Terengganu	beverage	(ug/mL)
Glucuronic nd 100.06	±	0.52
Galacturonic nd 100.01	±	2.44
Oxalic 18.91	±	0.2 403.19	±	3.30
Tartaric nd 1,318.05	±	10.54
L-malic nd 15,833.34	±	83.21
Lactic nd 188.58	±	40.22
Acetic 192.93	±	0.08 12,007.67	±	131.85
Citric 7585.3	±	15 24.77	±	1.24
Succinic nd 350.03	±	9.69
Kojic 1.95	±	0.09 2.09	±	0.08
Ascorbic nd 11.44	±	0.05

nd: not detected

Table 4.	Lipid	profile	of	rats	and	calculation	of	percentage	reduction

Lipid	profile	
(mmol/L)

Normal Negative	control
(Hypercholesterolemia	rats)

Positive control
(Simvastatin)

Fermented	ceri Terengganu 
beverage	(FcTB)

%	reduction
(FcTB)

%	reduction
(Simvastatin)

Total cholesterol 
(TC) 2.02	±	0.10b 3.35	±	0.70a 2.39	±	0.13ab 2.22	±	0.19b 33.73% 28.66%

Triglyceride	(TG) 0.63	±	0.05a 0.68	±	0.05b 0.70	±	0.04ab 0.66	±	0.04b

High-density	
lipoprotein 
cholesterol	(HDL-C)

1.20	±	0.06a 1.15	±	0.12a 1.07	±	0.05a 1.04	±	0.04a

Low-density	
lipoprotein 
cholesterol (LDL-C)

0.19	±	0.05b 1.51	±	0.63a 0.62	±	0.12ab 0.52	±	0.13a 65.56% 58.94%

Conclusion

 Ceri Terengganu	 shows	 good	 potential	 to	 be	 used	
in	 the	 development	 of	 a	 functional	 beverage	 through	
fermentation	by	a	consortium	of	kombucha	strains,	and	
should	be	more	extensively	explored	for	further	utilisation.	
This	 study	 revealed	 that	 fermented	 ceri Terengganu 
beverage	is	a	good	source	of	several	beneficial	bioactive	
compounds,	 designating	 it	 to	 be	 used	 as	 a	 functional	
beverage.	 Hence,	 the	 data	 obtained	 from	 this	 work	
can	 be	 useful	 to	 both	 producers	 and	 consumers	 as	 the	
functional	beverage	can	be	integrated	into	health	foods,	
or utilised in the nutraceutical industry. This favourable 
fermentable	property	of	ceri Terengganu	 juice	can	also	
be	explored	further	to	develop	other	fermented	products	
with	functional	properties.	Consequently,	it	is	desirable	to	
process fresh ceri Terengganu	into	a	fermented	beverage	
to	avoid	waste	and	increase	its	marketability.
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Abstract

 Patin	aquaculture	production	is	estimated	to	increase	at	nine	percent	per	year.	A	value-added	patin	fish	product	is	
needed	to	increase	marketability	of	the	fish.	The	standard	formulation	of	fish	products	is	not	suitable	for	processing	
patin	because	of	its	soft	texture,	muddy	taste	and	slimy	skin	unlike	other	freshwater	and	marine	fishes.	The	muddy	
taste of patin	can	be	removed	by	a	depuration	 technique	for	8	–	12	hours.	A	new	healthy	and	 tasty	patin	fish	curd	
was	successfully	developed	as	a	value-added	product.	The	fish	curd	was	successfully	formulated	using	a	combination	
of patin	otoshimi,	modified	starch	and	soy-based	ingredients.	This	tofu	fish	product	was	developed	without	any	food	
additive	or	protein	coagulant.	No	fishy	smell	and	muddy	taste	were	detected	in	the	product.	The	fish	curd	was	accepted	
by	trained	sensory	panelists	who	gave	a	mean	score	of	more	than	4.0	in	a	5-point	Hedonic	scale.	This	product	is	a	good	
source	of	protein	(10%)	and	has	low	fat	(5%)	content	as	compared	to	commercial	fish	curd.	The	product	remains	stable	
for	a	storage	period	of	up	to	1	year.	No	similar	commercial	frozen	snack	patin	fish	product	has	yet	been	produced	for	
our	local	or	international	market.

Keywords:	fish	processing,	aquaculture,	freshwater	fish,	fish	product,	frozen	product
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Introduction

 The patin	fish	aquaculture	industry	has	been	gradually	
increasing	since	2008.	In	Malaysia,	patin production is the 
third	most	important	aquaculture	commodity	(17%)	after	
tilapia	and	catfish.		In	2012,	patin	aquaculture	contributed	
to	 the	163,757	 tonnes	of	fish	valued	at	RM992	million	
from	the	total	aquaculture	production	[1].	According	to	
Annual	 Fisheries	 Statistic,	 2010,	 from	 the	 Department	
of	Fisheries	(DOF),	patin	production	has	increased	from	
7,844	tonnes	in	2009	to	17,696	tonnes	in	2010	[2].	Patin 
or Pangasianodon hypophthalmus	 is	 popularly	 farmed	
in	 the	 Pahang	 River,	 Kenyir	 Lake	 and	 the	 Kelantan	
River.	One	of	 the	well-known	patin	 farms	 is	 in	Sungai	
Como,	 Tasik	 Kenyir,	 Hulu	 Terengganu.	 Furthermore,	
the patin fish	 industry	 is	 synonymous	 with	 Temerloh,	
serving	 as	 the	 trademark	 for	 the	 district’s	 agrotourism	
industry,	 and	 Termoloh	 is	 well-known	 as	 a	 patin	 fish	
town.	Patin tempoyak is a popular Pahang dish. There 
are	a	 few	challenges	 in	producing	a	good	quality	patin 
processed	 product.	 The	 standard	 formulation	 for	 fish	
products is not suitable for patin because of its soft and 
mushy	texture	unlike	other	freshwater	fish	species	(such	

as	tilapia	and	catfish)	as	well	as	marine	fishes.	Utilisation	
of Pangasius	 sp.	 in	 the	 product	 will	 add	 value	 to	 this	
species.	However,	the	soft	texture	and	gelling	are	major	
problems	 in	processing	patin	 fish	products.	Proteolysis	
of	 the	 fish	 muscle	 results	 in	 myofilament	 degradation	
and	 costamere	 distraction	 (which	 leads	 to	 softening	 of	
the	muscle	 tissue);	 consequently,	 the	 textural	profile	of	
the	fish	fillet	 becomes	 soft	 or	mushy.	This	was	mainly	
due	to	the	large	quantity	of	lipids	and	myoglobin	in	the	
pelagic	fish	muscle	tissue	[3].	Besides,	the	muddy	taste	
and	slimy	skin	of	patin also need to be considered in the 
processed	product.	The	earthy	or	muddy	flavour	detected	
in	freshwater	fish	can	occur	as	a	result	of	many	factors.	
Environmental	factors	associated	with	algal	blooms	can	
produce	geosmin	 (metabolites	of	 fungus)	which	 impart	
muddy,	musty	flavour	to	freshwater	fish	[4].	However,	the	
water	depuration	process	for	8-12	h	has	proven	to	be	able	
to	leach	out	the	muddy	flavour	from	the	freshwater	fish	
flesh,	 and	 to	 increase	 its	 acceptability	 significantly	 [4].	
Therefore,	the	objective	of	this	research	was	to	develop	
a patin	processed	product	that	has	no	muddy	taste.	This	
project	successfully	developed	a	healthy	and	tasty	frozen	
snack	patin product. 
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Material and Methods
 
Fish Processing and Nutritional Composition

 Patin	fish	curd	was	formulated	by	studying	the	effect	
of using patin	otoshimi	in	combination	with	soybean	and	
modified	starch	to	achieve	a	soft	and	curdy	texture	in	the	
patin	fish	curd.	Using	a	5-point	Hedonic	linear	scale,	a	
sensory	evaluation	was	conducted	using	15	–	20	trained	
panellists	 at	 MARDI	 Kuala	 Terengganu.	 The	 product	
was	 evaluated	 organoleptically	 to	 ensure	 its	 overall	
acceptability	 using	 a	 preference	 test	 for	 5	 attributes:		
colour,	 odour,	 taste	 (fish	 taste),	 texture	 (softness	 and	
firmness),	and	overall	acceptability.	The	texture	analysis	
was	done	using	the	plunger	compression	test,	i.e.,	by	means	
of	a	fish	ball	probe	at	 a	 speed	of	50	mm/min	and	 load	
stress	of	10	Newtons,	when	operating	the	Ez-test	texture	
analyser	 (Shimadzu	 Corp.,	 Japan).	 Amino	 acids	 were	
detected	using	high	performance	liquid	chromatography	
(HPLC)	 (Agilent,	 United	 States).	 Proximate	 analysis	
was	carried	out	 according	 to	 the	 standard	methods	 [5].	
The	 parameters	 used	 in	 producing	 the	 frozen	 product	
were	established.	The	patin	fish	curd	was	steamed,	quick	
frozen	at	–40	°C	in	a	blast	freezer	(Technomac,	Italy)	for	
2	hours,	and	kept	frozen	at	–18	to	–20	°C	for	a	storage	
study	over	12	months.	The	patin	fish	curd	was	deep-fried	
at	180	°C	for	30	seconds.	Financial	analysis	was	done	by	
calculating	the	cost	of	the	raw	materials	used	in	a	month,	
machinery	cost	and	salaries	of	the	staff.	Microbiological	
analysis	was	done	for	total	plate	count	of	Escherichia coli 
and Staphylococcus aureaus. This involved the use of 3M 
petri	film	 (AOAC	990.12):	E. coli	 using	3M	petri	film	
for	meat,	poultry	and	seafood	(AOAC	998.08),	and	yeast	
and	mould	using	3M	petri	film	for	rapid	yeast	and	mould	
(AOAC.	2014.05	 and	AOAC,2005)	 [5].	The	 schematic	

layout	of	the	whole	experimental	design	is	illustrated	in	
Figure 1.	The	data	were	 then	compared	 to	 those	of	 the	
commercial	products,	and	analysed	using	Minitab	version	
19	for	ANOVA	statistical	method.

Results and Discussion

 A patin	fish	curd	product	was	successfully	developed	
without	 the	 addition	 of	 any	 protein	 coagulant	 used	 for	
tofu,	a	soybean-derived	curd.	The	combination	of	patin 
otoshimi,	modified	 starch	 and	 soy-based	 ingredients	 as	
the	 main	 formulation	 ingredients	 resulted	 successfully	
in a healthy and tasty frozen patin product. The product 
contains	low	fat	and	serves	as	good	source	of	protein.	The	
curd	ranges	in	hardness	from	soft	to	firm,	in	combination	
with	 a	moisture	 content	 of	 70%	 to	90%,	 and	 a	 protein	
content	of	5	 to	16%.	Modified	starch	was	added	 to	 the	
fish	curd	is	to	increase	the	product’s	freeze-thaw	stability	
during frozen storage. It therefore contributed to the 
curdy	texture	and	tasty	flavour	of	the	developed	product.	
This	 result	 was	 also	 in	 line	 with	 the	 overall	 sensory	
acceptability of product The overall acceptability score 
of all the attributes of the patin	fish	curd	was	4,25	while	
that	of	 the	commercial	fish	curd	was	4.21.	A	packet	of	
300 g patin	fish	curd	contains	106	kcal	of	energy,	5.2	g	
carbohydrate,	 10.2	 g	 protein	 and	 4.9	 g	 fat	 (Table 1).  
In	 addition,	 it	 also	 contains	 6.33%	 total	 thiobarbituric	
acid	 (TBA)	 (Table 1).	 	 The	 percentage	 of	 amino	 acid	
taste	components	of	 the	patin fish	curd	was	a	balanced	
taste	 between	 sweet	 (26.69%),	 bitter	 (21.62%),	 salty	
(17.6%),	and	umami	(29.90%)	(Table 2). This product is 
also	a	good	source	of	protein	which	 is	rich	 in	essential	
amino	acids	(lysine,	methionine,	cystine,	threonine,	and	
tryptophan). The shelf life of the patin	fish	curd	packed	
using	 low-density	 polyethylene	 is	 one	 year	 at	 –18	 °C	

Figure 1. A schematic diagram of patin fish curd processing
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storage (Table 4).	The	 product	 can	 be	 kept	 frozen	 at	 a	
temperature	of	–18	°C	for	12	months	without	succumbing	
to	freezing	burn,	and	it	does	not	break	up	after	thawing,	
while	some	ingredients	used	enhanced	the	water-holding	
capacity of the product.
	 The	microbiological	 test	 showed	 that	 the	 total	 plate	
counts	 were	 below	 102	 cfu/g,	 and	 essentially	 negative	
for Escherichia coli,	Staphylococcus aureus,	 yeast	 and	
mould	(Table 4). The patin	fish	curd	can	be	commercially	
priced	at	RM24	for	1	kg;	at	this	price,	it	will	have	a	42%	
internal	rate	of	returns	with	a	2.39	years	payback	period.	
The	sensory	scores	using	the	Hedonic	scale	(scale:	0	–	5)	
to	compare	the	patin	fish	curd,	commercial	fish	curd	and	

Table 1.	Proximate	analysis	of	patin	fish	curd

Parameter 100 g 15	g	(per	piece)
Energy 106	kcal 15.9	kcal
Carbohydrate 5.2	g 0.8	g
Protein 10.2 g 1.5	g
Fat 4.9 g 0.7	g
Total	thiobarbituric	acid	(TBA) 6.33	%	±	0.61
Sodium 1350	mg/100	g

Table 2.	Amino	acid	profile	and	compound-related	taste	of	patin	fish	curd

Compound-related	taste Amino	acid	component g/100	g Percentage	(%)
Sweet Ala 0.82 26.69
Sweet Thr 0.46
Sweet Ser 0.52
Sweet Met 0.30
Sweet-bitter Pro 0.59
Sweet-bitter Val 0.69
Bitter Phe 0.55 21.62
Bitter His 0.53
Bitter Ile 0.54
Bitter Leu 1.07
Umami Asp 1.08 29.90
Umami Glu 1.85
Umami Gly 0.79
Salty-Bitter Arg 1.00 17.6
Salthy-Sweet Lys 1.19
Tasteless Tyr 0.52 4.18

Table 3. Comparison	of	physical	and	sensory	characteristics	of	patin	fish	curd	and	commercial	products

Analysis Parameter Patin	fish	curd Commercial	fish	curd Commercial	fish	cake
Physical analysis Texture	(hardness)	N 5.64	±	0.51	a 6.24	±	0.07b 9.49	±	0.12c

Colour test L 66	±	0.32a 72	±	0.87b 61	±	0.76a
a 11.9	±	0.34a 10.2	±	0.57a 8.4	±	0.87b
b 22	±	0.22a 29	±	0.56b 25	±	0.52c

Sensory analysis Colour 4.3	±	0.15a 4.3	±	0.27a 4.2	±	0.34a
Aroma 4.26	±0.56a 4.01	±	0.42a 3.99	±	0.15b
Texture 4.21	±	0.12a 4.25	±0.25a 4.20	±	0.67a
Taste 4.22	±	0.12a 4.13	±	0.76a 4.00	±	0.81b
Overall acceptance 4.25	±	0.05a 4.21	±	0.65a 4.01	±	0.12b

Note:	Values	with	different	letters	in	the	same	row	showed	significant	differences	from	one	another.	(p <0.05)

commercial	 fish	 cake	 showed	 an	 overall	 acceptability	
was	4.25,	4.21	and	4.01,	respectively	(Table 3). For the 
physical	 parameter	 for	 hardness	 texture,	 the	 patin	 fish	
curd	 (6.24	 Newton)	 was	 significantly	 softer	 (p <0.05)	
than	the	commercial	fish	cake	(9.49	Newton).	No	fishy	
smell	and	muddy	taste	were	detected	in	the	patin product. 
The	 results	 were	 supported	 by	 the	 findings	 of	 Che	
Rohani et al.	 (2009)	 that	clearly	showed	 that	 the	water	
depuration process on live tilapia effectively leached out 
the	off-flavour	compounds	 from	 the	fish	muscle.	There	
was	also	a	significant	interaction	(p	<0.05)	between	feed	
type	 and	depuration	 time	on	 taste,	 off-flavour	 intensity	
and	overall	acceptability	[6].
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Conclusion

	 A	healthy	and	tasty	frozen	patin	product	was	produced	
from	 patin	 otoshimi,	 modified	 starch	 and	 soy-based	
ingredients	as	the	main	ingredients.	The	product	contains	
low	fat	and	is	a	good	source	of	protein.	The	product	 is	
stable	up	to	one	year	at	–18	°C	storage.	This	product	is	
quick-to-prepare,	ready-to-cook,	and	is	suitable	for	serving	
in	many	ways	and	in	different	cooking	applications.	This	
product	has	the	potential	to	boost	the	social	economy	of	
the	locals.	In	addition,	it	can	increase	the	income	of	the	
players	in	the	aquaculture	fish	downstream	industry.
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Abstract

 Asam pedas	is	one	of	the	traditional	dishes	of	Malaysian	heritage,	and	is	very	popular	among	people	of	all	ethnicities.	
However,	its	preparation	which	involves	peeling,	grinding	and	cooking	many	ingredients	is	considered	tedious	for	urban	
or	working	mothers	with	busy	 lifestyles.	An	asam pedas	 cube	was	 therefore	developed	as	a	convenient	alternative	
because	no	such	product	is	available	in	the	market.	Drum	drying	technology	with	the	parameters	set	at	their	optimum	
(5	bar	steam	pressure;	200	rpm	the	drum	speed;	25	mm	the	drum	gap)	was	used	to	produce	the	powder.	Binders	and	
thickeners	were	added	to	the	powder	before	pressing	it	into	a	mould	to	produce	the	cubes.	This	technology	is	different	
from	those	used	to	produce	other	types	of	seasoning	cubes	in	the	market.	The	cooked	flavour	of	the	cubes	using	drum	
drying	gave	better	characteristics	as	opposed	to	that	of	the	pressed	mixed	powders.	Preparation	of	the	asam pedas dish 
with	this	cube	takes	only	10	to	15	minutes,	which	saves	time,	energy	and	money	compared	to	traditional	preparation	
method.	The	asam pedas	cube	has	more	advantages	than	its	paste	form.	It	can	be	kept	at	room	temperature	without	
added	preservative	even	after	the	box	was	opened	and	has	a	long	shelf	life	(12	months)	because	of	its	low	Aw value 
(~0.3)	and	low	moisture	content	(~8%).	Transportation	of	the	asam pedas	cubes	is	easy	and	does	not	require	much	
storage	 space	 due	 to	 its	 light	weight	 and	 compact	 size.	A	 consumer	 acceptance	 survey	 involving	 100	 respondents	
demonstrated	that	the	majority	(81.2%)	rated	the	asam pedas cube	with	a	high	score	(4	and	5:	like	and	like	very	much)	
for	the	overall	acceptance	attribute.	72%	of	the	respondents	were	willing	to	buy	this	cube	if	it	is	marketed.	Thus,	this	
product	has	 the	potential	 to	be	a	new	segment	of	 the	culinary	dishes	with	 its	modern	appearance	but	 retaining	 the	
originality of the traditional cuisine. 

Keywords: Asam pedas cube,	consumer	acceptance,	convenience	product,	drum	drying,	shelf	life
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Introduction

	 The	Malay	Archipelago	is	blessed	with	many	natural	
herbs and spices that are used to produce diverse culinary 
dishes. Asam pedas,	 optimized	 by	 its	 sour	 and	 spicy	
dominant	flavor,	is	one	example.	This	dish	is	very	popular	
among	Malaysians	and	is	almost	always	included	in	their	
daily	menus.	However,	the	gravy	for	this	traditional	dish	
contains	several	basic	ingredients	such	as	onions,	chillies	
and	 spices	which	 are	 quite	 tedious	 to	 prepare,	 causing	
people to turn to the use of convenience products that 
better	 suit	 their	 busy	 and	 modern	 lifestyle.	 Different	
brands of asam pedas paste are sold in the Malaysian 
market	 to	 fill	 this	 demand.	 Even	 so,	 those	 semi-solid	
pastes	cannot	be	kept	at	ambient	temperature	once	they	
are	 unpacked;	 they	 are	 also	 quite	 oily	 and	 messy	 to	
handle. An asam pedas	cube	was	therefore	developed	to	

overcome	these	problems,	and	to	offer	another	choice	in	
new	convenience	products	segment	in	this	category.
	 The	cube	form	was	chosen	for	this	new	convenience	
product	to	optimize	on	the	advantages	of	other	seasoning	
cubes	that	are	currently	available	in	the	market,	such	as	
KnorrTM	 chicken	 cubes,	 Tomyam	 Maggi® cubes and 
Maggi®	anchovy	stock	cubes.	These	cubes	only	take	few	
minutes	to	dissolve	in	hot	water	to	produce	the	soups	[1]	
and	are	economical.	Besides	that,	their	light	weight	and	
small	size	are	favourable	for	transportation	and	optimum	
use	 of	 space.	 Other	 than	 that,	 it	 is	 possible	 to	 use	 the	
cubes	 in	 small	 portions,	 or	 as	 required	 by	 a	 particular	
recipe.	Hence,	a	study	was	conducted	 to	develop	asam 
pedas	cubes,	because,	to	our	knowledge,	there	is	as	yet	
no	such	product	 in	 the	market.	As	the	aim	of	 the	study	
was	also	to	produce	a	product	which	is	stable	at	ambient	
temperature	 (as	part	of	 the	properties	of	a	convenience	
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product),	analyses	on	its	physicochemical,	microbiological	
and	 sensory	 properties	 were	 conducted.	 A	 consumer	
acceptance	survey	was	also	performed	to	investigate	its	
acceptability.

Materials and Methods

Preparation of Asam Pedas Cubes

 Preparation of the asam pedas	cube	involved	grinding,	
drying,	mixing	and	cubing	(Figure 1).	Raw	materials	such	
as	 shallots,	 garlic,	 ginger,	 turmeric,	 chilli,	 lemongrass,	
kesum	(Vietnamese	coriander)	leaves	and	dried	garcinia	
(tamarind)	were	ground	into	a	paste	using	a	communiting	
mill	(Boson	BM-CM,	India).	Then,	the	paste	was	mixed	
with	Arabic	gum	and	dried	into	flakes	using	a	drum	dryer	
(R.	Simon	Nip	Feed	4805,	Nottingham,	England)	at	5	bar	
steam	pressure,	200	rpm	drum	speed	and	25	mm	drum	gap.	
The	flakes	were	milled	to	powder	in	an	industrial	spice	
grinder	 (BMC180,	 China),	 and	 mixed	 with	 thickeners	
and	binders	before	being	placed	in	a	mould	and	pressed	
into cubes by a fabricated hydraulic press.

Shelf-Life and Stability Study of Asam Pedas Cubes 
During Storage

	 Each	 cube	 was	 wrapped	 with	 paper/aluminium	 foil	
and	 placed	 in	 a	 box	 (9	 cubes	 to	 a	 box),	 following	 the	
same	practice	as	conventional	seasoning	cubes.	Then,	the	
cubes	were	kept	 in	an	accelerated	chamber	(4	°C,	75%	
RH)	 for	 12	weeks	 (which	 is	 equivalent	 to	12	months).	
The	physicochemical,	microbiological	and	organoleptic	
properties	of	the	cube	were	evaluated	every	two	weeks.	
Water	activity	of	the	asam pedas	cubes	was	determined	
using	a	LabMaster-Aw	Novasina	(Switzerland),	following	
the	manufacturer’s	 instructions,	while	moisture	content	
was	 analysed	 using	 the	 standard	 AOAC	 method	 [2].	
The	cube’s	colour	was	evaluated	using	a	chroma	meter	
(Model	CR-400/410	Konica	Minolta,	Japan)	by	measuring	
the	 following	 parameters:	 L*	 (with	 0	 indicating	 black	
and	 100	 indicating	 white),	 a*	 (+a*	 indicating	 red	 and	

–a*	 green),	 and	 b*	 (+b*	 indicating	 yellow	 and	 –b*	
blue).	 Total	 mesophilic	 aerobic	 bacteria	 were	 counted	
by	plating	the	sample	on	plate	count	agar	(PCA),	while	
yeast	and	mould	counts	were	on	samples	cultivated	on	
potato	dextrose	agar	(PDA)	(Difco,	Detroit,	USA).	The	
microbial	colonies	were	counted	after	72	hours’	incubation	
at	31	±	1	°C.	E. coli	and	coliform	were	determined	by	
using	a	compact	dry	EC	(Nissui	Pharmaceutical,	Japan).	
All	measurements	were	performed	in	triplicate.	Changes	
in the organoleptic properties of the cube during storage 
were	investigated	using	Quantitative	Descriptive	Analysis	
(QDA),	a	method	of	sensory	evaluation	by	semi-trained	
panelists	[3]	adopting	a	scale	of	1	to	15	(the	best	to	the	
worst	 quality).	 Analyses	 of	 variance	 (ANOVA)	 were	
carried	 out	 on	 all	 the	 data	 using	Minitab	 16	 statistical	
software	 (Minitab	 Inc.,	 State	 College,	 PA,	 USA).	 The	
Tukey	test	set	at	p	<0.05	evaluated	the	differences	among	
the	means	of	the	drawn	samples	during	storage.

Consumer Acceptance Survey

	 A	survey	that	involved	100	respondents	was	conducted	
to	 explore	 consumer	 acceptability	 of	 the	 asam pedas 
cube.	 It	was	held	at	 the	AEON	Mall	 in	Taman	Equine,	
Seri	 Kembangan,	 Selangor,	 and	 was	 participated	 by	
consumers	of	different	ages	and	races.	Their	willingness	
to	 buy	 the	 cube	 if	 it	 was	 available	 in	 the	 market	 was	
also	 investigated.	 A	 dish	 was	 also	 prepared	 from	 the	
cube	 for	 the	 respondents’	 evaluation	 on	 taste	 and	
overall	acceptance.	Five	scores	(1	=	dislike	very	much;	
2	=	dislike;	3	=	neither	like	nor	dislike;	4	=	like;	5	=	like	
very	much)	were	used	to	rate	their	liking.

Results and Discussion

Preparation of Asam Pedas Cubes

	 Drum	drying	was	chosen	as	the	technique	to	process	
the asam pedas	paste	into	powder	due	to	its	advantages	
when	drying	viscous	foods	such	as	the	asam pedas paste 
[4].	 Besides,	 this	 drying	 method	 can	 produce	 a	 final	
powder	 with	 a	 ‘cooked’	 flavour	 [5].	 These	 factors	 are	
important	for	the	instant	powder	of	the	cube	to	be	used	
as	a	convenience	product	which	is	prepared	in	just	a	few	
minutes.	The	powder	was	produced	from	the	optimized	
drum	drying	processing	parameters	generated	by	response	
surface	methodology	(namely,	5	bar	for	steam	pressure,	
200	rpm	for	drum	speed,	and	25	mm	for	drum	gap).	The	
powder	was	then	mixed	with	binders	and	thickeners,	and	
placed	into	the	mould	before	being	pressed	into	a	cube.	
This	method	is	distinct	from	that	used	for	the	available	
culinary	cubes	for	which	their	production	involved	only	
mixing	all	the	dry	ingredients,	granulating	and	compacting	
into	 cubes	 [6].	 The	 current	 developed	 technology	 has	
therefore	the	advantage	of	its	‘cooked’	flavour.

Figure 1. A schematic diagram of the processing of asam 
pedas cubes
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Physicochemical, Microbiological and Organoleptic 
Properties of Asam Pedas Cubes During Storage

 Table 1	shows	the	results	of	the	evaluated	parameters	
in	 the	 shelf-life	 study	 of	 the	asam pedas	 cubes.	Water	
activity	and	moisture	content	were	considered	to	be	low	
after	12	weeks	of	storage	(0.42	and	15.48%,	respectively)	
because	 the	 yeast	 and	 mould	 were	 absent	 and	 there	
was	 a	 low	 total	microbial	 count.	These	 results	 showed	
that	 most	 microorganisms	 could	 not	 grow	 under	 such	
conditions,	and	that	 the	cube	was	safe	for	consumption	
[7].	Unfortunately,	its	colour	(L*,	a*,	b*)	and	score	for	
overall	 acceptance	 were	 decreased	 significantly	 during	
storage.	However,	the	temperature	and	relative	humidity	
of	the	accelerated	chamber	were	considered	high	as	the	
actual	 ambient	 temperature	was	 lower	 (~27	 to	 30	 °C).	
Therefore,	 the	 shelf	 life	 of	 the	 asam pedas	 cube	 was	
regarded	to	be	12	months	for	storage	at	room	temperature.

Consumer Acceptance Survey

	 The	respondents	were	given	two	samples	to	evaluate:	
asam pedas	cube	and	its	gravy.	The	gravy	was	prepared	
by	 putting	 the	 cube	 in	 boiling	 water,	 and	 then	 adding	
protein	for	about	10	to	15	minutes	before	serving.	This	
preparation	method	is	easy	and	quick,	and	is	also	suitable	
when	 travelling	and	 for	 transportation.	Figure 2	 shows	
the	 acceptance	 of	 or	 degree	 of	 liking	 for	 the	 attributes	
of the asam pedas	cube,	such	as	colour	and	aroma,	taste	
and	overall	acceptance	of	the	gravy.	All	attributes	showed	
a	high	percentage	of	 like	scores	(4	and	5;	 like	and	like	
very	much)	and	this	percentages	were	higher	than	for	the	
scores	of	3	 and	below.	These	 results	 exhibited	 that	 the	
asam pedas	 cube	was	 acceptable	by	 the	 consumers.	 In	
addition,	72%	of	the	respondents	were	willing	to	buy	the	
cube	if	it	is	available	in	the	market,	while	23%	of	them	

Table 1. Physicochemical,	microbiological	and	organoleptic	properties	of	asam pedas cubes during storageA

Parameter Unit Storage periodB

0	week 6	weeks 12	weeks
Water	activity Aw 0.29	±	0.00a 0.41	±	0.00b 0.42	±	0.00b

Moisture content % 8.33	±	0.09a 12.64	±	0.48b 15.48	±	0.03c

Colour L* 33.47	±	1.09a 25.92	±	0.41b 23.66	±	0.58c

a* 21.46	±	0.35a 12.55	±	0.50b 9.36	±	0.37c
b* 32.32	±	0.79a 15.84	±	0.93b 11.79	±	0.89c

Overall acceptance Score	(1=	the	best	quality;	15=	the	least	quality) 1.90	±	0.60a 5.49	±	0.97b 11.56	±	0.67c

Total	microbial	count Log	cfu 1.07	±	0.10a 2.13	±	0.02b 2.10	±	0.14b

Yeast	and	mould Log	cfu 1.54	±	0.09a 1.15	±	0.21a 1.15	±	0.23a

E. coli and Coliforms Log	cfu Not	detected Not	detected Not	detected
A Values	shown	are	means	of	triplicates	±	standard	deviations	(n	=	3).	Means	with	different	lowercase	letters	in	the	same	row	are	significantly	
different	from	one	another	at	p <0.05.
B	Storage	periods	shown	are	the	periods	the	samples	were	kept	in	accelerated	chamber,	where	1	week	is	equivalents	to	1	month	at	actual	ambient	
temperature

Figure 2. Percentage of respondents giving the like scores 
(n = 100). The attributes were rated following these 
scores:1 = dislike very much; 2 = dislike; 3 = neither 
like nor dislike; 4 = like; 5 = like very much

were	not	sure	whether	to	purchase	it	(although	or	not	due	
to	reasons	such	as	price	and	needs),	and	only	5%	would	
not buy the cube.

Conclusion

 This innovative asam pedas cube can be an attractive 
alternative	to	the	paste	that	is	available	in	the	market	as	it	
is	much	easier	to	prepare,	has	a	longer	shelf	life	at	ambient	
temperature,	produced	without	added	preservatives,	and	
shows	high	acceptability	by	the	consumers.
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Abstract

	 Instant	Vege	(vegetable)	Cereal	(IVC)	was	formulated	from	red	amaranth,	corn,	barley	and	pineapple	in	order	to	
produce	nutritious	food	for	the	elderly.	Elderly	people	are	at	high	risk	of	low	dietary	intake	of	antioxidant	compounds,	
and	face	many	health	issues	related	to	oxidative	stress,	hypercholesterolemia	and	reduced	intake	of	energy,	protein	and	
other	nutrients.	The	effect	of	taking	IVC	on	blood	enzymatic	antioxidants	in	aged	rats	was	studied.	It	was	found	that	
the	serum	antioxidant	content	in	rats	fed	with	IVC	was	higher	than	in	the	control	group	for	glutathione	reductase	(GR)	
(24.71	±	2.39	nmol/min/ml)	and	glutathione	peroxidase	(GPx)	(322.19	nmol/min/ml),	while	the	superoxide	dismutase	
(SOD)	level	in	treated	rats	was	comparable	with	the	control	group.	The	results	showed	that	IVC	successfully	prevented	
the	increase	in	cholesterol	level	in	rats	fed	a	high	cholesterol	diet.	Instant	vege	cereal	contains	high	dietary	fibre	(12.91	
g/100g),	soluble	fibre	(0.65	g/100g)	equal	to	that	of	barley,	1.8	times	more	vitamin	C	(99.2	mg/100g)	than	orange,	and	
14	times	more	vitamin	A	(11.89	mg/100g)	than	carrot.	Besides	that,	it	also	contained	zinc,	selenium,	calcium,	other	
minerals	as	well	as	vitamin	B.	The	antioxidant	activities	of	IVC	are	reflected	by	91%	of	radical	scavenging	activity	
(DPPH)	 and	 0.67	 g	FeSO4 eq./100g	 (FRAP).	Overall,	 this	 superfood	 IVC	 successfully	 enhanced	 serum	 enzymatic	
antioxidant	and	reduced	hypercholesterolemia.	It	is	also	a	nutritious	food	that	is	more	than	just	an	antioxidant	food,	
thus	has	the	potential	to	promote	good	health	in	the	elderly.

Keywords:	Instant	Vege	(vegetable)	Cereal	(IVC),	elderly,	antioxidants,	fibre,	hypercholesterolemia

Proceedings	of	MARDI	Science	and	Technology	Exhibition	(2021):	72	–	75

Introduction

	 An	aging	population	is	widespread	all	over	the	world,	
including	Malaysia.	The	Department	of	Statistics	Malaysia	
reported	that	the	number	of	people	aged	60	and	above	has	
increased	 steadily	 and	 it	 is	 projected	 to	grow	 from	2.0	
million	 today	 to	more	 than	6.0	million	by	2040.	Many	
studies have reported that health issues in the elderly 
are	related	to	oxidative	stress,	hypercholesterolemia	and	
reduced	 intake	 of	 energy,	 protein	 and	 other	 nutrients	
[1,2,3].	According	 to	 the	National	Health	and	Mobility	
Survey	 2019,	 four	 out	 of	 10	 people	 in	 Malaysia,	 or	
eight	million	adults,	have	high	cholesterol	(38.1	percent	
prevalence)	(National	Health	Mobility	Survey,	May	29,	
2020).	An	imbalance	in	the	oxidation	process	in	the	body	
can	generate	free	radicals	and	result	 in	chain	reactions,	
ultimately	damaging	 the	cells	 [4].	Hence,	 a	diet	 that	 is	
rich in antioxidants can counter the free radicals and 
help	 delay,	 eliminate	 or	 prevent	 the	 oxidation	 process.	

Antioxidant	 compounds	 such	 as	 vitamin	 A,	 ascorbic	
acid,	phenolic	compounds,	zinc,	selenium	and	antioxidant	
enzymes	 (glutathione	 reductase,	 glutathione	peroxidase	
and	 superoxide	 dismutase)	 play	 important	 roles	 in	
neutralizing	 the	 free	 radicals	 in	 the	 body’s	 antioxidant	
system.	
	 Vegetables,	cereals,	tubers	and	fruits	are	known	to	have	
nutritious	 elements	 for	 human	 consumption;	 however,	
ensuring	that	 the	intake	of	vegetables	is	a	daily	routine	
is	difficult	for	the	majority	of	people,	mainly	because	it	
needs	discipline	and	because	 long-term	consumption	 is	
required	 for	 any	 health	 benefits	 to	 be	 apparent.	 There	
are	 plenty	 of	 instant	 cereals	 in	 the	market	 but	most	 of	
them	have	not	been	scientifically	proven	to	be	effective,	
e.g.,	having	antioxidants	which	lower	cholesterol	 level.	
Nutritional	 care	 can	 increase	 the	 intake	 of	 nutrients	 in	
the	elderly;	hence,	there	is	a	need	to	develop	superfoods	
to achieve the desired level of health in this vulnerable 
group.	Thus,	the	objective	of	this	study	was	to	produce	a	
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superfood	called	Instant	Vege	(vegertable)	Cereal	(IVC)	
that	 is	 rich	 in	 antioxidants,	 vitamins	 and	minerals	 as	 a	
food	with	health	benefits	for	the	elderly,	specifically	that	
this	IVC	can	help	to	improve	serum	enzymatic	antioxidant	
and	reduce	hypercholesterolemia.

Materials and Methods

	 In	the	production	of	IVC,	red	amaranth,	corn,	barley	
and	pineapple	were	used.	All	the	ingredients	were	ground	
using	a	heavy-duty	grinder	and	mixed	until	homogenised.	
A	 double	 drum	 dryer	 (R.	 Simon	 Ltd.	 Nip	 Feed	 Test	
Machine,	Model	4766,	Nottingham,	UK)	was	used	to	dry	
the	IVC	slurry.	The	instant	vege	flakes	were	immediately	
collected	and	stored	in	aluminium	packaging	(4°C)	until	
analysis.
	 An	 anticholesterol	 study	 was	 carried	 out	 using	
24	 male	 Sprague-Daley	 rats	 (406.67	 ±	 33.28	 g)	 over	
28	 days.	 The	 rats	 were	 divided	 into	 4	 groups	 (n	 =	 6)	
which	 consisted	 of	 a	 control	 (normal	 rats),	 a	 negative	
control	 (hypercholesterolemic	 rats),	 a	 positive	 control	
(hypercholesterolemic	rats	+	simvastatin	at	40	mg/kg)	and	
a	treatment	group	(hypercholesterolemic	rats	+	IVC	at	3.1	
g/kg).	Hypercholesterolemia	in	the	rats	was	induced	with	
1%	cholesterol	and	0.5%	cholic	acid.	At	the	end	of	the	
experiment,	blood	was	drawn	from	the	vena	cava	of	the	
rats,	and	analysed	for	cholesterol	and	triglyceride.	Serum	
enzymatic	antioxidant	analysis	was	carried	out	using	SOD,	
glutathione	reductase	and	glutathione	peroxidase	kits	from	
Cayman	Chemical	Company,	USA.	All	procedures	were	
carried	out	following	the	instructions	in	each	kit.	Methods	
of	determining	the	contents	of	vitamin	A	and	vitamin	C	
were	 based	 on	 those	 of	 Ismail	 and	Fun	 [5].	 Proximate	
analysis,	 and	 determination	 fibre	 and	 minerals	 were	
determined	according	to	the	in-house	methods	based	on	
the	Association	of	Official	Analytical	Chemists	[6].	The	
analysis	of	vitamin	B	was	performed	by	high-performance	
liquid	chromatography	(HPLC,	Waters	Alliance	System),	
in	which	a	Waters	symmetry	C18	column	(4.6	x	250	mm	
5	 um)	was	 used.	 The	mobile	 phase	 consisted	 of	 0.1%	
trifluoroacetic	acid	(TFA)	in	water	(eluent	A)	and	0.1%	

TFA	 in	 acetonitrile	 (eluent	B)	 for	 analyses	 of	 vitamins	
B1	and	B6	(Group	1).	Different	mobile	phases	were	used	
for	vitamins	B2,	B9	and	B12	 (Group	2).	For	Group	2,	
eluent	A	was	 10	mM	potassium	dihydrogen	 phosphate	
(KH2PO4),	at	pH	6,	and	eluent	B	was	100%	acetonitrile	
(v/v).	The	UV	detector	 and	fluorescence	 detector	were	
employed	for	detection	of	the	peaks.	Analysis	of	vitamin	
B	was	done	in	triplicate	[7].

Results and Discussion

	 The	effect	of	IVC	was	studied	in	hypercholesterolemia	
rats,	 and	 the	 results	 showed	 that	 IVC	 successfully	
prevented the increase of cholesterol level in the rats 
fed a high cholesterol diet (Figure 1). The activities of 
serum	antioxidant	enzymes	(glutathione	reductase	(GR),	
glutathione	peroxidase	(GPx)	and	superoxide	dismutase	
(SOD))	in	rats	fed	with	IVC	were	studied.	It	was	found	
that	the	serum	antioxidant	content	in	rats	treated	with	IVC	
was	higher	than	in	the	control	group	for	GPx	(1.2	times),	
while	the	SOD	level	in	the	treated	rats	was	comparable	
with	 that	of	 the	control	group	(Table 1).	GR,	GPx,	and	
SOD	 are	 very	 important	 antioxidant	 defences	 against	
oxidative stress in the body. They are good therapeutic 
agents	 against	 reactive	 oxygen	 species,	 and	 thus	 can	
prevent	many	diseases	such	as	cancer,	anti-inflammatory	
and	oxidative	stress-related	diseases	[8].	IVC	contained	
high	 dietary	 fibre	 (12.91	 g/100g),	 soluble	 fibre	 (0.65	
g/100g)	equal	to	barley,	1.8	times	more	vitamin	C	(99.2	
mg/100g)	 than	 orange,	 and	 14	 times	 more	 vitamin	 A	
(11.89	 mg/100g)	 than	 carrot.	 Besides	 that,	 it	 contains	
zinc,	selenium,	calcium,	other	minerals	and	also	various	
forms	of	vitamin	B.	The	antioxidant	activities	showed	that	
IVC	achieved	91%	of	radical	scavenging	activity	(DPPH)	
and	0.67	g	FeSO4	 eq./100g	 (FRAP)	 in	 a	 storage	 study	
conducted	 for	 12	months	 (Table 2).	The	 recommended	
shelf	life	for	best	nutrition	is	up	to	6	months,	in	terms	of	
antioxidants,	vitamins	and	minerals.	However,	IVC	can	
be	safely	used	until	12	months.	

Figure 1. Blood lipid profile and glucose in rats. abc: the different alphabets in the same grouping show significant 
differences among the treatments (p <0.05)
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Table 1.	Effect	of	IVC	on	enzymatic	antioxidants

Treatment Glutathione	reductase	(GR)	
(nmol/min/mL)

Glutathione	peroxidase	(GPx)	
(nmol/min/mL)

Superoxide	dismutase	(SOD)
(U/mL)

Control 20.12	±	6.86a 260.92	±	16.38b 2.44	±	0.47a

Instant	Vege	Cereal 24.71	±	2.39a 322.19	±	18.14a 2.19	±	0.33a

abc	Values	bearing	different	alphabets	in	the	same	column	show	significant	differences	between	one	another	(p	<0.05)

Table 2.	Effect	of	storage	of	IVC	on	antioxidants,	vitamins	and	minerals

Month DPPH
(%	radical	
scavenging)

FRAP
(g FeSO4	eq./100g)

Vitamin	C
(mg/100g)

Vitamin	A
(µg/100g)

Zinc
(mg/100g)

Selenium
(µg/100g)

0 91.69	±	0.54b 0.67	±	0.02a 99.23	±	6.72a 11896.5	±	358.50a 1.79	±	0.10a 2.11	±	1.21a

2 92.40	±	0.28b 0.67	±	0.02a 94.94	±	3.23a 11591	±	206.48ab 2.01	±	0.11a 1.49	±	0.63a

4 94.37	±	0.21a 0.24	±	0.08cd 94.36	±	17.77a 10844	±	203.65b 2.08	±	0.08a 2.07	±	0.64a

6 91.49	±	1.07b 0.29	±	0.02cd 60.40	±	4.81b 9870	±	0.00c 0.95	±	0.16b 3.29	±	0.01b

8 91.67	±	0.28b 0.34	±	0.01c 49.31	±	2.98b ND 0.91	±	0.28b 2.36	±	0.00b

10 86.82	±	0.12c 0.45	±	0.01b 48.45	±	5.44b ND 0.78	±	0.04b 0.43	±	0.00b

12 75.89	±	0.38d 0.42	±	0.04b 28.41	±	1.27c ND 0.75	±	0.18b ND
abc	Values	bearing	different	alphabet	in	the	same	column	show	significant	difference	from	one	another	(p <0.05)
ND:	Not	determined

Table 3.	Nutritional	composition	of	IVC

Parameter Value Vitamin	(mg/100	g)	 Value
Energy,	kcal/100g 371	±	1.15 Vitamin	A 11.89	±	0.36
Fat,	g/100g 0.36	±	0.08 Vitamin	C 99.225	±	6.72
Protein,	g/100g 7.64	±	0.02 Vitamin	B1 1.434	±	0.29
Moisture,	g/100g 3.70	±	0.32 Vitamin	B2 0.138	±	0.01
Ash,	g/100g 2.06	±	0.04 Vitamin	B3 2.708	±	0.12
Carbohydrate,	g/100g 77.85	±	0.29 Vitamin	B5 1.187	±	0.14
Total	dietary	fiber,	g/100g 12.91	±	0.37 Vitamin	B6 1.23	±	0.38
Insoluble	dietary	fiber,	g/100g 12.63	±	0.05 Vitamin	B7 53.42	±	2.07
Soluble	dietary	fiber,	g/100g 0.61	±	0.05 Vitamin	B9 66.871	±	1.08
Potassium,	mg/100g 577.59	±	7.41 - -
Calcium,	mg/100g 76.54	±	0.27 - -
Zinc,	mg/100g 3.10	±	0.01 - -
Selenium,	µg/100g	 8.15	±	1.21 - -

Conclusion

	 In	 conclusion,	 IVC	 is	 a	 good	 alternative	 as	 a	
superfood	for	the	elderly	to	those	available	in	the	market.	
Formulation	of	IVC	scientifically	based	and	proven	to	be	a	
nutritious	food	that	is	rich	in	antioxidants,	and	was	shown	
to	improve	blood	antioxidant	levels	in	rats.	Besides,	it	is	
also proven to prevent an increase in cholesterol level in 
rats	 fed	with	a	high	cholesterol	diet.	Additionally,	 IVC	
contains	fibre	and	other	micronutrients,	e.g.,	vitamin	C,	
vitamin	A,	selenium,	potassium,	calcium	and	manganese.	
Finally,	 it	 can	be	 suggested	 that	 IVC	can	be	 used	 as	 a	
nutritious	meal	for	the	elderly.	The	technology	is	ready	
to be transferred to industry.
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Abstract

 RiceFert is an equation created by MARDI to help formulate the required fertiliser amount for optimal paddy growth. 
RiceFert requirements include the input data of the current soil properties as determined from soil sampling, such as 
nitrogen (%), phosphorus (ppm), potassium (cmol/kg), pH, CEC (cmol/kg), and bulk density (g). Other inputs include 
achievable yields for paddy cultivation, limited from 5 to 8 t/ha, and plant physiological properties. The formula output 
consists of the total rates for N, P2O5, K2O, amounts for split application at different crop stages, and actual fertiliser 
amounts when using urea, triple superphosphate (TSP), and muriate of potash (MOP). However, the formula could 
only be accessed using dedicated software, while the Visual Basic format is limited to only scientists. With increasing 
interest from end-users such as policymakers, agencies related to paddy cultivations, and farmers, there are requests to 
make the RiceFert formula available and easily accessible to the end-users. A new online calculator product was thus 
created by alteration of the RiceFert formula so that it can to be displayed via a virtual online platform. Development of 
RiceFert Online Calculator involved translating the formula from the Visual Basic format into the JavaScript format to 
fit into the Hypertext Markup Language (HTML). Additional Cascading Style Sheets (CSS) for style sheet language in 
web development was also included for visualisation. This product is expected to address the current issue by allowing 
users to access the formula without restrictions. The product also provides an alternative way for scientists to display 
their research findings in soil fertility management immediately and safely.
 
Keywords: RiceFert, precise, rice, site specific nutrient management, web development

Introduction

 The Malaysian government provides initiatives such 
as subsidised fertiliser inputs to assist paddy growers.  
Subsidised fertilser inputs comprise 5% (272,000 tonnes) 
of the total annual fertiliser consumption of 5.45 million 
tonnes in Malaysia [1]. The subsidised fertiliser initiative 
shows the significance of government intervention 
in capitalising fundings for the precise utilisation of 
fertilisers, specifically for large-scale paddy planters. 
MARDI developed RiceFert formulation, adopting an 
adjustable soil test – target yield (ST-TY) approach with 
four essential components: soil nutrients, soil fertility, 
crop requirements, and achievable targeted yield [2]. 
The output of this equation is a site-specific fertiliser 
recommendation in the form of total nutrients, split 
applications at various crop stages, and actual fertiliser 
amounts when using urea, triple superphosphate (TSP), 
and muriate of potash (MOP). RiceFert formulation has 
been used conservatively by scientists using Visual Basic 

programming and integrated with GIS tools to produce 
thematic maps [3].
 There is now increasing interest in RiceFert formulation 
from end-users such as policymakers, agencies related to 
paddy cultivations, and farmers, and requests for the 
RiceFert formulation to be made available and easily 
accessible. A new online calculator has been developed, 
which is a product from the alteration of RiceFert 
formulation to enable it to be displayed via a virtual online 
platform. The development of RiceFert Online Calculator 
involved translating the formula from the Visual Basic 
format into JavaScript format to fit into HTML. An 
additional CSS template was added for visualisation. 
This product is expected to address the current issue by 
allowing users to access the formula without restrictions. 
The product also provides an alternative way for 
scientists to display their research findings in soil fertility 
management immediately and safely.
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Materials and Methods

 The RiceFert equation is based on modified ST-TY 
(2):

 Nutrient requirement CS (%)
Fertilizer dose = [  ––––––––––––––– × 100 × TY ] – [  ––––– × ST] (1)
 CF (%) CF (%)

where: CF = Capacity of fertilizer
 CS = Capacity of soil
 TY = Targeted yield (tonnes/hectare)
 ST = Soil test value (kg/ha)

 The RiceFert Online Calculator architecture can be 
separated into two main stages, encompassing the HTML 
environment and JavaScript environment as illustrated in 
Figure 1. The user Input stage is a set of raw data input 
by the user, such as soil nutrient inputs and targeted yield. 
Next is the client stage, where CSS, HTML and JavaScript 
are integrated. The ST-TY formulation is translated into 
JavaScript language, where all input data are cited as 
variables. CSS is placed for easier visualisation on the 
webpage. Throughout the process, every equation runs 
after the action button is triggered. The final stage is the 
Product Output, all of the process output is transmitted 
back into the HTML file for displaying the results.

Results and Discussion

 Raw input data on soil nutrients and targeted yield 
produce three types of output. The first result is the total 
rates for nitrogen, P2O5, K2O, liming and zeo-organic 
(in kilograms per hectare). The second result consists of 
amounts for split application of the different fertilisers 
at critical crop stages, such as seedling, active tillering, 
panicle initiation, and initial heading. The final result 
is the fertiliser amounts using the straight fertilisers 
urea, TSP and MOP, also split according to the critical 
crop stages. Currently, the results focus on micro-level 

Figure 1. Flowchart of RiceFert ST-TY Formula in JavaScript and 
HTML

Figure 2. Data input and end results using HTML

recommendations as shown in Figure 2, where one set 
of input data produces one result.

Conclusion

 The paper proposes the use of an alternative means 
for representing RiceFert formulation in a user-friendly 
web application. Using similar data inputs, users may 
access this fertiliser recommendation calculator to assist in 
farm management relating to fertiliser application and in 
using precise amounts for optimal crop growth. With the 
additional aid of location information from GPS devices, 
users can also utilise site-specific nutrient management 
information for larger paddy fields. Future work will 
be focusing on integration of the online calculator with 
web-map applications from various GIS converters, such 
as Open Layers or Leaflet.

References

Liri MT. The Malaysian Fertilizer Market. 2015. 1 – 16
Theeba M, Illani ZI, Zamir ARM, Norziana ZZ, Suhaila AB and 

Fadilah AHN. Location - Specific fertilizer management 
for rice using soil test - Target Yield Approach. National 
Conference on Agricultural and Food Mechanization 2018; 
Kuching, Sarawak. MARDI; 2018. 250 – 253

Zamir ARM, Theeba M, Abdul Aziz R, Hasliana K, Norziana ZZ 
and Illani ZI. Site-specific nutrient management for paddy 
fertilizer – System design and approach. SOILS 2019; 
Melaka, Malaysia. Malaysian Society of Soil Science; 2019. 
280 – 283

Ja
va

Sc
rip

t
H

TM
L

START



78

Establishment and management of MARDI breeder farm for Ayam SAGA

Nooraisyah Saharani1*, Noraini Samat2, Azlina Azma Ismail Affendee1, Muhammad Nazri Ismail1 and Nik 
Muhammad Faris Nik Ruslan1

1Livestock Science Research Centre, MARDI Muadzam Shah, 26700 Pahang
2Livestock Science Research Centre, Malaysian Agricultural Research and Development Institute (MARDI), Persiaran MARDI-UPM, 43400 

Serdang, Selangor

*E-mail: aisyahs@mardi.gov.my

Abstract

 The rebranding of Ayam Kampung MARDI to Ayam SAGA is more than just a change in name. It was the result of 
several processes, which included improving the breed through clan inbreeding and evaluation of breeder performance. 
Moreover, upgrading facilities in the newly built infrastructure and the machineries have resulted in better production 
of day-old chicks. Upgrading management processes and publication of manuals have also ensured the establishment 
and management of breeder farms at optimum levels. Technical verification of MS ISO 9001:2015 MARDI Main 
Process documents and the GAHP-MyGAP Manual ensured that the MARDI breeder farm operations run accordingly 
and meet quality requirements. With structured production of good quality day-old chicks for the market, issues such 
as low supply and unstable pricing of chicks are addressed. 

Keywords: Ayam SAGA, breeder farm, day-old chicks, hatchery quality, verification
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Introduction

 The village chickens commonly found in the market 
are usually the coloured broilers which are sold at twice 
the price of normal broiler chickens. Coloured broilers 
are a commercial broiler breed that was developed to 
have a medium growth rate that is slower than that of 
commercial broilers. They are reared under a free-range 
system like native village chickens. These chickens 
grow faster than village chickens, and therefore there 
are distinctive differences in terms of meat quality and 
texture between them [1]. Coloured broilers became the 
new muse for farmers who benefit from the faster sale of 
these chickens with a shorter growing period to marketable 
size. The consumers are the most affected group as they 
have to bear the price of the village chicken’s lookalikes. 
Another common issue regarding the rearing of village 
chickens is the difficulty faced by farmers in obtaining 
day-old chicks due to a lack of supply which leads to 
price hikes.
 MARDI has addressed the issues by coming up with 
an improved breed of the village chicken through a more 
structured breeding programme, as well as developing 
several upgraded management processes. The objectives 
of restructuring the breeding programme were to ensure 
the optimum performance of the grandparent (GP) 
breeders during rearing and reproduction, and to ensure 

the consistent production of high quality parentstock 
(PS). Several management processes were improved 
and compiled into a manual titled “A Manual for Good 
Animal Husbandry Practices (GAHP-MyGAP) in MARDI 
Breeder Farm Management” or Manual Pengurusan 
Amalan Perladangan yang Baik (GAHP-MyGAP) 
Ladang Baka Ayam MARDI. With a structured breeding 
programme and a comprehensive manual for breeders, the 
ultimate aim of both is to support and enable PS farmers to 
produce day-old chicks in a more systematic manner, and 
to be able to provide enough supply of day-old chicks of 
Ayam SAGA at an affordable price and for better-quality 
village chickens.

Materials and Methods

 There were three main stages in technology development 
in this project (Figure 1): breeder farm development; 
process development; and a verification process. 
Breeder farm development emphasised the upgrading of 
production facilities which included the poultry houses 
and machineries in the hatchery, as well as restructuring 
the breeding programme. Process development mainly 
involved the development of MS ISO 9001:2015 MARDI 
Main Process documents and a GAHP-MyGAP Manual 
to improve the work processes in the breeder farm and 
hatchery. The verification process was implemented by 
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internal auditors, a government authority (Department of 
Veterinary Services) and a standards agency (SIRIM) to 
evaluate breeder performance at the farm and hatchery. 

Results and Discussion

 Figures 2, 3, 4 and 5 show the upgrading of the 
facilities. Three new breeder houses, consisting of two 
enclosed houses and one open house, were built to support 
the increasing population of pure lines and GP breeders. 
A transit pen and one feed storage area located between 
the enclosed houses were also built. Four new sets of 
incubators and two sets of hatchers were installed in the 
hatchery to replace the old and non-functional incubators. 
The capacity of the new incubator units is up to 19,000 
eggs in a single round of incubation compared to the 
maximum capacity of 7000 eggs for the older incubators.

Breed

 The improved breed showed better egg hatchability 
of more than 80%. Each egg weighed around 40 – 50 g, 
while the body weight of the day-old chick at hatch was 
around 35 – 40 g [2]. Table 1 shows the performance of 
Ayam SAGA replacement batch after the new breeding 
plan was implemented. The higher rate of the hatching 
contributed to the hatchery’s success in 2020 [3].

Breeding Programme

 Previously, the method of breeding adopted was 
inbreeding with selection.  This was conducted on three 
strains, namely, the alpha-strain (A), beta-strain (B) 
and gamma-strain (C). Crossbreeding between A and B 
resulted in the theta-strain (D), which was introduced 
as Ayam Kampung MARDI (AKM) in 2012. All strains 
were maintained by applying full-sibling inbreeding 
methods to the flocks until the 10th generation (Figure 6). 
An improved breeding programme was introduced in 
2019, involving clan inbreeding, and producing male 
and female lines of D, namely, D9 for the male line and 
D10 for the female line. The breeding of the parents was 
through full-sibling inbreeding while the progeny was 
produced via 1st cousin inbreeding. The implementation 
of this new breeding scheme resulted in more uniform 
phenotypic features, and was able to reduce the occurrence 
of abnormalities among the flocks to 10% [4]. This 
generation was later rebranded as Ayam SAGA MARDI 
(ASM) (Figure 7).

Figure 1. Work process of technology development for the 
establishment and management of MARDI breeder 
farm for Ayam SAGA

Figure 2. The new open house for placing the GP breeders Figure 3. The newly built GP enclosed house with 
a capacity of 2000 birds

Figure 4. The brand-new incubators (right) which replaced the old 
incubators

Figure 5. Two units of hatchers
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Table 1. Egg hatchability of the improved breed in 2020

Date Group Set Live Dead % mortality 18D % live embryos Total hatch (DOC) % hatch by group
29/2/2020 D9 1 30 28 1 3.6 93.3 26 86.7

D9 2 29 28 1 3.6 96.6 26 89.7
D9 3 51 49 2 4.1 96.1 43 84.3
D9 4 19 17 3 17.6 89.5 12 63.2

D10 1 103 99 1 1.0 96.1 95 92.2
D10 2 52 50 1 2.0 96.2 47 90.4
D10 3 22 18 3 16.7 81.8 16 72.7
D10 4 19 19 0 0.0 100.0 14 73.7

3/3/2020 D9 1 69 64 3 4.7 92.8 63 91.3
D9 2 36 33 1 3.0 91.7 26 72.2
D9 3 84 75 6 8.0 89.3 71 84.5
D9 4 21 18 3 16.7 85.7 15 71.4

D10 1 60 57 1 1.8 95.0 58 96.7
D10 2 32 30 1 3.3 93.8 26 81.3
D10 3 44 41 1 2.4 93.2 38 86.4
D10 4 23 20 3 15.0 87.0 18 78.3

6/3/2020 D9 1 31 29 0 0.0 93.5 29 93.5
D9 2 32 30 0 0.0 93.8 28 87.5
D9 3 88 83 0 0.0 94.3 74 84.1
D9 4 30 29 0 0.0 96.7 23 76.7

D10 1 102 97 2 2.1 95.1 90 88.2
D10 2 40 36 1 2.8 90.0 35 87.5
D10 3 61 57 3 5.3 93.4 49 80.3
D10 4 26 26 0 0.0 100.0 22 84.6

Figure 6. Previous breeding plan until the 10th  generation Figure 7. Current breeding scheme via clan breeding

Evaluation of Breeder Performance

 The male and female lines were established by 
selection based on laying performance (Figure 8); D10 
had a higher egg production compared to D9 from the 
evaluation of the Ayam SAGA flock performance from the 
age of 43 to 71 weeks. In addition to that, the percentage 
of egg hatchability was increased rapidly from 62.3% 
in 2019 to 80.5% in 2020 (Figure 9). This shows that 
upgrading the facilities in the hatchery, and adhering to 
the verification process had resulted in better hatchery 
management [5].

Process Development

 MS ISO 9001:2015 MARDI Main Process document 
titled “Production of Parent Stock Breeders of 
Ayam Kampung” MARDI(LS/P01) or Proses Utama 
Pengeluaran Induk Parentstock Ayam Kampung MARDI 
was endorsed by MARDI during the Management Review 
Meeting (MKSP) of the Quality Management System MS 
ISO 9001: 2008 MARDI in 2019. After implementation 
of MS ISO 9001:2015 Main Process LS/P01, the work 
process in the hatchery was more structured, and the 
biosecurity system in both breeder farm and hatchery was 
strictly in operation. This led to better farm record-keeping 
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and operational management. The GAHP-MyGAP Manual 
had been developed in collaboration with the Department 
of Veterinary Services (DVS) since 2017. The contents 
of the manual were improved and reviewed by a panel 
appointed by the MARDI Technology Manual Editorial 
Committee and a panel from the Veterinary Regulatory 
Division (Veterinary Inspection and Certification Section), 
DVS. This manual will be published and launched by the 
end of 2021.

Verification Process

 LS/P01Main Process was audited by MARDI’s Internal 
Auditors in 2020 and 2021, and the improvement of 
the process is still ongoing (Figure 10). The technical 
evaluation by SIRIM is expected in 2022.

Technology Application

 The existing technology could only be applied to 
large-scale farming, and involved higher operational costs, 
while the new technology can be practised by small to 
medium-scale farms through open-house rearing and a 
more cost-effective farming setup.

Figure 8. Laying performance for D10 (female parent line) was 
higher than for D9 (male parent line)

Figure 9. Percentage of chicks hatching using the upgraded 
incubation and hatching system

Figure 10. MS ISO 9001:2015 MARDI Main Process LS/P01 
(left) and GAHP-My GAP Manual (right)

Conclusion

 In conclusion, the successful establishment and 
management of the MARDI breeder farm was made 
possible by strengthening the breeding programme, 
upgrading machineries and existing infrastructure, and 
carrying out technical verification and certification. The 
technology produced improved the breed of village 
chicken, and it is hoped that its production will be enough 
to cater for market demand and to satisfy consumer 
preferences. The technology will also benefit operators of 
small-to medium-sized farms, and generate better income 
and bigger market for them.
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Abstract

 MARDI chicken feed is formulated based on the specifications of nutrient needs and data on the digestibility of each 
raw material collected from studies conducted at every phase of growth and reproduction of MARDI’s Ayam SAGA 
breed. This ensures that the nutrients supplied are absorbed and used optimally by Ayam SAGA. Several formulations 
had been developed according to the phase and purpose of production, namely, feed for meat production; feed for 
chickens aged 1 day to 4 weeks (starter); and feed for the grower stage from the age of 5 to12 weeks, or until the 
chickens reach marketable weight, i.e., 1.4 kg for male and 1.2 kg for female. The feed formulation for egg production 
covers the initial stage, i.e., the starter phase for chickens aged 1 day to 4 weeks, and the grower phase from the age 
of 5-12 weeks or until reaching marketable weight. Feed formulation for Ayam SAGA MARDI at the laying or breeder 
phase (which includes both male and female breeders) have also been developed for specific stages, focusing on egg 
production of Ayam SAGA from 18- 40 weeks. This feed technology includes the development of feed formulations 
using information on the requirements for growth of Ayam SAGA and information on the limitations of each ingredient 
used. The formulations were developed without the use of growth promoters such as antibiotics. They use local raw 
materials, including temukut (broken rice) and rice bran, and a reduced amount of imported raw materials such as 
corn and soybean meal by 44%. The performance of the Ayam SAGA village chickens when fed with the MARDI 
feed formulations was comparable to the chickens fed with corn and soybean meal. MARDI feed formulations are 
also suitable for feeding village chickens of other local breeds. The cost of the Ayam SAGA MARDI formulations are 
also reduced by up to 15% compared to feed formulations based on imported feed ingredients.

Keywords: Ayam SAGA, feed formulation, village chicken, temukut
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Introduction

 Specific nutritional requirements for egg production 
in MARDI’s village chicken breed Ayam SAGA have not 
been fully established, and currently the commercial feed 
in the market is used to feed this breed. Farmers also use 
the commercial feed to feed their ayam kampung (village 
chicken) breed. This may lead to wastage of feed nutrients 
because of overfeeding of energy and crude protein to 
the local ayam kampung breed. MARDI’s Ayam SAGA 
Chicken feed is formulated based on the specifications 
of nutrient needs and the data on the digestibility of 
each raw material collected from studies conducted on at 
every phase of growth and reproduction of Ayam SAGA 
[1]. This ensures that the supplied nutrients are absorbed 
and used optimally by Ayam SAGA. Several formulations 
have been developed according to the phase and purpose 
of production. All the formulations were developed using 
improved feed processing methods and appropriate 

methods of feeding. These special formulations for Ayam 
SAGA are expected to reduce the cost of village chicken 
feed and to eliminate nutrient wastage. The reduction in 
feed cost will attract the interest of the breeders to venture 
into village chicken breeding activities, thus helping them 
to improve their standard of living as a result of higher 
income for small and medium sized breeders.

Materials and Methods

 Day-old chicks of the Ayam SAGA breed were brought 
from MARDI’s Muadzam Shah hatchery to MARDI 
Serdang. The chickens were placed in an open house with 
a maximum capacity of 35 chicks per square metre, and 
brooding was at 28 °C ± 2 °C for 3 weeks in floor pens, 
bedded with sufficient litter (wood shavings and paddy 
husk). Six diets were formulated to contain 11 to 12 MJ/
kg metabolisable energy and 16 to 18% protein. These 
diets were fed to the Ayam SAGA female breeders from 
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1 day old until up to 20 to 45 weeks of age, and their 
egg production was monitored. The eggs were collected 
twice daily – in the morning and the afternoon. Water 
was provided at all times. The weights of the chicken 
were recorded at the start of the experiment and every 
week thereafter until the end of the experiment. Weekly 
feed given and feed residue, daily health checks, and 
temperature of the poultry house were also recorded. 
Weekly feed intake and feed conversion ratio (FCR) 
were calculated. The data were analysed statistically 
using Minitab, and the results presented as means of 
each week. Daily egg production and egg weight were 
subjected to two -way analyses of variance (ANOVA). 
Significant differences between means were determined by 
Tukey’s test (p <0.05), using the SAS statistical program 
(Version 9.4).

Results and Discussion

Three types of feed were formulated for the Ayam SAGA 
breed.

1. Feed formulation for Ayam SAGA meat 
production

 This technology covers the production of feed 
formulations using information on the requirements 
for growth of Ayam SAGA and information on the 
limitations of each ingredient used in feed. It also 
involves the production of feed for early growth and the 
grower phase, using improved methods of processing 
chicken feed. These formulations developed for Ayam 
SAGA meat production contain no growth promoters 
such as antibiotics. They were developed using local 
raw materials, including temukut (broken rice) and rice 
bran, and a reduction of the amount of imported raw 
materials such as corn and soybean meal by 44%. The 
performance of the village chickens fed these formulations 
was comparable to the chickens fed with corn and 
soybean meal. The formulations are also suitable for 
other commercial breeds and the native ayam kampung. 
The cost of the MARDI formulations are also reduced 
by up to 15% compared to those feed formulations using 
imported feed ingredients [1].

Table 1. Comparison of nutrient specifications of MARDI’s Ayam SAGA chickens and commercial 
chickens

Phase Starter Grower
Age 1 day – 4 weeks 5 – 9 weeks
Breed Ayam SAGA Commercial breed Ayam SAGA Commercial breed
Energy metabolism, MJ/kg 12.00 12.55 13.14 11.00
Crude protein, % 21.00 22.00 19.00 19.00
Lysine, % 1.20 1.35 1.20 1.20
Methionine, % 0.46 0.52 0.48 0.46
Calcium, % 1.00 0.95 0.85 1.00
Phosphorus, % 0.71 0.58 0.53 0.73
Sodium, % 0.16 0.17 0.16 0.16

Day-old chicks of Ayam SAGA

Ayam SAGA Growers

2. Feed Formulation for Egg Production

 This technology covers the production of feed 
formulations using information on the requirements 
for growth and maintenance of Ayam SAGA chickens, 
and information on the limitations of each ingredient 
used in the formulation. A lower percentage of calcium 
(Ca) than required by of commercial broiler chickens is 
recommended to be dispensed to Ayam SAGA. Lower Ca 
levels are sufficient for Ayam SAGA chickens to achieve 
the standard weight growth during the initial growth phase 
(growers) up to the reeling phase. Feed formulations 
developed using local raw materials including temukut 
and rice bran can reduce the consumption of imported 
raw materials such as corn and soybean meal by more 
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Table 2. Nutrient contents of MARDI feed formulation for egg production

Nutrient Starter Grower Pullet Pre-layer Layer
1 day – 4 

weeks
5 – 10 weeks 11 – 16 weeks 17 – 18 weeks >18 weeks

Energy metabolism, MJ/kg 12.00 11.00 11.00 11.00 11.00
Crude protein, % 20.01 19.00 16.00 16.00 16.00
Lysine, % 1.20 1.00 0.65 0.65 0.72
Methionine, % 0.48 0.40 0.34 0.34 0.34
Calcium, % 0.86 0.86 0.75 0.75 3.45
Phosphorus, % 0.61 0.60 0.48 0.48 0.50
Sodium, % 0.15 0.17 0.16 0.16 0.16

Table 3. Comparison of nutritional contents of feed formulation for Ayam SAGA 
and commercial feed

Type of feed formulation Ayam SAGA breeder Commercial breeder
Energy metabolism, MJ/kg 11 11 – 12
Protein, % 16 16 – 18
Fibre, % 3  3 – 6
Ash, % 14.43 12.20
Calcium (Ca), % 1.05 0.95
Phosphorus (P), % 0.60 0.58

Ayam SAGA eggs Egg quality Test

than 45%. The performance of Ayam SAGA layer 
chickens fed with this formulation was comparable 
to the performance of Ayam SAGA layers which were 
given a formulation based on corn and soybean meal. 
This formulation is also suitable to be fed to other local 
breeds of chickens. The formulation with 18% crude 
protein and 11 MJ/kg energy was chosen because using 
this feed resulted in high egg production of 2234 eggs 
between 25 and 45 weeks old [1].

3. Feed Formulation for Breeders

This technology covers the production of feed formulations 
using information on the nutrient requirements for 
Ayam SAGA breeder chickens (male and female), and 
information on the digestibility of each ingredient used. 

The formulation selected for Ayam SAGA breeders 
contains 11 MJ/kg of energy and 18% protein. There 
was an increase in the number of chicks hatched in 2020 
compared to chicks hatched in 2019, from 16,394-day-
old chicks to 26,895-day-old chicks. As much as a 60% 
increase in the percentage of hatching was recorded 
at MARDI’s chicken hatching unit. MARDI’s feed 
formulations produced using this technology improved 
the growth and breeding profile of Ayam SAGA 
breeders compared to the breeders fed with commercial 
formulations [2].
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Conclusion

 As a conclusion, these specific formulations cater to 
the protein and energy requirements according to the 
age of village chicken, as well as every phase of poultry 
growth, i.e., starter, grower and layer phase, in order to 
maintain high meat and egg production [1]. Giving a 
high protein diet from the early stage (between 20 and 
25 weeks) and throughout their growth affects the weight 
of the chickens, and leads to a drop in egg production 
[3]. This precision feeding programme particularly for 
Ayam SAGA can help in improving egg production. 
With the nutrient specifications, an effective diet can be 
formulated. Besides cutting down nutrient wastage, this 
cost-saving feeding programme will attract more breeder 
farms to adopt this technology. By using the specific 
feeds, appropriate amounts of nutrients in the diets of 
hens will bring profits throughout their specific growth 
and production phases, especially benefitting the Ayam 
SAGA farmers who are interested in developing parent 
stock farms (PS) for village chicken breeds in Malaysia.
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Abstract

 Pineapple is a tropical crop that contributes to the Malaysian economy. In Malaysia, pineapple is typically grown 
on two types of soil, namely, peat and mineral soil, each with its own set of practices and approaches. Under peat 
conditions, farmers typically remove the pineapple residues (top vegetative growth) after harvesting the fruit by using 
a chemical to dessicate it, and then burn it before replanting. This is a common practice which may have an impact on 
soil fertility, while open burning pollutes the environment. However, the government now prefers a greener approach. 
In the 9th Malaysia Plan (RMK-9), MARDI developed a machine to shred and plough pineapple plant residues back 
into the soil which is practised for pineapple on mineral soils. Unfortunately, the machine which was designed and 
fabricated based on the motivator concept did not produce satisfying results because the plant residues were not 
chopped into small pieces, but were only separated into several large parts. A prototype based on a new concept was 
developed with a double-rotor drum and a special rotor blade arrangement and speed, yielding a promising result for 
a greener approach to manage pineapple plant residues. This machine can help to reduce and/or eliminate the use of 
chemicals and open burning. This green mulcher shredding machine has good potential in resolving the pineapple 
residue problem, and is being used widely. It adapts readily to the Malaysian environment and conditions as it was 
designed and manufactured locally. As a result, pineapple plant residues can be disposed of easily. 

Keywords: Green approach, mulcher, shredding machine, pineapple, pineapple residue, prototype
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Introduction

 Pineapple is a tropical crop that contributes to the 
Malaysian economy. The area of peatland in Malaysia is 
estimated at 2.43 million hectares, with Sarawak and Johor 
being the states with the largest peat areas [1]. During 
the 12th Malaysia Plan (2021 – 2025), the Malaysian 
Pineapple Industry Board (LPNM) plans to expand the 
country’s pineapple cultivation from 16,000 to 20,000 
hectares. Pineapple is mostly grown in Malaysia on peat 
and mineral soil, each with its own set of practices and 
approaches. Under peat conditions, farmers typically 
manage the pineapple residues by using a chemical to 
desiccate the top growth after harvesting the fruit, and 
then fire to burn the residues before replanting [2]. This 
is not a green approach as frequent use of the chemical 
may affect soil fertility, while open burning pollutes 
the environment [3]. Furthermore, the government now 
prefers a green approach.

 In the 9th Malaysia Plan (RMK-9), MARDI developed 
a machine to shred and plough pineapple plant residues 
back into the soil which was adopted for mineral soil. 
The machine was designed and fabricated based on the 
motivator concept. Unfortunately, the machine produced 
an unsatisfactory result because the plant residues were 
not chopped into small pieces but were only separated into 
several large parts. A prototype based on a new concept 
was developed with a double rotor drum, a particular type 
of rotor blade, with special blade arrangement and speed.  
It yielded a promising result in terms of a green approach 
for managing pineapple plant residues. This machine can 
help to reduce and/or eliminate the use of chemicals and 
open burning. The green mulcher shredding machine 
has good potential in resolving the pineapple residue 
problem and being tested widely. As it was designed and 
manufactured locally, it adapts readily to the Malaysian 
environment and conditions. As a result, pineapple plant 
residues can be disposed of easily. The objective of this 
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paper was to discuss the development of the machine by 
focusing on its design and functionality.

Materials and Methods

Machine Design

The machine was designed for use on a small power 
tractor of minimum 25 horsepower, and is a mounted 
implement driven by high PTO. The general specifications 
are 980 mm in length, 1480 mm in width and 400 mm in 
height as shown in Figure 1 and Table 1. The machine is 
driven by PTO to a 1:1 ratio gearbox connected to a 17’ 
pulley as the power converter, with a maximum rotation 
speed of 1000 – 1080 rpm. The blades are arranged in a 
helical form and alternate from side to side between the 
rotors as shown in Figure 2. Besides that, the two rotors 
rotate clockwise to enhance the shredding function.

Fabrication

 The machine prototype was fabricated by a local 
fabricator according to the technical drawings provided. 
Some of the components had to be changed due to their 
availability in the local market.

Table 1. Technical specifications

Parameter Value
Length 980 cm
Width 1480 cm
Height 400 cm
Weight 200 kg
Working rate 0.25 ha/hr
Minimum tractor power 25 hp
Power PTO driven
Power converter 14’ pulley

Figure 1. Technical drawings of the machine

Testing and Evaluation

 The functionality of the machine prototype was tested 
and evaluated. The objective was to ensure that the plant 
residues are cut into fine pieces.

Results and Discussion

The first prototype of the shredding machine was 
successfully fabricated in 8 weeks. The machine was 
then tested and evaluated to observe its functionality. 
Figure 3 shows the prototype of the green mulcher 
shredding machine.
 It has a clutch PTO shaft as a safety mechanism in 
case the rotor is stuck during operation. The rotor blades’ 
special arrangement traps any material in a matter of 
seconds, avoiding any escape. As long as the trapped 

material is large enough to be pulled by the rotors, it 
will drift around between the rotors. This method ensures 
that materials, such as pineapple residues, are completely 
chopped up into fine particles. Different angular velocity 
and rotation direction of the rotor blades can result in 
improved biting and shredding operations. As a result, 
the pineapple residues are extracted as fine and fibrous 
material, as shown in Figure 5, while results of the 
performance evaluation are shown in Table 2. The final 
material is suitable for use as a soil mulch to prevent weed 
growth. Also, because the rotor is placed slightly higher 
than the soil surface, no soil will be decimated during 
the operation. This design is the best suited to pineapple 
production on peat, because it minimises soil surface 
damage, and hardpan formation for machine mobility is 
only to a depth of 2 to 3 cm from the surface.

Figure 2. Arrangement of helical blades side by side between the rotors, as well as rotation of the blades
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Figure 3. Prototype of green mulcher shredding machine for 
management of pineapple residues

Table 2. Performance evaluation of the prototype

Performance evaluation Results
Machine capacity (hr/per day) 6 ± 7
Field work rate (ha/hr) 0.25
Machine efficiency (%) 90 ± 92
Power take off (PTO) (rpm) 540 (Max)
Tractor speed (Gear) (rpm) Low (2400 rpm)

Conclusion

 The shredding machine developed with double-rotor 
action for managing pineapple residues has good potential 
for adoption by Malaysian pineapple farmers. As it was 
designed and manufactured locally, it will adapt easily 
to the Malaysian environment and conditions. The use of 
chemicals and open burning to destroy pineapple residues, 
which have a direct impact on the environment, can be 
significantly reduced if this green approach is widely 
implemented throughout the country.
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Abstract

 Currently, sweetpotato vine cuttings used as planting materials are manually produced and handled. This process is 
very tedious and causing low and inconsistent production. The process for obtaining the planting materials involves 
cutting the shoots from mature sweetpotato vines, at approximately 1.5 to 2.5 months after planting. The selected shoots 
are then cut into 30 – 35 cm long cuttings by using a knife. One trained worker can process about 1300 – 1500 cuttings 
per day. Approximately 33,000 of cuttings are required to plant one hectare. In order to fulfill the required number 
of cuttings, more workers are needed. This paper reports on the development and evaluation of a new mechanised 
system for producing sweetpotato planting materials as one possible solution to the existing issues. Implementation 
of mechanisation for producing sweetpotato cuttings is essential to boost the sweetpotato industry in Malaysia. The 
designed mechanised system consists of a new method for shoot production as well as machine development. Shoots 
from the storage roots were selected because a significantly higher number of cuttings (429 cuttings/m2) can be produced 
per square metre compared to using vine cuttings (140 cuttings/m2), and up to 5 harvests can be made before the shoot 
production starts to decrease. Also, the shoots from the storage roots grow vertically up rather than grow horizontally 
like those from plants using vine cuttings, and this better suit the mechanism of the developed machine. The machine 
was designed to facilitate the cutting process of the sweetpotato shoots to be used as planting materials. It is suitable to 
be used for sweetpotato grown under a protective shelter. The machine has three main functional components, namely, 
a seedbed tray, a cutter bar and a cutter bar railing. It operates in two simple steps. It begins by placing the tray of 
mature sweetpotato shoots on the machine. Then the cutter bar will cut the shoots at the desired length throughout 
the railing.

Keywords: planting material, mechanisation system, sweetpotato
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Introduction

 In 2019, the sweetpotato planted area in Peninsular 
Malaysia was estimated at 3062 ha, producing 52,224 
tonnes of sweetpotato. Farmers require approximately 
33,000 cuttings to plant one hectare. Thus, the planting 
materials production industry plays an essential role 
in satisfying the demand as well as in producing good 
quality, virus-free cuttings. MARDI developed a new 
mechanised system for producing sweetpotato cuttings 
which is purposely dedicated to increasing the production 
capacity over the current practice. Besides that, the quality 
of the cuttings will also be monitored, so that farmers will 
get the maximum yield with the adoption of good plant 
management practices. 

 The current practice is to cut the vines manually using a 
knife. The creeping nature of the sweetpotato plants makes 
mechanisation difficult. In sweetpotato cultivation, the 
planting materials requirement is approximately 33,000 
cuttings per hectare. So, more workers are needed during 
planting materials preparation as one trained operator 
is only able to cut between 1300 and 1500 cuttings per 
day. The objective of this study was to evaluate the 
new mechanised system for producing cuttings in terms 
of machine performance and production capacity. The 
suitability of the shoots produced was also evaluated in 
the field from their yield performance.
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Materials and Methods

Sweetpotato Varieties

 Four varieties of sweetpotato were evaluated in this 
experiment, namely, VitAto, Anggun 1, Anggun 2 and 
Anggun 3. These varieties were selected because of 
their large-scale production, especially in Kelantan and 
Terengganu.  

Preparation of Seedbed Trays

 Production of the cuttings was evaluated for two 
different planting material sources, which were storage 
roots and vine cuttings. The storage roots and vine cuttings 
were planted in seedbed trays, each with dimensions of 1 
m (width) x 1 m (length). The sprouts (cuttings) produced 
from them were cut every three weeks to ensure that they 
were mature enough and ready to be used as planting 
materials. 

Preparation of Plant Beds

 For the yield performance study, the cuttings from 
the two sources were planted on plant beds according 
to standard practice. Planting materials cut from mature 
sweetpotato vines in the field were also planted to compare 
the total yields.

The Mechanised System

 The machine was designed to facilitate the cutting 
process of sweetpotato shoots to be used as planting 
materials. It is suitable to be used for sweetpotato grown 
under a protective shelter. The machine has three main 
functional components, namely, a seedbed tray, a cutter 
bar and a cutter bar railing. This machine operates in two 

Figure 1. 3D drawing of the newly design of mechanise system to cut sweetpotato cuttings

simple steps. It begins with placing the tray of mature 
sweetpotato shoots on the machine. Then the cutter bar 
will cut the shoots at the desired length throughout the 
railing. Under a protective shelter, a worker is required to 
replace the trays for a continuous production of cuttings. 
This machine can support up to four 1-m2 seedbed trays.

Data Collection

 The data collected were total number of cuttings 
produced (sprouts from storage roots vs sprouts from vine 
cuttings), machine performance and yield evaluation.

• Total Number of Cuttings Produced (Sprouts from 
Storage Roots vs Sprouts from Vine Cuttings)
In this experiment, these two sources were evaluated for 
number of cuttings produced per square metre. Cuttings 
from the source which yielded the most sprouts were 
selected to be planted on the field to assess the total yield.

• Machine Performance
Machine performance was evaluated for production 
capacity (production/hour) and quality of the cuttings. 

• Yield Performance
Yield from each plant bed was recorded according to the 
varieties and planting material sources. Average yield was 
used to calculate and compare the total yield per hectare 
according to the planting material sources. 

Results and Discussions

Total Number of Cuttings Produced 

 The number of cuttings produced per square metre 
from the two different cutting production sources (storage 
roots and vine cuttings) are shown in Figures 3 and 4. 
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Figure 2. 3D drawing of a cutter bar that is used to cut the 
sweetpotato cuttings

Figure 3. Total number of marketable cuttings per square metre obtained from seedbeds 
planted with storage roots

Figure 4. Total number of sprouts at each planting density from vine cuttings

It was found that the total number of cuttings produced 
from the storage roots averaged 289 cuttings per sq.m 
for VitAto, 374 cuttings per sq.m for Anggun 1, 345 for 
Anggun 2 and 387 for Anggun 3. In addition, the sprouts 
can be harvested up to 5 times before the sprout production 
started to decrease.

 In comparison, the cuttings produced from vine 
cuttings varied according to different plant densities at 
which the vine cuttings were planted, i.e., ranging from 
80 to 140 plants per sq.m. The result shows that there was 
no significant difference in terms of number of cuttings 
produced at planting densities 100, 120 and 140 plants per 

sq.m. The highest number of cuttings produced was 135, 
145, 136 and 152 cuttings per sq.m for VitAto, Anggun 
1, Anggun 2 and Anggun 3, respectively. From the result, 
it was found that the storage roots produced significantly 
more cuttings compared to vine cutting per square metre.

Machine Performance

 Overall machine performance is shown in Table 1. The 
data showed that the average time for each cut was 3.05 
min or approximately 20,203 cuttings/hr, excluding the 
time for the sorting process.
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Yield Performance

 Table 2 shows the comparison of the total yield of 
sweetpotato from the cuttings produced by the mechanised 
system and from standard practice (cut from the mature 
sweetpotato vines in the field)
 From the result, it was found that the yields showed 
no significant difference between plants from both types 
of planting materials. This is due to the same crop 
management in terms of fertiliser rate, pest and disease 
management and weed control. From the result, it appears 
that the planting materials produced by the mechanised 
system is as good as existing method in terms of yield 
performance. Indeed, this mechanised system improves 
on the standard practices in terms of planting materials 
production time; the machine can cut approximately 
20,000 cuttings per hour compared to the manual method 
which can produce only 1300 – 1500 cuttings per day 
per worker.

Conclusion

 The production of cuttings from storage roots will 
provide a new dimension to the sweetpotato industry in 
Malaysia. It offers an alternative solution to the current 
system of producing cuttings, which are harvested from 
the existing crop in the farm where the quality of the 
cuttings in uncontrolled and they may be exposed to 
on-farm pests and diseases. The new mechanised system 
offers quality controlled cuttings which provides a new 
platform for producing certified sweetpotato planting 
materials in Malaysia. 
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Table 1. Overall machine performance

Item Cut 1 Cut 2 Cut 3 Average
Time is taken (min) 2.52 3.16 3.07 3.05

No. of cuttings 1007 1033 1041 1027

Quality
Optimal (28 to 40 cm) 641 (63.7%) 655 (63.4%) 721 (69.3%) 672.3 

(65.4%)
Short acceptable (20 to 28cm) 184 (18.3%) 194 (18.8%) 176 (16.9%) 184.7 (18%)
Undersized sprouts (<20 cm) 136 (13.5%) 152 (14.7%) 108 (10.4%) 132 (12.9%)
Damaged or diseased 46 (4.6%) 32 (3.1%) 36 (3.4%) 38 (3.7%)

Table 2. Yield performance of sweetpotato according to the varieties using cuttings from the mechanised system and by standard 
practice

Item Data
Sweetpotato variety

VitAto Anggun 1 Anggun 2 Anggun 3
Type of cutting 

production system
New 

Method*
(kg)

Standard 
Practice

(kg)

New 
Method

(kg)

Standard 
Practice

(kg)

New 
Method

(kg)

Standard 
Practice

(kg)

New 
Method

(kg)

Standard 
Practice

(kg)
Average yield per bed

(kg/50 m2)
143.5 151.2 105 110.2 126.2 124.3 148 159.2 

Total yield
(kg per hectare

20,070 21,137 17,050 17,894 21,030 20,708 24,670 26,530 

*Mechanised system
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Abstract

 Fertigasi Pintar is a web-based application that was developed to manage fertigation systems more efficiently by 
implementing internet of things (IoT) technology. The system delivers an accurate combination of water and nutrients 
directly to the roots of each plant, following the crop development cycle. Fertigasi Pintar consists of two main parts, 
which are the hardware component and the software component. The hardware component of the system consists of 
a group of sensors, i.e., sensors for monitoring electrical conductivity (EC), pH, temperature, water level, flow rate, 
and pressure other components comprise a dosing pump, a mixing pump, an irrigation pump, a development board, 
and a controller. The software component consists of a web-based dashboard that was designed for a user-friendly 
interface. The Fertigasi Pintar dashboard is able to show the sensor readings in real-time for easy monitoring of the 
fertigation system in the field. Fertigasi Pintar also able to control the fertigation system based on the EC value, 
while the irrigation schedule is defined by the user. Its dashboard was designed to be operable either on a laptop, a 
desktop, or a smartphone. The advantages of this system include real-time monitoring, and control at any time and 
from anywhere, as well as formulating an accurate nutrient mix based on the user’s required EC value. The system 
also allows the user to recognize the recognized application by changing the irrigation schedule. This will ensure that 
the system provides the right amount of recognized at the right stage of plant growth. The system also stores historical 
data from the sensors, and the user can view them in a chart form, or download the data to their local storage for 
further analysis, if required. Fertigasi Pintar is also equipped with a notification function by which the user will receive 
notifications through SMS and e-mail if the data are not within the specified limits. Implementation of Fertigasi Pintar 
will ensure that the user has full control of their fertigation system, and that any discrepancy can be detected early to 
avoid yield loss.

Keywords: Fertigasi Pintar, fertigation system, internet of things (IoT), monitoring, control, sensor
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Introduction

 Fertigation is a process that combines recognized on 
and irrigation. Fertiliser is applied through the irrigation 
system in certain fixed concentrations, according to the 
crop’s actual needs at different stages of plant growth. 
This is done through the injection of fertilisers directly 
into the irrigation network to deliver accurate nutrient 
concentrations to the root zone [1]. Advantages of 
fertigation include increased efficiency by delivering 
water and nutrients directly to the root zone where they 
are most needed. This results in less recognized and water 
consumption. The adoption of fertigation has increased 
dramatically over the last 20 years because of these 
advantages. A study by Hebbar et al. [2] showed using 
fertigation on tomato plants increased yield by 10%. 
However, the inability of monitoring data continuously 

can be a problem in the fertigation system as it affects the 
accuracy of the data and efficiency of the system. A faulty 
irrigation system can contribute to uneven distribution of 
nutrients to the crops, and may cause over-fertilisation, 
or the leaching of nutrients when excess water is applied 
to the crops. Changes in pH and electrical conductivity 
(EC) can affect the growth of the plants. Therefore, the 
farmer needs to monitor the plants constantly to ensure 
that they get sufficient nutrients and water all the time. 
Unfortunately, the farmer may not always be present 
in the field to monitor the plants. Therefore, to solve 
this problem, Fertigasi Pintar, an IoT-based fertigation 
monitoring system, was introduced to help farmers use 
sensors and an actuator to more accurately track, monitor 
and control their fertigation system. IoT (Internet of 
Things) defined as an integration of a device with the 
internet that has self-configuring capabilities based on 
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standard and interoperable communication protocols, 
where physical and virtual ‘things’ have identities, 
physical attributes, and virtual personalities [3]. Studies 
by many researchers have proven that an IoT-based 
fertigation system has resulted in more efficient control 
of the fertigation system [4].

Materials and Methods

 The developed system was implemented for tomato 
plants at the Agri-robotic greenhouse, Laman Sayur 
MAEPS. The system was designed to be able to fertigate 
360 plants. It consists of two main parts: the hardware and 
the software. Figure 1 shows the hardware component of 
the system.
 As shown in Figure 1, the hardware part of the system 
consists of 4 water level sensors, 2 electrical conductivity 
(EC) and temperature sensors, 2 pH sensors, 2 electrical 
dosing pumps, 1 mixing pump and 1 irrigation pump. Four 
water level sensors are placed in each recognized tank, 
one sensor in the water tank, and one in the mixing tank. 
One sensor each for EC, temperature and pH are placed 
in the mixing tank and also at the end of the irrigation 
line. The purpose is to ensure if there was a blockage, 
or if the irrigation pump was malfunctioning, the system 
would be able to detect the apparent difference in the 
sensor readings.
 The software component of the system was developed 
using the raspberry pi 4 development board and the IoT 
platform. Raspberry pi is used to collect data from the 
sensors and to send the data to the cloud server. The 
databases of the system are saved on the AWS cloud 
server. Raspberry pi 4 also receives data from the user 
through the developed graphical user interface (GUI), 
and controls the actuator of the system which is involved 
in dosing and mixing the recognized, and operating the 
irrigation pumps. 4G network with a machine-to-machine 
(M2M) SIM card is used to provide internet connection 
to the system. Fertigasi Pintar uses a web-based GUI 
dashboard as an interface between the user and the system. 
Figure 2 shows the block diagram of the system.

Results and Discussion

 Figure 3 shows the hardware that was installed at the 
Agri-robotic greenhouse located at Laman Sayur, MAEPS.
 To ensure that the system was able to supply the 
recognized mixture to all the 360 tomato plants, a 4000 
L capacity water tank and a 200 L recognized tank were 
used in the system.  The dosing pump with a maximum 
flow rate of 30 L/hour was used to transfer fertilisers 
A and B into the mixing tank. The system required 1.3 
hours to fully transfer fertilisers A and B to the mixing 
tank which used a fertilizer to water ratio of 1:100. The 
mixing pump with a maximum flow of 216 L/min was 
used to fully mix the water and recognized solution in 
10 minutes. For irrigation, a 110 L/min maximum flow 
rate pump was used to distribute the recognized solution 
to 360 units of a 20 L/hour dripper.
 For GUI, a specific web-based dashboard was 
developed. The web-based dashboard can be accessed 
through the link https://fertigasipintar.com.my. The user 
can access the system using a Google Mail account 
with administrator approval. The users of the system 
are divided into two categories, i.e., administrator and 
user. The administrator has a full access and control to 
the system, while the user can only view and download 
data from the sensors. Figure 4 shows a screenshot of 
the developed dashboard. The Fertigasi Pintar dashboard 
functions are listed below:

1. Monitoring real time data from the sensors (Figure 4a)
2. Viewing data trends (Figure 4b)
3. Viewing and downloading historical data (Figure 4c)
4. Setting a limit for the user notification function 

(Figure 4d)
5. Setting a notification limit through short messaging 

system (SMS) and e-mail 
6. Setting the required EC for the system (Figure 4e)
7. Setting an irrigation schedule (Figure 4e)

Figure 1. A schematic diagram of the hardware component of Fertigasi Pintar
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Figure 2. Block diagram of the Fertigasi Pintar system

Figure 3. Hardware components of the Fertigasi Pintar system
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Figure 4c. Interface to view and download historical data

Figure 4b. Interface to view data trends

Figure 4a. Interface to monitor real time data from sensors
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Figure 4d. Interface for a user to set a limit for the user notification function

Figure 4e. Interface for a user to set limits for the EC parameter and irrigation schedule

Conclusion 

 In conclusion, the Fertigasi Pintar system is able 
to assist farmers in managing their fertigation systems 
more effectively. Due to the system being a web-based 
application, fertigation data may be accessed and 
monitored in real time by the user at any time and from 
any location, as long as an internet connection is available. 
Utilising the system, the user can set the required EC range 
for the crop based on the plant growth stage. The user can 
also set an irrigation schedule based on the crop’s needs. 
Through the alerting system, the user can immediately 
notice any inconsistencies in the data. This ensures that 
the user has complete control over the system, and that 
any discrepancies are ecognized early to prevent yield 
loss.
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Abstract

 Mangosteen (Garcinia mangostana L.) is one of the most popular local fruits, with high demand for fresh consumption 
and is used in the manufacture of cosmetic products, as well as for export. However, difficulties during the harvesting 
process with few effective harvesting machines prevent large-scale mangosteen production. To address this issue, a 
prototype mangosteen harvester was developed. The prototype consists of two main components: the shaker and the 
collector. The shaker is powered by a 1.2 hp gasoline engine and is attached with a hook, which is adjustable up to 
4.0 m in length, to shake the branches and cause the fruit to drop. The collector consists of a trailer and a canvas catch 
sheet of 7.5 m diameter for catching and collecting the mangosteen fruit into a basket placed on the trailer. Basically, 
the prototype requires a tractor and one operator to operate it. The novelty of this innovation is in the use of a shaking 
mechanism to shake the branches and cause the ripe mangosteen fruit to drop, as opposed to the traditional method 
which requires the fruit to be picked manually one at a time. Furthermore, the catch system collects the fruit without 
injuring them or affecting their quality, as would have happened as a result of the impact when falling. The harvesting 
rate of mangosteen by the new prototype is 46.17 percent faster than by the manual method. In conclusion, this new 
prototype has potential to boost harvesting productivity and lower costs. Higher productivity will in turn increase the 
income of the farmers and service providers.

Keywords: eS-Teen harvester, collector, harvesting, mangosteen, mechanisation, shaker

Introduction

 Mangosteen (Garcinia mangostana L.) is one of 
Malaysia’s favourite local fruits. Mangosteen is used 
in cosmetics and in health supplements, in addition to 
fresh consumption. The fruit is in high demand and is 
exported to countries like China, Japan, Hong Kong and 
the Middle East [1]. Currently, farmers use a pole with 
an attached hook to harvest mangosteen. The fruit has to 
be carefully harvested to prevent it from injury or falling 
to the ground.  Production of gamboges (a resin) and 
hardening of the pericarp is a physiological disorder, or 
are symptoms of postharvest damage to the mangosteen 
fruit commonly caused by mechanical injury. Meanwhile, 
studies show that a drop of just 10 cm can cause slight 
pericarp damage, resulting in hardening of the pericarp 
at the point of impact within 24 hours. Higher drops 
cause significantly greater damage that often led to the 
fruit being assigned a lower grade [2, 3]. Therefore, the 
fruit has to be picked one by one, and this causes the 
harvesting process to be slow and time-consuming. With 

this information in consideration, a suitable harvesting 
method which uses shaking or vibration, assisted by a 
fruit-catching system may speed up harvesting [4]. This 
method has been used for citrus harvesting in Florida, 
where it increased harvesting capacity by 96% to 99% [5].
 In order to facilitate harvesting, the MARDI’s 
Engineering Research Centre developed a prototype called 
eS-Teen Harvester. The prototype was developed based 
on a combination of the shaking method to dislodge the 
mangosteen fruit and a canvas catch sheet for catching 
and collecting them. The objective of this study was 
therefore to assess the harvester and its performance, and 
to compare its productivity with manual harvesting.

Materials and Methods

 The prototype of the mangosteen harvester was 
designed locally, and has two main components: a 
shaker and a collector. The shaker unit was originally a 
motorised long-arm pruner powered by a 1.2 hp gasoline 
engine, but was subsequently modified to function as a 
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shaker with a hook mechanism, as shown in Figure 1. 
This hook has an adjustable length of up to 4.0 m, and 
has a total weight of 7.8 kg. The shaker works by using 
the hook to hold and latch on to the branch, and then up 
turning up the throttle to move and shake it. The collector 
(Figure 2) is made up of two main parts, i.e., the trailer 
and a canvas sheet which catches the fallen fruit and 
slides them towards the centre. From there, the fruit fall 
into and are collected in the trailer section beneath the 
canvas. The prototype requires only one operator and a 
tractor for transportation. It was tested for its functionality 
in comparison with manual harvesting.

Results and Discussion

 Testing was carried out at MARDI Sintok to assess 
functionality and capabilities of the prototype compared 
with harvesting by the manual method which uses a netted 
hooked pole. Analyses of variance (ANOVA) and mean 
comparisons for harvesting time, number of mangosteen 
fruit and yield harvested by using the hooked pole and 
the eS-Teen Harvester showed that only harvesting time 
was significantly different (p <0.05) (Table 1). The 
harvesting rate for the prototype was 7 fruit/minute, while 
the hooked pole achieved 4 fruit/minute, meaning that 
the prototype was 46.17 percent faster. This suggests the 
eS-Teen Harvester has potential to be used as a harvester 
for mangosteen.
 A few further evaluations were carried out on of the 
prototype: the harvested fruit were examined for any 
signs of pericarp hardening caused by the impact of 
dropping. For this, the harvested mangosteen was kept 
in plastic crates and stored under ambient conditions for 
24 hours prior to the assessment. Figure 3 illustrates the 
effects of various harvesting methods on mangosteen 
quality. Harvesting with the prototype shaker but without 
a collector or catching system resulted in the highest 
incidence of damage symptoms at 38.89 percent. This is 
because the harvested fruit fell directly onto the ground 
and the impact had detrimental effects on the fruit. When 
harvesting with a hooked pole, only 2.22 percent of the 
fruit was damaged, while using the full prototype resulted 
in 14.44 percent damaged fruit. This may be because the 
harvested fruit did not fall on the canvas but instead went 
straight into the collector basket which produced a higher 
impact to the pericarp of the fruit.

Table 1. Means of harvesting time, number of fruits harvested and harvested yield of mangosteen

Treatment Harvesting time (minutes) No. of fruit harvested Harvested yield (kg)

Hooked pole 29.93 b 144.67 a 9.46 a
eS-Teen Harvester 23.53 a 166.13 a 10.89 a
Mean 26.73 155.40 10.18
Significance * ns ns
CV (%) 4.33 19.84 21.62

Means within a column with the same letters are not significantly different from one another at p ≤0.05 according to 
t-test
*Significantly different at p ≤0.05; ns. = not significant

Figure 1. Hook on the shaker unit

Figure 2. A collector unit during the harvesting operation with 
trailer and canvas in place

Figure 3. Effects of different harvesting methods on mangosteen 
quality
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Conclusion

 The eS-Teen Harvester was developed and evaluated. 
This new harvester has potential for harvesting more 
fruit in less time.  Furthermore, introducing a harvesting 
machine will attract more young people to get involved 
in modern agriculture practices. This prototype has a 
bright future if integrated with sensors and appropriate 
programming to make the eS-Teen Harvester controllable 
by an app in a smartphone.
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Abstract

 Demand for young coconut has contributed to the increase in residues such as coconut husks. There are no systematic 
disposal methods for coconut husks. Thus, they are thrown and burned openly, which leads to air pollution. In 2018, 
coconut production was 538,685 tonnes, and almost 44% of the coconut husks was unutilised and disposed of in 
open fields. In the coconut industry, the currently available machinery was designed to handle only old coconut husk 
extraction. Most of young coconut husks are abandoned or thrown away. To solve this issue, a young coconut fibre and 
cocopeat extractor was developed. This invention is to provide an alternative to the current old coconut husk extractor. 
A scraper sliding mechanism was introduced under the filtering rod to facilitate the extraction operation by preventing 
clogging of the cocopeat. The evaluation results showed that average machine capacity of the young coconut extractor 
was 350.79 kg/hour, with the average weight ratio of cocopeat and fibre produced at 7:3. The manufacturing cost of 
the extractor was RM25,000, while the cost of operation was RM496.04/month. The total monthly income for the 
machine owner was estimated to be RM61,411.96 if the machine was run for eight hours a day. This result indicates 
that the machine owner will get returns on his investment within less than a month. A strength analysis was carried 
out and the result showed that there was no significant difference between young and old coconut fibre strength. In 
the water-holding capacity test, the result showed that water-holding capacity for the young coconut cocopeat was 
better than for the old coconut cocopeat. These results proved that the young coconut extractor is feasible for use in 
managing young coconut husk waste. Moreover, the fibre and cocopeat from young coconut husks have good potential 
for sustainable production and use in the coconut industry.

Keywords: fibre and cocopeat extractor, fibre strength analysis, machine capacity, water holding capacity
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Introduction 

 In Malaysia, coconut is the fourth most important 
crop in terms of planted area after oil palm, rubber and 
paddy [1]. The coconut industry has significant socio-
economic impact as it provides a source of revenue and 
employment to many households. 95% of coconut growers 
are smallholders, whose crop has an average yield of 
5,966 kg/ha. Production in 2016 was 504,733 tonnes of 
coconut, and this figure increased to 538,685 tonnes in 
2018 [2]. The demand for young coconut has increased 
residual products such as coconut husks. Based on the 
production figure in 2018, as much as 44% of the coconut 
husks were unutilised and disposed of in open fields [3]. 
There are no systematic disposal methods for coconut 
husks, thus, it is commonly burned openly which causes 

pollution to the environment. The development of a young 
coconut cocopeat and fibre extractor to manage young 
coconut husks can overcome this problem. Cocopeat can 
be sold at RM7/bag or RM1.40/kg, while fibre can be sold 
at RM1.20/kg [4]. There are several uses for cocopeat 
in the agriculture industry, such as planting media in 
fertigation systems, while coir fibre can be processed 
into stuffing material for beds, pillows, car cushions, 
and car dashboards. This paper describes the invention 
of the young coconut extractor, and its performance as an 
alternative to the coconut husk extractor designed earlier 
for old coconut. Fibre strength and water-holding capacity 
of cocopeat from the young and old coconut husks were 
also compared. 
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Materials and Methods

Machine Capacity Test and Performance

 A total of 500 kg of young coconut husks were used for 
the extraction process. The outputs from the extractor were 
discharged and collected. The weight of young coconut 
cocopeat fibre produced, and the length of the processing 
period were recorded for calculation of machine capacity 
and gross product ratio. 

Strength of Fibre from Young and Old Coconut 
Husks

 The strength of the fibre was determined using an 
Instron Universal Testing Machine. Twenty samples each 
of old and young coconut fibre were randomly collected 
from the Matag variety. The fibre was pulled until they 
broke as shown in Figure 1.

Water-Holding Capacity

Ten samples each of young and old coconut cocopeat were 
filled into 6 x 9 inch polybags as shown in Figure 2, and 
then placed under shade in an open structure. To each 
sample was added 500 ml of water in the morning and 
again in the afternoon every day for a period of 7 days. 
Moisture content of each sample was measured every 
day using a soil moisture meter TDR 150 before water 
was added. 

Figure 1. Fibre was pulled until 
it broke

Figure 2. Young and old coconut cocopeat samples

}
}

Old 
cocopeat

Young 
cocopeat

Cost of Operation

The cost of operation was calculated based on the machine 
fabrication cost, diesel consumption, and wages for two 
operators. 

Results and Discussion

Machine Capacity 

 The evaluation results show that the average machine 
capacity of the young coconut extractor was 350.79 kg/
hour, with the average weight ratio of cocopeat and fibre 
produced at 7:3, as shown in Figure 3. 

Table 1. Results of load at break and maximum tensile stress 
of young and old coconut fibre

Fibre sample Load at break,
F (N)

Maximum tensile stress,
𝜎 (MPa)

Young coconut 13.76 1.55
Old coconut 14.93 1.76

Figure 3. Result on the product ratio of fiber and cocopeat after 
the extraction process

Strength of Fibre from Young and Old Coconut 
Husks

 Table 1 shows the results of load at break and maximum 
tensile stress of the young and old coconut fibre. On 
average, the young coconut fibre broke at a load of 13.76 
N and the maximum tensile stress was recorded as 1.55 
MPa. The old coconut fibre broke at a load of 14.93 
N, while the maximum tensile stress was recorded as 
1.76 MPa.
 A two-sample t-test was performed with a confidence 
interval of 95%, and the samples were assumed to have 
equal variance. The P-value obtained was 0.559 > 0.05, 
implying that there was no significant difference for 
average load at break between the young and old coconut 
fibre. This result concludes that the strength of the young 
coconut fibre was similar to that of the old coconut fibre, 
as shown in Figure 4.
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Water-Holding Capacity

 A two-sample t-test was performed with a confidence 
interval of 95%, and the samples were assumed to have 
equal variance. The P-value obtained was 0.034 which 
was less than 0.05, implying that there was a significant 
difference in moisture content between old cocopeat and 
young cocopeat. The boxplot is shown in Figure 5.
 Figure 6 shows the results of the test on water-holding 
capacity of old coconut cocopeat and young coconut 
cocopeat. Young cocopeat’s water-holding capacity 
increased over time, and was higher than that of old 
coconut cocopeat. From this figure, it can be concluded 

Table 2. Operating cost of the processing system for the young coconut husk extractor

Machine Power
(kW)

Tariff (RM/kW hour) or SFC 
(diesel)

Operation duration 
(h)

Operation cost/
day

Operation cost/
month

Young coconut husk 
extractor (diesel) 6.8 RM2.82 8 RM22.55 RM496.04

Table 3. Net income for machine owner

Fibre Cocopeat Monthly total 
(RM)

Monthly sales (RM) 22,176.00 60,368.00 82,544.00

Raw material cost (kg) 61,600.00 (12,320.00)

Machine operating cost (496.04)

Wage for workers (2 persons) 1848.00 6468.00 (8316.00)

Net income RM61,411.96

Figure 6. Results of water-holding capacity for old cocopeat 
and young cocopeat

Figure 5. Boxplot of moisture content of old and young 
cocopeat
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that young coconut cocopeat had better water-holding 
capacity compared to old coconut cocopeat. This attribute 
is a very important factor for a good planting media.

Cost of Operation

 Table 2 shows the operating cost of the young coconut 
husk extractor over 22 days working for 8 hours/day. The 
operating cost was RM496.04/month.
 The preliminary cost to fabricate the machine was 
RM25,000.00. Table 3 shows the profit gain in a month 
assuming that the processing system produced 350 kg/h 
of fibre and cocopeat. Material cost was RM0.20/kg while 
the wage for workers was rated at RM0.20/kg for fibre 
and RM0.30/kg for cocopeat. Total monthly income for 
the machine owner was estimated at RM61,411.96. This 
result indicates that the machine owner will get return on 
his investment in less than a month.

Conclusion

 The strength of young coconut fibre is comparable 
to old coconut fibre and the water-holding capacity of 
young coconut cocopeat is better than cocopeat extracted 
from old coconut. ROI from the extractor machine was 
high, thus it will be useful and profitable for farmers or 
entrepreneurs to adopt this technology. Besides producing 
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Figure 4. Boxplot of load at break for young and old 
coconut fibre
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good quality products from the coconut waste, this new 
invention will benefit the technology receiver as well as 
the environment with less contamination pressure, and a 
cleaner environment. 
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Abstract

 Producing finely grated sago trunk is important as more starch can then be dissolved in water during the extraction 
process. In 2017, Malaysia produced 212,447 tonnes of sago starch at an extraction rate of 34.3%. This means that 65.7% 
of the remaining starch was not extracted from the residues, which was equivalent to 406,932 tonnes and potentially 
worth RM813.87 billion. Increasing the efficiency of the extraction process by 1% will significantly increase the 
production output by about 6,193 tonnes, equivalent to a value of RM12.37 million per year. A sago grating machine 
with an adjustable disc to cater for different trunk sizes was developed to resolve the issue. The new sago grating 
machine has several advantages over the existing machines available in the market. It does not require the debarking 
process (which takes 20 min/trunk). The machine can adjust the feeding height (0 cm to 5 cm) according to the sago 
trunk diameter, which minimises losses during the grating process. The design’s novelty lies in the grater disc which 
has an adjustable disc diameter (from 40 to 48 cm), thus eliminating the need to produce machines of varying sizes.  
Every single part of the grater teeth can be replaced to reduce maintenance cost. Results from the optimisation process 
show the grating capacity to be 672 kg/h, with a total starch recovery of 23.57% and having an extraction efficiency 
of 55.57%. 

Keywords: Sago, starch, grated size, grating machine, extraction
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Introduction 

 The production of sago starch in 2017 in Malaysia 
was reported at 212,447 tonnes [2], and was estimated 
to be equivalent to RM189.47 million. Although the sago 
production output is high, processing is still inefficient. 
65.7% of the starch is still remained inside the grated 
residues [1], which is equivalent to 406,932 tonnes and 
worth RM813.87 billion, based on the production figures 
in 2017. Therefore, an increase in the extraction efficiency 
by 1% will significantly increase starch recovery by about 
6,193 tonnes, which is worth approximately RM12.37 
million per year. One of the main factors that influence 
extraction efficiency is the proportion of the sago trunk 
that is ruptured during the grating process [4]. In order 
to overcome losses of starch, it is important to produce 
finely grated sago trunk. Hence, a sago grating machine 
with an adjustable disc to cater for different trunk sizes 
was developed to resolve the issue. Furthermore, to ensure 

that the developed technology achieves its target, a study 
was conducted to evaluate the machine and to determine 
the optimum operation of the sago grating machine based 
on feeding rate and grating speed for starch recovery.

Materials And Methods

Determination of Optimal Process Conditions

 Experiments were conducted to determine the 
appropriate grating speed and feeding rate conditions 
for producing the most starch yield. Two factors (grating 
speed and feeding rate) were set at 3 different speeds 
for each, and the experiment was conducted with 6 
replications. The grating speed was set at 1 000, 1 500 and 
2 000 rpm, and each speed was tested at feeding rates of 
0.1, 0.3 and 0.5 m/min during the grating process. Starch 
recovery was set as the measured response. The final 
product, which was grated sago trunk underwent starch 
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extraction to measure the starch recovery. Optimisation 
analysis was conducted to determine the relationships 
between grating speed, feeding speed and starch recovery 
using Minitab 9.1.0.

Extraction Process and Starch Recovery

 To separate the starch from the grated sago trunk, 
an extraction process was performed using water as the 
separating medium. One kilogram of grated sago trunk 
was mixed with three litres of clean water to generate a 
slurry [4]. Then, by using a muslin cloth, the slurry was 
squeezed manually and all the droplets of the sago liquid 
were collected in a container and left for sedimentation to 
take place for two hours. The excess water (supernatant) 
on the top surface of the settled starch was removed. The 
remaining starch inside the container was dried at 68 °C 
[3] and weighed.

Results and Discussion

Technology Description

 The dimensions of the prototype is approximately 570 
mm (width) x 1 167 mm (length) x 1 102 mm (height), 
with a total weight of 35 kg with zero load. The prototype 
is equipped with a 3 hp electric motor (ELK-1D2E100L, 
Elektra, Malaysia). During the grating process, the 
prototype needs to be supplied with air pressure (by a 
1.5 hp compressor) to operate the pneumatic system. 
The grating machine has 5 main sub-functions, namely, 
a pusher mechanism, a feeding platform, an adjustable 
feeding grater blade, and a power train (Figure 1).
 The new sago grating machine has advantages over 
the existing machines available in the market. It does not 
require the debarking process (which takes 20 min/trunk). 
The machine can adjust the feeding height (0 to 5 cm) to 
suit the diameter of the sago trunk. The design’s novelty 

lies in the grater disc which can be adjusted to different 
diameter sizes (40 to 48 cm), thus eliminating the need 
to produce various sizes of grater disc. In addition, every 
single part of the grater teeth can be replaced to reduce 
maintenance cost. 

Optimisation Process

 Results from statistical analyses clearly showed that 
a combination of the parameters significantly affected 
extracted starch recovery (p <0.01). In Figure 2, both 
the graphs have a curved shape (parabola) for average 
starch recovery at different parameter speeds. The grating 
speed graph is convex with an n shape (a) which means 
that the maximum value occurred at the medium speed. 
The feeding rate graph is concave with a u shape (b) 
which means the maximum value occurred at the lowest 
and highest rates. Multiple regressions were conducted 
to determine the percentage of starch recovery. A 
mathematical model was developed resulting in Equation 
1. The percentage of variation in the developed model was 
R2 = 86.93%. Based on the prediction and optimisation 
results, the highest sago starch recovery occurred at a 
grating speed of 1 515.15 rpm and at a feeding rate of 
0.1 m/min, with 95% predicting interval in the range 
of 22.01 to 25.14% starch recovery. As the prototype 
uses a standard-sized pulley system, the grating speed 
and feeding rate depended on the standard pulley ratio 
available in the market. Table 1 shows an alternative 
solution for predicting the five highest starch recoveries 
that can be achieved based on the standard pulley ratio. 
Suitable grating speed and feeding rate were 1,500 rpm 
and 0.1 m/min, respectively, with the highest starch 
recovery (23.57%) at 55.57% extraction efficiency.

Feeding 
adjustable

Feeding 
platform

Pusher 
Mechanism

Grater disc

Power train

Figure 1. Prototype of the sago grater
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Starch recovery (%) = 4.60 + 0.02746 (X1) – 14.19 (X2) – 
0.00000 (X2 

1) + 38.99 (X2 
2) – 0.00986 (X1) (X2) (1)

where X1 = grating speed, X2 = feeding rate

Conclusion

 The optimum parameters for the sago disc grating 
machine are a feeding rate of 0.1 m/min and a grating 
speed of 1,500.0 rpm with an expected starch recovery 
of 23.57 %. The studies also proved that the feeding rate 
and grating speed affect the size of the grated sago trunk 
pieces that were produced (p <0.01), and this indirectly 
affects starch recovery. 
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Table 1. Alternative solution for predicting starch recovery 
based on the parameters

Grating speed
(rpm)

Feeding rate
(m/min)

Starch recovery
(%)

1,500 0.10 23.57
2,000 0.10 21.47
1,500 0.50 21.34
1,000 0.10 21.29
1,000 0.50 21.03

Figure 2. Average starch recovery percentage curves for the parameters: (a) Grating speed, (b) Feeding rate
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Abstract

 Grain corn (Zea mays L.) is recognised worldwide as a major energy feed ingredient in poultry diets because it 
contains a combination of desirable nutritional characteristics. Therefore, to maintain the good quality and safety of 
grain corn, post-harvest management, especially of the drying process, plays an important role. Grain corn needs to be 
dried at a temperature ranging from 60 to 80°C, to a moisture content below 15%, before it can proceed for storage. 
However, exposure to moisture and humid conditions during storage, and absorption of water caused by broken kernels, 
encourage growth of fungi such as Aspergillus flavus, a common fungal species in grain corn. This fungus produces 
the mycotoxin, aflatoxin B1 (AFB1), which has hepatotoxic, teratogenic and immunosuppressive effects on humans 
and animals. Agrozide™, a new effective nano-fungicide containing natural ingredients to control the growth of A. 
flavus in stored grain corn, is an excellent alternative to the use of toxic chemical fungicides. Agrozide™ is a nano-
emulsion-based formulation that consists of water (94%), cinnamon essential oil (1%), and a mixture of surfactant and 
co-surfactant (Span 80 and Tween-80: 5%). The size of the nano-fungicide droplets ranges from 140 – 300 nm which 
allows for efficient penetration into cracks or broken kernels where A. flavus spores can hide and grow. Agrozide™ 
has strong growth inhibitory activity against A. flavus based on the results of a field trial on two tonnes of grain corn. 
The treated grain corn dramatically exhibited almost no growth of the fungus as measured on PDA media compared 
with the untreated samples that had 100% growth of A. flavus after 4 months’ storage. The toxicology test carried out 
by SIRIM Berhad classified Agrozide™ as a non-toxic substance according to CLASS Regulation 2013, demonstrating 
the safety of Agrozide™. It is expected that the revenue losses in the grain corn industry due to fungal contamination 
can be reduced by 30% with the application of Agrozide™.

Keywords: Aflatoxin B1, Aspergillus flavus, grain corn, nano-emulsion, nano-fungicide
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Introduction

 Grain corn (Zea mays L.) is the third most important 
cereal grain worldwide, after wheat and rice, and has been 
used widely as a feed ingredient for livestock because 
of its nutritional content. Grain corn is rich in fibre and 
many vitamins, minerals, and antioxidants. Grain corn 
is classified as hygroscopic, tending to absorb or release 
moisture [1]. To maintain the good quality and safety of 
grain corn, post-harvest management, especially of the 
drying process, plays an important role. Grain corn needs 
to be dry with a moisture content below 15% before 
storage. However, in some cases, even though after proper 
drying, exposure to moisture and humid conditions, and 
having broken kernels can cause the absorption of water, 
leading to an increase of moisture content. This condition 

causes the growth of fungi, including Aspergillus flavus. 
A. flavus occurs as airborne spores, and is recognised 
by its grey-green or yellow-green mould form. It is 
regarded as one of the most serious safety problems in 
many stored grains throughout the world. It causes a 
chronic problem due to the production of the mycotoxin 
aflatoxin B1 (AFB1), which hepatotoxic, teratogenic 
and immunosuppressive to humans and animals [2]. 
Besides that, colonisation of A. flavus also decreases the 
nutritional value of the grain corn and the overall quality 
and quantity of the grain. The use of chemical fungicides 
is controversial because it can lead to acute or chronic 
poisoning in animals. Hence, the development of a new 
non-toxic fungicide is the best possible alternative.
 In this work, Agrozide™, a new nano-fungicide 
formulation containing natural ingredients was developed 
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to control the growth of A. flavus in stored grain corn. 
In the development of Agrozide™, its production, 
characterisation, toxicity and safety, and its field 
application were addressed.

Materials and Methods

Chemicals and Materials

 Potato dextrose agar (PDA), Span-80 and Tween-80 
from Sigma Aldrich (USA) were used. Ultrapure water 
(from Direct Q3, Millipore, Billerica, MA, USA) was also 
used throughout the study. Cinnamon essential oil (CEO) 
used in the present work was extracted from cinnamon 
leaves (Cinnamomum verum) using steam distillation 
which was conducted at Malaysian Agricultural Research 
and Development Institute (MARDI), Linggi, Negeri 
Sembilan, Malaysia. 

Determination of Bioactive Compounds in Cinnamon 
Essential Oil Using Gas Chromatography-Mass 
Spectrometry (GC-MS)

 GC-MS is the most powerful technique used for 
identifying the chemical components present in essential 
oils. The cinnamon essential oil was analysed by GC-MS 
for identification of its bioactive compounds [3]. Gas 
Chromatography-Mass Spectrometer (Model – Perkin 
Elmer) equipped with a HP-5MS 5% Phenyl Methyl 
Silox column (30 m × 250 µm × 0.25 µm) was used for 
analysis. 

Preparation of Agrozide™

 The nano-fungicide or Agrozide™ was produced by 
using the nano-emulsion concept and the high energy 
method [4]. The oil phase consisted of CEO (1% w/w) 
and a surfactant mixture (Tween 80 and Span 80) (5% 
w/w) which were stirred for two minutes. Then, the water 
phase (94% w/w) was added to the oil phase and stirred 
again using a vortex at 2000× g for another five minutes to 
form a coarse emulsion. The fine emulsion was prepared 
by sonicating the coarse emulsion using a high-intensity 
ultrasonic processor (Q500 Sonicator, QSonica, USA) for 
20 minutes at 500 W and 20 kHz, at room temperature 
(27 °C). The nano-fungicide resulting from this process 
proceeded for characterisation.  

Characterisation of Agrozide™

 Stability analysis of Agrozide™ was conducted by 
the centrifugation test [5]. The experiments were carried 
out by incorporating Agrozide™ into centrifuge tubes 
to be centrifuged at 25 °C and a speed of 3500 rpm for 
20 minutes. This was done by using a Eppendorf 5804 
Benchtop Refrigerated Centrifuge. Then the Agrozide™ 
solution was kept at room temperature for six months. 
Measurement of the droplet size of Agrozide™ was 

performed by the dynamic light scattering method 
using a Zetasizer (Brookhaven Instruments, USA) at 
room temperature. Analysis by transmission electron 
microscopy (TEM) was performed by the Institute of 
Bioscience (IBS), UPM Serdang, Selangor using the 
JEOL JEM-2100 model.

Toxicity Study on Agrozide™

 An acute oral toxicity study was conducted by SIRIM 
Berhad on rats to determine the toxicity potential of grain 
corn treated with Agrozide™ from a single dose via the 
oral route. Daily observation was carried out over 14 days. 
Body weight was recorded before dosing and again on 
Day 7 and Day 14 (termination). Necropsy was performed 
on all the animals at terminal sacrifice.

Application of Agrozide™ on Grain Corn

 Two tonnes of grain corn were collected at harvest, and 
dried at 80 °C using a mobile dryer. The drying process 
was continued until moisture content of the grain corn 
reached 13% (±1). At this point, 40 kg of grain corn were 
taken out as the untreated sample (control). The rest of 
the corn was sprayed with Agrozide™ while the mobile 
dryer continued rotating slowly to make sure all the grain 
were evenly coated with the Agrozide™ solution. Once 
the spraying process was completed, the corn was dried 
again at 80°C until the moisture content was once again 
13% (±1). Both untreated and treated samples were then 
stored at room temperature for six months for observations 
on A. flavus growth. Every month, approximately 500 g 
samples from both the treated and untreated corn were 
taken randomly, and observed for A. flavus on PDA media. 
The data collected were converted into percentage of A. 
flavus growth as follows:

Statistical Analysis

 All the experimental results were evaluated by using 
analysis of variance (ANOVA), followed by Tukey’s 
multiple comparison test at 5% significance level, of the 
statistical software Minitab® version 16 (Minitab Inc.; 
Pennsylvania, USA). p<0.05 was considered statistically 
significant.
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Results and Discussion

Analysis of Bioactive Compounds in Cinnamon 
Essential Oil Using GC-MS

 In this study, CEO was used as a natural source for 
an antifungal agent in the nano-fungicide to prevent the 
growth of A. flavus. Figure 1 shows the active compounds 
of cinnamon oil that were identified using GC-MS 
analysis.
 A total of 12 active compounds were detected in 
CEO. The major compound was found to be eugenol 
at 49.25%, while the minor compounds were benzyl 
benzoate, alpha-pinene, camphene, beta-pinene, linalool, 
E-cinnamaldehyde, ortho-cymene, sabinene, alpha-
copaene, E-caryophyllene and alpha-humulene. According 
to Carmo et al. (2008) and Nazzaro et al. (2017) [6,7], 
the antifungal property of compounds such as eugenol, 
cinnamaldehyde and linalool can inhibit extracellular 
enzymes synthesis and disrupt the cell wall structure of the 
fungi, resulting in damage of integrity, lack of cytoplasm 
and ultimately the mycelial death.

Production and Characterisation of Agrozide™

 The development of the nano-fungicide or Agrozide™ 
formulation was carried out using a nano-emulsion based 
approach with a combination of two phases, namely, the 
water phase and the oil phase (plus surfactants). The 
formulation consists of water (94%), CEO (1%), Span 
80 and Tween-80 (5%) prepared using the high energy 
method. The Agrozide™ formulation was then optimised 
by observing its stability and physicochemical properties 
as shown in Table 1 and Figure 2. Based on the results, 
the droplet size was found to range from 150 to 300 nm 
with the PDI value ranging from 0.220 to 0.26, showing 
good poly-dispersity of the Agrozide™ droplets. The 
droplet size of Agrozide™ was found to be physically 
stable after centrifugation, and remained stable for up to 
six months at room temperature. This is because Tween 
80 used in this formulation is effective in minimising 
changes in the droplet size, owing to its rapid adsorption 
onto the droplet surface [6].

Table 1. Physicochemical properties of Agrozide™

Characteristic Value
Appearance Milky white
Droplet size Ranging from 150 to 300 nm
PDI Ranging from 0.220 to 0.260
Storage stability No phase separation up to 6 months

Toxicity study of Agrozide™

 No mortality of the rats was observed within the 14-day 
study. All the animals gained in body weight and appeared 
normal; they did not demonstrate any abnormal behaviour 
during the observation period. Under the conditions of this 
study, the treated corn showed a median lethal oral dose 
(LD50) which was greater than 2000 mg/kg body weight. 
Therefore, the corn treated with Agrozide™ is classified 
as Category 5 according to the Globally Harmonised 
System for the classification of chemicals; this category 
is for a substance that under certain circumstances, may 
pose a hazard to vulnerable populations. The treated corn 
is also classified under the category of “Not Classified” 
according to CLASS Regulation 2013, where it does not 
meet the classification criteria for any hazard class. 

Application of Agrozide™ on Grain Corn 

 Observations of the growth of A. flavus on both 
untreated and samples treated with Agrozide™ were 
carried out until the sixth month of storage. Observations 
on the growth of A. flavus was based on the occurrence of 
green-coloured fungal mycelia on the grain corn. Figure 
3 shows that the percentage of growth of A. flavus on the 
untreated corn increased to 100% after the fifth month of 
storage, while the treated samples free from A. flavus.
 Thus, the application of Agrozide™ can be an 
alternative method to guarantee grain corn safety (in being 
free of A. flavus) during storage (Figure 4). Even though 
the untreated sample was dried at high temperature, A. 
flavus spores in the broken kernels and their presence in 
the environment may have caused subsequent infection 
of the grain. From the results, Agrozide™ shows strong 
growth inhibitory activity as was evident from the 
complete absence of fungal growth throughout the storage 
period. The antifungal mechanism of the essential oils 

Figure 2. TEM image of the nano-fungicide

Figure 1. Percentages of the main active compounds 
in cinnamon essential oil as analysed by gas 
chromatography-mass spectrometry (GC-MS)
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incorporated into the nano-fungicide is speculated to 
be through the disruption of the A. flavus membrane 
structure by the lipophilic property of essential oils [8]. 
With the droplet size of the nano-fungicide ranging from 
140 – 300 nm, this allows for efficient penetration of 
Agrozide™ through the cracks and pores of the grain corn 
where spores of A. flavus can hide and grow [9, 10]. As 
mentioned earlier, eugenol is the main active compound in 
the cinnamon essential oil used in the formulation, and it 
is probably the major antifungal inhibition agent involved 
[11,12]. These excellent properties of the nano-emulsion 
allow efficient inhibition of A. flavus over a long storage 
period [13,14].

Figure 3. Comparison of the A. flavus growth percentage on treated and untreated 
nano-fungicide grain corn samples. Error bars represent mean ± std 
deviation (n = 3)

Figure 4. Comparison of the A. flavus growth on treated and 
untreated grain corn samples after first, third and 
sixth month of storage

Conclusion

 A. flavus contamination of corn is associated with 
inadequate post-harvest and storage practices. A. 
flavus infection can be aggravated under high moisture 
conditions at typical ambient temperature. Thus, proper 
post-harvest handling with the application of fungicide 
has been proven to be an effective practice in preventing 
the growth of A. flavus. Agrozide™ developed by MARDI 
has the potential to be used as a method to control 
the growth of A. flavus in grain corn storage up to six 
months. The simultaneous use of drying and Agrozide™ 
is recommended as a post-harvest activity. Classified as 
non-toxic, this product is safe to be applied especially on 
grain corn to be used as animal feed, and it can potentially 
help in reducing cases related to aflatoxin contamination 
in animal feed. It is expected that, with the application 
of Agrozide™, revenue losses in the grain corn industry 
due to fungal contamination can be reduced by 30%.
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Abstract 

 Extraction buffers play an important role in natural product studies due to their ability to extract different classes of 
phytochemicals. Most commonly, an organic solvent such as methanol or ethanol is used in extraction, while water-
based extraction is often being neglected due to poor bioactivities. In this study, Phyllanthus tenellus was extracted by 
means of 4 different water-based extractions, which include pressurised hot water extraction (PHWE), high temperature 
sonication, microwaving, and boiling at 100 °C. The total amount of phenolic and flavonoid contents extracted was 
highest with PHWE, followed by sonication, microwaving and boiling. The high content of phenolic and flavonoids 
in the extract by PHWE may have contributed to the lowest IC50 reading (2.58 ± 0.47 μg/mL) in DPPH scavenging 
assay, followed by the readings for the extracts by microwaving (7.12 ± 1.43 μg/mL), sonication (7.55 ± 1.11 μg/mL) 
and boiling (14.39 ± 5.49 μg/mL). Further analyses via UHPLC-ESI-QToF was done for PHWE, methanol and normal 
water extracts at room temperature validated the efficacy of PHWE. The results revealed that the solvent polarity 
properties of water were significantly enhanced by PHWE which managed to extract considerably higher amounts of 
flavonoids (42-fold higher) and hydrolysable tannins (991-fold higher) than the normal water extract. Hydrolysable 
tannins were recovered by PHWE was twice as much as in the commonly used methanol extract. This is an important 
finding as pharmacologically active compounds such as brevifolin carboxylic acid, brevifolin derivatives and HHDP-
galloyl-glucose were also detected in considerably higher amounts compared to the water extract at room temperature 
and the methanol extract. In addition, PHWE is convenient, safe and environmentally friendly as it does not require 
any toxic solvents. This technique is envisaged to make a substantial difference in adding value to the herbal industry, 
and will subsequently reduce the cost of the final product.

Keywords: Phyllanthus tenellus, flavonoids, hydrolysable tannins, pressurised hot water extraction, UHPLC-ESI-QToF

Introduction

 Phyllanthus tenellus Roxb., an herbaceous plant 
belonging to the Family Euphorbiaceae, is closely related 
to the commonly known Phyllanthus niruri. Similar to P. 
niruri, it is also known for its health-benefiting properties. 
This plant is used to treat urolithiasis, inflammatory bowel 
disease, diabetes and hepatitis B [1]. Phyllanthus spp. 
are known to contain high levels of hydrolysable tannins 
which have been frequently associated with their anti-viral 
activities [2, 3]. Besides, many therapeutic effects have 
been reported such as anti-oxidant, anti-inflammatory and 
analgesic effects. Currently, there is mounting interest in 
screening plant sources for anti-viral agents. The genus 

Phyllanthus is also a rich source of phenolics and contains 
flavonoids, alkaloids, terpenoids and sterols [4, 5]
 One of the most important steps which determine the 
final outcome of the quality of a herb is the extraction 
process. Various organic solvents with different polarities, 
such as methanol, hexane, chloroform, acetonitrile, 
benzene and ethyl alcohol, have been used over the 
years to optimise the extraction of bioactive compounds. 
However, these solvents are not only toxic to both humans 
and the environment, they are also expensive especially 
when extraction is carried out on an industrial scale. In 
recent studies, extraction has advanced to using new 
and simpler techniques, such as microwave-assisted 
extraction, supercritical fluid extraction, pressurised 
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liquid extraction and ultrasound-assisted extraction [6, 7]. 
One of the cleanest and greenest technologies is to use 
water as the solvent. To enhance the solvent properties of 
water, water in pressurised hot water extraction (PHWE) 
can readily alter its physico-chemical properties, such as 
self-ionisation, dielectric constant, viscosity, diffusivity, 
density and surface tension [8]. PHWE is reported to also 
require shorter extraction time, incur lower costs of the 
extracting agent, and is an environmentally compatible 
technique.
 In this study, a system of applying pressure to water 
at a high temperature in an autoclave was used to extract 
bioactive compounds in P. tenellus. We hypothesised that 
an autoclave treatment can facilitate an efficient extraction 
of the bioactive compounds from P. tenellus, better than 
the other water extraction techniques, namely, sonication 
at 80 °C, microwaving and boiling at room temperature. 
Total phenolics and flavonoids contents were determined, 
and the various extracts were tested for their ability to 
scavenge DPPH free radicals. PHWE was also compared 
with the traditional methanol and water extraction at 
room temperature using an ultra-high-pressure liquid 
chromatography coupled with a quadrupole tandem time 
of flight (UHPLC-ESI-QToF) mass spectrometer system. 
The flavonoids, phenolics, anthocyanins, hydrolysable and 
condensed tannins were identified and quantified.

Materials and Methods

 Mature Phyllanthus tenellus leaves were collected from 
a netted house, washed thoroughly under running tap 
water, and divided into four equal portions. About 200 g of 
the leaves underwent extraction using PHWE, sonication, 
microwaving and boiling with minor modifications to the 
methods described elsewhere [6, 8, 9]. Upon extraction, 
the supernatant was collected and freeze-dried. Dried 
extracts were then analysed for their total phenolics, total 
flavonoids and DPPH scavenging activity [10]. The extract 
by PHWE was compared with the water extract (at room 

temperature) and the methanolic extract by means of a 
UHPLC-ESI-QToF for identification and quantification 
of the phytochemicals. 

Total Phenolics, Total Flavonoids and DPPH 
Scavenging Assay

 The extract by PHWE showed the highest phenolics 
content (0.0072 mg GAE/mg DE) and flavonoids content 
(0.0096 mg CE/mg DE) compared to the extracts by the 
other extraction protocols. The DPPH scavenging of the 
PHWE extract had the lowest IC50 value of 2.58 ± 0.47 
μg/mL, followed by the extracts by microwaving (7.12 ± 
1.43 μg/mL), sonication (7.55 ± 1.11 μg/mL) and boiling 
(14.39 ± 5.49 μg/mL). The application of high pressure 
and a temperature of 121°C is hypothesised to facilitate 
the breakdown of the larger phytochemicals into smaller 
units, which in turn increased the antioxidant capacity 
of the extract [8, 9]. The PHWE extraction technique 
was postulated to improve extraction performance by 
aiding in the rupturing of the cells of the leaf sample, 
and in releasing the phytochemicals. In addition, higher 
temperature increases solubility and simultaneously 
reduces surface tension of the solvent, which in turn 
contributes to a higher extraction rate [11].

Chemical Profile, Identification and Quantification 
of Metabolites Via UHPLC-ESI-QToF

 A total of 17 phenolic acids, 13 flavonoids, 28 
hydrolysable tannins, two condensed tannins, one 
anthocyanin and eight organic molecules were tentatively 
characterised and identified. PHWE managed to extract 
considerably higher amounts of flavonoids (42-fold 
higher) and hydrolysable tannins (991-fold higher) than 
the normal water extraction as shown in Table 1. Twice 
as much hydrolysable tannins were also recovered by 
PHWE than the commonly used methanol extraction.

Figure 1. Summary of the methodology adopted in the study
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Conclusion

 Utilisation of PHWE for extraction was found to 
facilitate the breakdown of larger metabolites in P. tenellus 
into smaller units, resulting in enhanced antioxidant 
activity and possibly other health-benefiting properties. 
PHWE was found to extract about 65% more of total 
hydrolysable tannins than using water extraction at room 
temperature and methanol extraction. In addition, PHWE 
is convenient, safe, environmentally friendly and does not 
require any toxic solvents. This technique is envisaged 
to make a substantial difference in adding value to the 
herbal industry, and will subsequently reduce the cost of 
the final product.

Acknowledgement

 The authors would like to thank MARDI for supporting 
this study under the Wang Rizab MARDI (RWM) fund.

References 

Silva T, Veras Filho J, Lucia CDA, Antonia DSI, Albuquerque U. 
and Cavalcante de Araújo E. Acute toxicity study of stone-
breaker (Phyllanthus tenellus Roxb.). Journal of Basic and 
Applied Pharmaceutical Sciences. 2012. 33: 205 – 210

Liu J, Lin H and McIntosh H. Genus Phyllanthus for chronic 
hepatitis B virus infection: a systematic review. Journal of 
Viral Hepatitis. 2001. 8(5): 358 – 66

Tan WC, Jaganath IB, Manikam R and Sekaran SD. Evaluation 
of antiviral activities of four local Malaysian Phyllanthus 
species against herpes simplex viruses and possible antiviral 
target. International Journal of Medical Science. 2013. 
10(13): 1817 – 1829

Shakil A, Kumar J, Pandey K and Saxena B. Nematicidal prenylated 
flavonones from Phyllanthus niruri. Phytochemistry. 2008. 
69: 759 – 764

Ndlebe VJ, Crouch NR and Mulholland DA. Triterpenoids from 
the African tree Phyllanthus polyanthus. Phytochemistry 
Letter. 2008. 1: 11 – 17

Sparr Eskilsson C and Bjorklund E. Analytical-scale microwave-
assisted extraction. Journal of Chromatography A. 2000. 
902(1): 227 – 250

Mushtaq MY, Choi YH, Verpoorte R and Wilson EG. Extraction 
for metabolomics: access to the metabolome. Phytochemistry 
Analysis. 2014. 25(4): 291 – 306

Plaza M and Turner C. Pressurized hot water extraction of 
bioactives. Trends in Analytical Chemistry. 2015. 71(10): 
1016

Table 1. Comparison of metabolite groups among different extracts

Total relative quantification (%)

PHWE Water
(room temperature)

Methanol

Phenolic acids 0.600 0.580 1.741
Flavonoids 0.256 0.006 0.546
Hydrolysable tannins 7.933 0.008 4.282
Anthocyanin 0.000 0.000 0.002
Condensed tannins 0.000 0.000 0.007

Annegowda HW, Bhat R, Min-Tze L, Karim A and Mansor SM. 
Influence of sonication treatments and extraction solvents on 
the phenolics and antioxidants in star fruits. Journal of Food 
Science and Technology. 2012. 49(4): 510 – 514

Chandradevan M, Simoh S, Mediani A, Ismail NH, Ismail IS and 
Abas F. UHPLC-ESI-Orbitrap-MS analysis of biologically 
active extract of G. procumbens and C. gynandra. Evidence-
Based Complementary and Alternative Medicine. 2020

Brunner G. Supercritical fluids: Technology and application to food 
processing. Journal of Food Engineering. 2005. 67: 21 – 33



116

Diversity study on MARDI’s starfruit accessions using simple sequence repeats 
(SSR)

Khairun Hisam Nasir1*, Siti Nadrah Abdul Hisham1, Siti Norsaidah Ibrahim1 and Ahmad Hafiz Baharom2

1Biotechnology and Nanotechnology Research Centre, 2Horticulture Research Centre, Malaysian Agricultural Research and Development 
Institute (MARDI), Persiaran MARDI-UPM, 43400 Serdang, Selangor

*E-mail: hairin@mardi.gov.my

Abstract

 Starfruit (Averrhoa carambola L.) is an important fruit in Malaysia for export, and considerable efforts to improve 
fruit quality have been taken at the Horticulture Research Centre, Malaysian Agricultural Research and Development 
Institute. Genetic diversity of starfruit is important for the breeding programme. In this regard, the Centre for Marker 
Discovery and Validation (CMDV) has embarked on diversity studies on MARDI’s starfruit accessions. Twenty-seven 
SSRs were applied for fragment analysis that generated allele frequencies ranging from 0.4200 to 0.9650 (average: 
0.6925), allele numbers ranging from 2 to 8 (average: 4.1667), gene diversity ranging from 0.0679 to 0.6618 (average: 
0.3943), heterozygosity ranging from 0.0900 to 0.9700 (average: 0.5539) and polymorphic informatics contents ranging 
from 0.0842 to 0.6043 (average: 0.3446). A phylogenetic tree was constructed using the Unweighted Pair Group Method 
with Arithmetic Mean by generating two starfruit clusters, each consisting of two sub-clusters. This phylogenetic tree 
provides a picture of the genetic diversity of MARDI’s starfruit accessions in the germplasm collection, imparting 
valuable information for the starfruit breeding programmes in future.

Keywords: Averrhoa carambola L, starfruit accessions, starfruit hybrids, Simple Sequence Repeats (SSRs), phylogenetic tree
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Introduction

 Averrhoa carambola, with starfruit as its common 
name, belongs to the Oxalidaceae Family. It has 
24 chromosomes (2n = 22) [1]. The draft genome of the 
Oxalidaceae with an assembled genome size of 470.51 
Mb has been sequenced [2]. Approximately, 100 starfruit 
accessions are conserved in the MARDI germplasm 
collection at MARDI Station, Kluang, Johor. Currently, 
no information on the genetic diversity of these starfruit 
accessions is available. In this regard, we embarked on the 
development of simple sequence repeat (SSR) molecular 
markers in starfruit for the purpose of assessing its genetic 
diversity.
 Molecular markers have ptimizationi crop improvement 
through the detection of DNA polymorphisms for precise, 
efficient, and cost-effective germplasm ptimizationion 
and management. Molecular marker techniques are more 
advantageous than morphological measurements for the 
assessment of genetic diversity as they directly reflect 
variations in the DNA sequences, which are free from 
environmental influences and provide complementary 
information. Among the many molecular marker 
techniques currently available, SSRs are very useful 

for DNA fingerprinting and assessing genetic diversity, 
as well as genetic relationships in plants. SSRs are 
highly polymorphic, co-dominant, useful for multiplex 
polymerase chain reaction (PCR), reproducible, well 
distributed in the genome, and can be integrated with 
high-throughput instrumentation. Starfruit SSRs have 
been developed and used for DNA fingerprinting of 
“Bintang Mas” variety [3]. To extend the application 
of the developed starfruit SSRs, we applied them in a 
diversity study of MARDI’s starfruit accessions. The 
information generated provided pivotal information to 
MARDI breeders for improving the starfruit breeding 
programme in the future.

Materials and Methods 

Starfuit Leaf Collection

 Thirty-nine clones, 50 accessions and 12 hybrids of 
starfruit are grown in the germplasm collection at MARDI 
Station, Kluang, Johor. Leaf samples were collected and 
kept with silica gel prior to DNA extraction. 
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DNA Extraction

 DNA extraction was carried out using the cetyl 
trimethylammonium bromide (CTAB) extraction method. 
About 5 g of starfruit leaves were stuffed into a 2-mL 
tube with stainless steel balls, and ground to a powder 
using a TissueLyser (Qiagen,GmbH Germany). Next, 
2000 µL of the extraction buffer (final concentration; 
polyvinylpyrrolidone (PVP) 2%, diethyldithiocarbamate 
(DIECA) 4 mM, ascorbic acid 5 mM, NaCl 1.4 M, Tris-
HCl (pH 8.0) 100 mM and ethylenedinitrilotetraacetic acid 
(EDTA) 20 mM) was added to the ground powder. The 
mixture was incubated at 65 °C for 1 h with intermittent 
mixing. The same volume of isopropanol was added to 
the mixture and ptimizatio by inverting the plates. The 
mixture was centrifuged at 5500 rpm for 15 min. Later, 
the supernatant was transferred into an equal volume of 
isopropanol, and centrifuged at 5500 rpm for 15 min. 
The extracted DNA was air-dried and re-suspended in 
50 μL Tris-EDTA buffers, and the DNA concentration 
was quantified using a Thermo Labsystems Fluoroskan 
AscentTM (Thermo Scientific, USA). DNA integrity was 
tested on 0.8% agarose gel for quality control.

Fragment Analysis

 Twenty-seven primers were successfully designed, and 
ptimizatio from starfruit genomes [3]. These primers were 
used for PCR ptimization before genotyping. The M13-
tailed primer was used, which included three primers: a 
forward primer (with an M13 tail sequence), a reverse 
primer, and a fluorescently labelled M13 IRDye primer 
[4]. PCR amplification was performed in a total reaction 
volume of 10 µL, consisting of 1.0 µL of template DNA 
(approximately 40 ng µL–1), 1 µL PCR reaction buffer 
(1.5 – 3.0 mM MgCl2), 2 mM dNTP mixture, 10 µmol 
of each primer set, 5 µmol of a fluorescent dye (FAM/
VIC/NED and PET), and 1 unit of Taq DNA polymerase 
(Invitrogen, USA). Amplification was performed using a 
Peltier Thermal Cycler, DNA Engine Tetrad 2 (BioRad, 
USA). The PCR profile underwent an initial denaturation 
at 94 °C for 5 min, followed by 34 cycles of denaturation 
at 94 °C for 30 s, annealing (Table 2) for 45 s, and at 
72 °C for a 45-s extension, and finally 1 cycle at 72 °C 
for 7 min. The PCR products were genotyped using a 
3730xl DNA Analyzer (Applied Biosystems, USA).

Scoring and Data Analyses

 The DNA fragment was analysed using GeneMapper® 
5.0 software (Applied Biosystems, USA) and the 
size standard GS500LIZ was used as the standard. 
The fluorescent data/peaks were scored as alleles in 
electropherograms [5] and analysed using MicroChecker 
v2.2.3 [6] to determine the presence of null alleles, large 
allelic dropouts, and stutter peak errors. The scores were 
then analysed by the PowerMarker software version 3.0 to 
evaluate the number of alleles per locus, allele frequencies 
of each variety, and their genetic diversity. A phylogenetic 

tree was constructed using MEGA-X software [7] by 
the unweighted pair group method with arithmetic mean 
(UPGMA) approach to generate the genetic distance 
matrix by PowerMarker software.

Polymorphic Information Content (PIC) was calculated 
using the following formula:

PIC = 1 – (p2 – q2)

where p is the presence of band frequency and q is the 
absence of band frequency [8]. The mean PIC value 
for a polymorphic primer was estimated by the sum of 
PIC of all polymorphic bands divided by the number 
of polymorphic bands. PIC provides an account of the 
differentiation power of an allele and its value ranges 
from 0 to 1 (0 representing a monomorphic allele and 1 
representing very discriminative alleles) [9]. 

Results and Discussion

DNA Extraction and PCR Amplification

 Leaf samples from thirty-nine clones, 50 accessions 
and 12 hybrid starfruit varieties were collected and used 
for DNA extraction (Table 1). Following this, the extracted 
DNA were used for PCR using the developed starfruit 
SSRs [3]. A total of 27 polymorphic SSR primers were 
used for fragment analysis using ABI 3730XL (Table 2).

Fragment Analysis

 Twenty-seven SSRs were used for fragment analysis. 
Out of these SSRs, only 19 SSRs were called, while 
the remaining produced no/low allele call. The call 
data in excel format was analysed using PowerMarker 
software; the results are as follows; allele frequency 
ranged from 0.4200 (marker 27SC) to 0.9650 (marker 
19SC) (average: 0.6925), allele numbers ranged from 2 
to 8 (average: 4.1667), gene diversity ranged from 0.0679 
to 0.6618 (average: 0.3943), heterozygosity ranged from 
0.0900 to 0.9700 (average: 0.5539) and polymorphic 
information content (PIC) ranged from 0.0842 to 0.6043 
(average: 0.3446) (Table 3). The output data of the starfruit 
frequencies were used to generate a UPGMA dendrogram 
using MEGA-X software. Two clusters were generated 
(Figure 1). Cluster 1 can in turn be clustered into two 
sub-clusters: sub-cluster I consisting of only one accession 
BM 093, and sub-cluster II consisting of BM 089, 097, 
095, 096, 102, 092, 099, 100, 101, 091, 094, 090 and 098. 
Cluster II was further sub-clustered into two sub-clusters: 
sub-cluster 1 consisting of seven accessions (BM 062, 060, 
065, 064, 066, 061 and 063), and sub-cluster II consisting 
of 79 accessions and clones (BM006, 075, 088, 002, 
001, 003, 023, 067, 009, 010, 071, 076, 029, 004, 008, 
079, 081, 034, 025, 031, 033, 030, 032, 027, 028, 021, 
020, 016, 017, 018, 007, 019, 078, 085, 084, 038, 077, 
040, 042, 045, 005, 024, 035, 036, 037, 041, 047, 048, 
049, 087, 043, 044, 058, 014, 015, 056, 059, 012, 023, 
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Table 1. A list of starfruit samples consisting of 39 clones, 50 accessions and 12 hybrids

No Catalouge number DOA number Accession/Vernacular name Cone/accession/hybrid

1 BM 001 B 1 Yong Toh Yin Clone
2 BM 002 B 2 MAHA 66 Clone
3 BM 003 B 3 Foo Red Clone
4 BM 004 B 4 Sg. Besi 1 Clone
5 BM 005 B 5 Sg. Besi 2 Clone
6 BM 006 B 6 Sg. Besi 3 Clone
7 BM 007 B 7 Sg. Besi 4 Clone
8 BM 008 B 8 Sg. Besi 5 Clone
9 BM 009 B 9 - Clone
10 BM 010 B 10 - Clone
11 BM 011 B 11 Chan Yong 1 Clone
12 BM 012 B 12 Chan Yong 2 Clone
13 BM 013 B 13 Istana Perak 1 Clone
14 BM 014 B 14 Istana Perak 2 Clone
15 BM 015 B 15 Istana Perak 3 Clone
16 BM 016 B 16 - Clone
17 BM 017 B 17 Manis Madu Clone
18 BM 018 - - Accession
19 BM 019 - - Accession
20 BM 020 - - Accession
21 BM 021 - - Accession
22 BM 022 - - Accession
23 BM 023 - Accession
24 BM 024 - - Accession
25 BM 025 - - Accession
26 BM 026 - Wheeler Clone
27 BM 027 - Fwang Tung Clone
28 BM 028 - Arkin Clone
29 BM 029 - Kyrana Clone
30 BM 030 - Kyrani Clone
31 BM 031 - - Accession
32 BM 032 - Accession

33 BM 033 - - Accession
34 BM 034 - Labu Clone
35 BM 035 - Merah Clone
36 BM 036 - - Accession
37 BM 037 - Demak Kapur Clone
38 BM 038 - Demak Kunir Clone
39 BM 039 - Taiwan Clone
40 BM 040 - Semarang Clone
41 BM 041 - Malaya Clone
42 BM 042 - Bangkok Clone
43 BM 043 - Paris Clone
44 BM 044 - Wulan Clone
45 BM 045 - Pt.Sakai Clone
46 BM 046 - - Accession
47 BM 047 - Filipina Clone
48 BM 048 - Sembiring Clone
49 BM 049 - Dewi Clone
50 BM 050 B 18 - Clone
51 BM 051 B 19 - Clone
52 BM 052 - “ Accession

(Cont.)
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No Catalouge number DOA number Accession/Vernacular name Cone/accession/hybrid

53 BM 053 - - Accession

54 BM 054 - - Accession
55 BM 055 - - Accession
56 BM 056 - - Accession
57 BM 057 - - Accession
58 BM 058 - - Accession
59 BM 059 - - Accession
60 BM 060 - - Accession
61 BM 061 - - Accession
62 BM 062 - - Accession
63 BM 063 - - Accession
64 BM 064 - - Accession
65 BM 065 - - Accession
66 BM 066 - - Accession
67 BM 067 - - Accession
68 BM 068 - - Accession
69 BM 069 - - Accession
70 BM 070 - - Accession
71 BM 071 - - Accession
72 BM 072 - - Accession
73 BM 073 - - Accession
74 BM 073 - - Accession
75 BM 074 - - Accession
76 BM 075 - - Accession
77 BM 076 - - Accession
78 BM 077 - - Accession
79 BM 078 - - Accession
80 BM 079 - - Accession
81 BM 081 - - Accession
82 BM 082 - - Accession
83 BM 083 - - Accession
84 BM 084 - - Accession
85 BM 085 - - Accession
86 BM 087 - - Accession
87 BM 088 - - Accession
88 BM 089 - 1711-24 (MSTAR 1) Hybrid
89 BM 090 - 0217-105 Hybrid
90 BM 091 - 1002-63 (MSTAR 2) Hybrid
91 BM 092 - 0217-97 Hybrid
92 BM 093 - 1011-12 Hybrid
93 BM 094 - 1002-74 Hybrid
94 BM 095 - 1702-12 Hybrid
95 BM 096 - 1711-128 Hybrid
96 BM 097 - 1702-88 Hybrid
97 BM 098 - 1702-45 Hybrid
98 BM 099 - 1711-19 (MSTAR 3) Hybrid
99 BM 100 - 1711-14 Hybrid
100 BM 101 B 20 Belimbing Merah Clone
101 BM 102 - Merah Accession

Table 1. (Cont.)
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Table 2. A list of the 27 SSR primers used for starfruit genotyping

No Primer_ID Forward (5’->3’) Reverse (5’->3’) Annealing temperature
(°C)

PCR product 
size (bp)

1 1SC TGTAAAACGACGGCCAGTGTTGTCAGTGCATCAACTT CCTTCGCCTACACTACAAAC 51.0 180
2 2SC TGTAAAACGACGGCCAGCAGAATATCTGGCACGTACA GATACTAGAGGCAAGCATCG 51.0 200
3 3SC TGTAAAACGACGGCCAGCGCTCAACTCTCAATACACC GGACTTCAAAGAATCCACAA 58.3 180
4 4SC TGTAAAACGACGGCCAGCACCCAGATCAAAAAGATTC TTGAATCTGTCGCATAGAGA 41.0 130
5 5SC TGTAAAACGACGGCCAGAGCTCCTTTGCAGATTCATA GGTAGGGGGTTGTTTAGTTC 47.5 150
6 6SC TGTAAAACGACGGCCAGTTGCTCTCACTTCTGCTACA CCTCCAACTTGAAACAACAT 51.0 130
7 7SC TGTAAAACGACGGCCAGTTCTCTCCATCTTTGGTCTC CATAGCAGAGGGAAATCAAG 58.3 130
8 8SC TGTAAAACGGCCAGTAGAACACATGCAAGACACC GGGTAGCCGTTGATTAGATA 58.3 130
9 9SC TGTAAAACGACGGCCAGCCTCTCTTCTGTGTGTTGGT CATGGGTTGTGTATTGAACA 47.5 130
10 10SC TGTAAAACGACGGCCAGGAGAGTACCAGAAACCACGTT AATGTACAACTCCCATTTGC 55.0 150
11 11SC TGTAAAACGGCCAGGTCTCACTCCGTCGAAAAC GAGGGAGAGAGAAAGAGAGC 51.0 130
12 12SC TGTAAAACGGCCAGCCGCATAATGGCTAATCA CCACAAACCTACTTTTGGAA 61.1 180
13 13SC TGTAAAACGACGGCCAGCCAGGAGAATAAACCTCACA GGAATCCTAATTCTTGTAGGG 55.0 150
14 14SC TGTAAAACGACGGCCAGTTCTCTCCATCAATGTTAGG ACCAAAGACATACCAAATCG 55.0 130
15 15SC TGTAAAACGACGGCCAGGAAGAAAGAAGCAGATGGTC AATGGTAGAGGGAGAGTGTG 61.1 130
16 16SC TGTAAAACGACGGCCAGTGTTGTCAGTGCATCAACTT CCTTCGCCTACACTACAAAC 51.0 150
17 17SC TGTAAAACGACGGCCAGGGACAAAGAAGAAGAAGAAG CTGTCTGAGTGGCATCATAG 61.1 130
18 18SC TGTAAAACGACGGCCAGCCTTCGGTCAATAATCGTAT TGACATATATGCTGCCATTC 55.0 130
19 19SC TGTAAAACGACGGCCAGAGAGAGAGAGTCCATGCAGA AGACACAGCATTCTCCAAAC 64.4 150
20 20SC TGTAAAACGACGGCCAGACCACCACTTCTCCAATCTA TTCTCCATATGCTTCTCTCG 51.0 130
21 21SC TGTAAAACGGCCAGGTAAACAAAACGCCGAAAC GTGGCGAATCTTGAACTT 55.0 180
22 22SC TGTAAAACGACGGCCAGAGACAACCCCTACATCCTTT CGCTAACCAAGTACCCATAA 51.0 130
23 23SC TGTAAAACGACGGCCAGACCCCTTCGTTTTTCTACTC CAAATAGCATCCCCAAACT 55.0 200
24 24SC TGTAAAACGACGGCCAGGTGAATTGCGTTTTGGTTGT CACGAACACAATAAACATGG 51.0 150
25 25SC TGTAAAACGACGGCCAGACGTGAGAAGCAGAATTGTT GGGATCTTTGAAATCTGGTT 51.0 180
26 26SC TGTAAAACGACGGCCAGTTAAAACTCGGCTTGCTTAG AACAACCAGGAATTGAGATG 51.0 200
27 27SC TGTAAAACGACGGCCAGTGCTTGTTGTTTCTGTGAAC CGCGAAGAACAAGACAAC 58.3 150

Table 3. Summarised analysis of starfruit SSRs

No Marker Major allele frequency Allele number Availability Gene diversity Heterozygosity PIC
1 3SC 0.4300 5.0000 1.0000 0.6521 0.8600 0.5838
2 4SC 0.6150 4.0000 1.0000 0.4984 0.7700 0.4048
3 6SC 0.5650 4.0000 1.0000 0.5274 0.8600 0.4290
4 7SC 0.5400 3.0000 1.0000 0.5266 0.8500 0.4201
5 8SC 0.5050 6.0000 1.0000 0.5891 0.8600 0.5083
6 9SC 0.9050 6.0000 1.0000 0.1784 0.1300 0.1742
7 10SC 0.9350 2.0000 1.0000 0.1216 0.1300 0.1142
8 11SC 0.4500 7.0000 1.0000 0.6618 0.9700 0.6043
9 12SC 0.5250 4.0000 1.0000 0.5672 0.9500 0.4789

10 13SC 0.5900 4.0000 1.0000 0.4919 0.8200 0.3804
11 14SC 0.9350 2.0000 1.0000 0.1216 0.1300 0.1142
12 18SC 0.6850 8.0000 1.0000 0.4968 0.5600 0.4645
13 19SC 0.9650 3.0000 1.0000 0.0679 0.0700 0.0661
14 20SC 0.9300 2.0000 1.0000 0.1302 0.1400 0.1217
15 21SC 0.6000 6.0000 1.0000 0.5869 0.8000 0.5472
16 22SC 0.9550 3.0000 1.0000 0.0867 0.0900 0.0842
17 24SC 0.9150 3.0000 1.0000 0.1577 0.1400 0.1491
18 27SC 0.4200 3.0000 1.0000 0.6354 0.8400 0.5580

Mean 0.6925 4.1667 1.0000 0.3943 0.5539 0.3446
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Figure 1. UPGMA dendrogram of starfruit clones, accessions and hybrids
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057, 069, 073, 074, 013, 054, 052, 068, 022, 051, 072, 
011, 070, 055, 050, 053, 082, 083, 039 and 046). These 
results showed that integration of the hybrids dendrogram 
[3] with accessions and clones clearly separated into two 
starfruit clusters. Cluster I consist of hybrids and clones, 
while cluster II consists of accessions and clones.

Conclusion

 Fragment analysis using 27 SSR primers on MARDI’s 
starfruit accessions generated a phylogenetic tree 
consisting of two clusters that can be differentiated by 
as starfruit hybrids/clones and accessions/clones. Starfruit 
cluster I can be further clustered into two sub-clusters: 
sub-cluster I consisting of one hybrid and sub-cluster II 
consisting of 13 hybrids/clones. Cluster II was also sub-
clustered into two sub-clusters: sub-cluster 1 consisting 
of seven accessions and sub-cluster II consisting of 79 
accessions. This starfruit phylogenetic tree provides 
information on the genetic diversity of MARDI’s starfruit 
accessions that is useful for breeders in future breeding 
programmes. Genetic diversity is important in starfruit 
accessions to provide a degree of differentiation between 
accessions that will lead to offspring with unique genetic 
blueprints through sexual reproduction.
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Abstract

 Harumanis is a much-sought-after mango (Mangifera indica L.) variety, during its harvesting season, which is usually 
between April and May. This popular fruit is grown mostly in the northern region of Peninsular Malaysia, especially 
in Perlis, and is marketed at a price between RM25 and RM30 per kilogram for the Grade A category. The ripening 
stage of mango can be considered as to be one of the most crucial stages of fruit production. Too early a harvest will 
produce a sour-tasting fruit, while a late harvest will produce fruit with a short shelf-life, thus, affecting the fruit grade. 
Unfortunately, there is only limited genomic information available in relevant databases, such as NCBI (National Center 
for Biotechnology Information), addressing this issue. The project aims to screen for and understand the genes that play 
a significant role during the ripening process of Harumanis by observing and quantifying the genes’ expression levels. 
This information can later be used to better understand its biological properties, and may be applicable to methods of 
fruit grading and of storage for local consumption or exports, as well as to pest and disease prevention. RNA extraction 
was carried out in-house and next-generation (NGS) RNA sequencing was performed to quantify the change in gene 
expression level between the before ripening stage and during the ripening process. Bioinformatics analysis identified 
the different genes expressed during the ripening process, which were predominantly metabolic genes with a higher 
level of down-regulated genes than up-regulated ones. In conclusion, this analysis managed to identify and characterise 
genes and their pathways during the ripening process of Harumanis. The project can be extended to relate the results 
to phenotypic information as well as to compare the genes to those of other mango varieties in diversity studies.

Keywords: Harumanis, NGS, RNA sequencing, ripening process, bioinformatics approach
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Introduction

 Studies on mango, especially on its genetic 
properties, are still comparatively few unlike studies 
on its morphological properties due to a large number 
of cultivars available around the world [1]. The 
morphological aspects are considered as important as they 
are mainly used as indicators, especially for fruit grading 
purposes. The same situation can be generally said about 
our own locally produced mango cultivar, Harumanis [2, 
3]. According to the Department of Agriculture (DOA) 
of Perlis, Harumanis grades are classified into four 
groups, Grades A, B and C, and rejected, based on their 
standardised shape, size and weight. The harvesting period 
usually starts on the first day of the 8th week after fruit 
set (Stage 1), when the fruit is considered to be mature 
and can be harvested. In the 9th week, the harvested fruit 

will have reached optimum ripeness.
 Genetics information especially on Harumanis is still 
lacking; only three entries on chloroplast inter spacer 
region sequences are available in the National Center for 
Biotechnology Information (NCBI) database. Definition 
of ripeness is only dependent on the morphological 
characteristics of Harumanis as described by DOA. For 
that reason, it is crucial to investigate the genes that play 
important roles in the ripening process of Harumanis in 
order to have a clearer picture, especially at the molecular 
level of this important fruit. Information on the genes and 
pathways that play important roles in the ripening process 
will offer a better understanding of the gene function, and 
will enable manipulation using biotechnology approaches. 
Functional markers can be identified, especially the ones 
linked to phenotypic traits of Harumanis.
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Materials and Methods

 Harumanis fruit samples (two from each stage) were 
obtained from MARDI Sintok germplasm. The mango 
fruit were harvested during specific ripeness stages: stage 
0 (unripe), stage 3 and stage 4 (ripened). The samples were 
stored at –80 °C prior to the RNA extraction procedure. 
One gram of ground sample was washed by resuspending 
the sample in 1 ml of Fruit-mateTM wash solution 
(Takara, Japan). The mixture was then centrifuged at 4000 
rpm for 10 min at 40 °C, followed by transferring the 
supernatant into a 15-ml falcon tube for RNA extraction. 
Extraction was carried out with a commercial RNA 
extraction solution, TRIsure (Bioline, USA), using the 
protocol provided in the kit, but with minor modifications. 
Assessment of the extracted RNA quality was carried 
out using NanoDropTM 2000 and Bioanalyzer. NGS 
sequencing of RNA from the respective stages was carried 
out using the Illumina NovaSeq 6000 platform to obtain 
100 million reads (150 bp) per sample. Good quality 
reads underwent RNA assembly using Trinity (v2.2.0) 
software. A de novo assembly approach was carried 
out due to the unavailability of a submitted reference 
genome for mango. A default parameter was used as per 
suggested by Trinity software. Unigenes generated from 
the assembly process were analysed using bioinformatics 
software and databases to elucidate the biological 
information further. The open reading frame (ORF) was 
searched, and four databases (NCBI: nr, Swissprot, KEGG 
(Kyoto Encyclopedia of Genes and Genomes) and COG 
(Clusters of Orthologous Groups of proteins)) were used 
for the analyses. ORF detection was performed using 
TransDecoder (v3.0.0). Differential expression analysis 
between the unripe and ripened Harumanis was carried 
out to compare the FPKM (Fragment Per Kilobase of 
transcript per Million mapped reads) profiles. Differential 
analysis was performed using the Bioconductor package 
DESeq2 (v1.6.3). Gene expression was calculated using 
RSEM (v1.2.4)

Results and Discussion

RNA Extraction and RNA Quality Check

 The extraction procedure which was carried out 
managed to produce sufficient amounts of RNA as 
required for NGS activity. Samples were labelled as BM 
(Belum Masak or unripe) and M (Masak or ripe). The 
samples scored RIN (RNA Integrity Number) values of 
9.1 and 9.0, respectively, which were suitable for the 
sequencing activity.

RNA NGS Analysis and Assembly

 Sequencing using the NovaSeq 6000 produced the 
intended results. A total of 407,218,300 paired-end 
raw reads were produced before a quality check was 
performed. Quality checks were carried out to remove 
low-quality reads and contaminants prior to the analysis. 

In addition, adapter sequences were removed at this step. 
Results from the analysis indicated good quality data were 
produced from the NGS activity, with over 99% of the 
reads successfully obtained for the next analysis. The de 
novo assembly approach managed to produce 11,867,947 
contigs with the length of 502,778,281 bp (Min: 25; Max: 
15,624; N50: 45; (A+T) %: 56.37; (C+G) %: 43.63). 
These were then used to produce non-redundant unigene 
sequences by clustering. A total of 106,833 unigenes were 
produced with the length of 79,150,422 bp (Min: 201; 
Max: 15,624; Average: 740.88; N50: 1255; (A+T) %: 
60.03; (C+G) %: 39.97).
 With the annotation performed on the unigenes 
generated, individual mapping of the unripe and ripened 
Harumanis was performed prior to differential analysis. 
A 88.25% mapping rate was scored by the unripe (BM) 
Harumanis and 90.38% for the ripened (M) Harumanis. 

Figure 1a. Venn diagram of various unigene annotations based 
on different databases

Figure 1b.	KEGG	classification	of	the	unigenes.	Y-axis:	KEGG	
secondary	 classification;	 X-axis:	 gene	 number;	
colour	code	represents	various	first-level	Pathway	
classification
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Differential Expression Analysis

 The level of gene expression is measured by read 
density. The higher the read density, the higher the level 
of gene expression. The number of genes with different 
expression levels are summarised in the table below. 
Table 1 shows a summary of gene count at different 
expression intervals. For example, the values in the FPKM 
intervals took into account that zero, one or more reads 
can be mapped to one fragment. Expression levels of all 
the genes under different experimental conditions were 
compared by the FPKM profile (Table 4, Figures 2a, 2b 
and 2c).
 Based on the analysis, significant genes which were 
up-regulated and down-regulated were listed in Table 2 
below.
 A total of 106,838 genes were identified to play a 
significant role in the ripening process of Harumanis. 
Further filtering can be applied to classify the identified 
genes based on type (hypothetical, low quality, putative) 
to produce high quality data on the genes which expressed 

highly in the ripening process. One gene example which 
was identified with complete information is Carbonic 
anhydrase 2-like. Carbonic anhydrases catalyse the 
interconversion of CO2 and HCO3-, with carbonic 
anhydrase 2 (CA2) being the most ubiquitous and involved 
in many biological processes. Uniprot supported the nr 
result by indicating that the gene codes for beta carbonic 
anhydrase 2. The KEGG result shows that the gene can 
be found in the nitrogen metabolism pathway (Ko00910). 
Pontiggia et al. (2019) [4] describes the function of 
carbonic anhydrase and how it relates to the ripening 
process of tomato.

Conclusion

 Differential expression analysis using RNA-Seq data 
managed to identify genes involved in the ripening process 
of Harumanis. The genes involved in the metabolic 
pathways were found to be the most abundant genes in the 
ripe Harumanis. The gene information, incorporated with 
the GO (Gene Ontology), KEGG and COG information, 

Figure 1c.	COG	results	of	the	identified	unigenes

Table 1. Summary of gene count at different expression intervals

Figure 2a. FPKM distribution. X-axis: log10FPKM.	Y-axis:	
number of genes in the density of each FPKM 
value

Figure 2b.	 Bar	graph	of	genes	significantly	up-or	
down-regulated between groups. Blue: 
Up-regulated. Red: Down-regulated
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can be further analysed to compare it to gene information 
on other mango varieties, such as is carried out in diversity 
studies. Preliminary data generated from this analysis may 
act as a stepping stone towards greater understanding of 
the genes and pathways involved in the ripening process 
of Harumanis.
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Abstract

 Protein in rice is one of our dietary protein sources; hence, understanding the expression of rice nutrient-related 
proteins is of great importance. Herein, a comparative proteomic analysis using SWATH-based mass spectrometry 
was conducted across six Malaysian rice varieties of different colour: black rice (BR: PH9 and BALI), red rice (RR: 
MRQ 100 and MRM 16) and white rice (WR: MRQ 76 and MR 297). We aimed to investigate significant proteome 
differences among these rice varieties, focusing on the differential expression of nutrient-related proteins with potential 
health benefits. A total of 4022 significantly expressed proteins were quantified in all the varieties (FDR<1%, p <0.05), 
and the raw data have been deposited in the ProteomeXchange database, ID: PXD018338. Principal component 
analysis revealed a higher proteome variability among the BR and RR varieties, while WR had a unique proteome. 
Scatterplot analysis showed WR having the highest correlation (R2 = 0.9399), followed by RR (R2 = 0.9066) and BR 
(R2 = 0.8632), suggesting that rice proteomes were highly influenced by grain pigmentation. From the 1792 differentially 
expressed proteins (DEPs) identified, 74 DEPs were associated with nutrient biosynthesis. RR has a significantly higher 
expression of seed storage proteins (prolamins, glutelin and cupin) and key enzymes for carotenoid and amylopectin 
biosynthesis. At the same time, significantly higher expressions of cupin, germin-like protein and enzymes for thiamine 
and anthocyanin biosynthesis were found in BR. WR was enriched with enzymes for the biosynthesis of vitamin Bs, 
unsaturated fatty acids and essential amino acids (methionine and arginine). All these seed storage and functional 
proteins possess antioxidant activities with protective effects for plant and human health. Knowledge gained from this 
study can help in developing protein-based biomarkers and multi-gene chips related to rice nutritional and quality traits.  
These in turn can potentially assist rice breeders, farmers and commercial rice producers in breeding new varieties 
with enhanced levels of antioxidants, phytochemicals, micronutrients and amylose content.

Keywords: Functional proteins, nutrient-related proteins, pigmented and non-pigmented rice, rice storage proteins, SWATH mass 
spectrometry
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Introduction 

 Besides a large content of carbohydrates, the rice 
grain is also rich in proteins, micronutrients, vitamins, 
fatty acids and phytosterols [1]. Rice grain proteins are in 
general classified into two categories: seed storage proteins 
(~90%) and functional proteins (~10%) which catalyse 
enzymatic reactions. Pigmented rice are rice varieties that 
possess unique pigmentation in their bran layers, and they 
have significantly higher antioxidant activities compared 
to non-pigmented rice varieties [2]; thus, pigmented 
rice are considered as functional food that exhibits anti-

cancer, anti-inflammatory and anti-diabetic properties 
[3]. Our previous transcriptome analysis revealed that 
pigmented and non-pigmented rice varieties are enriched 
with nutrient biosynthetic genes but their expressions are 
significantly different in each variety [4]. There is still 
a lack of studies in this aspect, and hence there is very 
limited information relating to rice nutritional properties 
using any proteomics approach. Herein, we conducted 
a comparative proteomics analysis across Malaysian 
local pigmented and non-pigmented rice varieties using 
an advanced high-throughput proteome sequencing 
approach, namely Sequential Window Acquisition of all 
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Theoretical Mass Spectrometry (SWATH-MS/MS). We 
aimed to investigate significant proteome differences 
among the grains of black glutinous rice (PH9 variety), 
black rice (BALI), red rice (MRQ 100 and MRM 16), 
white aromatic rice (MRQ 76) and white rice (MR 297), 
and to gain insights into the differential expression of 
nutrient-related proteins with potential health-benefiting 
effects in these rice varieties. 

Materials and Methods 

Plant Materials and Total Protein Extraction

 Mature paddy of PH9, BALI, MRQ 100, MRM 16, 
MRQ 76 and MR 297 rice varieties were obtained from 
MARDI Seberang Perai, Malaysia. The paddy was 
dehusked and whole rice grain (from three plants of 
each variety) were ground into fine powder before the 
total proteins were extracted based on a modified phenol 
extraction method [5].

SWATH-MS/MS Spectrometry Method and 
Bioinformatic Analyses

 The general workflow for this rice proteomic study is 
summarised in Figure 1. The details of sample preparation, 
mass spectrometry data acquisition and data processing 
follow what was as described in by Sew et al. [6]. 
Identification and annotation of proteins were carried 
out using the BLASTP algorithm against both Oryza 
sativa Japonica and Indica species from the Uniprot-
Proteome database and Gene ontology (GO) enrichment. 
Principal component and scatterplot analyses were used 
to investigate the relationships among the rice varieties. 

Significantly expressed proteins were identified based 
on proteins with unique peptides with confidence limit 
≥99% and FDR ≤1%. Differential protein expression 
analysis was performed based on 3 designated rice groups, 
BR (Black rice: PH9 and BALI), RR (Red rice: MRQ 
100 and MRM 16) and WR (White rice: MR Q76 and 
MR 297). K-means clustering analysis was then performed 
to examine the protein expression patterns of these rice 
groups. 

Results and Discussion 

Proteome Variability and Relationships among 
Pigmented and Non-Pigmented Rice Varieties

 The raw mass spectrometry dataset of this study has 
been deposited with the ProteomeXchange Consortium 
with the dataset identifier PXD018338 [6]. In total, 4022 
significantly expressed proteins (FDR<1%, p <0.05) were 
quantified across all the samples. Principle component 
analysis indicated a strong proteomic relationship within 
WR (MRQ 76 and MR 297), which was highly different 
from the pigmented rice varieties (Figure 2a), and this 
was likely to be due to MRQ 76 being a parental line for 
MR 297 [7]. Proteome variabilities among the pigmented 
rice varieties were considerably high within and between 
BR and RR, in agreement with a high genetic variability 
reported among pigmented rice [8]. Scatterplot analysis 
showed that a significantly strong relationship between the 
varieties of black rice: PH9 vs BALI, R2 = 0.8632; red rice: 
MRQ 100 vs MRM 16, R2= 0.9066; and white rice: MRQ 
76 vs MR 297, R2 = 0.9399 (Figure 2b). These findings 
suggest that grain pigmentation has a great influence on 
rice proteome similarity.

Figure 1.	Workflow	for	proteomics	study	on	rice	grain	from	pigmented	and	non-pigmented	rice	varieties
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Differentially Expressed Proteins (DEPs) with 
Nutrient Related Properties 

 A total of 1792 DEPs were identified from BR vs 
RR, BR vs WR and RR vs WR (p-value <0.05; fold 
change (FC) ±1.5) with expression patterns divided into 
six clusters based on the k-means clustering analysis 
results (Figure 3). There were 517 (Cluster 2 and 3), 216 
(Cluster 1) and 916 (Cluster 4 and 5) DEPs with their 
significantly highest expressions in BR, RR and WR, 
respectively (p <0.05), while a total of 457 DEPs showed 
comparable expressions in BR and RR (Cluster 5 and 6). 
Of these, 314 DEPs were significantly up-regulated and 
143 DEPs were down-regulated in WR. These findings 
collectively indicated that the proteomic backgrounds of 
BR and RR were similar to some degree, contrary to a 
distinctive proteome for WR. A total of 74 DEPs were 
related to nutrient biosynthesis, and nutrient-related 
DEPs are highlighted in Table 1. RR were enriched 
with seed storage proteins, e.g., prolamins, glutelin and 
cupin with maximum FC as high as 185-, 110- and 54-
fold, respectively, compared to BR and WR. These seed 
storage proteins have been reported to contain bioactive 
peptides, with rice prolamins shown to activate anti-
leukaemia immunity [9], and both prolamins and glutelins 
possessing antioxidant activities [10]. Cupin was highly 
expressed in RR, and up-regulated the most in BR (max. 
37-FC), followed by germin-like protein (max. 33-FC). 
Cupin and germin-like proteins are antioxidative proteins, 
exerting superoxide dismutase activity which helps plants 
in their defence mechanism against oxidative stress 
[11]. A number of pigment biosynthesis enzymes with 
antioxidant properties such as geranylgeranyl diphosphate 
synthase (carotenoid biosynthesis) were upregulated 
in RR, and chalcone synthase and leucoanthocyanidin 
dioxygenase (anthocyanin biosynthesis) in BR, which 
help in the prevention and treatment of diabetes, cancer, 
inflammation, obesity as well as cardiovascular diseases 
[12,13,14].
 Starch biosynthesis-related proteins (starch synthase 
and soluble starch synthases) were up-regulated the most 
in RR, especially for MRM 16 that had more soluble starch 
synthases (key amylopectin biosynthesis enzymes) than 
MRQ 100 [15]. MR 297 contained Os04g0164900 protein 
(GO term: pullulanase activity) that makes amylopectin 

insoluble, and thus can increase the apparent content of 
rice amylose [16]. In fact, MRM 16 had lower amylose 
content (amylose content=17.6) compared to MR 297 
(amylose content=23.3). In addition, WR was significantly 
enriched with the vitamin B complex, essential amino 
acids as well as unsaturated fatty acids. More specifically, 
MR 297 had higher biosynthetic enzymes for vitamins B2 
and B7, whereas MRQ 76 had higher levels of vitamins 
B1, B2 and B6 and essential amino acids (methionine 
and arginine). The B vitamins, methionine and arginine 
can exert antioxidant activities against oxidative stresses 
in the rice plant [17,18], complementing the pest and 
disease tolerance and resistance characteristics of MRQ 
76 and MR 297 [19, 20]. Consuming these antioxidative 
proteins can also provide protection to our body against 
oxidative stresses [21,22,23].

Figure 2. (a) Principal component analysis across all the rice varieties (B) Scatterplot analysis between rice varieties based on 
their grain pigmentation, (a) black rice (PH9 vs BALI), (b) red rice (MRQ100 vs MRM16) and (c) white rice (MRQ76 
vs MR297)

Figure 3. K-means clustering of differentially expressed 
proteins across BR (Group 1), RR (Group 2) and 
WR (Group 3). Values represent log transformed 
normalised abundance value of proteins that differed 
significantly	between	group(s)	with	fold	change	(FC)	
±1.5	and	significance	threshold,	p	<0.05



131

Table 1. Highlighted findings on differentially expressed proteins with functions or biological process related to nutrient 
biosynthesis found in BR, RR and WR. Information about the relatively higher protein expression within the groups 
BR (PH9 and BALI), RR (MRQ 100 and MRM 16) and WR (MRQ 76 and MR 297), which were assigned clusters 
according to k-mean clustering analysis and maximum fold change across all the rice varieties (MaxFC) is provided

Conclusion

 This high-throughput comparative proteomics study 
was the very first study conducted across pigmented 
and non-pigmented rice varieties. It has helped us to 
gain insights into the expression of rice nutrient-related 
proteins and bioactive peptides. Clearly, pigmented 
and non-pigmented rice grains showed significant 
differential expressions on a variety of antioxidative 
proteins, suggesting their uniqueness as functional food 
in contributing a diverse health benefit when used for 
human consumption. Knowledge gained from this study 
can be used for developing protein-based biomarkers 
related to nutritional and quality traits. Also, these rice 
proteomics findings together with our previously obtained 
rice omics (genomics, transcriptomics, and metabolomics) 
data will facilitate data integration towards supporting 
the development of rice multi-gene chips. This in turn 
can assist rice breeders, and eventually farmers or 
commercial rice producers in generating new rice varieties 
with enhanced levels of antioxidants, phytochemicals, 
micronutrients and amylose content.
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Abstract

 Pometia pinnata is an important wild fruit species that belongs to the Sapindaceae Family. In Malaysia, three 
formae are found thriving in traditional villages and forest fringes.  These formae have gained attention in recent 
years; their use has expanded from a marketed fresh fruit to becoming ornamental species, namely, kasai (Pometia 
pinnata f. pinnata), lenggeng/kristal (P. pinnata f. glabra) and matoa (P. pinnata f. macrocarpa). Lenggeng or buah 
kristal is considered to be one of the most promising formae for cultivating in Malaysia, both for fruit consumption 
and ecological reasons, for attracting attention from planting at least one tree of each of the selected formae. There 
has been considerable confusion concerning the taxonomy of Pometia due to its complex and seemingly bewildering 
variation patterns that cannot be satisfactorily accounted for by conventional taxonomic categories. We have studied 
in detail the Pometia formae present in Peninsular Malaysia, and have determined the ones with the most potential 
for both the production of fruit and for ornamental purposes. We have also established the taxonomic value between 
the formae that can be used in supporting forma limitation using taxonomic evidence. Morphological, anatomical and 
palynological evidence showed significance taxonomic value in identifying the genus Pometia and its formae. Thus, 
this evidence can be used as additional data for forma identification, supporting the current classification which only 
distinguishes at forma level between kasai, lenggeng/kristal and matoa. This is the first report on detailed taxonomy 
analysis of Pometia formae conducted in Malaysia. 

Keywords: kasai fruit, kristal fruit, Peninsular Malaysia, Pometia pinnta, Sapindaceae
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Introduction 

 The genus Pometia consists of small to very large 
trees up to 50 m in height, occurring naturally in an 
area stretching from Sri Lanka and the Andaman Islands 
through to Southeast Asia, with extensions into southern 
China, Vietnam and Malesia [1]. It occurs in a wide variety 
of habitats, soils and vegetation associations. This genus 
has been studied taxonomically and found to consist 
of two species, namely, P. pinnata Forst. and P. ridleyi 
Radlk. [2]. Within the species P. pinnata, eight formae 
were later identified by Jacobs, namely, f. tomentosa, f. 
macrocarpa, f. alnifolia, f. pinnata, f. glabra, f. repanda, 
f. acuminata and f. cuspidata [2]. The genus Pometia is 
often considered to be a symbol species of valley land 
and dominant uppermost canopy trees [3], but has now 
become a vulnerable species, especially for the rarer 
formae [4]. Recently, it has gained attention as some 

researchers are actively studying these species’ potential 
as alternative medicine, such as the formae f. pinnata and 
f. glabra. Phytochemical constituents in the methanol 
extract of the fruit flesh include tannins, phenolics and 
sterol triterpenoid [5]. Breeding and selection work on 
this genus may be needed to identify and propagate trees 
with the combination of desirable fruit characteristics 
and quality to encourage further development in its 
cultivation, and to enhance the economic viability of 
larger-scale commercial planting. Thus, there is a need to 
confirm the taxonomic value of the formae thriving in the 
forests and traditional villages in Peninsular Malaysia to 
avoid confusion over the taxa and variation patterns. This 
study was aimed at assessing the variations among three 
formae of Pometia using their morphological, anatomical 
and pollen variations to get a clearer perspective of 
their delimitations.
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Materials and Methods

 Morphological characterisation of Pometia formae 
was carried out on living plants observed in situ and 
also on herbarium specimens deposited at the MARDI 
Herbarium (MyGenebank™ Complex MARDI Serdang). 
For leaf anatomy analysis, collected leaves of the Pometia 
formae were fixed in AA solution (1 Acetic acid:3 
Alcohol). The leaf parts studied included the midrib, 
lamina and margin which were sectioned in a thickness 
range of 15 – 30 μm using a sliding microtome. The 
leaf sections were then cleared using a bleaching agent, 
washed in various alcohol series, and stained in Safranin 
and Alcian blue for 5 minutes each before proceeding to 
the dehydrated stage through an ascending alcohol series 
(50-100%). During the final dehydration stage, the leaf 
specimens were differentiated in 70% alcohol with a 
drop of hydrochloric acid (HCl) before being mounted 
in Euparal. The specimen slides were kept in an oven 
at about 60 – 70 °C for two weeks. Photographs of the 
investigated sections were taken using an Olympus SZH40 
microscope and the images were processed using CellSens 
Image Analysis software. 
 For the pollen micromorphology study, preparative 
fragments of Pometia pollen were obtained from the floral 
parts of approximately three specimens of each forma. 
The targeted pollen was mounted on aluminium stubs 
with double-sided adhesive tape before proceeding to air 
drying. The stubs were then sputter-coated with pure gold 
to a maximum thickness of 15 nm, and examined with 
a LEO (Model 1450 SEM) – Field Emission Scanning 
Electron Microscope (FESEM). For future reference, 
the remaining pollen were soaked in 5% ammonia and 
mounted on microscope slides in Canada balsam.

Results and Discussion

 Variations in leaf anatomical features between the three 
taxa in the genus Pometia can be seen from the outer shape 
of the petiole, the outer shape and pattern of the midrib 
vascular tissue, the stomata type and the anticlinal wall 
pattern. The results of this study show minimal variation 
which supports the exclusion of taxa in the genus Pometia 
up to the forma level (Table 1; Figures 1 and 2).

Stomata Type

 The type of stomata present on the surface of the 
abaxial epidermis of a species has taxonomic value and 
are is essential to study [7]. By studying stomata type 
in these three formae of P. pinnata, some variations can 

Table 1. Petiole outer shape, midrib outer shape and midrib vascular tissue pattern

Taxa Petiole outer shape Midrib outer shape Midrib vascular tissue pattern
Pometia pinnata f. pinnata Shape No. 21 Shape No. 15 Pattern No. 1
P. pinnata f. glabra Shape No. 17 Shape No. 15 Pattern No. 7
P. pinnata f. macrocarpa Shape No. 17 Shape No. 18 Pattern No. 16

be used as features for taxon differentiation (Table 2). 
P. pinnata f. pinnata showed the presence of staurocytic 
type stomata, whereas P. pinnata f. macrocarpa and P. 
pinnata f. glabra indicated the presence of anomocytic 
type stomata. This study suggests that stomata type can 
be used as a feature for Pometia forma differentiation.

P. pinnata f. pinnata P. pinnata f. glabra

P. pinnata f. macrocarpa

Figure 1. Pometia forma petiole outer shape

Figure 2. Pometia forma midrib outer shape

P. pinnata f. macrocarpaP. pinnata f. pinnata

P. pinnata f. glabra
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Pollen Variation

 The morphological characteristics of the pollen are 
presented in Table 3. A total of 14 pollen morphological 
features of the study taxa were analysed in a numerical 
phenetic analysis. Due to the difference in their pollen 
ambitus, the two formae of P. pinnata were separated 
from each other at an index of 0.76.
 A phenogram was constructed via the UPGMA method 
using MVSP software version 3.22 by Kovach Technology 
(2007) (Figure 3). Phenetic analysis shows that the three 
formae of Pometia, namely, P. pinnata f. pinnata, P. 
pinnata f. glabra and P. pinnata f. macrocarpa, have a 
similarity index of 0.86, arising from slight differences in 
the morphological features of their vegetative traits, fruit 
morphology and also flower morphology. Anatomical and 
pollen micromorphological features for these three formae 
also showed similarities, mainly in the external shape of 
the petiole and the midrib, the presence of brachyschlereid 
cells, and in the vascular tissue patterns of the petiole 

Table 2. Stomata characteristics of Pometia formae

Taxa Observation of stomata Type of stomata Stomatal Index
Pometia pinnata f. pinnata Homostomatic Staurositic 18.75%
P. pinnata f. glabra Homostomatic Anomositic 23.07%
P. pinnata f. macrocarpa Homostomatic Anomositic 20.67%

Figure 3. Cluster analysis of Pometia pinnata formae

and midrib. The results of this study are also consistent 
with the those of a previous related study that stated that 
the subfamilies Dodonaeoideae and Sapindoideae have a 
close relationship based on anatomical features, especially 
in terms of the presence of musculoskeletal cells and 
ducts, as well as discontinuous ring or circle-type vascular 
tissue patterns [7].

Conclusion

 Combination analyses of morphological, anatomical 
and micromorphological pollen features prove that this 
taxonomic classification of Pometia (Sapindaceae) can 
distinguish the Pometia specimens to their assigned forma 
level.
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Table 3. Pollen characteristics of Pometia formae

Taxa Pometia pinnata f. pinnata Pometia pinnata f. glabra
Pollen class Tricolpate Tricolpate
P/E ratio 1.34 1.19
Pollen shape Triangular Triangular
Aperture Porus Porus
Polar size, µm 18.69 (21.02) 23.41µm 18.04(22.74)26.63
Equator size, µm 13.65(15.64)16.88 17.64(19.02)20.32
SEM Pollen class Tricolpate Tricolpate
P/E ratio 1.39 2.17
C/P ratio 0.60 0.85
d/D ratio 0.98 0.77
Aperture Colpus Porus
Ambitus Rounded Obovoid
Exine ornamentation Reticulate Reticulate

Pometia pinnata f. glabra

Pometia pinnata f. macrocarpa

Pometia pinnata f. pinnata

0.82 0.85 0.88 0.91 0.94 0.97 1
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Abstract

 The rapid growth omics data on rice and papaya have resulted in a big data resource, which is valuable for applications 
in omics research (e.g., functional genomics, gene editing, molecular markers) and in breeding programmes of these 
crops. The generated omics information should be stored and integrated systematically and in practical ways. Hence, 
MyNutRiceBase and CpEDb were developed as a web-based repository and data-mining platform to facilitate the 
exploration for omics resources, such as genomes, metabolites, pathways and molecular markers. MyNutRiceBase is 
dedicated to providing omics resources for 15 Malaysian rice varieties (e.g., MR 297, MR Q76, Pulut Hitam), while 
CpEDb was developed to serve as an omics resource for Eksotika papaya variety and Erwinia mallotivora. These 
web-based repositories aim to bridge the gap between omics technologies and plant breeding, and to expedite omics 
research by enabling researchers to retrieve valuable omics resources. To date, MyNutRiceBase and CpEDb consist 
of comprehensive omics data generated from the omics platforms (i.e., genomics, proteomics, transcriptomics and 
metabolomics), and are integrated with several useful tools, such as JBrowse and BLAST, in a single platform. Three 
modules, namely, analysis, query and database, are provided in a graphical user interface. The omics information 
retrieved from these web-based repositories is valuable for developing molecular markers as well as identifying genes 
with potential to be edited and that are associated with nutritional, quality and disease resistance traits. MyNutRiceBase 
and CpEDb follow the concept of a responsive web design, which can be viewed in different browser environments 
and by mobile browsers. Both data mining platforms are free tools, secure and easily accessible. MyNutRiceBase 
and CpEDb are valuable to the rice and papaya research communities in government agencies, the private sector and 
postgraduate students using omics resources (e.g., genomes, molecular markers) in their fields of work. MyNutRiceBase 
can be accessed via http://www.mynutricebase.org, while CpEDb can be accessed via http://www.cpedb.org.

Keywords: Bioinformatics, biological database, omics, papaya, rice

Introduction

 Several rice and papaya databases provide omics 
data such as quantitative trait loci (QTL) [1], disease 
and stress related genes [2], structural variations [3] and 
transcription factors [4]. However, at present, the one-stop 
omics repository for data on local rice and papaya varieties 
remains limited. The omics repository will greatly 
facilitate molecular geneticists and breeders in developing 
their strategies in improving rice and papaya varieties 
with specific traits, such as high nutritional contents (e.g., 
antioxidants, folate), sweetness, and resistance to disease 
using functional genomics, gene editing and molecular 

breeding approaches. Hence, MyNutRiceBase and CpEDb 
were developed to systematically store omics data related 
to nutritional and disease resistance traits in Malaysian rice 
and papaya varieties, respectively. MyNutRiceBase and 
CpEDb offer information and data sharing for the rice and 
papaya community, provide research tools and efficient 
educational methods, and improve on the traditional data 
collection approach into database management systems 
using computational tools.
 In this study, the omics data generated from omics 
platforms, such as genomics, transcriptomics, proteomics 
and metabolomics, were analysed using the bioinformatics 
approach, or the data were obtained from bibliomic 
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studies. MyNutRiceBase consists of single nucleotide 
polymorphisms (SNPs) and biosynthetic genes that 
were mined from the genome and transcriptome data 
of four pigmented (Bali, Pulut Hitam 9, MRM16 and 
MRQ100) and two non-pigmented (MR297 and MRQ76) 
rice varieties. The detected SNPs from the genome and 
transcriptome data were filtered to retrieve SNPs in the 
flavonoids and folate related genes. The transcription 
factors and co-expressed genes were identified from the 
transcriptome datasets of pigmented and non-pigmented 
rice varieties. The genome annotation of Eksotika papaya 
variety and Erwinia mallotivora, and the metabolites data 
of Eksotika were deposited in CpEDb. Lastly, the genetics 
and genomics data obtained from these analyses were 
stored in MyNutRiceBase (http://www.mynutricebase.
org) and CpEDb (http://www.cpedb.org).

Materials and Methods

Sources of Data in MyNutRiceBase

 Data from 15 genomes, 6 transcriptomes and 6 
proteomics of Malaysian rice varieties (namely, Bali, 
PH9, MRM 16, MRQ 100, MR 297, MR Q76, Pulut 
Malaysia, Mas Ria, Pulut Siding, MR 307, MR 12H, MR 
127, MR Q74, MR 103 and MR 106) were analysed using 
bioinformatics approaches. SNPs that are associated with 
amylose, flavonoid and folate biosynthetic genes were 
identified from the genome of the 15 rice varieties. The 
co-expressed data were obtained using gene co-expression 
network analysis of six transcriptomes. The proteomics 
data from the varieties, Bali, PH9, MRM 16, MRQ 100, 
MR 297 and MR Q76, were obtained using label-free 
liquid chromatography Triple TOF 6600 tandem mass 
spectrometry (LC-MS/MS).

Sources of Data in CpEDb

 The genome sequence of Eksotika papaya variety 
was annotated using a bioinformatics approach. The 
Molecular markers, such as SNPs, simple sequence 
repeats (SSRs), and insertion-deletion (InDel) markers, 
were identified from the Eksotika genome sequence. 
The metabolite data of Eksotika were retrieved from a 
bibliomic study [5]. Putative resistance genes of Eksotika 
were identified using Disease Resistance Analysis and 
Gene Orthology (DRAGO) version 2.0 [6]. The Erwinia 
mallotivora genome annotation was retrieved from the 
Ensembl Bacteria database (https://bacteria.ensembl.org/
index.html). Putative effector genes of the E. mallotivora 
genome sequence were predicted using a bioinformatics 
approach.

Database and Website Construction

 MyNutRiceBase and CpEDb are hosted by the Digital 
Ocean cloud server with four cores, having 8 gigabyte 
(GB) random access memory (RAM) and 150 GB 
storage under the Linux environment. Linux-Ubuntu 

version 18.06 long-term support (LTS) is used as the 
server operating system. My Structural Query language 
(MySQL) version 5.7.25 is used as MyNutRiceBase 
and CpEDb database management systems (DBMS). 
Queries from the user interface to the MySQL database 
are implemented in Hypertext Preprocessor 5 (PHP5) 
and Hyper Text Markup Language 5 (HTML5) scripts 
running in Apache version 2.4.29. The web interface was 
built using WordPress version 5.0.4.

Results and Discussion

Data Description

 To date, MyNutRiceBase stores six datasets: i) a panel 
of SNP markers for identification of pigmented rice 
varieties, ii) putative SNPs associated with flavonoids, 
folate and amylose biosynthetic genes, iii) a list of 
flavonoids, folate and amylose biosynthetic genes, iv) 
genes expression, v) co-expression network, and vi) 
proteomics. CpEDb serves 5 datasets: i) annotation of 
the Eksotika variety genome, ii) annotation of the E. 
mallotivora genome, iii) putative SNPs, SSRs and InDels, 
iv) metabolite profiling of Eksotika papaya variety, and 
v) resistance and effector genes.

Database Iinterface and Accessibility

 There are eight functions for users to explore in the 
MyNutRiceBase and CpEDb databases (Figure 1). Each 
function is equipped with a search box, drop-down list, 
and check box for the user to select and filter. Figures 2 
and 3 show the interface of MyNutRiceBase and CpEDb, 
respectively.

Database Utility

 MyNutRiceBase and CpEDb provide a user-friendly 
interface for accessing and retrieving the information of 
interest. The user can perform manual queries and batch 
downloads using the search and filter functions and the 
‘Download’ link, respectively. Both databases are also 
embedded with a similarity search tool (BLAST) and a 
data visualisation tool (JBrowse). For example, the user 
can upload sequences and perform a BLAST search 
against the sequences of local varieties. JBrowse can be 
used for data visualisation whereby the user can upload 
the Binary Alignment Map (BAM) and Variant Call 
Format (VCF) files of interest into the track for sequence 
comparisons among the varieties. MyNutRiceBase and 
CpEDb adopted the Responsive Web Design (RWD) 
concept; in other words, they can be viewed in different 
browser environments and bymobile browsers.
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Figure 1. Site maps of MyNutRiceBase and CpEDb

Figure 2. Interface of MyNutRiceBase

Figure 3. Interface of CpEDb
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Conclusion

 MyNutRiceBase and CpEDb are high-quality databases 
that integrate omics data and information from different 
omics platforms. These valuable omics resources should 
facilitate the rice and papaya scientific communities 
and the industry in identifying specific SNPs, genes, 
proteins and metabolites that are effective to be prioritised 
for further studies. These studies include functional 
genomics, gene editing, molecular marker development, 
and molecular breeding for improving desirable traits in 
rice and papaya varieties. These databases are regularly 
updated to include newly identified genomes, genes and 
SNPs from various Malaysian rice and papaya.
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Abstract

 Cauliflower, also scientifically known as Brassica oleracea, is a common vegetable that can be found easily in 
the fresh market. It has become the choice of consumers because of its competitive pricing. In addition, it’s delicious 
taste and crunchiness are features that attract the consumer. The presence of quercetin, a chemical constituent in 
cauliflower, has become a value-added criterion for this agricultural product. By using a developed technique, this 
chemical constituent can be determined through four major processes. These processes include extraction of the 
chemical components, preparation of the sample for analysis, preparation of standard solutions, and instrumentation. 
The extraction process involves maceration of sample which is then introduced into methanol solvent for 48 hours. 
Subsequently, the extract obtained is filtered using a syringe filter to separate out any impurities. This step is important 
to avoid damage to the analytical instrument. The standard quercetin constituent is dissolved in methanol solvent, and 
diluted to at least five different concentrations. The filtered extract and the standard quercetin solutions are subjected 
to the HPLC analytical instrument. The signal areas for the extract and standard solutions in the chromatogram are 
compared to establish the quercetin content in the cauliflower sample. This technique can give added value in terms 
of information on the nutritional content of cauliflower to the public.

Keywords: analytical, cauliflower, chemical constituent, HPLC, quercetin

Introduction

 Cauliflower, scientifically known as Brassica oleracea, 
is commonly found in wet markets, supermarkets or 
grocery stores selling fresh produce. This vegetable is 
a favourite among consumers because of its affordable 
price. In Malaysia, cauliflower is generally grown in the 
highlands in Pahang and Sabah to meet the demand of 
local markets. In total, the planted area for cauliflower in 
Malaysia is 500 hectares with an average yield of 4 – 5 t/
year. Cauliflower is also imported from foreign countries, 
especially China, to meet the high local market demand.
 Quercet in known explici t ly  as  3,5,7,3 ‘ , 
4’-pentahydroxyflavone, belongs to the flavonoid group. 
The melting point of this chemical compound is 316 °C. 
In general, the structure of quercetin consists of two 
phenyl groups (A and B) and one heterocyclic group (C). 
In total, it contains 15 carbon, 10 hydrogen and seven 
oxygen atoms. In terms of nutritional value, quercetin 
is reported to have a wide range of biological functions, 

which can be harnessed either for pharmaceutical use or 
in food products. It can act as an antioxidant, antiviral, 
anticancer, antimicrobial, anti-inflammatory agent and 
more [1,2,3,4,5].

Materials and Methods

Sample Collection and Preparation

 Cauliflower samples were obtained from MARDI 
Serdang horticultural plot and the Cameron Highland wet 
market. The fresh samples were cut into small pieces and 
ground using a food processing blender (National MK-
5080M). The ground samples were then subjected to the 
chemical extraction process.
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Extraction 

 Extraction of the chemical compound quercetin was 
performed using methanol as the extraction solvent. This 
solvent was selected on the basis of numerous reports of 
its effectiveness in extracting chemical compounds from 
plant samples [6]. A hundred grams of the cauliflower 
sample were weighed and soaked in 200 mL of methanol 
solvent for 48 h. After that, the macerated sample was 
filtered using Whatman filter paper No. 1, and the extract 
was ready for analysis.

Preparation of Sample for Analysis

 At this stage, the extracts went through a preparation 
process for analysis purposes using High Performance 
Liquid Chromatography (HPLC) analysis equipment.  
The sample extracts were filtered using a 0.45 µm 
Polytetrafluoroethylene (PTFE) syringe filter to remove 
particles or insoluble substances present in the extract. 

Preparation of Standards for Analysis

 In order to quantify the quercetin content in cauliflower 
samples, standards of quercetin are required as reference. 
The standard chemical compound of quercetin was 
obtained from a registered chemical supplier (Sigma 
Aldrich). A total of 5.0 mg of the standard quercetin 
were weighed and then dissolved in 1.0 mL of methanol 
solvent to produce a 5000 ppm standard stock solution. 
A series of five standard concentrations was formulated 
using the stock solution. The stock solution was diluted 
to 100, 200, 250, 400 and 500 ppm by pipetting 20, 40, 
50, 80 and 100 µL, respectively, of the stock solution 
into 2-mL vials, then topped up with a Acetonitrile/water 
(50:50) solution mixture until the total volume reached 
1000 µL.

Instrumentation

 High-Performance Liquid Chromatography, Agilent 
1200 series HPLC, was used to determine the quercetin 
content. The method was optimised based on a previous 
method [6]. The following are the parameters of the HPLC 
equipment used for the analysis of quercetin: HPLC 
column, Kinetex 5µ C18; length, 250 mm; diameter, 4.6 
mm; injection volume, 20 µl; mobile phase, isocratic 
solvent A ([H2O: acetonitrile (50:50)] with 0.1% acetic 
acid) for 15 minutes; flow rate, 1.0 mL/minute; detection 
wavelength, UV 260 nm; and temperature, 25 °C.

Calibration Curve

 The content of quercetin in the cauliflower samples 
was measured by plotting standard solutions readings to 
a standard calibration curve with an R2 value approaching 
1.0. The content of quercetin obtained through this manner 
was reported in units of parts per million (ppm).

Results and Discussion

 The quercetin signal was detected at around 2.0 – 3.4 
minutes (Figure 1) of the chromatogram using a diode 
array detector at wavelength 260 nm. The wavelength 
used was 260 nm which is the standard wavelength for 
phenolic compounds [6,7,8]. The use of quercetin as a 
chemical marker was in agreement with a previous study 
[10], and the price of this marker is much lower than that 
of any other flavonoid. Quercetin is determined using 
the calibration curve method. Many studies have proved 
the method’s efficiency, such as in the determination of 
quercetin in Fagopyrum sp and Scisandra sp [7,9]. From 
the analyses, quercetin content from lowland cauliflower 
was significantly higher (436 ug/g) than from highland 
cauliflower (288 ug/g). This is in agreement with Follov 
(2011), who suggested that the effects could be due to 
higher environment temperature and increased exposure 
to sunlight [10] in the lowlands. 

Conclusion

 The analysis technique for quercetin in cauliflower 
involves several processes, i.e., extraction, sample 
preparation, preparation of standard solutions, and 
instrumentation. Extraction of quercetin from the 
cauliflower samples is performed by soaking the sample 
in methanol (solvent) for 48 hours. The resulting extract 
is then subjected to HPLC analysis. The peak area signal 
for the extract is recorded and subsequently compared 
with the standard concentrations. The value represented 
the content of quercetin in the cauliflower sample. This 
analytical technique can help to determine the quality of 
cauliflower in terms of its phytochemical content. 
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Abstract

 Microgravity is a new R&D area for the commercialisation of space products. Microgravity allows new materials to 
be developed which cannot be replicated on Earth. Chilli is an important vegetable crop and is currently prone to viral 
diseases and anthracnose. Breeding for resistance against these diseases has been very daunting and has resulted in 
very little success. Hence, a new microgravity method was introduced to improve the quality of chilli seeds. According 
to NASA, exposure to such an environment (i.e., with microgravity) was shown to have effects on gene expression. 
The opportunity provided by the Japan Aerospace Exploration Agency (JAXA) and National Space Agency (MYSA) 
in microgravity research by exposing Malaysian crop seeds to a microgravity environment at the International Space 
Station (ISS) was taken. This study focused on the effects of microgravity exposure on seed quality, capsaicin content 
and gene expression in MC 11 chilli seeds. Seed quality testing, capsaicin analysis and plant genotyping have been 
carried out to assess the effects of microgravity. The germination rate of chilli seeds exposed to microgravity increased 
slightly by 4% compared to the control. The lengths of the seedling stem and root also increased slightly from 2.3 to 
2.8 cm and from 4.0 to 5.5 cm, respectively. Capsaicin content in the space seeds was lower in range than the control. 
Genotyping using IMP platforms and three primers (IMP53_53_700, IMP_1_3_800 and IMP_1_2_700) showed 
the same genotype profile for both the control and chilli seeds exposed to microgravity. The results suggest that the 
microgravity environment did not affect MC11 chilli seed quality, its capsaicin content and genes. However, further 
studies are needed to confirm it.

Keywords: capsaicin analysis, gene expression, microgravity, seed quality, space
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Introduction

 Chilli is an important vegetable crop throughout the 
Asian region. In Malaysia, MC11 is one of the main 
cultivars grown for fresh consumption and for processing 
purposes. However, MC11 is prone to viral diseases and 
anthracnose. Breeding for resistance against these diseases 
has been very daunting, and has resulted in very little 
success. Exposure to a microgravity environment may 
affect gene expression based on findings by NASA [1].
 Microgravity, also called weightlessness or zero 
gravity, is the absence of gravity. Space-related research 
has been carried out by many scientists around the world, 
either using spacecraft or simulators on the ground. The 
main characteristics of the aerospace environment are 
strong cosmic radiation, microgravity, weak geomagnetic 
field, super vacuum and super clean. Many experimental 
data show that environmental conditions in space affect 
plant growth and development, and may even induce 
genetic changes in crop seeds. According to [2], combined 

microgravity and cosmic radiation were the leading causes 
of plant genetic changes induced under space conditions. 
Several reports have shown that the exposure of dry seeds 
to space flight factors has various biological effects, such 
as morphological changes [3], chromosome aberrations 
[4], gene mutations [5], and even gene expression changes 
[6]. Moreover, many stable mutants with valuable traits 
such as improved biomass yield or quality [7], biotic 
or abiotic stress tolerance [8], and change in heading 
date [9] have been selected and used in developing new 
cultivars [10]. The mutations can improve yield, quality, 
taste, size and resistance to disease, and can help plants 
adapt to diverse climates and conditions. Therefore, the 
study aimed to determine the effects of microgravity on 
seed quality and gene expression in chilli.

Materials and Methods

 Seeds of MC11, a chilli variety developed by MARDI, 
were used. 100g of dry seeds were taken to and kept at 
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the International Space Station (ISS) for four months 
from February until June 2011 (these constituted the 
space seeds). A similar sample was kept at the Seed 
Quality Laboratory, MARDI, at 5 °C (control seeds). 
After receipt of the space seeds, they were quarantined at 
the Post Entry Quarantine Unit (PEQ) at the Department 
of Agriculture (DOA), Serdang, Selangor. After approval 
by DOA that the seeds were free from any diseases, the 
study was carried out on those seeds.

Seed Quality Assessment

 The seed moisture content was determined using 
the oven method: drying at 1300C for one hour [11]. A 
germination test was conducted following the International 
Seed Testing Association (ISTA) method, i.e., on wet 
tissue paper at 25 °C and 65 percent relative humidity 
in a germination room. The experiment consisted of four 
replications with 100 seeds each. Seedling evaluation 
was carried out after 14 days of germination. Data on 
percentage of germination, and lengths of stem and root 
were recorded. 

Capsaicin Analysis

 To each 1-g samples of crushed chilli seed (5 control 
& 5 space) was added 10 mL of ethanol. The samples 
were heated for 1 hour at 100 °C in boiling water. After 
extraction, the samples were mixed using a vortex for 
another 10 sec. The samples were cooled, filtered through 
a Whatman paper no.1, and made up into 10 mL each. The 
filtered samples were re-filtered through a 0.45 um size 
cellulose acetate membrane filter, and transferred into a 
HPLC vials. This extraction procedure is modified from 
the Shimadzu method. An HPLC analysis was done using 
a Waters e2695 Separation Module and equipped with a 
Waters 2998 PDA detector. The column oven was set at 
40oC (range ± 5 °C). Capsaicin and other capsinoids were 
separated using a Chromolith Column (RP-18e, 100 – 4.6 
mm), from Germany; and the isocratic mobile phase of 
100% acetonitrile was added with 0.1% formic acid. The 
HPLC analysis parameter was referred to as the Shimadzu 
method.

DNA Extraction

 Ten samples of DNA each were extracted from the 
control and space seedlings. 1 g of chilli leaf tissues 

from the seedlings were ground to a fine powder using 
a mixer mill, and added to the DNA extraction buffer 
(Final concentration: 2% PVP, 1% sodium sarkosyl, 4 
mM DIECA, 5 mM ascorbic acid, 1.4 mM NaCl, 100 
mM Tris-HCl pH 8.0 and 20 mM EDTA). DNA integrity 
and concentration were then analysed using agarose gel 
and the Floroskan Ascent FL reader (Thermo Scientific).

PCR Amplification

 Three degenerated IMP primers, namely, IMP 
53_53_700, IMP 1_3_800 and IMP 1_2_700, were used 
for genotyping. The first PCR was carried out using 
unlabelled primers, followed by a second PCR using 
labelled primers. PCR products were visualised on a 6.5% 
polyacrylamide denaturing gel cast with 21-cm long glass 
plates. Gel electrophoresis was carried out using the Licor 
4300 automated detection system. Data generated from 
Licor 4300 were analysed using the SAGA software. 

Results and Discussion

 Results (Table 1) showed that germination of the 
chilli seeds exposed to microgravity increased slightly 
from 92% to 95.6%. All the seedlings looked normal. 
There were increments in stem and root lengths from 
2.3 to 2.8 cm and from 4.0 to 5.5 cm, respectively. The 
range in capsaicin content of five control chilli seeds was 
between 30.973 and 45.898 mg/g. Meanwhile, capsaicin 
range in the space seed samples was bigger, between 
20.246 and 56.364 mg/g, but the content was slightly 
lower compared to the control samples (Figure 2). In 
the former, the endosperm composition, nutrients and 
other compounds may have affected germination (further 
studies are required to ascertain this), while in the latter 
the permeability of the seed coat may have been the cause.
 Using the primer IMP 53_53_700, all the control 
chilli showed the same genotype profile except sample 
no 2, whereas all the space chilli showed the same 
genotype profile except for sample no. 20 (Figure 3). 
The differences in genotype profile might be due to seed 
contamination during MC11 seed development. With 
primers IMP_1_3_800 and IMP_1_2_700, again all the 
control chilli showed the same genotype profile except 
sample no. 2, whereas all the space chilli showed the 
same genotype profile (Figure 3). In general, the control 
and space chilli plants did not show any differences in 
genotype.

Figure 1.	 Left;	MC11	chilli	 seeds	were	
subjected to microgravity 
conditions at the Japanese 
Kibo, International Space 
Station (ISS) where they were 
kept for four months. Right: 
Chilli seeds returned to Earth
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Conclusion

 From the studies conducted, we can conclude that 
seed germination was similar but slightly higher in seeds 
exposed to microgravity than the control chilli seeds 
(which remained on Earth). The capsaicin content range 
in the space seed was larger than in the control seeds, 
although the content was marginally lower. Genotyping 
using the IMP platform and three primers, namely, Primer 
IMP 53_53_700, IMP_1_3_800 and IMP_1_2_700, 
did not show any differences in genotype, indicating 
no genetic change had taken place upon exposure to 
microgravity.

Acknowledgement

 We gratefully acknowledge the National Space Agency 
(MYSA), Ministry of Science Technology and Innovation 
Malaysia (MOSTI) for providing the research grant 
under the Space Seed for Asian Future Program (SSAF) 
(KFT/85).

References

Levine HG. The influence of microgravity on plants. NASA ISS 
Research Academy and Pre-Application Meeting [3 – 5th 
August 2010]

Table 1. Percentage of seed moisture content, germination, lengths of root and stem 
in the control and space seeds of MC11 at 14 days after germination

Moisture content
(%)

Germination
(%)

Length of stem
(cm)

Length of root
(cm)

Control 11.1 92 2.3 4.0
Space  6.4 95.6 2.8 5.5

Figure 3.	 Genotyping	 profile	 using	 a)	 primer	 IMP	 53_53_700,	 b)	 primer	
IMP_1_3_800	and	c)	primer	IMP	1_2_700	on	the	control	and	space	
seedlings

Liu L and Qicheng Z. Space-induced mutations for crop 
improvement. China Nuclear Science & Technology 
Report. CNIC01139/CSNAS-0111. Beijing: China Nuclear 
Information Centre, Atomic Energy Press; 1997

Yu X, Wu H, Wei LJ, Cheng ZL, Xin P, Huang CL, Zhang KP and 
Sun YQ. Characteristics of phenotype and genetic mutations 
in rice after spaceflight. Advances In Space Research. 2007. 
40: 528 – 534

Ren WB, Xu Z and Cheng LB. Cytological changes of root tip 
cells of alfalfa seeds after space flight. (In Chinese). Journal 
of Nuclear Agriculture Science. 2008. 22(5): 566 – 568

Li Y, Liu M and Cheng Z. Space environment induced mutations 
prefer to occur at polymorphic sites of rice genomes. 
Advances In Space Research. 2007. 40: 523 – 527

Cheng ZL, Zhang M and Hang XM. Transcriptomic analysis of 
space-induced rice mutants with enhanced susceptibility to 
rice blast. Advances In Space Research. 2007. 40: 540 – 549

Ma Y, Wang W and Sun Y. Proteomic analysis of high yield 
rice variety mutated from spaceflight. Advances In Space 
Research. 2007. 40(4): 535 – 539

Xiao WM, Yang QY and Chen ZQ. Blast-resistance inheritance of 
space induced rice lines and their genomic polymorphism 
by microsatellite markers. (In Chinese). Agriculture Science 
China. 2009. 8(4): 387 – 393

Wei LJ, Yang Q and Xia HM. Analysis of cytogenetic damage in 
rice seeds induced by energetic heavy ions on-ground and 
after space flight. Journal of Radiation Research. 2006b. 
47(3): 273 – 278

Cyranoski D. Satellite will probe mutating seeds in space. Nature. 
2001. 410(6831): 857

ISTA. International rules for seed testing Edition 2012. Switzerland: 
International Seed Testing Association CH; 2012

Figure 2. Capsaicin content (mg/g) in control and space seeds of MC11 chilli variety



147

Proceedings of MARDI Science and Technology Exhibition (2021): 147 – 149

Humic acid: An additional material for the rice fertilisation package

Helda Souki1*, Mohammad Mohd Lassim2 and Mohammed Selamat Madom2

1Sabah	State	Director	Office,	No.	1	(Lot	2),	Malawa	Zone,	Jalan	3	KKIP	Selatan,	88460	Kota	Kinabalu,	Sabah
2Faculty of Sustainable Agriculture, Universiti    Malaysia Sabah, Locked 3, 90000 Sandakan, Sabah

*E-mail: heldasou@gmail.com

Abstract

 Humic acid (HA) with 18% liquid potassium salts of HA was used for this experiment. The rice variety TR8 was 
planted for two consecutive seasons (off-season 1/2018, and main season 2/2018) at Kampung Taun Gusi, Kota Belud 
(6°26	and	apos;25”N	116°29	and	apos;21”E). Standard agronomic practices and recommendations for rice production 
were followed. Five treatments of HA supplementation with four replications were applied in each cropping season. 
An experiment was performed to determine the effects of HA application on yield and yield components. Parameters 
recorded included vegetative growth, yield components and physical characteristics at harvest. The collected data were 
analysed using the analysis of variance (ANOVA). Means were tested by Duncan multiple range test and least significant 
difference (LSD) at p <0.05 level, using XLSTAT 2020.3.1. The statistical analyses showed that T4 (Standard NPK 
fertilizer rate + HA+ H-primed seeds) was the best treatment of all. It shows significant higher values at a confidence 
interval of 95% for plant height, number of panicles, number of grains per panicle, filled grain weight, harvest index 
and yield. These observations indicate that seeds treated with HA showed better physical quality as well as a higher 
yield. 

Keywords: Fertilisation, humic acid, rice, TR8

Introduction

 The average rice yield in Sabah is 3.5 t/ha, and is 
only 2.85 t/ha when hill paddy is included [1]. This is 
considered low when compared to the average yield in 
Peninsular Malaysia and Sarawak. The number of farmers 
and land for paddy cultivation in Sabah are decreasing 
each year. Many rice-growing areas have been developed 
into housing or industrial estates, or are neglected because 
of a lack of water or seed supply, and inefficient irrigation/
drainage infrastructure. The current self-sufficiency level 
(SSL) for rice in Sabah is only 35% which is the lower 
than in Sarawak and Peninsular Malaysia [1].
 The Ex-Minister of Agriculture and Food Industry 
of Sabah, Datuk Seri Yahya Hussin, in his winding-up 
speech at the State Legislative Assembly sitting on 25th 
November 2015, said that the government of Sabah 
hoped to reach the 60% SSL target for rice by 2024 [2]. 
This means that by 2020, Kota Belud should be able to 
produce 60,000 metric tonnes of rice per year [2]. One 
of the most important elements to be improved is the 
production capacity and quality of rice seeds to achieve 
that target. The productivity of rice seeds is affected by 

many factors such as seed germination, N fertilisation, 
and the quality of the fertiliser technology [3].
 In Sabah, rice seeds are produced by the Sabah 
Department of Agriculture (DOA), and the seeds are 
prepared using Standard Operating Procedure (SOP). 
However, the supply of rice seeds in Sabah often cannot 
meet the requirements because of the lack of human 
resources and failure to meet SOP.  Observations in the 
field and feedback from farmers show that only half of 
good quality seeds is available to the farmers, while the 
rest of the requirements is met by the farm-saved seeds. 
The farmer’s seeds might be impure (mixed with other rice 
varieties), and/or affected by seed-borne diseases, which 
may cause enormous losses to the crop. The infected 
seeds may fail to germinate, and have a high potential 
to transmit disease from seeds to seedlings and growing 
plants. Contaminants include weed seeds, insects, varietal 
mixture, partially filled grains, unfilled grains, other plant 
parts, inert matter and seeds of other crop species [4]. 
Abnormal and disease infected seeds in a seed lot also 
indicate poor health. Abnormal seed conditions include 
discoloured, spotted, deformed, unfilled, partially filled, 
smutted and insect-damaged seeds [4]. Poor seed quality 



148

in terms of purity and health will lead to negative effects 
on yield, and vulnerability to pests and disease. If this 
situation continues, it will have an impact on the agro-food 
(rice) industry in Sabah. This research was undertaken 
to determine the effects of HA in improving the yield 
of rice.

Materials and Methods

 Five treatments of HA in RCBD with four replications 
were applied for two cropping seasons as indicated in 
Table 1.
 The standard fertiliser was applied at 5, 25, 45 and 
65 days after sowing (DAS) at a rate of 20, 31, 35 and 
14% for the respective growth stages. The source of the 
standard fertiliser was the subsidised fertiliser (NPK) 
and urea (CO(NH2)2) supplied by Persatuan Peladang 
Kawasan (PPK). Treatments involving HA application 
in the field were performed at 45 DAS, which is during 
panicle initiation. Data on parameters like plant height, 
culm height, panicle length, number of grains, filled grain 
+ empty grains weight, filled grain weight, percentage of 
grains weight, one thousand grain weight, empty rachis 
and straw weight, harvest index and yield were collected 
to be analysed.

Results and Discussion

 Table 2 shows that most of the parameters showed 
a significant difference among the treatments except 
for grain weight percentage (p >0.278) and 1000-grain 
weight (g) (p >0.72). The analyses revealed that treatment 
T4 shows had the best performance for most of the 
parameters, followed by T2, T3, T1 and T5. T4 showed 
the highest plant height (99.51 cm), while, the lowest 
plant height was recorded by T5 (81.95 cm). The same 
pattern could be observed for each parameter with the 
two exceptions (Table 2). Thus, T4 had the highest culm 
height (76.51 cm), panicle length (23.00 cm), number of 
panicles (577.375), number of grains (110.375), filled 
grain weight (432.193 g), grain weight (80.737%), harvest 
index (0.330), and the most critical parameter, yield 
(4.322 kg/m2). The combination of HA and NPK fertiliser 
brought out the best performance in the yield components 
of rice. This could be because HA improves the ability 
of plant roots to absorb essential nutrients, while the 
NPK fertiliser provides extra nutrients for the plant. The 
difference in yield between the two best treatments was 
0.46 kg/m2, while the difference between the highest and 
lowest yield was 2.375 kg/m2. 
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Table 1. Treatmenst for rice seeds in the field

Treatment Description
T1
T2
T3
T4
T5

Standard NPK fertiliser rate + No HA (control)
Standard NPK fertiliser rate + seed priming 
Standard NPK fertiliser rate + HA 
Standard NPK fertiliser rate + HA + seed priming
HA + seed priming
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Conclusion

 In conclusion, the application of HA significantly 
affected plant growth and yield performance of the TR8 
rice variety. Applying HA with the subsidised fertiliser 
provided better yield at a lower input cost; this could help 
current and future rice farmers get a higher income, and 
direct the extra cost into other management sectors. It 
is recommended that further research be carried out on 
the effects of HA on the nutrient content in soils in the 
granary areas. It could help provide more information on 
the conditions of the soil after HA application. 
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Abstract 

 Two simple approaches can be taken to produce durian seedstock of clones: cuttings or layering. The cutting technique 
is a more straightforward method compared to the layering technique. However, some studies and reports have shown 
that propagation using cuttings is unsuitable for durian because of an unsatisfactory rooting rate. Therefore, this study 
focused on assessing rooting ability by analysing phenolic and carbohydrate contents in cuttings from each potential 
cutting source tested. The primary cutting source was from a serial grafting method to produce juvenile cuttings.  
Newly emerged shoots resulting from this grafting method were evaluated for to their rooting potential when used 
as cuttings. A study was then conducted to test the appropriate scion age for serial grafting, and the success rate and 
survival of the first, second and third serial grafting results were recorded. Then, evaluation of rooting in these cutting 
sources was tested using a ‘Closed Capillary Propagation System. This was carried out together with cuttings from 
other sources, namely, shoot cuttings from mature trees, and juvenile seedlings aged 40 days after sowing (DAS), using 
different media combinations and a supplement of 5,000 ppm indole butyric acid (IBA) hormone for each treatment. 
Rooting success and the survival data were recorded at 60 days after planting. Total phenolic content and content of 
soluble sugars in cuttings from each cutting source were analysed using the UPLC method. Results indicated that scions 
aged two months produced the highest graft take and were suitable for the serial grafting procedures. In addition, the 
success of serial grafting and survival of the cuttings were highest in the first serial grafting at 65%. In the evaluation 
of rooting, the results demonstrated that the juvenile trees (seedings) in sand media showed 21.88% survival, followed 
by growing them in peat media (9.38% survival). Other combinations of media and cutting sources did not show any 
survival and rooting.

Keywords: phenolic compound, rooting ability, serial grafting, soluble sugar, vegetative propagation

Introduction 

 Durian is one of the most important fruit crops 
in Malaysia. Several varieties become the choice of 
producers and customers, namely, D 197, D 99, D 168, D 
145, MDUR 78, MDUR 79 and MDUR 88 etc. Although 
it is the main choice of fruit producers in Malaysia, this 
high-value crop has its own problems that can hinder the 
production of clonal seedstock.
 To produce durian clonal seedstock, two approaches 
can be taken: cuttings and layering. Propagation by 
cuttings is much simpler than the air layering technique. 
However, there are some studies have reported that 
cuttings is not a suitable propagation method for durian 

because of an unsatisfactory rooting rate [1]. Therefore, 
this study focused on assessing rooting ability by 
analysing the contents of phenolic compounds and soluble 
sugars in the cuttings from each potential cutting source 
tested. Various phenolic compounds play a significant 
role in promoting adventitious root formation, while some 
act in an opposite way [2]. Rooting is a process that uses 
high energy. Thus, a high content of soluble sugars in the 
cutting source was found to stimulate root growth in the 
subsequent cuttings from that source [3]. Transferring 
the scion to new rootstocks may maintain the juvenile 
phase [4]. Therefore, the newly emerged shoots resulting 
from this serial grafting were used for the analyses to 
determine the rooting potential of the cuttings. In addition, 
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the cuttings from these sources were tested for rooting 
ability using a ‘Closed Capillary Propagation System’ [5] 
together with the other two sources of cuttings, i.e., from 
mature trees and juvenile seedlings. 

Materials and Methods 

 The experiment was conducted at MARDI Sintok 
Research Station on Durian variety D99.

Sources of Cuttings

 The sources of cuttings used in the experiment were: 
cuttings taken from mature durian trees (15 years old); 
juvenile trees or seedlings (at 40 days after sowing 
(DAS)); and shoot cuttings from serial grafting. Following 
methods described in [6], serial grafting procedure was 
carried out to obtain three types of serials shoot cuttings. 
Before planting, the procedure was optimised to ascertain 
the optimum scion age for grafting and re-grafting 
purposes.

Analyses of Soluble Sugar and Total Phenolic 
Compounds

 Soluble sugars and total phenolic compound were 
extracted and analysed using High-performance liquid 
chromatography (HPLC) and Ultra performance liquid 
chromatography (UPLC) techniques. These secondary 
metabolites were extracted from basal shoots and leaves 
from each cutting source. Three replicates were used for 
each source and five shoots were sample from each source.

Rooting Experiment 

 In order to determine the rooting ability of cuttings 
from each cutting source, they were subjected to a ‘Closed 
Capillary Propagation System’ (CCPS) (Figure 1), a 
method of rooting developed by [5]. Cutting samples were 
prepared according to [7] with minor modifications. Three 
different media (sand, peat and perlite) and four sources of 
shoot cuttings (first serial, second serial, mature trees and 
seedlings at 40 DAS) were tested. Each of the treatment 
combinations was replicated four times, and the sample 

size was eight shoot cuttings per treatment. The number 
of rooted shoots was recorded at 60 days after planting.

Results and Discussion 

Analyses of Soluble Sugar and Phenolic Content 

 From Table 1, it may be seen that the total soluble 
sugars in the leaves from the mature trees were 
significantly higher (0.597 mg/ml) compared to other 
treatments, while the total soluble sugars in shoots showed 
no significant difference between the mature trees and 
juvenile trees (seedlings), although the value was higher 
in the juvenile trees. For shoots to leaves soluble sugars 
ratio, the juvenile trees recorded a significantly higher 
ratio (1.838) than the other treatments. As rooting is a 
process that uses high energy, a high content of soluble 
sugars in the cutting source was found to stimulate root 
growth in the cuttings from that source [3]. Based on 
the results (Table 3), only the juvenile tree treatment 
produced adventitious roots. The higher shoots to leaves 
soluble sugars ratio may have promoted the growth of 
adventitious roots in this treatment.
 Table 2 shows the average total phenolic content in 
the different sources of durian cuttings. Total phenolic 
content was highest in the mature trees, while the juvenile 
trees contained the least. The low phenolic content in 
the juvenile trees may have acted as a precursor for 
adventitious root formation in the juvenile tree source.

Rooting Experiment

 Table 3 shows the survival percentage of the durian 
cuttings using different media and cutting sources under 
CCPS. Only juvenile trees in the sand and peat media 
produced surviving cuttings, at survival rates of 21.88% 
and 9.38%, respectively. All the other treatments failed 
to produce any surviving cuttings. Humidity and cutting 
source may play significant roles in the formation of roots. 
Thus, future improvements may include enhancing the 
content of the media and the use of a mist chamber, as 
well as different levels of the plant growth regulator to 
raise the survival rate.

Figure 1. Closed capillary propagation system
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Table 1. Means for total soluble sugars in leaves and shoots, and shoots to 
leaves total soluble sugars ratio

Treatment Leaves (mg/mL) Shoot (mg/mL) Shoot to leaves ratio
Mature tree 0.597a 0.372a 0.624b
Juvenile tree 0.220d 0.397a 1.838a
1st serial graft 0.472b 0.247b 0.526b
2nd serial graft 0.374c 0.213b 0.570b

Means within a column with the same letter are not significantly different from one 
another at p ≤0.05 according to DMRT

Table 2. Average contents of total phenolic compounds in shoots and leaves of different 
cutting sources

Treatments Shoot (mg/mL) Leaves (mg/mL) Total of shoots and leaves 
(mg/mL)

Mature tree 23.892 4.947 28.839
Juvenile tree 2.842 3.092 5.934
1st serial graft 8.737 2.708 11.444
2nd serial graft 12.657 5.385 18.042

Table 3. Cutting survival percentage at 60 days after planting

Treatments Sources of cuttings Media Percentage 
of survival 
(%)

1 Mature tree Sand 0.00
2 Mature tree Perlite 0.00
3 Mature tree Peat 0.00
4 Juvenile tree Sand 21.88
5 Juvenile tree Perlite 0.00
6 Juvenile tree Peat 9.38
7 1st serial grafting Sand 0.00
8 1st serial grafting Perlite 0.00
9 1st serial grafting Peat 0.00
10 2nd serial grafting Sand 0.00
11 2nd serial grafting Perlite 0.00
12 2nd serial grafting Peat 0.00

Conclusion 

 In conclusion, the juvenile trees, i.e., the seedlings, 
produced the highest survival rate compared to the other 
treatments. Soluble sugars content could be used to 
predict adventitious root formation. Different mixtures of 
media, plant growth regulators and mist chamber systems 
are possible factors to study for future enhancement of 
the system. Shoots from mature trees can probably be 
optimised as a source of viable cuttings as they also 
contain a high source of energy (soluble sugars).
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Abstract

 The plant factory with artificial lighting (PFAL) is the most recent innovation in the modern agricultural industry 
revolution, specifically for year-round production of high-value, nutritious and pesticide-free vegetables. With no 
exception, MARDI has also ventured into and developed plant factory technologies, i.e., an indoor vertical planting 
production system with a controlled environment approach that artificially controls and automates all growth elements 
such as light, temperature, carbon dioxide and humidity. Aside from that, biological factor management is vital. 
Controlling algae growth is a critical maintenance task in a plant factory that produces crops with artificial lighting as 
algae can develop quickly on the wet surfaces that are exposed to nutrients and light. Contamination from algophagous 
insects, which feed on the algae, is clearly possible in plant factories with poor sanitation control. Such insects are 
also considered a nuisance, and may act as a vector for the spread of plant diseases. Algae and insects have intricately 
intertwined relationships. In PFALs, the study of these algophagous insects and their control has been very limited. We 
proposed a study on the effects of ultraviolet (UV) light treatment in nutrient tanks on algae and insect population 
density. Lettuce was grown using two different combinations of light-emitting diode (LED) for crop development, 
namely, red: blue and red: blue: green, over a 12-hour period. The UV light exposure in the nutrient tanks was timed 
to coincide with the LED time exposure on the lettuce. To assess the insect population in the plant factory, yellow 
and transparent insect sticky traps were used. In this study, small flies of the Order Diptera belonging to the Sciaridae, 
Ephydridae, Chironomidae and Psychodidae Families were discovered in the plant factory. No serious insect pest which 
damaged the plants was found. The results indicated that UV light was effective in reducing algae density a well as 
the algophagous insect population (73 – 84%) over the control. Hence, UV light treatment could be applied as a tool 
for disinfection of the nutrient solution tanks for the management of algae and algophagous insects contaminating the 
plant factory.
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Introduction

 The most recent innovation in the modern agricultural 
industry revolution is the plant factory with artificial 
lighting (PFAL) in controlled environment systems. This 
system can control all environmental factors and to satisfy 
plant needs, such as light, temperature, ventilation, air 
humidity, carbon dioxide, fertilisation, and irrigation [3]. 
Hence, MARDI developed a pilot-scale PFAL to produce 
fresh, nutritious and pesticide-free agricultural products 
while utilising space more efficiently than traditional in 
outdoor farming by growing crops vertically.
 Controlled environment systems do restrict the entry 
of insect pests and disease organisms. However, regular 

monitoring and inspection for insect pests and diseases 
is are required. Accidental contamination via can happen 
through humans and planting materials, inadequate 
protocols, or poorly maintained sanitation procedures, as 
well as poor ventilation systems or insecure doorways. 
In a plant factory, algae management is an important 
maintenance task when producing crops under artificial 
lighting; this is because algae can grow rapidly on wet 
surfaces exposed to nutrients and light [4,5]. High algae 
densities will result in low dissolved oxygen, causing poor 
water quality which affects crop growth. Contamination 
from algophagous insects such as members of Sciaridae, 
which feed on algae, is possible in plant factories if there 
is poor sanitation control [3,4,5]. These insects also 
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considered a nuisance and may act as vectors for the 
spread of plant diseases [2].
 Algae can usually be controlled by using opaque or 
light-reflecting materials as well as chemical disinfectants 
[5]. Sanitation treatments utilising disinfecting chemicals 
such as hydrogen peroxide (H2O2) are recommended for 
cleaning the physical structure of hydroponic systems 
prior to the next crop round [1]. Furthermore, the use 
of ultraviolet (UV) light treatment has been reported 
to reduce the problem of algae and microorganisms, 
particularly water-borne pathogens [8]. Algae and insects 
have intricately intertwined relationships. The study 
of algophagous insects and their control in PFALs is 
relatively limited. Therefore, UV light treatment was 
investigated as a method to disinfect nutrient solutions 
for algae control, as well as produce an impact on the 
algophagous insect population in the plant factory.

Materials and Methods

Nutrient Solution Treatment

 The research was conducted in the MARDI Plant 
Factory (MPF), MARDI HQ, Serdang, Selangor. MPF 
is a controlled environment structure with an average 
temperature of 25 °C, humidity of 65%, and a CO2 
concentration of 550 ppm. Lettuce plants were grown 
at two different LED lighting spectra (Red: Blue and 
Red: Blue: Green). Ultraviolet (UV) light treatment (UV 
Guard, 240V 50Hz) was employed in the nutrient tank 
(Figures 1 and 2), and time exposure was in accordance 
with the plant’s lighting cycle (8 to 12 hours depending 
on the growth stage of the plant).

Algae Density and Insect Population 

 Data were recorded on parameters which included 
algae density and insect population. Optical density (OD) 
of the algae in 100-ml nutrient solution samples was 
determined using a spectrophotometer (GENESYISTM 
10S UV-VIS spectrophotometer, Thermo Scientific) at 
700 nm wavelength. Cell number per unit was determined 
under a microscope using a haemacytometer (Marienfeld, 
Germany). Yellow and transparent insect sticky traps were 
used to assess the insect populations (Figure 3). Algae 
density and insect population were observed weekly 
until the lettuce plants were harvested in week four after 
transplanting. 

Data Analysis

 The study was conducted using a split-split plot design 
with three replications. Data collected were subjected to 
analyses of variance (ANOVA), using SAS Software 9.4. 

Figure 1. Type of UV light used in the study

Figure 2. UV light treatment in a nutrient solution tank

Figure 3. Insect sticky traps (yellow and transparent) used 
for the assessment of insect populations in the plant 
factory

Results and Discussion

Insect Species Composition in MARDI Plant 
Factory

 Before conducting UV light treatment in the ensuing 
cropping cycle, insect composition and abundance in 
plant MPF were determined using sticky traps. No 
serious insect pests such as whiteflies and thrips, which 
generally occur in an open field, were found in MPF. 
However, insects from Order Diptera in the Families 
Sciaridae, Ephydridae, Chironomidae and Psychodidae 
were discovered (Figure 4). The presence of algae 
attracts Bradysia spp. (Diptera: Sciaridae) and Scatella 
stagnalis (Diptera: Ephydridae) that commonly adapt to 
hydroponics systems. These flies feed on algae and may 
inadvertently harm the seedlings’ roots [3].

Algae Density and Insect Population 

 Algae density was determined using a spectrophotometer. 
The use of UV light treatment resulted in negative algae 
density readings in the nutrient solutions (T2 and T4), 
while the haemocytometer determination revealed a 
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decrease in the number of cells (CFU/ml) compared to 
algae that were not exposed to UV light (Table 1). The 
use of UV light as a method to disinfect nutrient solutions 
could decrease algae density. Further research is needed to 
determine the optimum exposure time of UV light to the 
nutrient solution for use as an algae treatment to achieve 
more efficient and effective control of algae growth.
 Observations on the insect populations in MPF showed 
significant population reductions at 73 – 84% compared 
to the control (Fig. 5). Meanwhile, the number of insects 
trapped using yellow and transparent sticky traps showed 
no difference with either of the LED light compositions 
used, except in the control T1. Thus, the use of LED 
lighting may have an impact on the algophagous insect 
populations. However, more research into the behaviour 
of these insects in response to the LED light is required. 
In general, UV light sources attract insects more than 
LED light sources [7].

Table 1. Effect of UV treatments on algae growth density

Treatment LED light and UV light 
treatments

Algae density

(AU)* (CFU/mL)
T1 Red : Blue 0.012a 2.90x10^5 a

T2 Red : Blue : UV –0.011b 1.60x10^5b 
T3 Red : Blue : Green 0.010a 1.7x10^5 b

T4 Red : Blue : Green : UV –0.010b 1.10x10^5c

*AU – Absorbance unit

Figure 4. Composition and abundance of insects found in the 
plant factory

Figure 5. Effect of UV light treatment on insect populations 
in MPF

nutrient solution tanks in MPF to manage algae as well 
as algophagous insect contamination.
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Conclusion

 In hydroponic systems, algae growth is very common, 
and the presence of algae in PF has resulted in the presence 
of algophagous insects. These insects are considered a 
nuisance and may transmit plant diseases. The findings 
indicate that attempting to control algae through UV 
light treatment of the nutrient solutions reduces insect 
populations as well in MPF. We can conclude from the 
findings that UV light was effective in reducing algae 
density and algophagous insect populations. Thus, UV 
light treatment could be used as a disinfection tool for 
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Abstract

 Loss of quality in foliage potted plants is a major problem across the marketing distribution chain due to leaf wilting 
and defoliation; this results in significant losses during transportation. Due to the lack of specific care protocols for 
ornamental potted plants during transportation and storage, their quality is often compromised. The commercial value 
and quality of flowering and foliage plants can be adversely affected by high temperature, exposure to ethylene, and 
prolonged dark storage, leading to petal abscission and leaf yellowing, thus increasing product losses in the market.  
Temperature management is one of the best methods to control product quality in the distribution chain of ornamental 
potted plants. As the marketability of ornamental plants is highly correlated with foliage greenness, this study was 
conducted to determine the optimum temperature and storage duration for potted plants during transportation. The 
quality of the potted plants was assessed in terms of quality scoring, SPAD value and colour (lightness, chroma and 
hue). The results from this study suggest that all the plants should not be stored at 5 °C as they all exhibited chilling 
symptoms after removal from storage. Quality deterioration of the foliage potted plants was dependent on temperature 
and storage duration. Storage temperatures of 15 – 20 °C in the dark were recommended for all foliage potted plants 
for up to 10 days without watering. Overall, potted plants should be stored and shipped quickly, i.e., with only a brief 
storage duration, at optimum conditions to ensure minimal quality deterioration. 

Keywords: chilling injury, chlorophyll, dark storage, leaf wilting, ornamental
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Introduction

 Due to the emergence of the COVID-19 pandemic, 
people are encouraged to stay indoors instead of going 
out to lower the risk of getting infected. During this time 
of staying indoors, there is a surge of interest in the sales 
of indoor plants among existing and new plant hobbyists 
to fill their free time at home [1]. Indoor plants can be 
used as a natural air purification system in the house, 
removing indoor pollutants and airborne pathogens [2], 
and have also psychological benefits to human health [3]. 
For plant shippers and wholesalers, the primary aim is 
to provide plants with minimal quality deterioration [4].  
Foliage plants are valued for their leaf shape, colour and 
size, but mainly for the greenness of their foliage. The 
commercial value of foliage plants is directly related 
to the health status of the leaves and their chlorophyll 
content (greenness) [5]. During distribution, the quality 
of foliage potted plants is often affected either by high 
temperature or prolonged storage in the dark, which 
induce leaf senescence and chlorophyll loss [6]. However, 

adverse effects can be minimised by utilising the lowest 
temperature feasible during distribution by considering 
the tolerance threshold of the species and the shortest 
transportation period possible. Other than that, as soil 
is universally considered to be a serious quarantine risk 
(based on its potential to act as a vehicle for pests and 
diseases of plants (and animals), the use of soil for plants 
is not allowed for the export market [7]. For this research, 
soilless media (a combination of vermiculite, perlite and 
peat moss) was used. The main objective of this study 
was to investigate how different temperatures can improve 
the display life of ornamental foliage potted plants during 
simulated transportation.

Materials and Methods 

 Five species of ornamental potted plants (Alocasia 
reginula, Ledebouria socialis, L. petiolata, Tradescantia 
spathacea and Peperomia puteolata) were grown in 
soilless media, and conditioned with proper agronomic 
practices to reach the commercial stage with 6 – 9 
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leaves per plant. The plants were watered a day before 
transporting to them to the Postharvest Complex, MARDI 
Serdang, Selangor. Good quality specimens of the five 
species were selected and packed in corrugated fibre 
boxes, and then kept in the dark at temperatures of 5, 
10, 15 and 20 °C (relative humidity: 85 – 90%) without 
water for two weeks. The different temperatures and 
storage times were imposed to investigate their effects 
during transportation on plant quality. Immediately after 
the storage period, the plants were watered and placed 
at room temperature (25 ± 2 °C) to simulate the display 
period of 3 to 4 days in the retail market. For each 
combination of storage time and temperature, four plants 
were used. The quality of the potted plants was scored 
both immediately after storage (i.e., just before the display 
period) and after a display period of 3 days, with some 
modifications [8]. Three mature leaves were selected from 
each plant, and three colour and SPAD readings were 
measured using a portable chromameter (model CR-400 
Minolta Corp., Osaka, Japan) and a SPAD-502 meter 
(Konica-Minolta, Japan), respectively. The experiment 
was a completely randomised design with three replicates 
of three plants. The data were subjected to Analyses of 
Variance (ANOVA) and Duncan’s Multiple Range Test 
(DMRT) at p <0.05 to test for significant differences 
between the treatment means (SAS ver. 9.4).

Results and Discussion

 All the foliage plants that were kept at the lowest 
temperature of 5 °C had an overall average score of 
5.33, indicating the plants had foliage defects and/or 
abscised leaves. The most tolerable temperature was 
around 15 – 20 °C, with a the scores ranging from 
6 – 7 (Table 1) for 6 – 9 days of transportation (storage) 
duration. After this duration, most of the plants began 
to exhibit leaf senescence (wilting and abscission) due 
to water stress, giving a score of 5 and below (Table 1). 

Chlorophyll concentration correlates positively with the 
degree of foliar greenness, and is also an indicator of plant 
health. The S/PAD value remained constant (p >0.05) 
for L. petiolata, T. spathacea and P. puteolata at all the 
temperatures (Table 1). The loss of chlorophyll in the 
leaves was significantly lower for plants kept at 5 and 
10 °C, but chilling injury symptoms were more apparent 
after the display period of 3 days at ambient temperature 
for A. reginula (Table 1a) and L. socialis (Table 1b). The 
decrease in SPAD value during storage suggested the 
onset of plant senescence with the decreasing chlorophyll 
content in the leaves. Plant colour is another important 
quality parameter besides foliage shape and size. Leaf 
colour (L*, C* and h°) of A. reginula (Table 1a) and 
P. puteolata (Table 1e) showed constant readings (p >0.05) 
at all the temperatures during storage. At 5 °C, plants of 
L. socialis and L. petiolata tended to have darker green 
foliage as indicated by significantly (p <0.05) lower L* 
and C* values, and higher h° value (Table 1b and 1c) 
due to chilling stress. At the optimum temperatures (15 
and 20 °C), the values of L* and C* increased while h° 
value decreased during prolonged storage in the dark. 
This indicated the onset of plant senescence (yellowing/
wilting). Quality loss in potted plants due to wilting 
is a typical problem in the ornamental distribution 
chain because the plants begin to lose water through 
evapotranspiration [5]. Drought stress and water deficit 
would also increase leaf senescence when the amount of 
water in the growth media is inadequate to replace the 
water lost via transpiration [9].

Conclusion

 In conclusion, this research shows that a storage 
temperature of around 15 – 20 °C in the dark is 
recommended for the five species of foliage potted plants 
for up to 10 days’ storage with minimal deterioration. 

Figure 1. Species of foliage potted plants in the study: a) Alocasia reginula; b) Ledebouria socialis; c) Ledebouria petiolate; d) 
Tradescantia spathacea and e) Peperomia puteolata
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Table 1. Effects of different temperatures on leaf colour, SPAD value and quality scoring 
of a) Alocasia reginula; b) Ledebouria socialis; c) Ledebouria petiolate; d) 
Tradescantia spathacea and e) Peperomia puteolata during varying storage 
duration

a. Alocasia reginula Quality score SPAD value Colour

L* C* h°
Storage temperature

5 °C 5.15c 69.02a 28.78a 2.41a 150.10a
10 °C 6.55b 61.66b 28.80a 2.39a 149.90a
15 °C 6.80a 58.90c 27.91a 2.25a 148.82a
20 °C 6.90a 55.24c 28.15a 2.11a 149.35a
F-significance ** ** ns ns ns

Storage duration (day)
D0 8.31a 69.73a 27.55c 2.57b 147.21a
D3 7.66b 62.18b 29.88b 2.68b 145.19a
D6 6.50c 59.60bc 28.90b 2.86b 144.31a
D9 5.19d 55.83cd 29.11b 3.17a 143.92a
D12 4.09e 53.32d 33.80a 3.38a 145.81a
F-significance ** ** ** ** ns

b. Ledebouria socialis Quality score SPAD value Colour
L* C* h°

Storage temperature

5 °C 5.37c 51.01a 33.68c 17.82c 128.57a
10 °C 5.45c 49.77a 35.61b 18.74b 126.28b
15 °C 6.50b 44.49b 37.83b 20.10b 126.11b
20 °C 7.00a 43.78b 39.41a 22.37a 123.74c
F-significance ** ** ** ** **

Storage duration (day)
D0 9.00a 53.11a 33.89b 16.25c 128.77a
D3 9.00a 52.36a 34.77b 16.09c 129.46a
D6 6.60b 53.04a 34.74b 15.97c 129.83a
D9 5.60c 51.90a 32.44b 19.64b 128.09a
D12 4.00d 37.82b 43.41a 27.46a 119.55b
F-significance ** ** ** ** **

c. Ledebouria petiolata Quality score SPAD value Colour

L* C* h°
Storage temperature

5 °C 5.37b 44.56a 38.79b 20.91b 126.86a
10 °C 5.75b 43.23a 40.91a 22.26a 126.05b
15 °C 6.50a 42.54a 40.64a 21.89a 126.56ab
20 °C 6.48a 42.03a 40.40a 22.20a 126.32b
F-significance ** ns ** ** *

Storage duration (days)
D0 9.00a 45.20a 39.31a 22.19a 126.00a
D3 9.00a 44.15a 39.43a 22.36a 126.16a
D6 6.60b 41.62b 40.31a 22.21a 126.41a
D9 5.55c 41.25b 40.33a 21.52a. 126.42a
D12 3.95d 42.10b 41.33a 22.15a 126.64a
F-significance ** ** ns ns ns

(Samb.)
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Abstract

 Seedling production is a crucial part of the production of fresh vegetables in a plant factory. Light is one of the 
necessities for plants to produce healthy seedlings. Hence, this study was conducted in order to find a suitable light 
composition for various types of lettuce in the MARDI Plant Factory (MPF). The study was conducted in two stages: 
1) seedling production, and 2) crop production area, with different ratios of red: blue and green light-emitting diode 
(LED) as the main factor and lettuce type as the sub-factor. At seedling production, the full spectrum lighting produced 
a significantly higher seed germination percentage compared to the other LED lighting, while Butterhead performed 
better in germination percentage and time taken to germinate compared to the other types. An interaction between 
light treatment and lettuce type was observed in leaf number, shoot fresh weight, leaf area and shoot-root ratio at the 
crop production area. Light treatments with the LED ratios of 5 red: 1 blue and 4 red: 1 blue: 1 green on Butterhead 
and Green Coral significantly affected the number of leaves and leaf area, which were relatively influenced by light 
quality and ambient temperature. The yields of Green Coral lettuce grown under the LED ratios of 5 red: 1 blue, 1 
red: 1 blue and 4 red: 1 blue: 1 green were significantly higher than the other treatments. However, plant biomass 
and SPAD value for all the treatments were not significantly different. Allometry of the plants was expressed in the 
shoot-root ratio with 1 red: 1 blue LED ratio in Green Coral, showing a significantly higher shoot-root ratio than the 
other treatments. The study’s findings showed that light treatments with Red and Blue LED ratios of 5:1 and 1:1, and 
with Red, Blue and Green LED ratio of 4:1:1 on the seedlings appear to provide the optimum growing conditions in 
the production area for Butterhead and Green Coral lettuce in MPF cultivation.

Keywords: Light-emitting diode (LED), lettuce, plant factory, production area, seedling production
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Introduction

 High-value temperate vegetables are commonly grown 
in the highlands because of the suitable agroclimatic 
conditions there. However, increasing demand these 
commodities has led to the opening of new cultivation 
areas in the highlands, causing environmental degradation 
such as erosion and manure-enriched runoff. Thus, the 
introduction of new technology to produce high-value 
vegetables in the lowlands using indoor farming systems 
known as plant factories is vital. MARDI developed a 
plant factory as a model for the new agricultural approach 
of indoor farming. Consistent production requires an 
efficient and effective seedling production system to mass 
produce high-quality vegetables.
 This study’s main objective is to identify suitable 
light-emitting diode (LED) light compositions for healthy 
seedling production of different varieties of high-value 

lettuce. As seedling production is the most crucial part 
of the plant factory, the LED arrangement must provide 
optimum light conditions for producing sturdy seedlings, 
in as short a time as possible (time-saving) before being 
transplanted to the production area. After transplantation 
to the production area, the performance of the subsequent 
crops was compared with their performance at seedling 
production.

Materials and Methods

 The study was done in the MARDI Plant Factory 
(MPF), Serdang. The experimental design was a split-plot 
with four replications. The main factor is the LED light 
treatment at on the nursery stage (seedling production) 
(Table 1), and lettuce type (Table 2) is the sub-factor of 
the experiments. Observations were made at two stages 
of planting. The treatments were tested in the first stage 
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on the seedlings (in the seedling production shelf), and 
further observations were done in the second stage at the 
production area.

Data Analysis

 The data were analysed by analyses of variance 
(ANOVA) using Statistical Analysis Software (SAS) 
version 9.4. All values were tested for significant 
difference using Least Significance Difference (LSD) at 
a significance level of p ≤0.05.

Results and Discussion

 In response to the main factor, germination (70.50%) 
from treatment LT 6 was significantly higher than the other 
treatments in the study. At the subfactor level, germination 
(84.58%) of V1 (Butterhead) was significantly the highest 
(Table 3). V1 also took significantly fewer days to 
germinate, and for the cotyledon and true leaf to appear.
 Significant differences from the other treatments were 
found on in LT5 and V1 for leaf number and total leaf 
area (Table 4). A significantly lowest specific leaf weight 
was also observed in V1. 
 Significant differences were observed among lettuce 
types for shoot and root dry weights. V2, V3 and V4 had 
significantly higher shoot dry weights than V1, while V4 
had a significantly higher root dry weight than V1, V2 and 
V3. No significant differences were found among V2, V3 
and V4 for shoot dry weight, and between V1 with V2 
for root dry weight. SPAD value of L6 was significantly 
different from the other light treatments.

Table 1. Light treatment features

Light treatment (LT) Ratio by colour PPFD at 25cm Ambient temperature
Red Blue Green µmol/m2/s oC

LT 1 5 1 0 204 – 237 28.9 – 29.1
LT 2 1 1 0 177 – 198 27.5 – 27.8
LT 3 1 2 0 165 – 185 26.9 – 27.2
LT 4 2 1 0 187 – 203 27.6 – 27.8
LT 5 4 1 1 220 – 241 28.2 – 28.4
LT 6 Full spectrum 265 – 320 27.3 – 27.6

PPFD: Photosynthetic Photon Flux Density

Table 2. Lettuce treatments (type and variety)

Lettuce treatment Type of lettuce Variety

V1 Butterhead Bravado BB330 
V2 Green Coral Good Luck GL88
V3 Red Coral Fire Red 923
V4 Mini Cos Royal Victoria 7337

 Plant growth and development in the MARDI plant 
factory depend on the correct light spectrum. Optimum 
light intensity is needed for the early growth after planting, 
especially in the seedling production. High light intensity 
at this early stage has a limited effect on biomass [1]. 
This happened in this study as well, where no significant 
difference was observed in plant biomass at the different 
light spectra. However, for commercial purposes (in the 
production area), total leaf area and fresh shoot weight 
are crucial. The total leaf area is a visual indicator of the 
vegetable’s leaf shape and size, while fresh shoot weight 
is an indicator for the yield harvested from the plants. 
Changes in plant growth patterns were found in the 
production area when different LED lighting and lettuce 
types were used.
 The full spectrum LED is a broad-spectrum type of 
horticulture light source. This light source is widely used 
for plant factories and indoor farm production. Recently, 
various studies on narrow-spectrum light ratios have been 
done which focus on two photosynthetic chlorophyll 
absorption curves [2]. The full spectrum LED showed 
good germination progress at seedling production. 
However, yield was significantly lower compared to other 
LEDs in the production area. Red and blue LED spectrum 
with 5:1 and 1:1 ratio performs well in increasing yield. 
The addition of the green spectrum to the red and blue 
LED showed the same performance as the 5:1 and 1:1 
red and blue ratios for fresh yield and shoot to root 
ratio. The green spectrum is useful in highly dense plant 
communities in plant factories [3, 4], with the green 
photon is absorbed by the lower leaves while the red and 
blue photons are absorbed by the upper leaves [5].

Conclusion

 The study’s findings showed that light treatments at 
the Red and Blue LED ratios of 5:1 and 1:1, and the Red, 
Blue and Green LED ratio of 4:1:1 at seedling production 
create optimal growing conditions in the production area 
for Butterhead and Green Coral lettuce in MPF. Further 
studies on water and energy use efficiency of LED will 
be done soon to achieve better production in MPF.
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Table 3. Responses to light and lettuce type treatments in seedling production

Treatment Germination 
percentage (%)

Time for seed to 
germinate (day)

Time for cotyledon 
to appear (day)

Time for true leaf 
to appear (day)

Light Treatment (LT)
LT 1 61.38b 2.88 5.88 16.38
LT 2 60.63b 3.13 6.19 16.56
LT 3 62.25b 3.00 5.81 16.13
LT 4 63.25b 3.31 6.13 16.50
LT 5 63.50b 2.94 6.00 16.19
LT 6 70.50a 3.13 5.88 16.13

p ≤0.05 (LSD) 5.19 0.66 0.63 0.56
Lettuce type 

V1 84.58a 2.00c 4.79d 15.21b

V2 41.08c 3.67a 6.25b 17.21a

V3 64.00b 2.83b 5.67c 15.50b

V4 64.67b 3.75a 7.21a 17.33a

P≤0.05 (LSD) 4.55 0.42 0.51 0.58
LT x Type at p ≤0.05 ns ns ns ns

*- p ≤0.05; ***- p ≤0.001; ns = not significant

Table 4. Leaf number, total leaf area, specific leaf weight in response to 
light and lettuce type in the production area

Treatment Leaf number Total leaf area 
(cm2)

Specific leaf weight 
(g/cm2)

Light Treatment (LT)
LT 1 17.67a 490.06b 3.62
LT 2 15.69b 491.11b 3.89
LT 3 14.10c 488.78b 3.72
LT 4 15.31bc 496.08b 3.92
LT 5 17.33a 519.66a 3.87
LT 6 14.98bc 383.63c 4.25

p ≤0.05 (LSD) 1.57 25.48 1.65
Lettuce type

V1 18.50a 611.69a 1.61c

V2 15.04c 543.34b 3.62b

V3 13.04d 473.13c 6.12a

V4 16.81b 284.72d 4.15b

p ≤0.05 (LSD) 1.05 22.06 0.57
LT Type p ≤0.05 *** *** ns

*- p ≤0.05; ***- p ≤0.001; ns = not significant
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Abstract

 Evaluation and selection of mango accessions has been suggested as an effective way for of getting the best mango 
variety for urban farming. This study was conducted to evaluate the performance of selected mango accessions in 
MARDI’s self-watering container (SWC). Seven selected mango accessions were used in this study, namely, Irwin, 
Epal Rumania, Julie, Telur, SB003, Chokanan and Harumanis. The results from 16-month-old trees showed that Julie, 
Telur, Irwin and Epal Rumania had a dwarf tree character based on short internode length of between 11 and 13 cm. 
Five accessions started flowering naturally between 1 and 12 months after planting, namely, Chokanan, SB003, Epal 
Rumania, Julie and Telur. The results from floral induction with paclobutrazol at a concentration of 1 mL/L of water 
showed that more than 70% of the trees of all accessions, except Irwin, flowered within a three-month period after 
induction. High fruit number was shown by Telur, Epal Rumania and Chokanan with an average of 46, 13 and 11 fruit 
per tree, respectively. All accessions possessed a total soluble solids (TSS) content of higher than 14%, except Telur. 
Telur and Julie had unfavourably small fruit size which was lower than 250 g per fruit. Based on the skin colour of 
the ripening fruit, all the accessions could be grouped into three, namely, red blush (Epal Rumania, Julie and SB003), 
yellow (Telur and Chokanan) and green (Harumanis) skin. Epal Rumania, Julie, Harumanis and Chokanan had fragrant 
fruit while the fruit of Telur and SB003 were not. Epal Rumania, Telur and SB003 fruit had a sweet and sour taste, 
whereas those of Julie, Harumanis and Chokanan were only sweet. Epal Rumania was found to be the promising 
mango accession for SWC in terms of its dwarf plant stature, easy flowering, high yield, suitable fruit size, high TSS, 
attractive skin colour, fragrant smell and excellent taste.

Keywords: Epal Rumania, mango, paclobutrazol, self-watering container, urban farming
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Introduction

 Urban farming is now gaining popularity and is 
practised individually or within communities in the 
country. However, these activities sometimes face 
constraints for city dwellers who are busy with careers 
and live-in residential areas that have small gardens. 
Planting fruit trees in pots is an alternative method to 
overcome this problem; for example, the self-watering 
container (SWC) technology developed by MARDI can 
save space, time and water consumption and facilitate 
plant maintenance. The selection of suitable fruit trees to 
be planted in SWC is also an important factor in ensuring 
that the crops give the best outcomes in terms of yield, 
quality, and landscape aesthetics. Chokanan is one of 
the mango varieties that is often grown in pots due to its 

medium-low tree stature, fast and easy flowering, high 
yield and relatively tasty fruit. However, other mango 
varieties may also have suitable characteristics as a fruit 
crop in SWC.
 The performance of mango varieties planted in SWC 
has not yet been reported. As the growth and behaviour 
of mango trees are different when grown in the ground 
and in a pot, it is important to evaluate the performance 
of selected mango accessions in SWC itself. Different 
accessions of grafted mango seedlings of the same age 
and rootstock were chosen and planted in SWC, namely, 
Irwin, Epal Rumania, Julie, Telur, SB003, Chokanan 
and Harumanis. Among important parameters that were 
measured were internode length, flowering behaviour, fruit 
number, fruit size and fruit qualities. The present study 
identified the mango accessions with the best performance 
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when planted in SWC, thus recognising their superiority 
for urban farming.

Materials and Methods 

 Seven accessions were used in this study, namely, 
Irwin, Epal Rumania, Julie, Telur, SB003, Chokanan and 
Harumanis. Chokanan was used as the positive control, 
while Harumanis was the negative control. Scions of 
all the accessions were grafted onto rootstocks of Telur 
variety. The 6-month-old grafted seedlings of all the 
accessions were planted in SWC which were filled with 
a potting mixture consisting of soil, peat moss, perlite and 
vermiculite with the ratio of 3:2:1:1.  SWC were laid out 
at a planting distance of 2 m x 2 m.
 A total of 15 internode length readings were recorded 
randomly on the secondary and tertiary branches of each 
16-month-old tree. Data on days to first flowering were 
also recorded for each accession, starting from planting 
until the trees were 12 months old. Trees at the age of 
16 months after planting (MAP) were induced to flower 
with paclobutrazol at a concentration of 1 mL/L of water, 
and the flowering data were recorded thereafter. Data on 
the number of fruits per panicle and per tree were also 
recorded at harvesting. Fruit quality data such as fruit 
weight, TSS, ripe fruit skin colour, smell and taste were 
recorded for a maximum of 10 fruit from each tree.

Results and Discussion

 Figure 1 shows that there was a significant difference in 
internode length among the accessions. Julie was recorded 
as having the shortest internode length while SB003 had 
the longest. Julie, Telur, Irwin and Epal Rumania had a 
dwarf tree stature based on having short internodes with a 
length between 11 and 13 cm, which was shorter than in 
Chokanan. Long internodes result in a larger tree size and 
a wider canopy diameter. These features will complicate 
maintenance work on the tree and require more space [1].
 The results on the flowering behaviour of selected 
mango accessions are presented in Table 1. Five 
accessions started flowering naturally between 1 and 12 
MAP, namely, Chokanan (1 MAP), SB003 (3 MAP), 
Epal Rumania (6 MAP), Julie (12 MAP) and Telur (12 
MAP). Chokanan and Epal Rumania are fast and easy 
flowering accessions, with 100% of the trees having 
produced flowers by 12 months after planting in SWC 
without any artificial induction. In contrast, Harumanis 
and Irwin did not flower naturally by12 months after 
planting in SWC. All the 16-month-old trees in SWC were 
induced to flower by spraying paclobutrazol hormone at 
a concentration of 1mL/L of water. After 3 months, more 
than 70% of the trees for six accessions had produced 
flowers, the exception being for Irwin. At the tree age of 
25 months, which was 9 months after induction, Irwin 
began to produce flowers.
 Table 2 shows the results on fruit production of 
the selected mango accessions. A high fruit number 
was produced by Telur, Epal Rumania and Chokanan, 

averaging 46, 13 and 11 fruit per tree, respectively. The 
USA and European markets demand fruits varying in size 
from 250 g to 600 g each [2]. All the accessions, except 
Julie and Telur, showed fruit size within the weight range 
of the European and USA markets. The highest yield per 
tree was produced by Epal Rumania, while the lowest was 
from Julie. Telur produced fruit in cluster form with 10 to 
16 fruit per panicle, while Epal Rumania and Chokanan 
had 2 to 4 fruit per panicle.
 All the accessions, except for Telur, possessed a total 
soluble solids (TSS) content higher than 14%, with the 
highest recorded by Julie (Table 3). Epal Rumania, Julie, 
Harumanis and Chokanan had fragrant fruit while the fruit 
of Telur and SB003 were not. Epal Rumania, Telur and 
SB003 fruits had a sweet and sour taste, whereas those of 
Julie, Harumanis and Chokanan had only a sweet taste. 
The fruit of Epal Rumania, Julie, and SB003 showed a 
very attractive red blush skin colour. Skin with a red blush 
is considered a necessity in mango shipped to European 
and USA markets as they prefer a deep-yellow mango 
that develops a reddish tinge [3]. The red blush of the 
fruit skin is also attractive and can enhance the beauty 
of an urban garden. In addition, the uniqueness of fruit 
with red blush, having excellent taste and fragrant smell 
will definitely attract the attention of mango lovers even 
when the price is high [4].

Conclusion

 The dwarf plant stature of Epal Rumania makes it very 
suitable for cultivation in a self-watering container (SWC) 
which was specifically designed for a small-sized fruit 
tree. The superior characters possessed by Epal Rumania, 
which include dwarf plant stature, easy flowering, high 
yield, and fruit with suitable size, high TSS, attractive 
skin colour, fragrant smell and excellent taste, makes 
this accession particularly in line with the prerequisites 
of a tree for urban farming and with technology trends, 
in offering convenience, space-saving and practicality. 

Figure 1. Internode length of the 16-month-old trees of selected 
mango accessions
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Table 2. Fruit production (in average) of selected mango accessions

Accession Number of fruit/trees Fruit weight (g) Yield/tree (kg) Number of fruit/panicles
Irwin Nil Nil Nil Nil
Epal Rumania 13 255.3 3.3 2 – 4
Julie 2 196.8 0.4 1
Telur 46 56.1 2.6 10 – 16
SB003 4 368.8 1.5 1 – 2
Harumanis 6 450.8 2.7 1 – 2
Chokanan 11 294.1 3.2 2 – 4

Table 1. Flowering behaviour of selected mango accessions

Accession First flowering time 
(MAP)

Number of flowering trees at 12 
MAP (without induction) (%)

Number of flowering trees at 
3 months after induction (%)

Irwin 25 0.0 0.0
Epal Rumania 6 100.0 100.0
Julie 12 41.7 83.3
Telur 12 58.3 100.0
SB003 3 83.3 100.0
Harumanis 18 0.0 75.0
Chokanan 1 100.0 100.0

Table 3. Fruit quality traits of selected mango accessions

Accession TSS (%) Skin colour of ripe fruit Smell of ripe fruit Fruit taste
Irwin Nil Nil Nil Nil
Epal Rumania 16.4 Red blush Fragrant Sweet sour
Julie 19.8 Red blush Fragrant Sweet
Telur 11.2 Yellow No Sweet sour
SB003 16.0 Red blush No Sweet sour
Harumanis 15.3 Green Fragrant Sweet
Chokanan 14.6 Yellow Fragrant Sweet
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Abstract

 Root-knot nematodes (RKN), Meloidogyne spp., are among the most damaging plant-parasitic nematodes in 
eggplant cultivation that cause up to 47% of losses in eggplant yield. Common soil nematicides have been used for 
ages to control nematode problems. However, prolonged use could cause adverse effects on human health and to the 
environment. The cultivation of resistant cultivars is the best alternative to chemical treatment in controlling RKN, and 
is more environmentally friendly. However, most resistant cultivars come with undesirable agronomical traits, which 
has prompted their use as rootstock to overcome RKN infestation. Solanum torvum, a wild Solanum species, is one 
of the widely used rootstocks, and is known for its resistance to several pathogens and pests, including the root-knot 
nematode, Meloidogyne incognita. Therefore, a study on the susceptibility of S. torvum rootstock to this nematode was 
conducted with to evaluate the potential of two accessions of S. torvum as a rootstock for susceptible S. melongena 
against root-knot nematode infestation. S. melongena cv. MTe-02, either un-grafted or grafted onto each of the S. 
torvum rootstock accessions (NTH 08-0024 and NTH 08-0041), were planted in a greenhouse environment with four 
replications and in two cropping seasons. Data were collected on the level of resistance of the plants (un-grafted and 
grafted) against the parasitic nematode (M. incognita). From the study, significantly higher galling index (GI) and 
egg number of parasitic nematodes in the soil and roots of the plants were detected in the un-grafted compared to 
the grafted eggplant. The maximum number of eggs per plant in the un-grafted and grafted eggplant was 80,280 and 
1,530, respectively, while the lowest Gall Index (GI) and Reproduction Index (RI) index recorded at 1.15 and 1.08, 
respectively, in the grafted plants. These results suggest that S. torvum is a valuable source of resistance as a rootstock 
or for breeding a resistant variety of eggplant to manage the M. incognita species.

Keywords: Eggplant, management, Meloidogyne incognita, plant disease loss, resistance
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Introduction

 Eggplant (Solanum melongena L.) is one of the most 
cultivated solanaceous crops, grown extensively in 
tropical, subtropical and temperate regions of the world 
[6]. Root-knot nematodes (RKN), Meloidogyne spp., are 
among the most damaging soilborne pests in eggplant 
cultivation, accounting for 11.67 – 46.67% of crop loss 
in eggplant worldwide [6]. M. incognita primarily enters 
root cells through the opening between apical cells at the 
end of the roots. Then, the nematode larvae move between 
cells and producing giant cells before they multiply inside 
the root cells, especially the surrounding vascular cells, 
which are the conducting tissue of water and nutrients, 

thereby causing sudden wilting of plants, nutrient loss, 
and yield reduction [1].
 The cultivation of resistant cultivars/hybrids is the 
most effective and economically profitable management 
strategy to control RKN, and is more environmentally 
friendly than the common use of soil nematicides [6]. 
However, the lack of resistant genotypes with desirable 
agronomical traits and with wide climatic adaptability 
has encouraged the practice of eggplant grafting for 
better eggplant characteristics [6]. Solanum torvum is 
currently the only wild species commercially available 
for use as a rootstock for eggplant worldwide. Several 
S. torvum accessions and cultivars have been previously 
described as being resistant to M. incognita, M. luci and 
to some populations of M. arenaria and M. javanica [4]. 
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Nevertheless, no previous studies have been reported on 
the degree of M. incognita resistance among inoculated 
Malaysian eggplant rootstock cultivars. In this study, we 
inoculated Malaysian eggplant rootstock cultivars with 
M. incognita to determine their relative resistance.

Materials and Methods 

Plant Materials, Nematode Supply and Inoculation

 Seed from two S. torvum rootstocks (NTH 08-0024 
and NTH 08-0041) and S. melongena commercial cultivar 
MTe-02 were obtained from the MARDI germplasm 
collection, and sown in germinating trays containing peat 
moss for germination. The experiment consisted of three 
treatments: eggplant cv. MTe-02 grafted onto S. torvum 
accession NTH 08-0024 and on NTH 08-0041, and un-
grafted eggplant cv. MTe-02 as the control for comparison. 
Each treatment was replicated four (4) times in plots, with 
each replicate consisting of ten plants. The plants were 
maintained and evaluated for up to the second growing 
season. Each plant was then inoculated with 5,000 eggs 
(Pi) of M. incognita in the area surrounding the plant base.

Evaluation of Rootstocks for Assessment of RKN 
Infection

 The plants were arranged in a randomised complete 
block design (RCBD), fertilised, and watered as needed 
throughout the experiment. The infected roots were then 
rated on a gall index [2] scale: from 0 (no galls) to 10 
(100% galled). Reproduction index (RI) was calculated as 
the percentage of eggs produced in the rootstock cultivar 
compared to that in the eggplant cultivar. The response 
of the plant host was categorised according to RI: highly 
resistant (RI <1%), resistant (1 % ≤RI <10%), moderately 
resistant (10% ≤RI <25%), slightly resistant (25% ≤RI 
<50%), or susceptible (RI ≥50%) [3]. Data collected 
were subjected to analyses of variance. Mean separation 
was carried out utilising the Duncan multiple range test 
(DMRT).

Results and Discussion

Population Dynamics of M. incognita on Un- grafted 
and Grafted Eggplant

 Generally, all the eggplants showed gall symptoms 
in their root systems, indicating that RKN infection can 
cause severe problems in eggplant cultivation. However, 
the rootstocks using S. torvum accessions NTH 08-0024 
and NTH 08-0041 were found to produce a resistant 
reaction against M. incognita infestation, as low numbers 
of nematode eggs (2,100 and 1,930) were detected on the 
respective rootstocks, compared to cultivar MTe-02 which 
recorded the highest number of nematode eggs (ranging 
between 80,280 and 79,330) (Table 1). The GI value of 
the S. torvum rootstocks ranged between 1.15 and 2.01, 
with GI of both rootstocks being significantly different 
from that of cultivar MTe-02 (p <0.05). The highest 
GI value was recorded on cultivar MTe-02 with values 
ranging between 5.37 and 6.31. This showed that RKN 
damage on a susceptible cultivar was very high compared 
to the resistant rootstock accessions. All RKN isolates 
produced fewer (p <0.05) eggs in the S. torvum rootstock 
accessions than in the eggplant cv. MTe-02. Both the S. 
torvum rootstocks were resistant (1 % ≤RI <10%) to the 
M. incognita isolates, with a range between 1.08 and 2.25. 
However, cultivar MTe-02 showed that it was a good 
host for M. incognita, with RI values ranging between 
5.87 and 6.44, and was thus categorised as susceptible 
(RI ≥50%).
 These findings showed important information in 
managing M. incognita infestation using the rootstock 
method because RKN in susceptible eggplant can cause 
significant root damage. Previous studies have shown 
the usefulness of S. torvum cultivar as a rootstock in 
managing RKN infestation [5]. The mechanism of these 
resistant rootstocks is believed to be due to the physical 
root tissue barrier and biochemical secretions that prevent 
or limit root penetration by the nematode juveniles 
(Ali et al., 2015).

Table 1. Number of eggs per plant, gall index (GI) and reproduction index (RI) of Meloidogyne 
incognita isolates on the eggplant cv. MTe-02 and the Solanum torvum rootstock. Accessions 
NTH 08-0024 and NTH 08-0041 in the first and second growing seasons

Season Nematode parameter Rootstock Control
NTH 08-0024 NTH 08-0041 MTe-02

First Season Eggs per plant x 103 1.31 ± 1.13 b 1.53 ± 2.21 b 80.28 ± 20.15 a
GI 1.15 ± 0.12 b 1.27 ± 0.23 b 5.37 ± 0.13 a
RI 1.08 ± 0.01 b 1.43 ± 0.02 b 6.44 ± 1.02 a
Host status R R S

Second Season Eggs per plant x 103 2.10 ± 0.23 b 1.93 ± 1.01 b 79.33 ± 18.13 a
GI 1.89 ± 1.03 b 2.01 ± 1.33 b 6.31 ± 1.01 a
RI 2.31 ± 2.01 b 2.25 ± 1.85 b 5.87 ± 2.03 a
Host status R R S
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Conclusion

 Solanum torvum accessions NTH 08-0024 and NTH 
08-0041 have been shown to have less RKN infestation 
than the commercial cultivar of S. melongena (MTe-02). 
This indicates that both accessions of S. torvum have 
the potential to be used as a rootstock to improve plant 
protection against M. incognita (RKN) infestation.
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Abstract

 Cultivation of pineapple in Malaysia was started on tropical peat soil. At present, the industry is slowly shifting 
pineapple cultivation to mineral soil, yet its planting still exists on tropical peat soil due to the robustness of the 
pineapple plants on acidic peat soil. A study was conducted to compare three types of granular fertilisers, namely, 
Pineapple Mixed Fertiliser, PMF (30:1:32) which is commonly used on peat soil, NPK (15:15:15 and 12:12:17) fertiliser 
combination and RH Growpine Compacted Fertiliser, GCF (12:8:16) which is the fertiliser formulation recommended 
by MARDI for pineapple on mineral soil. Comparisons were made on two aspects: plant growth performance and fruit 
quality. Plant growth performance was indicated by plant height, D-leaf length and width, plant fresh weight on 3, 6 
and 9 months after planting; it was found that NPK fertiliser combination and GCF were indeed more superior than 
PMF. This trend was repeated in terms of fruit quality, with NPK fertiliser combination and GCF producing heavier 
fruit weight, sweeter fruit as indicated by higher total soluble solids content, and higher ascorbic acid content. The 
highest harvest index (ratio of fruit weight to total plant fresh weight at harvest) resulted from the application of the 
NPK fertiliser combination, followed by indices for GCF and PMF. The commonly used PMF for pineapple cultivation 
on peat soil should be replaced by the application of either the NPK fertiliser combination or GCF. Even though 
these two fertiliser regimes were initially recommended for pineapple cultivated on mineral soil, it has been proven 
to be statistically profitable for pineapple on peat soil. Although the price of PMF is is lower than the NPK fertiliser 
combination and slightly lower than GCF, the benefits of GCF and the NPK fertiliser combination compensated for 
their higher price. A high harvest index will lead eventually to a high yield, and directly and positively impacting on 
the profit for pineapple farmers and industry players. 

Keywords: Ananas comosus var. MD2, pineapple mixed fertiliser (PMF), pineapple, RH growpine compacted, tropical peat soil

Proceedings of MARDI Science and Technology Exhibition (2021): 170 – 175

Introduction

 In Malaysia, pineapple (Ananas comosus) cultivation 
was initially intended for the canning industry, but later, 
this industry shifted to the fresh fruit market. Typically, 
pineapple cultivation in Malaysia is associated with 
tropical peat soil. However, the introduction of a new 
variety, MD2, shifted Malaysia’s pineapple cultivation 
to mineral soil in on which this variety produced high 
quality and sweeter fruit. Yet, cultivation still exists on 
tropical peat soil and is still popular among pineapple 
growers, especially for Moris, Josapine and N36 varieties. 
The use of Pineapple Mixed Fertiliser, PMF (30:1:32) is 
common for pineapple planted on peat soil, while NPK 
fertilisers (15:15:15 and 12:12:17) are recommended for 
pineapple planted on mineral soil [1]. The introduction 

of RH Growpine Compacted Fertiliser, GCF (12:8:16) by 
MARDI increased pineapple productivity on mineral soils, 
and this fertiliser has been tested and found to be suitable 
for commercial pineapple varieties such as Josapine, 
Morris, MD2, N36, Gandul, Maspine and Sarawak 
[2]. Thus, one objective of this study was to observe 
pineapple plant vigour by when using NPK fertilisers, 
PMF and GCF. Nutrient leaching is a common problem 
for pineapple cultivation on peat soil; it is infrequently 
reported on mineral soils [3]. An effective fertilisation 
programme is the key factor to i ensuring optimum growth 
of pineapple to increase crop yield. Pineapple plants 
require large amounts of nutrients, mostly of potassium, 
nitrogen, calcium and magnesium [4]. Nitrogen is an 
essential macronutrient during the vegetative stage while 
potassium is important for producing high quality and 
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sweeter fruit. Given these circumstances, the findings 
from this study provide insights into the suitability of NPK 
fertilisers and GCF for pineapple cultivation on tropical 
peat soil compared to PMF for supplying the optimum 
amount of nitrogen during the vegetative stage, which 
afterwards could influence fruit quality.

Materials and Methods

Field Preparation

 This study was conducted using a randomised complete 
block design (RCBD) with four treatments; control plants 
with no fertiliser, plants applied with a combination of the 
NPK fertilisers (15:15:15 and 12:12:17), plants applied 
with RH Growpine Compacted Fertiliser, GCF (12:8:16) 
and plants applied with Pineapple Mixed Fertiliser, PMF 
(30:1:32). All types of fertilisers were applied to the 
soil at approximately 5 cm from the plants at 3, 6 and 9 
months after planting (MAP), using a rate of 20 grams 
per plant for each application. For the NPK fertilisers, 
NPK 15:15:15 was applied on at 3 and 6 MAP, while at 
9 MAP, NPK 12:12:17:2 was used. 

Vegetative Growth, Plant Biomass Determination, 
Fruit Quality and Cost Estimation

 Data collection included plant height, D-leaf length 
and width, stem circumference and number of leaves at 
3, 6 and 9 MAP. D-leaf is the longest leaf on the plant 
[4]. Twelve plants from each treatment, i.e., three plants 
per replication, were chosen from the second row of 
each subplot for fresh and dry weight determination. 
The plants were pulled carefully from the soil to avoid 
unnecessary loss of the roots. The plants were washed 
and air-dried before the leaves were separated from the 
stems. Then, each stem was divided into the upper part as 
the pineapple stem, and the lower part or the underground 
portion as the pineapple roots [5]. The Harvest index was 
calculated from the ratio of fruit weight at harvest (with 
crown) to the plant weight at harvest (without fruit and 
crown). The cost for each fertiliser applied in this study 
was calculated. The costs of labour, planting materials, 
weed control, foliar fertiliser and flowering induction were 
not included. The cost was calculated in Ringgit Malaysia 
based on the prices of the fertilisers at the time the study 
was conducted.

Data Analysis

 Data for vegetative growth and plant biomass were 
analysed by one-way analyses of variance (ANOVA). 
The results were expressed as means ± standard error of 
the means. The means were separated for any differences 
using Duncan’s multiple range test (DMRT) at a 5% 
significance level. Statistical analysis was conducted using 
SAS software version 9.3.

Results and Discussion

Vegetative Growth and Plant Mass 

 Table 1 shows that vegetative growth of MD2 pineapple 
was not significant during early growth of plant as 
estimated at 3 MAP. At 9 MAP, plant growth from GCF 
and NPK (combination of 15:15:15 and 12:12:17:2) were 
better as compared to PMF in terms of plant height, D-leaf 
length and D-leaf width. Generally, the plant growth 
performance of pineapple applied with PMF was lower 
compared to NPK and GCF.
 In terms of fresh leaf weight, a significant difference 
was observed in the pineapple plants receiving GCF (3589 
g), being heavier as compared to the plants applied with 
PMF (2319 g) at 9 MAP, while for dry leaf weight, the 
difference was observed only at 6 MAP between GCF 
(202.5 g) and NPK (142.5 g) (Table 2). The difference 
was only shown on at 9 MAP for stem fresh and dry 
weights between GCF and PMF. Based on the plant’s 
total biomass, the difference was observed at 9 MAP 
for fresh weight between GCF and PMF, but this trend 
was not repeated for the total dry weight of the plants. 
In general, GCF produced heavier pineapple plants 
(4038 g), followed by NPK (3175 g), PMF (2583 g) and 
unfertilised pineapple (1767 g). In Table 3, it may be seen 
that pineapple leaves accounted for almost 90% of the 
total biomass of the plant, while the remaining weight 
comprised roots and stem. The ratio of roots to the total 
biomass of the plants in all the treatments decreased 
throughout plant development. However, there was an 
increasing trend for the ratio of stem to the total biomass 
of the plant over time. The ratio of leaves to total biomass 
nevertheless remained almost the same throughout the 
experiment. As shown in Table 4, PMF had the lowest 
harvest index compared to NPK and GCF, meaning that 
the marketable plant proportion (fruit) was higher in 
plants treated with NPK and GCF than with PMF with the 
same quantity of fertiliser added. NPK produced higher 
fruit quality with higher TSS (14.3%), followed by GCF 
(13.82%) and PMF (12.33%). The trend was repeated for 
ascorbic acid content.
 Nitrogen and potassium are the main macro elements 
needed for optimum pineapple plant development. 
Nitrogen is important during the vegetative growth stage of 
pineapple to maintain a high vegetative growth rate, while 
potassium is more important during the fruit development 
stage for high quality and sweeter fruit [4]. The nitrogen 
and potassium ratio in PMF is higher compared to NPK 
and GCF at a 30% N to 32% K2O ratio. However, the 
application of this fertiliser to pineapple on peat soil 
did not improve growth rate as much as NPK or GCF. 
Increased application of nitrogen will certainly increase 
plant growth rate and fruit yield, as reported elsewhere 
[6][7][8]. Potassium deficient pineapple produced fruit 
with reduced fruit mass, less aromatic flesh, and a lower 
number of planting materials [9]. A high rate of potassium 
may reduce the absorption of other crucial micronutrients 
during vegetative growth. A large amount of potassium 
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applied before planting could bring advantages to the 
plant, but it also could cause a nutrient imbalance that 
interferes with the absorption of micronutrients, such as 
Mg, Ca, or Zn [4]. The high ratio of K in PMF starting 
from early vegetative growth up to 3 MAP could have 
disrupted nutrient absorption from the soil to plant roots. 
In the case of phosphorus, low phosphorus in PMF may 
not be the cause of a lower growth rate. This factor could 
be ruled out due to the insignificant interaction of low 
phosphorus with pineapple growth vigour as suggested 
by authors [6] on deep peat soil, as well as [8] on sandy 
and low fertility Alfisol. Valleser’s findings [10] on the 
interaction of phosphorus certainly seem to suggest that 
there is a positive correlation between the increasing 
amounts of phosphorus and MD2 pineapple plant growth; 
yet phosphorus-starved plants still produced good quality 
fruit without diminished physicochemical properties. 
Thus, a lower P ratio in PMF could not be the factor 
causing low plant vigour in the pineapple plants.
 PMF is made up of three single fertilisers; ammonium 
sulfate, Christmas Island rock phosphate (CRIP) and 
muriate of potash (MOP). The NPK fertiliser combination 
is very homogenous in its chemical composition and 
contains superior nutrient combinations, both fast-acting 
and slow-acting nitrogen and phosphorus sources [11]. 
GCF contains zeolite to ensure efficient control of nutrient 
release to the plants [2]. The property of GCF, in releasing 
nutrients at a slower rate than NPK and PMF, could be 
the main factor contributing to the high growth rate of 
the pineapple plants and their heavier plant biomass. This 
statement was supported by Sakimin [12] who showed that 
the application of Kamila, a type of slow-release fertiliser 
in the form of nuggets, increased plant height significantly.

 Before the flowering phase, a significant proportion of 
dry matter accumulated in the leaves, as agreed by Hanafi 
& Razzaque [13] who reported that more than 80% of total 
biomass was contributed by the pineapple leaves. In this 
experiment, the ratios of N to K2O in PMF (30:32), NPK 
fertiliser combination (15:15 and 12:17) and GCF (12:16) 
were relatively close to a 1:1 ratio. From the ratio for all 
these types of granular fertilisers, plant vigour and plant 
biomass were expected to be not too different among the 
treatments, but the results showed otherwise. Therefore, 
supplying a high amount of N and K will not necessarily 
ensure optimum plant growth. Instead, supplying a good 
ratio of nutrients is likely to guarantee higher plant vigour. 
PMF is commonly used for pineapple cultivation on 
peat soil, and this practice should be replaced with the 
application of either the NPK fertiliser combination or 
GCF to increase the farmer’s profit. High harvest index 
means most of the nutrients in the plants is have been 
converted into consumables, i.e., the fruit flesh or the 
marketable plant part, the whole fruit.

Cost of Fertiliser

 From Table 5, it is apparent that the cost of application 
of the NPK fertiliser combination was the highest, 
followed by GCF and PMF. Based on plant growth rate 
and plant biomass analysis, the application of GCF to 
MD2 pineapple on peat soil is seems to be more profitable 
than applying the NPK fertiliser combination. Both the 
NPK fertiliser combination and GCF produced higher 
plant biomass and vigorous plant growth. As the cost for 
GCF is lower than the NPK fertilisers, pineapple farmers 
could benefit more from using GCF. Even the cost of PMF 
is lower compared to the NPK fertilisers, and slightly 

Table 1. Growth performance of MD2 pineapple applied with different types of granular fertilisers

Parameters of growth 
performance

MAP No fertiliser Pineapple mix 
fertiliser, PMF

NPK fertiliser 
combination

Growpine compacted 
fertiliser, GCF

Plant height 
(cm)

3 48.9 ± 1.8 a 46.3 ± 0.9 a 48.6 ± 1.1 a 47.2 ± 2.1 a

6 69.1 ± 3.1 c 85.9 ± 1.3 b 93.1 ± 1.7 ab 94.3 ± 2.9 a

9 81.7 ± 2.5 c 103.1 ± 1.7 b 117.5 ± 2.6 a 122.0 ± 3.6 a

D-leaf length 
(cm)

3 47.9 ± 1.2 a 45.5 ± 0.5 a 48.2 ± 1.1 a 46.4 ± 1.9 a

6 65.9 ± 3.0 b 81.3 ± 1.3 a 86.6 ± 1.2 a 88.3 ± 3.3 a

9 77.0 ± 3.0 c 93.3 ± 2.5 b 104.6 ± 1.9 a 109.0 ± 2.6 a

D-leaf width 
(cm)

3 2.9 ± 0.1 a 2.7 ± 0.1 a 3.0 ± 0.1 a 3.1 ± 0.1 a

6 3.6 ± 0.1 c 5.0 ± 0.4 b 6.1 ± 0.4 a 5.8 ± 0.3 a

9 4.2 ± 0.3 c 5.4 ± 0.3 b 6.5 ± 0.1 a 6.5 ± 0.2 a

Stem circumference (cm) 3 23.5 ± 1.4 a 21.7 ± 2.2 a 23.8 ± 1.3 a 23.0 ± 1.7 a

6 27.4 ± 1.1 b 30.9 ± 1.5 ab 34.4 ± 0.9 a 31.9 ± 1.2 a

9 30.2 ± 0.7 b 35.5 ± 2.2 ab 38.0 ± 0.2 a 35.2 ± 2.1 ab

Number of leaves 3 18 ± 1 a 20 ± 2 a 20 ± 1 a 19 ± 1 a

6 25 ± 1 a 27 ± 2 a 28 ± 2 a 26 ± 1 a

9 26 ± 1 b 29 ± 1 ab 31 ± 1 a 31 ± 1 a

Note: Means ± standard error of means was analysed by ANOVA. A different letter after the means within each row indicates significant 
difference among the means at p ≤0.05 based on Duncan’s multiple range test (DMRT)
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Table 3. Ratio of different parts of plants compared to total biomass during vegetative growth of pineapple with 
the application of different granular fertilisers

Parameters MAP No fertiliser Pineapple mix 
fertilizer, PMF

NPK fertiliser 
combination

Growpine compacted 
fertiliser, GCF

Ratio of leaf fresh 
weight

3 87.2 86.5 87.6 87.9
6 88.5 90.4 91.0 91.6
9 89.0 89.4 88.8 88.9

Ratio of leaf dry 
weight

3 86.1 85.6 85.9 83.5
6 86.1 90.3 91.5 94.1
9 89.8 88.6 88.8 87.9

Ratio of stem fresh 
weight

3 5.00 5.56 4.84 4.77
6 5.26 5.33 6.14 6.05
9 5.08 5.99 7.51 7.80

Ratio of stem dry 
weight

3 3.69 4.46 3.40 3.83
6 3.93 3.69 3.19 3.19
9 4.06 5.59 6.74 6.74

Ratio of root fresh 
weight

3 7.83 7.89 7.52 7.37
6 6.26 4.29 2.81 2.31
9 5.97 4.25 3.68 3.32

Ratio of root dry 
weight

3 10.2 9.98 10.7 12.7
6 9.93 5.99 3.99 2.72
9 6.13 5.82 4.92 5.35

Table 2. Plant biomass of different plant parts of MD2 pineapple applied with different types of granular fertilisers

Parameters MAP No fertiliser Pineapple mix 
fertiliser, PMF

NPK fertiliser 
combination

Growpine compacted 
fertiliser, GCF

Leaf fresh weight 
(g) 

3 332.1 ± 32.6 a 394.7 ± 38.0 a 336.2 ± 32.9 a 324.0 ± 30.0 a

6 640.3 ± 45.0 b 1063 ± 139 a 1153 ± 114 a 1222 ± 96 a

9 1572 ± 275.0 c 2319 ± 199 bc 2820 ± 379 ab 3589 ± 385 a

Leaf dry weight 
(g)

3 45.27 ± 6.42 a 51.83 ± 5.96 a 41.88 ± 3.58 a 39.28 ± 3.58 a

6 87.69 ± 6.76 c 155.7 ± 21.8 ab 142.5 ± 9.9 b 202.5 ± 17.6 a

9 249.0 ± 57.8 b 293.0 ± 39.4 ab 316.0 ± 52.2 ab 378.0 ± 23.6 a

Stem fresh weight 
(g)

3 19.03 ± 1.94 ab 25.68 ± 2.75 a 18.59 ± 1.49 ab 17.61 ± 2.14 b

6 38.04 ± 3.24 b 62.63 ± 9.12 a 77.73 ± 7.34 a 80.63 ± 6.99 a

9 89.75 ± 19.90 c 154.8 ± 18.5 bc 238.3 ± 46.1 ab 314.8 ± 51.8 a

Stem dry weight 
(g)

3 1.94 ± 0.31 ab 2.70 ± 0.38 a 1.66 ± 0.42 b 1.80 ± 0.46 ab

6 4.01 ± 0.40 b 6.36 ± 0.93 ab 7.09 ± 1.05 a 6.87 ± 0.83 a

9 11.25 ± 2.02 c 18.50 ± 1.94 bc 22.50 ± 5.24 ab 29.00 ± 4.51 a

Root fresh weight 
(g)

3 29.84 ± 2.64 a 35.99 ± 6.83 a 28.84 ± 4.40 a 27.18 ± 3.62 a

6 45.30 ± 2.19 a 50.38 ± 11.83 a 35.63 ± 4.51 a 30.84 ± 3.76 a

9 105.5 ± 22.6 a 109.8 ± 15.1 a 116.8 ± 22.0 a 134.0 ± 17.2 a

Root dry weight 
(g)

3 5.37 ± 0.72 a 6.04 ± 1.55 a 5.20 ± 0.71 a 5.98 ± 1.47 a

6 10.11 ± 0.27 a 10.34 ± 2.12 a 6.22 ± 1.04 ab 5.85 ± 0.83 b

9 17.00 ± 4.42 a 19.25 ± 1.89 a 17.50 ± 3.38 a 23.00 ± 3.34 a

Total fresh weight 
(g) 

3 380.9 ± 36.9 a 456.3 ± 48.2a 383.7 ± 38.0 a 368.8 ± 35.5 a

6 723.6 ± 48.8 b 1176 ± 160 a 1266 ± 124 a 1334 ± 106 a

9 1767 ± 315 c 2583 ± 230 bc 3175 ± 438 ab 4038 ± 449 a

Total dry weight 
(g)

3 52.58 ± 7.37 a 60.58 ± 6.65 a 48.73 ± 4.62 a 47.06 ± 5.36 a

6 101.8 ± 6.85 c 172.4 ± 24.8 ab 155.8 ± 11.1 bc 215.2 ± 18.8 a

9 277.3 ± 63.3 b 330.8 ± 42.3 ab 356.0 ± 60.5 ab 430.0 ± 30.9 a

Note: Means ± standard error of means was analysed by ANOVA. A different letter after the means within each row indicates 
significant differences among the means at p ≤0.05 based on Duncan’s multiple range test (DMRT)
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Table 4. Fruit quality of MD2 pineapple grown with different granular fertilisers

Parameters No fertilizer Pineapple mix 
fertiliser, PMF

NPK fertilizer 
combination

Growpine compacted 
fertiliser, GCF

Total Fruit weight
(fruit + crown) (g)

886.17 c 1311.93 b 2175.83 a 2095.92 a

Fruit weight (g) 585.00 c 974.73 b 1806.42 a 1731.17 a

Crown weight (g) 301.17 bc 337.20 b 369.42 a 364.75 a

Flesh Firmness (N) 19.98 a 12.33 bc 8.74 d 13.82 b

TSS (%) 8.88 d 12.33 c 14.30 a 13.82 b

pH 3.65 a 3.52 b 3.43 c 3.28 d

TTA (%) 0.40 c 0.67 a 0.63 a 0.56 b

Ascorbic acid (mg/100gFW) 27.9 d 42.38 c 53.15 a 48.34 b

Harvest index 0.52 b 0.41 c 0.57 a 0.51 b

Note: Mean ± standard error of mean was analyzed by ANOVA. The different letter within each row indicates significant differences at 
p ≤0.05 based on Duncan’s multiple range test (DMRT)

Table 5. Cost analysis of MD2 pineapple grown with different granular fertilisers on peat

Fertiliser Composition Cost (RM)
Per plant Per hectare

No fertiliser - 0.000 0.00
Pineapple mix fertiliser, PMF 30:1:32 0.104 4,541.40
NPK fertiliser 15:15:15

12:12:17:2
0.140 6,090.00

Growpine Compacted Fertilizer, GCF 12:8:16 0.108 4,698.00
Note: The cost of fertiliser was calculated based on the market price at the time study was conducted. 
The calculation was made for three granular fertiliser applications throughout one cycle of pineapple 
with an estimation of 43,500 pineapple plants per hectare

lower than GCF; however, the benefits of GCF outweigh 
its cost because it produced more vigorous plants with 
higher plant biomass. Pineapple farmers will surely try 
to decrease production costs while hoping not to affect 
crop yield. Consequently, using GCF is proven to result in 
more vigorous pineapple plants at lower production costs.

Conclusion

 The results showed that the application of GCF 
produced a more vigorous plant growth rate and 
higher plant biomass as compared to the NPK fertiliser 
combination and PMF. It is confirmed that GCF and NPK 
fertilisers supplied an adequate amount of micronutrients 
during the vegetative stage of pineapple. In comparison 
with Pineapple Mixed Fertiliser, PMF, which is the 
commonly used fertiliser on pineapple planted on peat 
soil in Malaysia, the use of either the NPK fertiliser 
combination or GCF is more profitable to the farmers. 
Thus, recommending the use of Growpine Compacted 
Fertilizer, GCF, could transform Malaysia’s pineapple 
industry further.
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Abstract

 Seven chilli genotypes from the World Vegetable Centre were evaluated for their yield performance and resistance to 
the fungal disease; anthracnose. The genotypes were PP0438-8543, PP0537-7516, PP0042-31, PP0537-7558, PP0537-
7503, PP0637-7529 and PP0537-7539, which were recoded as CH2, CH5, CH9, CH14, CH 16, CH18 and CH21, 
respectively. The field performance of these genotypes was evaluated at the Vegetable Research Plot, Horticulture 
Research Centre, MARDI. The experiment was arranged in a Complete Randomised Design with ten plants representing 
each genotype. Data on plant stature, maturity, fruit size and yield were taken and ANOVA was run using Statistical 
Analysis Software. Resistance to anthracnose was evaluated using a method involving microinjection of a Colletotrichum 
gloeosporioides isolate into mature green and red fruits. Results showed that genotypes CH18, CH21, CH5, CH9 and 
CH2 had comparable performance in terms of fruit yield per plant and number of fruits per plant. These genotypes 
could produce fruit yield weighing between 612 and 793 g per plant, and 82 – 121 fruits per plant. From the disease 
resistance perspective, CH9, CH5 and CH14 showed significant resistance to anthracnose based on response to wound 
and non-wound procedures on mature green and red fruits of these genotypes. The results from this evaluation will be 
used for the selection of parental lines for the chilli breeding programme.

Keywords: breeding, Capsicum annuum, fungal disease, vegetable, yield
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Introduction

 Production of chilli in Malaysia is still far from 
meeting the self-sufficient level of the country. This 
is due to many factors. One of them is the constraint 
faced when producing good and marketable chilli due 
to infection by diseases. Many pests and diseases attack 
chilli plants, thus reducing yield, fruit quality, and even 
cosmetic appearance. Anthracnose disease caused by the 
fungus Colletotrichum spp. is one of the problems faced 
by chilli growers. Farmers need other options than using 
chemicals to combat the disease because this practice is 
costly and not environment and health-friendly. Therefore, 
an effort needs to be initiated to develop a chilli variety 
that is resistant to the disease.
 In this study, seven chilli genotypes of advanced 
breeding lines were imported from the World Vegetable 
Centre. These pure line genotypes were selected for their 
high yielding capacity and resistance to certain diseases, 
including anthracnose. However, these genotypes needed 
to be evaluated in our local environment to gauge their 

performance, before being selected as the candidate 
parental lines for developing new chilli hybrids/varieties. 
The agronomic performance of these genotypes was 
evaluated in an open experimental field of the Horticulture 
Research Centre. The plants were grown following 
the standard agricultural practices for chilli, but with 
no fungicide application thoroughout their growth and 
development. A sample from each genotype was taken 
and challenged with a C. gloeosporioides isolate.

Materials and Methods

Evaluation on the Field Performance of Selected 
Chilli Genotypes

 Seven chilli genotypes, as listed in Table 1, were 
planted in the Vegetable Experimental Plot of the 
Horticulture Research Centre. The experiment was 
conducted in a Completely Randomised Design, with 
ten plants representing each genotype. These genotypes 
were evaluated for quantitative characters, which included 
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days to flowering (DTF), days to fruit maturity (DTM), 
plant height (cm), plant canopy width (cm), fruit weight 
(g), fruit width (mm), fruit length (cm), yield per plant 
(g) and number of fruits per plant. The performance of 
the genotypes was analysed using Analysis of Variance 
(ANOVA) to determine the effects of genotypes, and 
comparison of means was conducted using Duncan’s 
New Multiple Range Test (DNMRT). Data analyses were 
conducted using the Statistical Analysis System (SAS) 
software package.

Screening for Anthracnose Resistance

 Five fruits at the green and red-ripe stage (30 to 50 
days after flowering, depending on genotype) harvested 
from each chilli genotype were inoculated with a 
C. gloeosporioides isolate using a microinjection method. 
After the calyx was removed, each fruit was surface-
sterilised with 1% (wt/vol) sodium hypochlorite for 5 
min, and then rinsed twice with distilled water. The fruits 
were blotted dry with sterile paper tissue and inoculated 
with approximately 6 μL of spore suspension by injecting 
into the middle of the pericarp of each chilli fruit. A 
microinjector consisting of a Micro Syringe model 1705 
TLL and a dispenser PB600-1 (Hamilton, Switzerland) 
were used to ensure delivery of the same inoculum volume 
in each injection, using the wound/drop and non-wound/
drop method [1, 2]. The needle of the microinjector was 
1 mm in diameter and was fixed at 1 mm long, ensuring 
a uniform wound size in all the fruits. The inoculated 
fruits were placed in plastic boxes on a tray with 500 
ml of water in at the bottom, and incubated at 28 °C, 
with 12 h of darkness and 12 h of light, and at 100% 
relative humidity.
 The experiment was carried out twice. Anthracnose 
symptoms at the inoculation site were evaluated 7 days 
after inoculation for the wound/drop method, and 15 days 
after inoculation for the non-wound/drop method, using 
the percent lesion size relative to the overall size of the 
fruit. Disease reaction was scored on a 0 – 9 point scale 
that had been modified from the disease-scoring scale 
described by Montri [3]. Data on infected fruit areas 
were analysed using analysis of variance (p <0·05), with 
DNMRT values used for multiple range tests, both in the 
SAS software.

Results and Discussion

 A summary of the agronomic characters and level of 
anthracnose resistance in the seven chilli genotypes is 
presented in Table 2. Full data on agronomic performance 
are presented in Table 3. In this trial, genotype CH5 and 
CH14 showed earliness in flowering (DTF) at 22.7 and 
23.8 days after transplanting, respectively). However, 
these two genotypes were not the earliest to ripen fruit 
(DTM). Instead, CH18 fruits ripened the earliest among all 
the genotypes (at 71 days), and took the shortest time to 
ripen, which was 45 days from flowering. Early maturity 
is correlated with yield as it can prolong the production 
period. An early variety in a poly-cropping system could 
also escape the pest outbreak phase that usually comes 
at peak fruiting time. Chilli yield is contributed mainly 
by fruit weight and the number of fruits per plant. Fruit 
width and fruit length are also important traits influencing 
chilli yield [3]. The highest fruit weight was obtained 
from CH9 with an average 13.1 g. This genotype also 
showed long fruit (12.9 cm) comparable with CH5 (13.4 
cm) and CH18 (13.0 cm). In terms of fruit diameter, 
CH9 and CH2 showed the broadest fruit at 1.69 and 1.70 
cm, respectively. The highest yield was recorded from 
CH5, at 793 g per plant. This yield, however, it was not 
significantly different from that of CH9 (779.5 g), CH18 
(759.3 g), CH21 (654.6 g) and CH2 (612.6 g). The lowest 
yield was recorded from CH16, at only 195 g per plant. 
This trial’s yield results were not as high as recorded in 
a previous evaluation trial, which used the same genetic 
materials [5]. However, the low yields in this trial were 
to be expected as no chemical fungicide was applied to 
avoid fruit loss caused by pathogenic fungus. The highest 
fruit number per plant was recorded from CH18, followed 
by CH21, CH5, CH9 and CH2 at 120, 116, 111, 83 and 
81 fruits per plant, respectively.
 Seven days after inoculation, genotypes CH9, CH5 
and CH14 showed moderate resistance (MR) against C. 
gloeosporioides in the red-ripe fruits, and resistance (R) 
against C. gloeosporioides in the green fruits using the 
wound/drop inoculation method; they were followed by 
CH21, CH2, CH18 and CH16. All the genotypes showed 
higher resistance (HR) against C. gloeosporioides in 
the red and green fruits following the non-wound/drop 
inoculation method at 15 days after inoculation (Table 4).

Table 1. List of chilli genotypes evaluated

No. Genotype Code names from World Vegetable Centre
1 CH2 PP0438-8543
2 CH5 PP0537-7516
3 CH9 PP0042-31
4 CH14 PP0537-7558
5 CH16 PP0537-7503
6 CH18 PP0637-7529
7 CH21 PP0537-7539
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Table 2. Agronomic characters and level of anthracnose resistance in seven chilli genotypes

Genotype Agronomic character Anthracnose resistance

DTF (day)  27.7 ± 2.3
DTM (day)  89.0 ± 0
TM (day)  61.3 ± 2.3
PH (cm)  27.1 ± 2.4
PCW (cm)  24.1 ± 1.3
FW (g)   9.4 ± 1.3
FL (cm)  12.0 ± 1.1
FD (cm)   1.7 ± 01
FNO  81.5 ± 12.0
FY (g) 612.0 ± 77.8

DTF (day)  22.8 ± 1.5
DTM (day)  89.0 ± 0
TM (day)  66.3 ± 1.5
PH (cm)  34.7 ± 4.5
PCW (cm)  27.7 ± 2.5
FW (g)  10.9 ± 0.9
FL (cm)  13.4 ± 1.2
FD (cm)  1.3 ± 01
FNO 111.5 ± 9.2
FY (g) 793.0 ± 56.6

DTF (day)  25.8 ± 1.3
DTM (day)  87.6 ± 3.6
TM (day)  61.8 ± 3.6
PH (cm)  41.5 ± 3.4
PCW (cm)  32.2 ± 4.5
FW (g)  13.1 ± 1.2
FL (cm)  12.9 ± 0.9
FD (cm)  1.7 ± 0.1
FNO  83.4 ± 16.0
FY (g) 779.5 ± 161.8

DTF (day)  23.8 ± 1.6
DTM (day)  87.2 ± 1.6
TM (day)  63.4 ± 2.5
PH (cm)  38.0 ± 3.7
PCW (cm)  28.2 ± 2.7
FW (g)  8.3 ± 1.0
FL (cm)  10.9 ± 0.8
FD (cm)  1.4 ± 0.1
FNO  69.0 ± 35.2
FY (g) 416.8 ± 150.1

Green fruit
Wounded Non-wounded
Resistant Highly resistant

Red fruit
Wounded Non-wounded
Moderately susceptible Highly resistant

Green fruit
Wounded Non-wounded
Resistant Highly resistant

Red fruit
Wounded Non-wounded
Moderately susceptible Highly resistant

Red fruit
Wounded Non-wounded
Moderately resistant Highly resistant

Green fruit
Wounded Non-wounded
Resistant Highly resistant

Green fruit
Wounded Non-wounded
Moderately 
resistant

Highly resistant

Red fruit
Wounded Non-wounded
Moderately resistant Highly resistant

CH2

CH5

CH9

CH14
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Genotype Agronomic character Anthracnose resistance

DTF (day)  35.0 ± 0
DTM (day)  94.5 ± 2.1
TM (day)  59.5 ± 2.1
PH (cm)  26.7 ± 4.3
PCW (cm)  29.2 ± 2.2
FW (g)  6.7 ± 0.8
FL (cm)  8.9 ± 0.6
FD (cm)  1.4 ± 0.1
FNO  66.5 ± 16.3
FY (g) 195.0 ± 56.6

DTF (day)  25.8 ± 1.0
DTM (day)  71.2 ± 1.0
TM (day)  45.4 ±1.6
PH (cm)  43.9 ±5.2
PCW (cm)  27.3 ±2.2
FW (g)  10.3 ± 0.8
FL (cm)  13.1 ± 0.5
FD (cm)  1.6 ± 0.1
FNO 120.7 ± 21.9
FY (g) 759.3 ± 101.2

DTF (day)  26.4 ± 1.2
DTM (day)  88.2 ±1.0
TM (day)  61.8 ± 1.1
PH (cm)  31.2 ± 4.5 
PCW (cm)  23.6 ± 3.3 
FW (g)  10.5 ± 1.0
FL (cm)  12.7 ± 1.2
FD (cm)  1.3 ± 0.1
FNO 116.7 ± 32.1
FY (g) 654.6 ± 103.9

DTF = Days to flowering; DTM = Days to fruit maturity; TM = Time to mature; PH = Plant height; PCW = Plant canopy width; FW = Fruit 
weight; FL = Fruit length; FD = Fruit diameter; FNO = Fruit number per plant; FY = Fresh yield per plant

Green fruit
Wounded Non-wounded
Resistant Highly resistant

Red fruit
Wounded Non-wounded
Moderately susceptible Highly resistant

Green fruit
Wounded Non-wounded
Moderately resistant Highly resistant

Red fruit
Wounded Non-wounded
Moderately susceptible Highly resistant

Green fruit
Wounded Non-wounded
Moderately resistant Highly resistant

Red fruit
Wounded Non-wounded
Moderately susceptible Highly resistant

Table 3. Means and standard deviation for traits measured on seven chilli genotypes planted in the open field

Means followed by the same letter in the same column are not significantly different from one another at ρ ≤ 0.05 based on DNMRT. DTF = 
Days to flowering; DTM = Days to maturity; TM = Time to mature; PH = Plant height; PCW = Plant canopy width; FW = Fruit weight; FL = 
Fruit length; and FD = Fruit diameter; FNO = Fruit number per plant; FY =Fresh yield per plant

CH16

CH18

CH21
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Table 4. Host reaction of Capsicum annuum fruits to Colletotrichum gloeosporioides at 7 days after wound/drop inoculation 
and at 15 days after non-wound/drop inoculation

Note:Values followed by the same letter in a column did not differ significantly from one another (0·01 level) according to Duncan’s multiple 
range test
*HR = highly resistant; R = resistant; MR = moderately resistant; MS = moderately susceptible; S = Susceptible; HS = highly susceptible
**Wound/drop and non wound/ drop inoculation used 106 conidia mL-1

Conclusion

 Five chilli genotypes – CH5, CH9, CH18, CH21 and 
CH2 – showed good yields despite no fungicide treatments 
having been given to the plants. These genotypes will 
be selected as candidate parental lines for the high yield 
trait. For anthracnose resistance, all the genotypes showed 
high resistance when they were not wounded. CH9, CH5 
and CH14 showed moderate resistance to anthracnose 
during ripening; thus, they will be selected for further 
evaluation. Results showed that non-wound inoculation 
with only 106 conidia mL-1 resulted in non-infection; hence 
a higher concentration of inoculum will be used in a later 
experiment to validate the results.
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Abstract

 Pomelo (Citrus maxima) is the largest fruit in the citrus family, with a unique combination of tastes. In Malaysia, 
the total area of pomelo cultivation in 2020 was 1,044 ha, with an estimated production of about 15,435 tonnes. 
Conventional hybridisation in pomelo is difficult due to the poly-embryonic character of its seeds. To overcome 
this limitation in pomelo, an intensive mutation breeding programme using different doses of gamma radiation was 
conducted. Five pomelo cultivars, namely, Shatian, Melomas, C41, Pomelo Sweet and Pomelo Sour, were bombarded 
with different irradiation treatments (20, 30 and 40 Gy). Several morpho-agronomic characteristics, including plant 
height, stem girth, presence of thorns, number of fruits per plant, fruit weight, fruit length, fruit diameter, peel thickness, 
number of segments per fruit, number of seeds per fruit, juice content, total soluble solids (TSS), titratable total acidity 
(TTA), ratio between TSS and TTA, vitamin C and citric acid contents, of these mutants were evaluated in subsequent 
pomelo generations. Mutants developed from the parental variety Shatian (receiving 20 and 30 Gy) were screened 
and evaluated in the first generation (M1V1). This population was given priority due to its wide variation of mutants 
with improved plant performance, especially when compared to the other parental varieties and irradiation treatments. 
In the second generation (M1V2), nine selected mutants from the previous generation, i.e., 2KRP6, 2KRP7, 2KRP8, 
2RKP9, 2KRP10, 3KRP1, 3KRP2, 3KRP3 and 3KRP4, were assessed for their fruit quality and chemical content. 
Subsequently, four of the mutants were selected for evaluation in the third generation (M1V3), namely, 2KRP6, 2KRP7, 
2RKP9 and 3KRP4.  Evaluation focused on desirable traits such as yield and improved quality. According to the results 
obtained, there were significant differences (p<0.05) among mutants for most of the morpho-agronomic traits, which 
included plant and fruit characteristics, yield and fruit chemical content, in the different generations. There was no 
disease incidence in all the mutants studied, and it was observed that the mutants were highly resistant compared to 
their parents, as well as to the commercial control variety. In general, the selected mutants showed improvement in 
the desirable traits (dwarfness, without thorns, seedless, pinkish flesh, sweetness, low acidity, juiciness, crunchy pulp, 
aromatic and disease resistance) over the parental variety Shatian. They exhibited equal performance when compared to 
the commercial control varieties, Melomas and C41. To sum up, the four selected mutants have potential in providing 
variety options to farmers and the pomelo industry in the country. Furthermore, these mutants could contribute to the 
pomelo gene pool as genetically diverse resources in Malaysia.

Keywords: morpho-agronomic characteristics, mutation breeding, mutant development, plant generation, pomelo
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Introduction

 Pomelo (Citrus maxima) is the largest fruit in the citrus 
family with a unique combination of tastes (sweet, sour 
and bitter), and is used especially for fresh consumption 
[2]. It is one of the native citrus crops found in Southeast 

Asia, including Malaysia. Malaysia produces more than 
10,000 tonnes (t) of pomelo per year.  The fruit is widely 
grown in Sabah (444 ha), Perak (175 ha) and Johor 
(148 ha). Production of pomelo in Malaysia increased 
from 12,858 t in 2016 to 15,435 t in 2020, with a total 
planted area of about 1,044 ha [1]. It is a favoured fruit 
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in the Chinese community, with its demand increasing 
mainly during their festive seasons.
 In Malaysia, the genetic resources of pomelo are 
very limited, and its diversity has been enhanced 
through breeding programmes. However, citrus is highly 
heterozygous and are polygenic plants with a long juvenile 
period, hence making conventional breeding a laborious, 
time-consuming and expensive process [4]. To overcome 
this limitation, MARDI has been conducting an intensive 
mutation breeding programme in pomelo, using different 
doses of gamma radiation. This work has been initiated 
since 1994 (RMK6) on five commercial pomelo cultivars, 
aiming to improve the quantitative traits, mainly those 
affecting plant growth performance, fruit quality and 
disease resistance [3].
 Generally, most of the commercial pomelo varieties are 
vigorous, with a plant height over 7 m. This latter character 
causes intensively laborious and high maintenance for the 
farmers during pruning and harvesting time. Moreover, 
these varieties are also constrained by the fruit having 
many seeds and being of poor quality (low sugar-acid 
ratio, high acidity and some degree of bitter taste). To keep 
up with the current local demand and the export market, it 
is necessary to improve the fruit quality traits, particularly 
low acidity, seedless and non-bitterness [5]. Through the 
mutation breeding technique, it is possible to improve 
and produce desirable traits which are better than in the 
original varieties. This breeding method is also much 
faster by than conventional hybridisation. Therefore, the 
study was conducted to produce new pomelo mutants with 
improved desirable traits such as dwarfness, sweetness, 
seedlessness, juiciness, high sugar-acid ratio, high vitamin 
C content, and attractive colour flesh.

Materials and Methods

 The study was initiated with five commercial pomelo 
varieties: Shatian, Melomas, C41, Pomelo Sweet and 
Pomelo Sour. The varieties were irradiated with gamma 
rays at doses, varying from 20 – 40 Gy, and then grafted on 
a standard rootstock. The grafted plants were transplanted 
to the M1V1 plots in the field (MARDI Kuala Kangsar).  
The trial consisted of 10 replicates for each treatment and 
the layout was a in randomised complete block design. 
For the M1V1 generation, the preliminary evaluations 
were to screen for plant growth and performance of the 
mutant pomelo population. After fruiting, the fruits in 
each branch per plant were assessed for good quality 
before the branch is propagated for the M1V2 generation. 
This technique is important to reduce genetic variation 
due to the chimaera effect. The segregating populations 
of the M1V2 and M1V3 generations were then planted at 
MARDI Kuala Kangsar, MARDI Kluang and MARDI 
Jerangau to further select for such morpho-agronomic 
characteristics as fruit quality, disease resistance, yield 
and chemical content of the fruit. 

Results and Discussion

Screening and Evaluation of M1V1 Population

 In the first generation (M1V1), variability was observed 
in the mutant populations. From this generation, 9 out of 
the 14 mutant plants derived from the irradiated Shatian 
cultivar were selected. The 14 mutants were coded as 
2KRP1 to 2KRP10 and 3KRP1 to 3KRP4. Thus, selection 
was targeted only on mutant plants with the desired 
traits. Preliminary results indicated that the Shatian 
mutants that were treated with 20 and 30 Gy had higher 
phenotypic variability than the non-irradiated Shatian 
cultivar, especially in plant performance (plant height and 
girth) and growth (tree shape, growth habit and density 
of branches) as presented in Table 1 [3]. The highest 
variability of in plant stature was observed on 2KRP7, 
2KRP8 and 2KRP9, while, lower variability was found 
in 3KRP4 and 3KRP2, compared to the control cultivar. 
Furthermore, most of the selected mutants exhibited 
significant differences for all of the fruit characteristics 
between treatments and with the control, especially for 
mutant 2KRP6. Many desirable traits were exhibited in 
these mutants, such as plants without thorns and dwarf, 
and fruits which are seedless, have pinkish flesh and 
are sweet.

Selection and Evaluation of M1V2 Population

 Out of nine mutants selected in the previous 
evaluation, four mutants, namely, 2KRP6, 2KRP7, 
2RKP9 and 3KRP4, were identified to have improved 
traits compared to their parent Shatian, as well as the 
commercial control varieties Melomas and C41, as shown 
in Table 2. There was no disease incidence observed in the 
second generation. Some mutants are not selected in this 
population because of high variation among the plants of 
the mutant itself, besides having low fruit quality in terms 
of smaller fruit size, less juice, dry flesh, low sugar-acid 
ratio and higher acidity.
 2KRP6 (42.7 mg/100g) and 2KRP9 (43.8 mg/100g) 
had significantly higher vitamin C content than Shatian 
cultivar. The lowest juice content was recorded for mutant 
2KRP7 (193.3 mL) due to its low fruit weight (1.15 kg), 
indicating a small fruit size, unlike 2KRP6 (240.7 mL; 
1.52 kg). The most significant differences between the 
mutants 2KRP6, 2KRP7 and 2KRP9 and the commercial 
varieites were in their lower titratable total acidity (0.13%, 
0.13% and 0.14%, respectively) but higher sugar-acid 
ratio (61.62, 61.69 and 60.07%, respectively). Sugar-acid 
ratio in Shatian was 19.65% and 38.43 and 15.04% for 
Melomas and C41, respectively. Among the four mutants 
studied, 3KRP4 fruit had the highest TSS (9.22 °Brix), 
comparable with that of its parental cultivar Shatian. The 
pink flesh colour of 2KRP7 and 2KRP9 gives added value, 
similar to the fruit quality characteristic of Melomas.



183

Selection and Evaluation of M1V3 Population

 According to the results obtained, there were significant 
differences (p <0.05) among the mutants for most fruit 
characteristics, as shown in Table 3. All of the parameters 
studied showed only minor variations based on the 
coefficient of variation (CV) value being less than 20%, 
except in the case of fruit weight, seed number and fruit 
acidity, due to the chimaera factor still existing in this 
third generation [6]. 

Table 3. Mean, SD, CV and F value of fruit characteristics of 4 selected pomelo mutants and 3 commercial varieties 
(Jerangau)

No. Character Mean Standard Deviation 
(SD)

Coefficient of Variation 
(CV) 

F Value

1. Fruit weight (kg) 1.33 0.31 23.12 3.63*

2. Fruit length (cm) 14.27 1.40 9.78 7.55*

3. Fruit width (cm) 16.15 1.29 7.97 4.99*

4. Skin thickness (mm) 22.25 4.21 18.93 110.23**

5. Number of segments 12.76 1.13 8.87 4.76*

6. Number of seeds 1.74 2.02 115.82 2.21*

7. Total soluble solids (% TSS) 8.37 0.70 8.36 9.93**

8. Titratable total acidity (% TTA) 0.86 0.18 20.49 99.17**

9. Ratio of sugar:acid (% TSS/TTA) 13.48 2.76 20.45 138.16**

10. Juice content (mL) 218.49 36.03 16.49 3.58*

ns not significant  * significant at p ≤0.05  ** significant at p ≤0.01

Table 1. Comparison of plant characteristics between Shatian mutants and control (Kuala Kangsar)

Characteristic Non-irradiated Shatian Shatian mutants from 20 Gy Shatian mutants from 30 Gy
Height (cm) 385 258 194
Girth (mm)  40  31  29
Tree shape Ellipsoid Ellipoid-obloid Ellipsoid-obloid
Tree growth habit Drooping Drooping-spreading Drooping-spreading
Density of branches Dense Dense-sparse Dense-sparse
Branch angle Medium Medium-wide Medium-wide

Table 2. Means of fruit quality traits of 4 selected mutants and 3 commercial pomelo varities (Kluang)

Mutant/
Variety

Fruit weight 
(kg)

No. of 
seed

Juice (mL) Vit. C 
(mg/100g)

Citric acid 
(mg/100g)

TSS 
(°Brix)

TTA 
(%)

Sugar-acid 
ratio (%)

Flesh 
colour

2KRP6 1.52a 1.13b 240.7a 42.7a 76.1bc 8.01b 0.13c 61.62a Yellow
2KRP7 1.15c 2.00ab 193.3c 38.4ab 79.9bc 8.02b 0.13c 61.69a Pink
2KRP9 1.17c 0.87b 204.3bc 43.8a 72.9c 8.41b 0.14c 60.07a Pink
3KRP4 1.45a 2.20ab 212.0abc 33.3ab 81.0b 9.22a 0.42b 21.95bc Yellow

Melomas 1.21bc 1.27b 214.0abc 36.7ab 76.6bc 8.84b 0.23bc 38.43b Pink
Shatian 1.40ab 1.60ab 226.4ab 29.3b 74.7bc 9.43a 0.48b 19.65c Yellow

C41 1.42ab 3.13a 238.7a 34.4ab 96.4a 8.57b 0.57a 15.04c Red
Means in the same column with the same letter are not significantly different (p <0.05)

Conclusion

 From the studies conducted, we can conclude that to 
generate new pomelo varieties, the mutants produced 
by mutation breeding must have improved characters, 
which are better than or at least comparable with existing 
commercial varieties. The four selected mutants with 
potential can provide options to farmers and the Malaysian 
pomelo industry, besides increasing pomelo genetic 
diversity. In this study, the mutant plants, namely, 2KRP6, 
2KRP7, 2KRP9 and 3KRP4, showed improved desirable 
traits, i.e., plant stature, fruit quality and chemical 
contents, over those of the Shatian cultivar.
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Abstract

 Anthracnose (Colletotrichum gloeosporioides) and fruit rot (Botryodiplodia theobromae) are the two most prevalent 
diseases that contribute significantly to post-harvest losses in papaya and jackfruit in Malaysia. Fungicide treatments are 
the most effective and least expensive method to control postharvest diseases in fruits. There are increasing concerns 
about the harmful effects of fungicides on human and environmental health. As a result, the consumer demands residue-
free fruits, and the regulatory authorities have discontinued the use of several fungicides on fruits. Fungal pathogens 
have also developed resistance to some synthetic fungicides because of their continuous use for several years. All these 
reasons have spurred investigations into alternative methods of disease control in fruits. There is increasing interest 
in exploiting antibacterial and antifungal properties of what are generally recognised as safe (GRAS) compounds to 
control postharvest diseases in fruits. The objective of this study was to test a biofungicide based on linalool for its 
efficacy in controlling postharvest diseases and in extending the shelf-life of papaya and jackfruit. In this research, 
linalool, limonene and quercetin were tested in vitro at different concentrations (0.5, 1 and 2% w/v) against C. 
gloeosporioides and B. theobromae. A clear reduction of spore germination was obtained when linalool was tested. 
Papaya and jackfruit fruits were sprayed with the linalool solution and stored at 13 °C, and quality parameters were 
evaluated. The overall results showed that fruits treated with linalool had reduced incidence of postharvest diseases 
until 3 – 4 weeks of storage at 13 °C. The results confirmed that this bioactive plant compound could be successfully 
used as an alternative control means for controlling postharvest diseases of fruits. This formulation is a plant-based 
product, effective in prolonging storage life and in controlling postharvest diseases, is biodegradable and eco-friendly. 
Fruits having a short storage life that causes high postharvest losses to contribute to high economic losses. Reduced 
post-harvest losses is significant for curbing economic losses and thus generating higher income. This formulation is 
beneficial in controlling disease and maintaining the freshness of stored fruits. It has the potential to make it possible 
to explore and expand new export markets for fruits. It also promotes green technology and, therefore, can resolve 
the issue of adverse health effects of chemical fungicides in postharvest treatments.

Keywords: Anthracnose (Colletotrichum gloeosporioides), antifungal, fruit rot (Botryodiplodia theobromae), linalool, shelf life 
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Introduction

 Papaya (Carica papaya) and jackfruit (Artocarpus 
heterophyllus) are tropical fruits and are among the most 
popular fresh fruits worldwide. Papaya and jackfruit 
are recognised to be climacteric fruits because they 
show autocatalysis of ethylene production. Anthracnose, 
caused by Colletotrichum gloeosporiodes, is an important 
fungal disease that primarily affects the papaya fruit. The 
disease usually appears on the ripening fruits, either at 
the point of sale (e.g., farmers’ markets, grocery stores) 
or after purchase. Fruit rot caused mainly by the fungus, 
Botryodiplodia theobromae, which is the primary cause 

of both field and postharvest rot in jackfruit. Synthetic 
fungicides are widely used for postharvest disease 
treatment on papaya and jackfruit. However, there 
are increased health concerns prompting consumers 
to demand fresh produce without treatment with any 
fungicides. Consumers prefer high quality, nutritious 
and long shelf-life fruit products with no preservatives 
and chemicals.
 Among the unconventional control strategies, the use 
of plant bioactive compounds with fungicidal activity 
can be considered. For example, Mayr [5] reported that 
quercetin glycosides are released from apple cell vacuoles 
as aglycones after a pathogen attack. The selective 
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accumulation of quercetin in plants, and its antifungal 
character and antioxidant properties [6] make it a good 
natural pesticide candidate for to improving the plant’s 
resistance to fungal infection.
 Plant essential oils containing high amounts of 
bioactive compounds possess the highest antifungal and 
antibacterial activity. Limonene is an example of a plant-
derived essential oil that has GRAS status from the US 
FDA [3], and exhibits antifungal activity against fungal 
pathogens of fruits. Linalool is a phytochemical that is 
a known component of essential oils in several kinds 
of herbs, such as perilla (Perilla frutescens), rosemary 
(Rosmarinus officinalis) and mastic (Pistacia lentiscus), 
and is the major constituent of basil oil (Oncimum 
Basilicum L.). It is a monoterpene unsaturated alcohol 
that is widely used in the perfume, cosmetics, and food 
industries, and has also been tested as a bactericide 
and fungicide [1,2]. The mechanism of the antifungal 
activity of linalool is not known. It is speculated that 
the enantioselectivity of the compound may regulate the 
inhibition of β-1-3 glucan or chitin synthesis in the fungal 
cell wall.
 The objectives of this research were to evaluate 
the antifungal activities of linalool, limonene and 
quercetin against Colletotrichum gleoesporiodes and 
Botryodiplodia theobromae in vitro, and to determine 
the minimum effective concentration of these bioactive 
plant components. This research was also carried out to 
investigate the effect of the bioactive plant compounds 
during in vitro research on the shelf life of papaya and 
jackfruit. The results obtained will be helpful in extending 
the shelf life of papaya and jackfruit, and in developing 
a natural and safe antifungal agent for fruit preservation.

Materials and Methods

Experimental Materials

 Quercetin (3,3’,4’,5,7-penthahydroxyflavone), linalool 
(3,7-dimenthyl-3-hydroxy-1,6-octadiene) and limonene 
(p-metha-1,8-diene) of >97’% purity were purchased 
from Sigma Aldrich (Milan, Italy). Papaya fruit were 
obtained from the Exotic Star farm located in Johor at 
the commercial harvest maturity index of 2. Meanwhile, 
jackfruit was obtained from Kulai Farm, Johor, Malaysia. 
All fruits were free from physical damage and fungal 
infection, and were transported at low temperature to 
the Postharvest Complex, MARDI. Prior to the study, 
the fruits were washed with tap water and surface dried 
at ambient conditions.

Pathogen

 Papaya and jackfruit with symptoms of anthracnose and 
fruit rot were purchased from Pasar Borong Selangor to 
obtain isolates of C. gloeosporioides and B. theobromae. 
Fruits with signs of anthracnose and with fruit rot disease 
lesions on the surface were cut aseptically into a disc 
shape of approximately 4 mm2. The tissues then were 

surface-sterilised with sodium hypochlorite (3% w/v) for 
3 minutes, followed by a series of washings using sterile 
distilled water. The samples were then placed on Potato 
Dextrose Agar (PDA), and incubated at 25 °C. Pure 
cultures were obtained by transferring isolated colonies 
to new PDA plates. The fungal pathogens were identified 
by their morphological characteristics using the Henrichi 
slide, compared to the literature, [6] and their identity 
confirmed by a plant pathologist from the Department of 
Horticulture, MARDI. The isolated fungi were maintained 
on a PDA medium at 4˚C for further studies. 

In vitro Experiment

 The antifungal activities of the plant bioactive 
compounds against C. gloeosporioides and B. theobromae 
were tested by the Poison Food Medium Method [5]. 
Antifungal activity was studied in vitro by observing 
for hyphal growth inhibition. Quercetin, linalool and 
limonene were aseptically added to 100 mL of sterile 
cool PDA medium (45 °C) to prepare 0.5, 1.0 and 2% 
(v/v) of quercetin, linalool and limonene concentrated 
solutions, together with a drop of Tween 80, and followed 
by manual rotation in a sterile Erlenmeyer flask to disperse 
the oil in the medium. Twenty millilitres of the medium 
were dispensed carefully into a sterile petri dish (9 cm 
in diameter), to avoiding air bubbles. 5-mm agar discs 
with mycelia were cut from the periphery of actively 
growing regions from the 7-day-old pure cultures, and 
aseptically inoculated into the centre of the petri dishes. 
Control plates without plant bioactive compounds were 
inoculated following the same procedure. Three replicates 
were maintained for each treatment, and the plates were 
incubated at 24 °C. Fungal colony diameter was measured 
after 7 days of incubation. Percentage of inhibition was 
calculated using the formula;

 Inhibition of mycelia growth (%) = (dc-dt)/dc x 100
 
where dc is the mycelium diameter in the control petri 
dish, and dt is the mycelium diameter in the bioactive 
plant compound-treated petri dish. 

Preparation of Linalool Formulation and Fruit 
Treatment

 The bioactive plant compound (linalool) was prepared 
in distilled water with 1% (v/v) glycerol as a plasticiser 
and a 2% emulsifier was added, and then the whole 
was homogenised using a POLYTRON® PT-MR 2100, 
KINEMATICA AG homogeniser. The papaya and 
jackfruit fruit samples were washed clean with tap water 
and air-dried at room temperature. Then, the fruits were 
randomly assigned to any one of three treatments. The 
linalool treatment was performed by spraying the fruit 
with a fresh linalool solution to ensure uniformity of the 
solution. The control fruits were washed with distilled 
water, and subjected to fungicide treatment, i.e., the 
fruits were dipped into 250 ppm propiconazole solution, 
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followed by air drying at room temperature for 30 minutes. 
Then, all the fruits were packed in corrugated fibreboard 
boxes (commercial boxes) with four fruits to a box. The 
storage study was conducted at 13 °C ± 1 °C at 85 – 88% 
relative humidity, until the fruits had decayed. Three 
replicates were used for each treatment (from different 
boxes and from different positions of storage), and the 
fruit samples were subjected to analysis in one week.

Determination of Skin Colour, Weight Loss and 
Firmness

 The fruits were weighed at the beginning of the 
experiment right after spraying and air drying, and 
thereafter the readings were taken weekly throughout the 
storage period. Weight loss was expressed as percentage 
loss of the initial total weight, and was calculated from 
the difference between the initial weight and final weight 
of fruits divided by their initial weight. Colour parameters 
(L*, hue and chroma) were determined individually on 
3 fruits per replicate, using the CIE Lab System in a 
Minolta colorimeter CR200 model (Minolta Camera Co., 
Japan). Fruit firmness was measured using a flat steel 
plate coupled with a texture analyser (TX-XT2i, Stable 
Microsystems, UK) interfaced to a personal computer. 
For each fruit, diameter was also measured. Results were 
expressed as the kg-force in Newton (N).

Determination of Disease Severity Score

 Antrachnose and fruit rot disease severity was visually 
assessed using scores on a scale of 1-5 (1 = no fruit lesion; 
2 = 1 – 3 fruit lesions; 3 = 4 – 6 fruit lesions; 4 = 7 – 15 
fruit lesions; and 5 = more than 30% of the fruit surface 
covered with fruit lesions [1].

Statistical Analysis

 Statistical analyses of the treatment responses were 
conducted using Analysis of Variance (ANOVA) and Least 
Significance Difference (LSD) was used to determine 
whether the comparison between different treatments and 
different storage durations showed significant differences 
(p <0.05). The main effect means are presented in the 
tables and figures. Experimental data are presented as 
means ± standard deviation of the determinations for 
each sample. For comparison of more than two means, 
the mean separation was done by Duncan Multiple Range 
Test (SAS Inst. 1985).

Results and Discussion

The Effect of Different Concentrations of Linalool, 
Quercetin and Limonene Inhibiting Mycelial 
Growth of C. gleosporiorides and B. theobromae

 All the plant bioactive compounds (linalool, quercetin 
and limonene) significantly inhibited mycelial growth of 
C. gloeosporiodes and B. theobromae (p ≤0.05) on the 7th 
day at 25 °C (Tables 1 and 2). The antifungal activity of 
the plant bioactive compounds increased proportionally 
with the increase in concentration in each treatment. The 
result shows that linalool was a strong antifungal agent, 
followed by quercetin and limonene. against the test fungi. 
Linalool completely inhibited (100%) mycelial growth 
of C. gloeosporiodes and B. theobromae at the lowest 
concentration (0.5%). Linalool at higher concentrations 
resulted in a strong odour, and the dose of linalool should 
be reduced for economic reasons. Due to this, linalool 
at 0.5% was subsequently used to control anthracnose 
and fruit rot disease in papaya and jackfruit in the 
subsequent experiments.

Table 1. Effect of linalool, limonene and quercetin on mycelial growth of 
C. gloeosporiodes and B. theobromae

Fungus Treatment Potato dextrose agar
(Percentage mycelial inhibition)
C. gloeosporiodes B. theobromae

Colletotrichum 
gleoesporiodes

Control 0d 0d
Linalool 0.5 % 100a 100a
Linalool 1 % 100a 100a
Linalool 2 % 100a 100a

Limonene 0.5% 9.00cd 13.09b
Limonene 1% 17.71c 14.18b
Limonene 2% 75.14b 43.36b

Quercetin 0.2% 62.40b 5.80c
Quercetin 0.5% 62.24b 3.6c

Means followed by the same letters within columns are not significantly different among the 
treatments (according to Least Significant Difference, p = 0.05)
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Linalool Treatment on the Shelf life of Papaya 
and Jackfruit

 A significant reduction in anthracnose and fruit rot 
disease development was observed when the linalool 
formulation was used to treat papaya and jackfruit before 
they were stored for 3 – 4 weeks at 13 °C. Under this 
condition, 0% fungal infection occurred during storage. 
However, the untreated fruits and fruits treated with 
propiconazole fungicide treatment were infected with 
1.46 and 1.27 disease severity, respectively. For overall 
acceptability, the linalool treatment showed the best 
acceptability as the fruits were still having good quality 
and would be accepted by the market. The linalool 
formulation significantly reduced postharvest fungal 
infection. However, overall, it had no significant effect 
on skin colour, weight loss and firmness of the fruits for 
all the treatments. 

Conclusion

 Higher concentrations of linalool in this study, at 1 
and 2% v/v, resulted in residual odour much stronger 
than from linalool at 0.5% v/v. Linalool was able to 
significantly inhibit mycelial growth at 0.5% v/v, and this 
effect was similar to that observed at 1 and 2% v/v of 
linalool, indicating that this bioactive compound can be 
used very successfully as a treatment to reduce postharvest 
fungal infections in papaya and jackfruit. Fungicides 
such as propiconazole and benomyl is are currently 
used commercially to control postharvest diseases. As 
fungicidal residues may remain in widely consumed 
agricultural products, linalool could be an excellent 
alternative to fungicides in controlling postharvest disease 
in agricultural produce.
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Abstract

 The impact of the Coronavirus disease (Covid-19) pandemic has led to a severe and widespread increase in global 
food insecurity, affecting vulnerable households in almost every country in the world, Malaysia being no exception. 
As a consequence, indoor cultivation will be an essential part of the sustainable food economy of the future, as it can 
continuously produce nutritious, pesticide-free and hygienic vegetables in abundance. However, plant disease is one 
of the major limiting factors in plant cultivation, both in conventional or indoor planting. Nowadays, the horticultural 
industry is looking for new, innovative and highly sustainable disease control approaches to substitute chemical-based 
strategies. The use of Light Emitting Diodes (LED) to generate light-induced resistance in plants is a promising approach 
to disease control in indoor cultivation, such as in a Plant Factory. Previous studies have shown that lights, including 
LED, are required not only for plant development and maintenance of plant quality, but also to stimulate the plant’s 
defence mechanisms against plant diseases, such as Botrytis cinerea, Phytophthora capsici, Glomerella cingulate and 
Pseudomonas syringae. In Malaysia, studies on the use of different LED light colours as a disease control strategy 
are limited. Therefore, we proposed a study on this aspect, by exploring the effects of their combinations: i) red: blue 
LED lighting (200 – 340 umol/m2/s) and ii) red: blue: green LED (205 – 350 umol/m2/s), on disease incidence and 
microbial populations in lettuce varieties Red Coral and Butterhead grown under MARDI’s Plant Factory production 
conditions. All the lettuces were planted using a multilayer hydroponics system in the plant factory, and grown under 
the two different light sources as stated with 12-h light exposure, and at a temperature of 28 °C, humidity of 65 – 75%, 
CO2 at 400 – 500 ppm and an air flow of 2 – 5 m/s. Our studies showed that the combination of red, blue and green 
LED lighting was able to lower the incidence and severity of damping-off disease caused by Phytium aphanidermatum 
by 80 – 90%, and reduce microbial contaminations by 50 – 60% on lettuce leaves after harvest. Hence, this indicated 
that the combination of red, blue and green LED under the conditions stated could be applied as a control strategy 
to reduce microbial contaminations in MARDI’s Plant Factory. This will ensure that the quality and cleanliness of 
the plants produced are maintained until the post-harvest stage for fresh consumption. This report is a piece of new 
scientific knowledge on the use of LED lights in MARDI’s Plant Factory production system as a disease and microbial 
contaminations control strategy.

Keywords: Light Emitting Diodes (LED), plant factory, biocontrol technology, damping off, indoor farming, light treatments

Introduction

 A pilot-scale plant factory with artificial lightings 
(PFALs) was built in MARDI Serdang, Selangor, to 
house high-value vegetables and herbs. The plant 
factory (PF) is a closed simulated ecosystem made up 
of a plant-dominated biological community and artificial 
environmental variables, such as light, temperature, water, 
air, and fertiliser, automatically or manually supplied and 
controlled to meet the ecological requirements of the 

biological community, and to realise high and stable plant 
yields. It is currently applied in the specific cultivation 
of crops with high economic value such as vegetables 
and fruits, as well as precious flowers and herbs (1 – 3).  
The plant factory’s operating processes are susceptible 
to internal variations and external disruptions, such as 
microbial contamination, as well as other environmental 
fluctuations, leading to lowered plant yield and quality, 
and even to system crashes.  Pythium aphanidermatum, 
a water-borne pathogen, is one of the major pathogens 



190

in the hydroponics cultivation system. It can cause root 
rot and damping-off, and is very difficult to control either 
in open cultivation or indoor farming. Therefore, the 
best approach to Pythium management is by adopting 
a suite of practices that reduce or eliminate exposure 
to the disease organism, restrict its spread, and promote 
environmental conditions that reduce disease proliferation 
(4). Nowadays, the horticultural industry is looking 
for innovative and highly sustainable disease control 
approaches to substitute the chemical-based strategy. 
The use of Light Emitting Diodes (LED) to generate 
light-induced resistance in plants is a promising approach 
to disease control. Previous studies showed that lights 
such as red, blue, and green act to stimulate the plant’s 
defence system against several diseases, such as Botrytis 
cinerea, Phytophthora capsici, Glomerella cingulata 
and Pseudomonas syringae (5). However, much less is 
understood about their effects on disease control, or on 
how the disease organisms respond to the different LED 
light colours (5 – 7). In this study, we evaluated the effect 
of combinations of several LED lights, i.e., i) red: blue 
LED lighting (200 – 340 umol/ m2/s), and ii) red: blue: 
green LED (205 – 350 umol/m2/s) on disease incidence 
and microbial contamination in lettuce varieties Red Coral 
and Butterhead grown under MARDI’s Plant Factory 
production system conditions. 

Materials and Methods

 The lettuce cultivars Red Coral (2200, Leckat Seeds) 
and Butterhead (BB330, Leckat Seeds) were used. 
Seeds were sown using small substrate plugs to grow 
the seedlings. After sowing, each plug was placed 
inside a trough which is exposed to broad spectrum 
light (140 – 180 umol/m2/s) until germination (visually 
observed daily). All the lettuce plants were grown under 
artificial light, using two different light sources from red: 
blue LED (200 – 340 umol/m2/s), and red: blue: green 
LED (205 – 350 umol/m2/s); and with 12-h light exposure. 
The lettuces were planted using a multilayer hydroponics 
system in the plant factory in a randomised complete block 
design (RCBD) with three replications. The environment 
in the plant factory was set up as follows: temperature 
of 28 °C, humidity of 65 – 75%, CO2 at 400 – 500 ppm 
and airflow of 2 – 5 m/s. The lettuces were harvested at 
30 days after transplanting. 

Disease Evaluation

 Disease incidence and severity were determined 30 
days after transplanting. The severity of the Pythium 
root rot symptoms was assessed by assigning symptom 
grades based on visual inspection, and measured using 
the equation proposed by (8) as follows: 

 ∑ (a x b) 
Disease Severity (DS) = –––––––– x 100 (9)
 N.Z

Where;

∑ (a x b) = Sum of the symptomatic plants and their 
corresponding score scale
N = Total number of sampled plants
Z = Highest score scale

Disease incidence (DI) was calculated by the following 
equation  

 No. of infected plantsDisease Incidence =  –––––––––––––––––––––  x 100 (10)
 Total no of unit assessed

Microbial Evaluation 

 Fresh lettuce samples weighing approximately 10 g 
were blended (Stomacher, Seward 400) for 30 s together 
with 90 ml of sterile Ringer solution (Oxoid). A 10-mL 
aliquot of the diluted sample solution was then pour-
plated on a range of media. The media and the incubation 
conditions were as follows: Plate Count Agar (Difco) and 
Violet Red Bile Agar (Difco) were both incubated at 35 
± 1 °C for 24 h for culturing mesophilic aerobic bacteria 
(TMC) and for coliform’s growth (TC), respectively. 
Meanwhile, Potato Dextrose Agar (Difco) which was 
acidified with 10% tartaric acid, was incubated at 25 ± 
1 °C for 5 – 7 days for yeast and mould growth (YM). 
The colonies were counted and expressed as a log10 
CFU/g (11). 

Isolation and Identification of P. aphanidermatum

 P. aphanidematum was identified and characterised by 
morphological and molecular techniques. The suspected 
disease agent was isolated from the infected roots of 
lettuce, following a standard isolation technique, and 
grown on Potato Dextrose Agar (Difco). The fungus was 
identified and confirmed by molecular approaches based 
on gene sequencing of the ITS regions of the ribosomal 
DNA (rDNA), and was compared with sequences from 
the GeneBank (National Centre for Biotechnology 
Information; http://www.ncbi.nlm.nih.gov) through 
BLAST searches.

Statistical Analysis

 Data collected were subjected to analyse using Analysis 
of Variance (ANOVA) of Statistical Analysis System 
(SAS). Means were compared using Duncan Multiple 
Range Test (DMRT) at p ≤0.05. 

Results and Discussion

 From the isolation, the root rot pathogen from infected 
lettuce roots was identified as P. aphanidermatum, 
based on morphological characterisation and confirmed 
by molecular techniques. Our studies also revealed 
that the use of LED irradiation (T1, T2) suppressed 



191

the incidence and severity of damping-off disease 
caused by P. aphanidermatum, compared to the control, 
T3 (Table 1). Red, blue, and green LEDs have been 
reported to induce disease resistance in crops against 
selected phytopathogens (7). Exposing plants to different 
wavelengths of LED can induce the expression of defence-
related genes, and promote the synthesis of compounds 
called stilbenes. Stilbenes, also known as phytoalexins, 
play an important role in plant defence responses (7). The 
LED irradiation also showed its potential as a microbial 
contamination control strategy as our results showed that 
mesophilic aerobic bacteria were significantly lower in 
lettuce grown in PFALs than in commercially grown 
lettuce (control) at 6.19 x 101 – 1.84 x 102 CFU/g at 
p <0.05. No coliforms were detected on lettuce treated 
with LED; however, yeast and mould were detected at 
3.33 x 101 – 1.60 x 102 CFU/g (Table 2). The numbers 
of microbes were indeed lower in vegetables produced 
in PFALs when compared with other cultivation methods 
(11). As vegetables tend to eat raw, low microbes count 
will reflect good hygiene practices and safe to eat.

Conclusion

 These findings conclude that the LED irradiation can 
induce lettuce plant resistance against fungal pathogens 
and can be used as a disease control strategy in plant 
factory production systems. In addition, LED can be 
used as a control measure for microbial contaminations 
to ensure the quality and cleanliness of the harvests for 
fresh consumption.
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Table 1. Suppressive effect of LED irradiation on the damping-off disease on lettuce

Treatments Descriptions Disease Incidence (%) Disease Severity (%)
Red Coral Butterhead Red Coral Butterhead

T1 Red: Blue 12.00a 11.59a 2.14b 1.34b

T2 Red: Blue:Green 10.53b 8.49b 1.26c 1.15c

T3 Control 57.62c 46.31c 32.69a 36.34a

Values are the mean of three replications and standard deviation. Means in the same column followed by the same letter are not 
significantly different at p ≤0.05 according to the Duncan Multiple Range Test (DMRT) test

Table 2. Microbial population on lettuce after harvest

Type of lettuce Source Mesophilic anaerobe Coliform Yeast and mould
Butterhead Control 4.02 x 102a 2.99 x 102a 2.25 x 102a

Red: Blue:Green 1.84 x 102b 0.00b 1.60 x 102a

Red: Blue 1.09 x 102b 0.00b 9.75 x 101b

Red Coral Control 2.81 x 102a 1.98 x 102a 1.77 x 102a

Red:Blue:Green 8.42 x 101b 0.00b 3.33 x 101a

Red:Blue 6.19 x 101b 0.00b 5.34 x 101a

Values are the mean of three replications and standard deviation. Means in the same column followed by the same letter are not 
significantly different at p ≤0.05 according to the Duncan Multiple Range Test (DMRT) test
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Abstract

 Since the outbreak of banana blood disease (a bacterial wilt diseas) in 2007, it has become one of the most destructive 
diseases in banana plantations in Malaysia, causing up to 100% infection in a single outbreak. Its aggressiveness and 
easy spread make it difficult to control. Bacteriophages, the viruses of bacteria, have received increased research 
interest in recent years as a real environmentally friendly means of controlling bacterial diseases. In this study, two lytic 
bacteriophages that showed potential protective effect against the banana blood disease bacterium, Ralstoniasyzygii, 
were isolated from banana-growing environments.  The isolates were tested in vitro and on banana plants grown under 
greenhouse conditions. The phage isolates, namely, X9105 and X513, were tested individually and as a cocktail against 
the host pathogen. Results showed that the isolates were able to suppress the growth of the pathogen in liquid media 
to levels below the threshold of detection in 24 h. A greenhouse experiment on 2-month-old banana plants treated 
with the cocktail of the two phages through a drenching method showed lower disease severity (23.33%) compared 
to untreated plants (63.33%) at 30 days post-application. Persistency of the individual phages was detected even at 
30 days after treatment although the value was much lower (between 1.5 x 104 and 2.2 x 105 pfu/g) compared to the 
value on day 0 (3.5 x 107 pfu/g). This bacteriophage mixture (cocktail) can be considered as a potential treatment for 
the banana bacterial wilt disease in future. Although inhibition rate was not 100%, the use of the phages could still 
reduce the population of the targeted pathogen in the banana plants and the surrounding infected soils. This is the first 
report in Malaysia on the use of bacteriophages to control the banana blood disease, and could be considered to have 
potential as one of the biological control strategies.

Keywords: Bacteriophage, bacterial wilt, banana, banana blood disease, Ralstonia syzygii
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Introduction

 It has been estimated that at least 10% of global 
food production is lost to plant diseases [1]. The major 
pathogens of plants are parasitic plants, oomycetes, 
nematodes, viruses, fungi and bacteria. In the last listed 
are over 200 plant pathogenic bacteria species [2]. Those 
considered the most important belong to the genera of 
Pseudomonas, Ralstonia, Agrobacterium, Xanthomonas, 
Erwinia, Xylella, Pectobacterium, and Dickeya [3]. 
Managing the bacterial diseases has been a major 
challenge in agriculture. This challenge directly results 
from pathogen variability, high probability for mutation 
or gene transfer within the pathogen when confronted 
with resistance plant genes or bactericides, high pathogen 
multiplication rate during optimal conditions for disease 
development, and lack of adequate chemical-based 
approaches for their control.

 A variety of approaches are required to minimise the 
impact of bacterial plant diseases on the quantity, quality, 
and economy of food production. Conventional control 
measures involve implementing operating practices to 
prevent further infections, removal of infected plant 
tissue and appropriate disposal to stop the transmission 
of the pathogen from one site to another. Other methods 
to control these plant pathogens include chemicals such 
as pesticides to control insect vectors, antibiotics and 
copper. Bacteriophages, the viruses of bacteria, have 
received increased research interest in recent years as 
a real environmentally friendly means of controlling 
bacterial diseases. Unlike chemical bactericides, phages 
occur naturally in the environment, and humans are thus 
exposed to them daily without any apparent harm. After 
application, their numbers will increase if their target 
bacterial host species are accessible to them. Moreover, 
they tend to persist in high numbers in any environment 
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only as long as the host is present [4]. Thus, phages are 
unlike copper-based pesticides which can potentially 
accumulate in the soil [5, 6]. Phages generally have a 
narrow host range, typically being limited to strains 
within a particular species of bacteria. This can allow the 
creation of phage mixtures that can target bacterial species 
within a given genus of bacteria only. This could be a 
specific bacterial phytopathogen, or it could be a particular 
bacterium in a microbial community whose suppression 
could help improve crop growth. One survey revealed that 
the phage of X. oryzae is widely distributed in the water 
of paddy fields [7]. When the purified phage was applied 
at 1, 3 and 7 days before X. oryzae inoculation, there was 
100, 96, and 86% reduction, respectively, in the incidence 
of bacterial leaf blight. The phage was found to be stable 
for 7 days at the site of infection, even in the absence 
of the host bacteria, and for at least 6 months in lysates 
or on dry filter paper at room temperature. In this study, 
we examined the potential of two isolated phages as a 
biological control against the bacteria that cause banana 
blood disease, i.e., Ralstoniasyzygii subsp. celebesensis.
 
Materials and Methods 

Bacterial Strain and Culture Conditions

 Bacterial strains of R. syzygii used in this study 
were originally isolated from infected banana plants in 
MARDI Jalan Kebun, Klang, by using semi-selective 
media SMSA (Selective Medium South Africa). They 
were kept at –80 °C in 20% (v/v) glycerol with Casamino 
acid-Peptone-Glucose (CPG) liquid medium. For working 
purposes and for the propagation of bacteriophages, the 
bacterial strains were cultured at 30 °C for 36 h in CPG 
solid and liquid media. 

Bacteriophage Isolation and Purification

 Lytic bacteriophages were isolated from three R. 
syzygii-infected banana-growing locations, namely, in 
Johor, Selangor and Perak. Bacteriophage isolation was 
performed using 2 grams of infected soil, stem or fruit 
samples, mixed to 20 ml with distilled water. The mixture 
was then filtered using a 125 mm filter paper, and the 
filtration product was filtered again using a 0.2 µm syringe 
filter (Cellulose acetate or PES). Filter lysates were 
collected and stored at 4 °C until further use. 20 mL of 
the phage lysate were inoculated into 10 mL of 2X CPG 
broth which had been supplemented with the strains of 
R. syzygii. The samples were incubated for 36 h at 30 °C 
and 150 rpm, centrifuged at 5,000 rpm for 5 min at 8 °C, 
and passed through a 0.22 μmmillipore syringe filter. 
Next, the supernatant was subjected to a plaque-forming 
unit (PFU) assay, performed by using a double-agar layer 
method [8]. Phages were propagated and purified from 
single plaques using serial dilutions of these filtrates and 
the double-layer agar method. A plaque was diluted in 
an Eppendorf tube with 200 μL of SM Buffer. Purified 
phages were amplified in an overnight culture of R. syzygii 

grown in CPG medium. When the R. syzygii cultures 
reached an OD600 = 0.1 (the optical density of bacterial 
suspensions at 600 nm), a bacteriophage was added at a 
multiplicity of infection (MOI) of 0.01. After culturing for 
a further 12 h, the cells were removed by centrifugation 
at 3,000 rpm for 10 min at 4 °C. The supernatant was 
passed through a 0.22 μm filter, and the phage solutions 
were stored at −80 °C in 40% (v/v) glycerol [8].

Microscopic Characterisation

 Transmission electron microscopy (TEM) was used to 
assess the morphology of the lytic bacteriophages. This 
procedure was outsourced to CRIMLAB, UKM.

Bacteriophage Host Range

 Two of the isolated phages were subjected to several 
bacterial strains, other than the host, to determine their 
host range activity; these included Ralstonia solanacearum 
of tomato, Erwinia mallotivora, Pectobacterium 
carotovorum, Dickeya chrysanthemi and Dickeya 
fangzhongdai and the double-layer agar method was used. 
Plates were incubated at 28 °C, and the appearance of 
plaques was observed after 24 h. 

Optimisation of Phage Multiplicity of Infection 
(MOI)

 The optimal multiplicity of infection (MOI) is defined 
as the optimal ratio of particles of the phage to the number 
of host cells necessary to reach the maximum phage 
titer [9]. MOI optimisation was performed by mixing 
R. syzygii bacterial inoculum (108 CFU/ml) and phage 
strains at the following ratios: 0.001, 0.01, 0.1 and 1 
(ranging from 105 – 108 PFU/ml). The suspensions were 
incubated at 30 °C (110 rpm) for 48 h. Optical density 
(OD) values at 600 nm were recorded every 4 h. The 
mean of 3 readings was determined for each MOI. All the 
subsequent experiments used the optimal MOI obtained 
from this activity.

Temperature and pH Stability Test

 The isolated phages were tested at 4 different 
temperatures: 25, 30, 35 and 40 °C. R. syzygii and phage 
inoculum suspensions at the 108 CFU/PFU ml rates were 
prepared and incubated at the different temperatures 
for 60 min. The suspensions were then assessed by the 
plaque assay technique. The phage lysate was mixed into 
a series of microtubes containing different pH-adjusted 
SM buffers, using NaOH or HCl for the pH test. The 
resulting suspensions were incubated for 2 h at 30 °C, 
and assessed by the plaque assay technique.
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In vitro Test of Phage and R. syzygii

 In vitro lytic activity of the two phages against R. syzygii 
was evaluated using an individual phage suspension and 
a phage cocktail on the R. syzygii bacterial strain at the 
intermediate exponential phase in the CPG liquid medium. 
The treatments tested were as follows: R. syzygii strain 
(BDB133) without phage (control), individual phage + 
BDB133, and cocktail phage + BDB133. The rate of 
MOI mixture of phage and the bacterial strain was 1, 
and incubation was for 24 h at 30 °C. Infectivity was 
evaluated based on the observed value of the turbidity 
(optical density, OD) of the CPG medium at the OD600 
nm. Values were recorded every 2 hours for 24 h.

In planta Assay under Greenhouse

 Eight banana plants (variety Pisang Nangka) were 
used for each treatment which had three replications. 
Application of the phage with the pathogen was performed 
when the banana plants were 2 months old using a final 
concentration of the suspension made up of 108CFU/ml 
of the bacterial strain of R. syzygii and 108PFU/ml of 
the phage (MOI = 1). For the drenching method, 50 mL 
suspension were used (the banana roots were slightly 
injured before application), while 10 mL of the suspension 
were used for the injection method. The experiments 
were carried out in a greenhouse with a temperature 
range between 28 and 38°C and a humidity level between 
60 and 70%. Disease severity index (DSI) on a scale 
of 0 – 5 was recorded every 3 days over a period of 4 
weeks (0 = no symptoms, 1 = symptoms of leaf wilting, 
2 = symptoms of leaf wilting and yellowing, 3 = two to 
three chlorotic leaves, 4 = four or more chlorotic leaves, 
5 = plant death). The data were subjected to the analyses 
of variance (ANOVA), and the means were separated 
using Duncan’s Multiple Range Test (DMRT) at 5% 
level of probability. Soil and banana plant samples were 
taken after 30 days of assessment to determine the phage 
population. One gram of soil and 10 g of the banana 
pseudostem were taken and processed according to the 
phage isolation procedure mentioned above. The phage 
titre values of the samples were recorded.

Results and Discussion

 The presence of lytic bacteriophages was evaluated 
in the samples from infected soil, stem and fruit using 
the double-layer agar method and the R. syzygii strain as 
host. Two phage isolates were obtained from 20 samples. 
These 2 phage isolates were designated as X9105 and 
X513. To classify the X9105 and X513 phage isolates 
into morphology-specific groups, phage particles were 
examined with the transmission electron microscope 
(TEM). TEM visualisation of X9105 and X513 showed 
that both had an icosahedral head (52 and 56 nm) with a 
short and non-contractile tail (Figure 1), a morphology 
belonging to the Podoviridae Family. Table 1 summarises 
the characteristics of both the phages X9105 and X513.

 Evaluation of the host range of the phages X9105 
and X513 showed that 5 strains of R. syzygii (BL08B2, 
BL08A2H, BL08B221H, BDB133 and BDB135) were 
susceptible to the phages, but not the other 10 bacterial 
strains tested. There was no formation of clear halo 
zones on the surface of the overlay soft agar. This finding 
suggests that X9105 and X513 phages are selective of 
the bacterial strains tested on them. Table 2 summarises 
the results of the host range tests.
 The optimal MOI was established for bacteriophages 
X9105 and X513 in CPG liquid media, using the R. syzygii 
strain BDB133. Reductions in the inoculated bacterial 
populations caused by the lytic action of the phages were 
observed when monitoring co-cultures of strain BDB133 
at 108 CFU/ml, and when each of the two phages were at a 
concentration between 108 and 105 PFU/ml in CPG broth; 
this was apparent from the reduced value of the optical 
density (OD) at 600 nm (Figure 2). The growth inhibitory 
action of on R. syzygii bacteria was detected as early as at 
4 hours of incubation. Reduced OD values were recorded 
for each co-culture combination, depending on the phage 
concentration used. The lower the phage concentration, 
the longer the time required to inhibit the population of R. 
syzygii bacteria. The most dynamic reaction between the 
co-culture of R. syzygii with either one of the individual 
phages, or with the and cocktail of phages was when their 
respective concentrations were at 108CFU/ml + 108PFU/
ml, equivalent to MOI = 1. The highest inhibition was 
achieved within 24 hours unlike when the co-culture 
was with the phages at a lower concentration. However, 
an increase in bacterial growth began to be recorded at 
the 29th hour, which was likely due to the growth of the 
bacterial population resistant to the phages.
 The phages X9105 and X513 showed infectivity in 
the temperature range between 26 and 30 °C with the 
optimum temperature of infectivity at 30 °C (Figure 3). 
The infectivity effect of these two phages began to 
decrease when the temperature exceeded 30 °C. This 
observation is in line with previous studies that suggest 
that prolonged phage exposure to high temperatures may 
reduce its infectious capacity in host cells. This may 
also be due to the inability of its host cells to replicate 
at high temperatures. The acidity and alkalinity of the 
environment can affect the stability, adhesion, infectivity, 
and replication of a phage at the intracellular level. The 
phages X9105 and X513 were able to survive at pH 7 – 12, 
with the optimum being at pH 10 (Figure 3). However, 
phage stability declined as the alkalinity level increased. 
The two phages were also not able to replicate at low pH 
values, indicating that environments with high acidity 
were not suitable for these phages.
 In vitro evaluation of the individual phages and their 
cocktail against the host cells, R. syzygii, were performed 
by a mixed suspension of the phages and the pathogen-
host in CPG liquid medium incubated for 24 h at 30 °C 
with MOI of 1. From Figure 4, it may be seen that the 
bacterial suspensions of R. syzygii infected with the 
individual phages X9105 and X513, and with the cocktail 
of X9105 + X513 began to show infectivity effects after 
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Table 1. Morphological description of phages X9105 and X513

Bacteriophage Source Morphology of halo 
zones 

Head morphology Tail morphology Head diameter Family

X9105 Pseudostem Slight halo; 1 – 3 mm Icosahedral Short, non-contractile 52 nm Podoviridae
X513 Fruit Halo; 1 – 4 mm Icosahedral Short, non-contractile 56 nm Podoviridae

Table 2. Host range analysis of phages X9105 and X513

Bacterial host Code Source Bacteriophage
X9105 X513

Ralstonia syzygii subsp. celebesensis BL08B2

Banana

+ +
BL08A2H + +

BL08B221H + +
BL10UP15 - -
BL23T07 - -
BL05T02 - -
BL06H13 - -
BL0821J - -
BDB133 + +
BDB135 + +

Ralstonia solanacearum TMT251 Tomato - -
Erwinia mallotivora BSER341 Papaya - -
Pectobacteriumcarotovorum N431 Jackfruit - -
Dickeya chrysanthemi MKL S7 Pineapple - -

Dickeya fangzhongdai 631d Jackfruit - -
*** (+) Susceptible - plaque formation;  (-) Not susceptible - no plaque formation

Figure 1. TEM and plaque morphology of X9105 (1, 2) and X513 (3, 4)

32 41

Figure 2. Co-culture activity of R. 
syzygii bacterial strain 
(at 108 CFU/ml) with 
individual phages and with 
a cocktail of the phages 
at 108 to 105 PFU/ml (30 
°C). Inhibition of bacterial 
populations was visualized 
from OD values at 600 nm
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3 h of incubation unlike the bacterial suspension of 
R. syzygii without the phages (control). The lower OD 
value indicates a reduction or effective breakdown of host 
cells due to phage infectivity. The treatment with X513 
alone showed faster infectivity than the treatments with 
X9105 alone and with the phage cocktail. However, the 
infectivity effect of the X9105 + X513 cocktail treatment 
was found to last longer. After 8 h of the incubation, the 
OD value for the X9105 + X513 cocktail treatment was 
lower than for the individual phages X9105 and X513. 
This situation was likely due to a synergistic effect 
between the two phages in the cocktail. The secretion of 
enzymes produced by a single phage can assist another 
phage in the cocktail to enhance the ability of the phages 
to attach to the receptors of the infected host.
 Through in planta assays conducted on the 2-month-
old banana plant (Table 3), it was found that the disease 
symptoms appeared as early as 6 days after inoculation 
with the pathogenic bacterium R. syzygii in the positive 
controls (untreated plants in T3 and T4). For plants 
receiving the individual phage or phage cocktail 
treatments (T5 - T10), the onset of early symptoms of 
the disease was slightly delayed, that is, on the 14th day, 
regardless of the application technique used. At 30 days 

Figure 3. Temperature and pH stability tests on phage X9105 and phage X513

Figure 4. In vitro evaluation of individual phages and phage cocktail in host cells, R. syzygii 
subsp. celebesensis in CPG liquid medium based on absorbance value (OD)

post-application, T7, T5 and T6 with the phages applied 
by drenching showed significantly lower disease severity 
of 23.33, 25.56 and 32.22%, respectively, whereas the 
untreated plants of control T3 recorded 63.33%. Phage 
application by the injection method for T8, T9 and T10 
resulted in slightly higher disease severity at 50, 54.45 
and 58.89%, respectively, while the untreated plants of 
control T4 recorded 64.44% (Figure 5).
 Soil samples from T5, T6 and T7 and pseudostem 
tissue samples from T8, T9 and T10 were taken 30 days 
after treatment to assess the level of phage persistency 
in the crop system. The phages X9105 and X513 were 
detected at 30 days after treatment, but their values were 
lower than the application values on day 0 (3.5 x 107 

PFU/g). The value of the phage titre was higher in the 
soil samples, which was between 1.5 x 104 and 2.2 x 105 

PFU/g, than in the banana pseudostem tissues, which was 
between 1.1 x 102 and 3.4 x 103 PFU/g. This difference 
in titre value was likely due to several factors, such as 
UV light which is known to be able to shorten the life 
of the phage if it was subjected to direct exposure to UV. 
The application of the phage to the soil prevented this 
from taking place, and woud explain how the phage can 
survive in the rhizosphere as opposed to being in the 
phyllosphere.
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Conclusion

 Based on the findings of this study, the use of a 
bacteriophage mixture can be considered in managing 
banana blood disease. Although 100% inhibition of 
disease transmission did not occur, the use of phages as a 
biological control agent can reduce pathogen populations 
on in crops and soils. The search for and discovery of 
more phage variants capable of infecting most R. syzygii 
strains should also be considered if this method is to be 
practised on a larger scale.
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Abstract

 The phytochemical content of lettuce plants (Green and Red Coral, Butterhead and Romaine) grown under plant 
factory conditions with different spectrum light-emitting diode (LED) lights – 1) red and blue (RB) and 2) red, blue 
and green (RBG) – was studied. The lettuces were harvested from day 20 onwards until day 35 after transplanting. The 
results showed that lettuce receiving the RBG combination had significantly higher phytochemical content. Harvesting 
at day 30 to 35 after transplanting was effective in presenting a higher value in total chlorophyll, percentage of DPPH 
inhibition and reduction in total phenolic content compared to earlier harvesting (at day 20 to 25). The chlorogenic acid 
content in the Corals and Butterhead lettuces also significantly higher when harvested at day 35, while Romaine showed 
significantly higher chlorogenic acid content when harvested at day 20. The RBG combination of LED significantly 
affected chlorogenic acid content in lettuce plants at different times of harvest. This finding provides new information 
to improve the nutritional quality of lettuce plants at harvest.

Keywords: Antioxidant activity, chlorogenic acid content, LED light, plant factory, total phenolic content
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Introduction

 Lettuce is one of the world’s most popular leafy green 
vegetables. Lettuce is high in phenolics antioxidant, 
chlorogenic acid content, and quercetin glycosides that 
have potential health benefits [1, 2]. As lettuce is in high 
demand, there is good potential for increased production 
to raise farmer’s income. Growing under controlled 
conditions might provide new technology to improve the 
nutritional quality of lettuce. Thus, an optimal control 
system to obtain higher yields and better plant quality 
is essential in a plant factory. The system would control 
light conditions, temperature and relative humidity. Light 
quality, light intensity and photoperiod are among the most 
critical environmental variables for regulating vegetable 
growth, development and physiochemical accumulation 
in controlled environments (3). LEDs can influence 
the production of high concentrations of beneficial 
phytochemicals, such as vitamins, soluble sugars, soluble 
proteins and secondary antioxidants [4, 5]. Studies show 
that a combination of blue and red light can control the 
rate of photosynthesis through the opening and closing 
of stomata, thus having a positive effect on plant biomass 
and yield [6,7]. A combination of red and blue LED 
can increase primary metabolites such as anthocyanins, 

total polyphenols and flavonoids [8]. Adding green or 
yellow lighting will increase antioxidant properties 
and anthocyanin accumulation [9]. LED spectra which 
include red, blue, green and white can also improve the 
nutritional quality of harvested vegetables by increasing 
the accumulation of vitamin C, anthocyanin and total 
phenolics [10]. Therefore, in this study, LED lighting had 
been found to determine the optimum quality of lettuce 
that may improve its nutritional quality at harvest.

Materials and Methods

 The experiment was conducted at the Plant Factory of 
the Horticulture Research Centre in MARDI Headquarters. 
Two combinations of the LED light spectrum, namely, 
Red: Blue (RB) and Red: Blue: Green (RBG), were 
evaluated on four different lettuce varieties; Green and 
Red Coral, Butterhead and Romaine. The study was 
conducted in a closely controlled environment with a 
temperature of 25 °C, air humidity of 65%, and 550 ppm 
of CO2 concentration. The lettuce seeds were sown on a 
germination sponge placed in a multilayer hydroponics 
system at the nursery stage. When the seeds germinated 
(third day after sowing), full-spectrum lighting was given 
for 6 hours. After two true leaves emerged from each 
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seedling, the seedlings were transferred to the hydroponics 
system using the Nutrient Film Technique (NFT) under the 
two spectrum combinations. After transplanting, lighting 
was given for 8 hours for the first 5 days, followed by 
10 hours for the next 10 days, and 12 hours for the last 
15 days. Lettuce was harvested from day 20 until day 35 
after transplanting. They were selected for uniformity in 
size, and immediately analysed to determine any changes 
in quality. The postharvest quality analyses included 
determination of chemicals and phytochemicals (SSC, 
ascorbic acid content, total chlorophyll content, DPPH 
radical-scavenging activity, total phenolic content and 
chlorogenic acid content). The experimental design was a 
completely randomised design with four replications. The 
data collected were analysed using analysis of variance 
(ANOVA), and mean comparison was conducted on the 
data using the Statistical Analysis System (SAS) software. 
The means were separated by Duncan Multiple Range 
test at the 5% level of significance.

Results and Discussion

 The RBG combination produced significantly higher 
phytochemical content in Coral and Romaine lettuces 
(Table 1). Total chlorophyll, an antioxidant activity 
expressed as percentage inhibition of DPPH, and 
phenolic content exhibited higher values with RBG than 
with RB in Coral and Romaine lettuces. With the RBG 
combination, chlorogenic acid content in the Coral lettuces 
was significantly affected, whereas Romaine showed no 
significant effect (Table 1). As reported by [11], a similar 
supplemental short-term red LED lighting produced 
baby leaf lettuce of Romaine ‘Thumper’ and curly 
‘Multibaby’ which were rich in total phenolics (28.5%) 
and antioxidant capacity (14.5%) compared to using only 
natural solar radiation. The RB combination resulted 

in high phytochemical content in Butterhead lettuce. 
Chlorogenic acid in Butterhead was higher in content 
when exposed to the RB combination. According to [12], 
increasing chlorogenic acid concentration in lettuce is 
because of continuous lighting and elevated CO2 under 
fluorescent light and blue LED. There were no significant 
differences in ascorbic acid content in the lettuces due to 
the LED treatments except in Butterhead, which showed 
high ascorbic acid under the RB treatment (Table 1).
 Harvesting the Coral lettuces and Butterhead from 
day 30 to day 35 after transplanting was effective in 
achieving higher SSC, total chlorophyll, percentage of 
DPPH inhibition and reduction in total phenolic content 
compared to earlier harvesting (from day 20 – 25) 
(Table 2). However, ascorbic acid content gave no 
significant difference between harvesting days in the Coral 
lettuces. Ascorbic acid content significantly increased in 
Butterhead when harvested from day 20 to day 30, and 
slightly decreased on day 35. From Table 2, ascorbic 
acid content was significantly higher in Romaine when 
harvested at day 20 – 25, but drastically decreased at day 
30 (Table 2). In this study, Romaine was able to maintain 
the growth quality only until day 30, and became slightly 
unmarketable at day 35. The optimum phytochemical 
contents in Romaine were found at early harvest, which 
was day 20, and slowly decreased thereafter. A similar 
finding in [13] reported that anthocyanin content, total 
phenolic content, and free radical activity (DPPH) 
decreased at 18 DAT in Indian lettuce ‘Sunhyang’ 
compared to harvesting at 12 DAT that appeared to 
be best for optimal growth, leaf colour, and functional 
components. Besides that, chlorogenic acid content in the 
Coral lettuces and Butterhead were significantly increased 
when harvesting at day 35, whereas, it was significantly 
higher in Romaine harvested at day 20 (Table 2).

Table 1. Effects of spectrum combination on soluble solids concentration (SSC), ascorbic acid content, total chlorophyll, total 
antioxidant activity, total phenolic content and chlorogenic acid content in lettuces

Variety Spectrum %SSC
(°Brix)

Ascorbic acid content
(mg/100g)

Total chlorophyll 
(mg/ml)

% Inhibition of 
DPPH

Total phenolic GAE 
(mg/100 g FW)

Chlorogenic acid 
content (mg/ml)

Green coral RB 4.64b 3.76a 207.35b 44.29b 0.033b 0.139b

RBG 4.71a 3.75a 222.38a 50.07a 0.035a 0.165a

Red Coral RB 4.87a 3.21a 288.00a 75.99a 0.057a 0.259b

RBG 4.52b 3.23a 292.38a 77.31a 0.059a 0.327a

Butterhead RB 3.73a 4.22a 278.82a 75.09a 0.043a 0.119a

RBG 3.20b 3.62b 286.01a 64.57b 0.037b 0.105b

Romaine RB 3.86b 3.72a 329.31a 38.56b 0.04a 0.114a

RBG 4.37a 3.90a 325.86a 58.59a 0.04a 0.115a

Means in each column with the same letter are not significantly different from one another, using Duncan’s Multiple Range Test
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Conclusion

 The obtained results indicated that optimum harvesting 
time (in terms of days after transplanting) and the RBG 
combination of LED lighting played very effective roles in 
the compositional changes such as ascorbic acid content, 
antioxidant activity and chlorogenic acid content in several 
lettuces. Moreover, this study provides some insights 
into how to improve the nutritional quality of lettuces 
at harvest.
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Abstract

 MD2 is the most popular pineapple variety in Malaysia, and has been categorised as a premium pineapple. This 
variety dominates the local market as well as has a high export demand for the world market. MD2 has superior 
characteristics, i.e., high vitamin C content, long shelf life and good fruit quality. The main issue with this cultivar is 
the lack of true-to-type planting materials as a result of extremely high demand from growers. Therefore, MD2 planting 
materials are normally produced by various methods, such as chemical applications to induce more slips and suckers, 
as well as mass propagation by tissue culture, but these lead to uncertain performance because of somaclonal variation. 
As a result, odd variations are sighted: in leaf and crown colour, numerous spines along the leaf margins, and most 
of the plants producing conical and oval off-type fruit shapes, sometimes with multiple crowns, which are normally 
not found to be acceptable in the premium grade pineapple market. Therefore, this study was initiated to conduct a 
performance assessment on existing MD2 populations with the aim of producing pure line planting materials of the 
actual MD2 pineapple. Several agronomic characters such as plant height, fruit and crown weights, fruit diameter, 
core diameter, ground and aerial suckers, as well as total soluble solids and total titratable acid content, were assessed. 
As a result, 269 populations of MD2 variants have been selected with desired characteristics, including single crown, 
cylindrical fruit shape, good eating quality with acceptable sweetness (12.41%), and a well-balanced acidity content 
(0.51%). The selected fruits are free from sunburn problems, have fewer spines scattered unevenly along the leaf 
margins, and are less infected by the bacterial heart rot disease compared to the actual MD2 pineapple. The stability 
and uniformity of these pure line materials will be further evaluated, and will be proposed for producing true-to-type 
MD2 planting materials for large-scale pineapple production. 

Keywords: Fruit quality, morphological characterization, MD2 variants
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Introduction

 Pineapple (Ananas comosus) belongs to the 
Bromeliaceae Family, and is listed as one of the 
important fruit crops in the world. MD2 is the most 
popular pineapple variety worldwide; it was developed 
by the Pineapple Research Institute (PRI) in Hawaii in 
1961. The pineapple breeding programme successfully 
produced one elite clone, namely, 73-114, which was 
later renamed MD2 [1]. MD2 was first introduced to 
Costa Rica in the 1980s, and was transferred from Costa 
Rica to other countries in the world in 1996 [1]. MD2 
is the most economically important pineapple variety in 
Malaysia, and was first introduced into the country in 

2008, when the planting materials were brought from the 
Philippines. MD2 pineapple is superior in eating quality, 
having a high total soluble solids (TSS) content and a 
balanced acidity content giving it exceptional sweetness.  
It has also high yield, high flesh recovery, and aromatic 
and golden fleshed fruit. This variety has a long shelf-life 
of up to 4 weeks, leading to high demand locally, and is 
suitable to be marketed as fresh fruit in export countries. 
In addition, MD2 pineapple has the highest vitamin C 
content compared to other varieties, a soft flesh texture 
and lower fibre content. Hence, with all these superior 
qualities, MD2 has been categorised as a premium variety, 
and is the most popular pineapple among consumers. All 
this directly contributes to the high demand for MD2 
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planting materials for pineapple cultivation in Malaysia. 
Generally, pineapple is vegetatively propagated from 
several parts of the plant, such as stumps, crowns, suckers 
and slips. However, the main issue in this cultivar is 
the shortage of true-to-type planting materials due to 
extremely high demand. Therefore, the MD2 planting 
materials is usually produced from various methods, such 
as chemical applications to induce more slips and suckers, 
as well as mass propagation through tissue culture, but 
these lead to uncertain performance because of somaclonal 
variation. As a result, odd variations have been seen: 
in leaf and crown colour, presence of numerous spines 
along the leaf margins, and most of the plants producing 
conical and oval off-type fruits with multiple crowns, 
which are normally not acceptable in the premium grade 
pineapple market [2]. Therefore, this study was initiated 
to conduct an assessment of the performance of existing 
MD2 populations, with the aim of producing pure line 
planting materials of the actual MD2 pineapple.

Materials and Methods

Planting Materials and Cultural Practices

 The experiment was conducted on peat soil in MARDI 
Pontian, Johor. A total of 2,160 MD2 pineapple variants 
were selected from a previous evaluation; these were 
transplanted to an experimental field plot in a block 
together with pure MD2 planting materials as the control. 
All suckers were propagated by using the quartering 
technique to optimise the average age and size of suckers. 
Fungicide (benomyl) was applied to all the propagating 
planting materials to reduce disease infection. The 
suckers were raised in the nursery for one year, and then 
transferred to the main plot when the plants reached 60 
cm in height. The plants were graded according to size 
to ensure uniformity in plant growth. All 2,880 suckers, 
which included those of the pure MD2 clone, were planted 
in double bed rows on peat soil on 17 September 2019. 
The planting distance followed standard cultural practices 
for pineapple, i.e., 30 cm x 60 cm between plants, and 90 
cm between beds. Flower induction was carried out on 30 
June 2020 at 9 months after transplanting, using a mixture 
of 50 ml ethephon and 180 g urea in 18 L water, applied 
at the rate of 50 ml per plant, to synchronise the flowering 
pattern. Fertiliser application also followed standard 
cultural practices for pineapple, i.e., two applications 
of NPK Green 15:15:15 (at 20 g/plant/application) on 
the third and sixth months, an application of NPK Blue 
12:12:17 (20 g/plant/application) on the eighth month, 
and foliar application of Bordeaux mixture twice, at 1.5 
and 4.5 months after planting. 

Morphological Characterisation and Fruit Quality 
Assessment

 Morphological plant characterisation and fruit quality 
assessment were conducted at harvest starting from 142 
days after flower induction. Data were taken randomly 

from 240 plants in the plot. Plant characteristics recorded 
were: plant height, D-leaf length and width, peduncle 
length and width, and numbers of ground suckers, aerial 
suckers and slips, while data on fruit characteristics were 
measured at the stage when the peel colour turned yellow, 
i.e., at one to two eye-ripe (index 2). The measurements 
included fruit and crown weights, fruit shape, crown 
type, fruit length and diameter, core diameter, total 
soluble solids (TSS) content (0.0 – 90.0 % Brix), and 
total titratable acid (TTA) content (0.10 – 3.50 %). TSS 
and TTA were determined by using a Pocket Brix-Acidity 
Meter for pineapple. Disease infection was observed 
and recorded throughout the evaluation. MD2 pineapple 
variants that fulfilled the morphological characteristics of 
the pure MD2 were assessed, and selection of the plants 
was carried out during harvesting.

Data Analysis

 The SAS statistical package (version 9.4) was used to 
perform one-way ANOVA and LSD test (p ≤0.05).

Results and Discussion 

 Results of the analyses of variance of 8 plant characters 
are shown in Table 1. MD2 variants differed significantly 
from the actual MD2 in D-leaf length and peduncle length, 
while other plant characteristics did not show phenotypic 
differences. The results also showed that there was no 
significant variation observed between all replicates. The 
non-significant variation between both types of planting 
materials was to be expected because this was the third 
cycle of evaluation; hence, the MD2 variants did not 
express significant differences in growth performance 
compared to the actual MD2 planting materials. Table 2 
shows the results on statistical analyses of data on fruit 
quality characteristics for both planting materials. The 
results showed that the planting materials significantly 
influenced crown weight, fruit weight and TSS content. 
Core diameter, fruit weight and TSS content showed high 
variability between the replicates.
 In Table 3, it may be seen that the population of MD2 
variants generally showed higher variability in terms of 
D-leaf length, fruit weight and TSS content. Therefore, 
there was a good opportunity to conduct clonal selection 
to obtain new MD2 variants with improved fruit quality 
because of these slight variations. MD2 variants had 
longer (86.25 cm) D-leaf compared to the actual MD2 
(80.66 cm), while peduncle length of MD2 variants (10.66 
cm) was shorter than the pure MD2 (12.46 cm). Typically, 
MD2 variants had a limited number of ground suckers, 
aerial suckers and slips, at around 1 sucker/plant, while 
the actual MD2 from this population did not produce any 
suckers at all to be used as planting materials.
 Generally, the flowering percentage in these populations 
was very high (>90 %). The MD2 variants produced more 
than 95% flowering, which implies high yield production. 
The MD2 variants also had a smaller crown (333.51 g) but 
with a bigger fruit (1.38 kg), compared to the pure MD2 
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clonal plants. A previous study, [3] reported that MD2 
variants bore fruit around 1.12 kg (range of 0.04 – 2.8 
kg) in weight, but in this study, we found heavier fruit 
weight (1.38 kg) which fell in Grade B range of actual 
MD2 (1.3 to 2.5 kg). Grade A pineapples should weigh 
within the range of 1.7 – 2.5 kg per fruit, and these fruits 
are mainly for the export market [1]. From a survey on 
the pineapple market and several growers, we found that 
most of the consumers prefer the Grade B MD2 pineapple, 
which fits their smaller household while being cheaper 
in price. Fruit quality of the MD2 variants on peat soil 
was quite good, with a fairly balanced TSS (12.41oBrix) 
and acid content (0.51%), so the taste of the fruits is 
still acceptable; generally, pineapple grown on peat soil 
tends to be more acidic than on mineral soil. Therefore, 
the variants in the population had TSS content falling 
within the acceptable range of at least 12oBrix based on 
the CODEX standard for pineapple [4]. Core diameter 
averaged 2.80 cm, with a range of 1.30 – 3.50 cm. 
Acceptable core size is below 3 cm if a pineapple is to 
be marketed as a canning pineapple.
 Most of the variant plants had spiny leaf margins, and 
only 10% of the population had spines all along the leaf 
margins. Around 30% of the population had off-type fruits, 
while the rest had a cylindrical fruit shape. However, 
57.5% of the population showed fruits with sunburn 
damage, and these were eliminated from selection. The 
population of variant MD2 generally showed higher 
variability than the actual MD2 population, especially 
for fruit weight and TSS content. This variability 
provides good opportunities for pineapple selection and 
improvement [2].  A total of 269 MD2 variants have been 

Table 1. Analyses of variance (ANOVA): mean squares for plant characteristics of MD2 pineapple clones

Source df Plant height D-leaf length D-leaf width Peduncle length Peduncle width Ground suckers Slips Aerial suckers
Planting 
material 1 128.35ns 351.40* 1.12ns 36.45* 0.05ns 0.005ns 0.02ns 0.03ns

Replicate 2 70.97ns 13.45ns 0.023ns 21.52ns 0.50ns 0.016ns 0.016ns 0.05ns
Error MS 2 68.84 62.35 0.63 8.98 0.39 0.016 0.03 0.05
Total 5

Table 2. Analyses of variance (ANOVA): mean squares for fruit characteristics of MD2 pineapple clones

Source df Crown length Fruit length Fruit diameter Core diameter Crown weight Fruit weight TSS TTA

Planting 
material 1 2.25ns 1.12ns 1.12ns 0.36ns 83097.53** 0.32* 21.24* 0.0084ns

Replicate 2 1.51ns 1.30ns 1.30 1.36** 24437.26ns 0.29* 76.7** 0.00049ns
Error MS 2 1.90 1.90 0.49 0.11 6199.30 0.06 5.37 0.0048
Total 5

selected with desired characteristics, including having 
asingle crown, cylindrical fruit shape and good eating 
quality with acceptable sweetness and a well-balanced 
acidity content. The selected fruits were free from 
sunburn, had fewer spines that were scattered unevenly 
on the leaf margins and, therefore, are easier to manage in 
the field. Taking fruit quality into consideration, the MD2 
variants had larger fruit and better eating quality (higher 
TSS content) compared to the actual MD2 (Table 3). 
These MD2 pineapple variants will be further evaluated at 
several localities to determine their performance stability 
and uniformity in different environments, and will be 
proposed as having potential as true-to-type MD2 planting 
materials for large-scale pineapple production.

Conclusion

 MD2 pineapple is very sensitive to environmental 
effects, especially when planted on peat soil, which 
usually affects the fruit quality and causes the fruits to 
have less TSS content at an average of 10oBrix. This 
study found that MD2 variants had on average larger 
fruit size, sweeter fruit and a well-balanced total soluble 
solid content. Selected MD2 variants from in this study 
is can be proposed as true-to-type MD2 clones because 
the selected fruits are phenotypically identical to those 
of the normal MD2 with a slight improvement in terms 
of the fruit quality. Therefore, the development of pure 
lines of these “improved” MD2 is necessary, and will 
contribute massively to the sustainability of MD2 in the 
pineapple industry. 
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Abstract

 Growing consumer awareness of health-related issues is expected to create opportunities for producing one’s own 
vegetables for consumption [15]. However, urban dwellers have limited areas for a food garden, because much of the 
green spaces have been covered over with concrete due to urbanisation. Establishing vegetation in urban areas is one 
of the solutions for underutilised walls of buildings and other structures. An innovative, practically effortless and highly 
productive approach is to grow vegetation in a vertical planting system. MARDI has established the Vertiplanter, a self-
watering vertical planter system that requires much less space for growing plants than when planting horizontally. It uses 
a self-watering mechanism whereby the plant roots absorb water according to the plant’s requirements through capillary 
action. Ornamentals, herbs and leafy vegetables are among the suitable vegetation for the Vertiplanter system. However, 
the full benefit of the system can only be attained if the crops are established under specific optimum conditions. Ideal 
plant density can lead to optimum yields, whereas too high or too low a density can result in relatively lower yields 
and quality. Hence, a study was conducted to evaluate the effect of plant density on choy sum (Brassica chinensis 
var. parachinensis) and hybrid pak choy (Brassica rapa) grown in the Vertiplanter system. Six treatment combinations 
were used, i.e., three plant densities: 25, 50 and 75 plants/m2, combined with two Brassica spp.: Brassica chinensis 
var. parachinensis and Brassica rapa hybrid. A split-plot design with three replications was used in this experiment. 
Plant density was the main factor for higher yield in the Brassica spp. Their yields in the Vertiplanter system were 
significantly higher at the highest plant density, 75 plants/m2, due to higher specific leaf area and leaf area ratio in both 
the species. The highest plant density compensated for the low fresh weight per plant, narrow canopy diameter, and 
a low number of leaves per plant. The study found that growing pak choi and choy sum at a density of 75 plants/ m2 
resulted in yields of 1.7 and 1.4 kg/m2, respectively. Thus, the Vertiplanter was able to produce 3.7 kg of pak choi and 
2.8 kg of choy sum. If these vegetables are grown at this recommended planting distance, it will be equivalent to a 
reduction in kitchen expenses of RM15.00 for pak choi (at RM4.99/kg) and RM25.00 for choy sum (at RM9.00/ kg). 
By utilising the vertical and limited spaces, this technology can provide fresh vegetable supply to households, and can 
also be adopted commercially if the system is upscaled for commercial production.

Keywords: Brassica spp., limited area, plant density, soilless system, urban gardening, vegetables
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Introduction

 Brassica species from the Cruciferae Family are among 
the most popular leafy vegetables grown in Malaysia 
because of their health benefits [15]. Brassica chinensis 
var. parachinensis, also known as choy sum, is grown for 
its leaves, which are high in glucosinolates, and so have 
anti-ageing, antioxidant, and anti-cancer properties [1]. 
Brassica rapa hybrid pak choy is rich in provitamin A, 
vitamin C, minerals and fibre [2]. The demand for and 

awareness of health-related issues are expected to create 
opportunities for improved vegetable production and 
the development of processed vegetable-based products. 
However, urban dwellers have limited areas for a food 
garden, because the green spaces have been covered over 
with concrete due to urbanisation. Establishing vegetation 
in urban areas is one of the solutions for the underutilised 
walls of buildings and other structures.
 Living wall systems offer an alternative greening 
system in which plants are anchored vertically rather 
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than in the ground. They can be used to create attractive, 
long-lasting and resource-efficient vegetation systems 
in limited space [3]. During the 11th Malaysian Plan, 
MARDI developed a Vertiplanter system, a self-watering 
living wall system for vertical cultivation. The living 
wall system not only reduces the use of agricultural land 
but can also contribute urban ecosystem services such 
as food production, rainwater harvester, noise reduction 
and reducing heat island effect [4,5,6,7]. Several plant 
species, particularly ornamental ones, are suitable for 
living wall systems. Nevertheless, edible plants would 
be a great addition to a living wall system as they can 
contribute additional urban ecosystem services through 
flowering and the ability to produce fruits and leaves for 
human consumption.
 An ideal plant density can lead to optimum yields, 
whereas too high or too low a plant density can result 
in relatively lower yields and quality. Closer spacing of 
the plants or greater plant density of pak choy suppresses 
individual plant growth because of more inter-plant 
competition for light and nutrients [8]. Silva et al. [9] 
showed that plant density is typically determined by the 
mature size of the pak choy, and can be as low as 20 
to 30 plants/m2 in a floating system. Meanwhile, some 
recommendations are for higher density, e.g., at 167 
plants/m2 in a hydroponics system [10]. As there is a lot 
of variation in the current recommendations, it is critical 
to establish the optimum plant density in a soilless vertical 
system on a case-by-case basis to assist urban gardeners 
in making their decisions.

Materials and Methods 

Planting Materials and Vertiplanter System

 A trial was conducted in a rain shelter structure at the 
Horticulture Research Centre, MARDI. Choy sum and 
hybrid pak choy seeds were sown in plug trays filled 
with a commercial tray substrate called AG (Agroniche 
Sdn Bhd, Malaysia). The seedlings were transplanted 
14 days after sowing into pots in the Vertiplanter 
system. The Vertiplanter (Figure 1) system consists of a 
reservoir and four units of specially designed pots. The 
Vertiplanter system was placed on a vertical structure of 
164 cm height and 142 cm width. The planting system 
used a self-watering mechanism whereby the plant roots 
absorbed water according to the plant’s requirements 
through capillary action. The components inside each pot 
consisted of a LECA ball and soilless growing media such 
as peat moss, perlite and vermiculite. The pH of media was 
measured using a pH meter and was maintained within 
a range of 5.5 to 6.5. The fertiliser used for Brassica 
species was Nitrophoska® Green, comprising Nitrogen, 
Phosphorus and Potassium at the ratio 15:15:15 for basal 
fertilisation. Foliar applications were applied on a weekly 
basis.

Experimental Design and Treatments

 Six treatment combinations were used, i.e., three plant 
densities: 25, 50 and 75 plants/m2, combined with the two 
Brassica species: Brassica chinensis var. parachinensis 
(choy sum) and Brassica rapa hybrid (pak choy). A 
split-plot design with three replications was used in 
this experiment. At harvest (30 days after planting), the 
parameters measured included leaf fresh weight, leaf 
and root dry weights, leaf area and number, plant height, 
plant canopy diameter, stem diameter and chlorophyll 
content. Leaf area (cm2) was measured using a leaf area 
meter (LI-3100 area meter, USA). Chlorophyll content 
was determined using a chlorophyll meter (SPAD-502, 
Japan). To determine leaf and root dry weights, the leaves 
and roots were dried in an oven at 70 °C for 48 hours. 
Using the SAS software version 9.1, data were processed 
by two-way analysis of variance, and the separation of 
means was by the least significant difference (LSD) test at 
the 5% level of probability. Correlations were performed 
between all the examined variables.

Equation

 Specific leaf area (SLA) and leaf area ratio (LAR) 
was calculated using the formula (1) and (2), respectively 
developed by Coombs et al. [10] and leaf weight ratio 
(LWR) is calculated using formula (3) by Hunt [11].

 Leaf areaSpecific leaf area (SLA) =  –––––––––––  (1) Leaf weight

 Leaf areaLeaf area ratio (LAR) =  –––––––––––––––––––––  (2) Total dry weight of plants

 Leaf weightLeaf weight ratio (LWR) = –––––––––––––––  (3) Total dry weight

Results and Discussion

Effect of Plant Density on Yield

 There was no significant interaction between density 
and Brassica species on yield, either on a fresh weight or 
dry weight basis (Table 1). The effect of plant density on 
the yield of choy sum and hybrid pak choy was significant. 
Significantly highest fresh and dry weights per plant 
were obtained at the plant density of 25 plants/m2 (48.94 
and 2.22 g/plant, respectively). Meanwhile, the yield of 
hybrid pak choy (39.49 g/plant) was significantly higher 
than that of choy sum (30.05 g/plant). Nevertheless, the 
significantly highest fresh and dry weight per area was 
at the plant density of 75 plants/m2 (1859.52 and 86.16 
g/m2). Fresh weight and dry weight per area of hybrid 
pak choy (1693.44 and 77.28 g/m2, respectively) were 
significantly higher than those of choy sum (1336.08 and 
62.88 g/plant, respectively). Thus, using the developed 
Vertiplanter system, yields of 3.7 kg of hybrid pak choy 
and 2.8 kg choy sum can be produced. Wiangsamut and 
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Koolpluksee [12] mentioned that the highest yield of pak 
choy was obtained at a plant density of 167 plants/m2, 
whereas the lowest yield was recorded at a plant density 
of 40 plants/m2 in a hydroponics system. The study found 
that vegetables at a high plant density absorbed more 
nutrients for plant growth, resulting in a higher yield.

Interactions Between Planting Density and 
Brassica Species

 SLA was significantly reduced in choy sum and 
hybrid pak choy at lower plant densities. Table 2 shows 
that choy sum and hybrid pak choy grown at 75 plants/
m2 plant density had higher SLA (278.08 and 206.05 
cm2g-1, respectively) compared to the other treatments. 
Both species under the plant density of 25 plants/m2 
had lower SLA. Meanwhile, for LAR, Table 2 shows 
significant differences between the plant density of 25, 
50 and 75 plants/m2 for choy sum and hybrid pak choy. A 
higher LAR was found at the plant density of 75 plants/
m2. The density at of 75 plants/m2 resulted in higher 
LAR in choy sum (271.76 cm2g-1) and hybrid pak choy 
(193.91 cm2g- 1). Thus, plant density had significant effects 
(p <0.05) on SLA and LAR. These data demonstrated that 
the plants changed their characteristics to adapt to the 
new environment. The findings are in agreement with Ku 
et al. [13]; they pointed out that the plants will compete 
effectively for resources by changing leaf architecture to 
counter density stress. Moreover, Bhusal et al. [14] found 
that a larger leaf size in two apple cultivars resulted in 
higher photosynthesis. As plant density increases, there 
will be more inter-shading of plants next to each other. 
This prompts the plants to try to outgrow their neighbours 
by reallocating resources to increase leaf area in order 
to capture as much sunlight as possible for seedling 
development.

Effect of Plant Density on Growth Performance

 There was no significant interaction between density 
and species on the growth performance of the Brassica 
species, in terms of plant height, canopy diameter, leaf 
number, leaf area, chlorophyll content, root shoot ratio 
and leaf weight ratio (Table 3). In addition, plant height, 
chlorophyll content, root shoot ratio and leaf weight 
ratio were not significantly different between the species. 
Nevertheless, the widest canopy diameter (22.33 cm) was 
at the plant density of 25 plants/m2, followed by 50 plants/
m2 (19.36 cm) and 75 plants/m2 (17.98 cm). Between 
species, hybrid pak choy (20.80 cm) had a significantly 
larger canopy diameter than choy sum (18.98 cm). 
Meanwhile, the highest leaf number per plant (10.05) was 
at the plant density of 25 plants/m2, while densities 50 and 
75 plants/m2 recorded 8.19 and 8.22, respectively. Leaf 
number per plant was not significantly different between 
the two species. The lowest plant density of 25 plants/
m2 resulted in the highest leaf area per plant. However, 
leaf area per plant was not significantly different between 
species. Wiangsamut and Koolpluksee [12] found that the 
highest yield was obtained from hybrid pak choy grown at 
167 plants/m2 in a hydroponics system. Hence, the highest 
plant density, i.e., high plant number, compensated for 
low fresh weight per plant, small canopy diameter, and 
a low number of leaves per plant.

Figure 1. Vertiplanter system filled with Brassica species: (a) Brassica chinensis var. parachinensis (choy sum) and (b) Brassica 
rapa hybrid (pak choy)

(a) (b)

(c)
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Table 3. Growth performance of choy sum and hybrid pak choy at different plant densities

Treatment Plant height
(cm)

Canopy diameter
(cm)

Leaf number 
per plant

Leaf area per plant
(cm2)

Chlorophyll content
(mg/cm2)

Root shoot 
ratio

Leaf weight 
ratio

Density (D)
25 plants/m2 16.53a 22.33a 10.05a 452.33a 35.68a 0.08a 1.08a
50 plants/m2 15.41a 19.36ab 8.19b 284.32b 34.84a 0.13a 1.13a
75 plants/m2 15.60a 17.98b 8.22b 235.12b 34.61a 0.18a 1.18a
Species (S)
Brassica chinensis 
parachinensis 
(choy sum)

15.95a 18.98b 9.32a 323.08a 35.08a 0.15a 1.15a

Brassica rapa hybrid 
(pak choy)

15.74a 20.80a 9.14a 324.77a 35.01a 0.11a 1.12a

Significance level
D ns *** ** *** ns ns ns
S ns * ns ns ns ns ns
D x S ns ns ns ns ns ns ns

Within each column. ns = no statistically significant difference; means followed by different letters are significantly different from one another 
according to the LSD test at *p ≤0.05, **p ≤0.01 and ***p ≤0.001

Table 1. Yield responses of choy sum and hybrid pak choy at different plant densities

Treatment Fresh weight per plant
(g/plant)

Dry weight per plant
(g/plant)

Fresh weight per area
(g/m2)

Dry weight per area
(g/m2)

Density (D)
25 plants/m2 48.94a 2.22a 1174.56b 53.28b
50 plants/m2 29.79b 1.48b 1401.84b 70.80ab
75 plants/m2 25.59b 1.18b 1859.52a 86.16a
Spesies (S)
Brassica chinensis var. 
Parachinensis (choy sum)

30.05b 1.46b 1336.08b 62.88b

Brassica rapa hybrid 
(pak choy)

39.49a 1.79a 1693.44a 77.28a

Significance level
D *** *** ** ***
S * * ** *
D x S ns ns ns ns

Within each column. ns=no statistically significant difference; means followed by different letter are significantly different according to the LSD 
test at *p ≤0.05, **p ≤0.01 and ***p ≤0.001

Table 2. Specific leaf area and leaf area ratio responses in choy sum and hybrid pak choy at different plant 
densities

Density
Brassica chinensis var. parachinensis (choy sum) Brassica rapa hybrid (pak choy)
Specific leaf area 
(cm2g-1)

Leaf area ratio Specific leaf area 
(cm2g-1)

Leaf area ratio

25 plants/m2 167.23b 178.95b 155.03b 145.57ab
50 plants/m2 234.96a 242.77a 132.26c 96.08b
75 plants/m2 278.08a 271.76a 206.05a 193.97a

Means in the same column followed by different letters are significantly different from one another at p <0.05 according to 
the LSD test
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Conclusion

 Plant density is a crucial factor in the production of 
food crops in urban areas. Optimal food production for 
maximum food supply in limited areas will make an 
impact in ensuring food security in urban areas. The 
study found that growing pak choi and choy sum at a 
density of 75 plants/m2 resulted in yields of 1.7 and 1.4 
kg/m2, respectively. Thus, the vertical growing system, 
Vertiplanter, yielded 3.7 kg of pak choi and 2.8 kg of 
choy sum. Production of these vegetables grown at 
this recommended planting distance is equivalent to a 
reduction in kitchen expenses amounting to RM15.00 
for pak choi (at RM4.99/kg market price) and RM25.00 
for choy sum (RM9.00/kg). By utilising the vertical and 
limited spaces, this technology can provide a steady 
food supply to households, as well as can be adopted 
commercially if the system is upscaled for commercial 
production.
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Abstract

 The main goal of postharvest handling is to extend the shelf life while maintaining the quality of the produce. One 
of the methods is by the use of coatings in postharvest handling activities. The coating can create an artificial layer 
that reduces water loss, maintains peel tissue strength, and retains volatile fruit compounds. Softening of the fruit is a 
major postharvest problem in banana. The softening is more severe during a later stage of maturity; hence, delaying the 
ripening of the fruit can prolong shelf life in banana. Two sources of readily available protein isolates from soy (SPI) 
and whey (WHI), at different concentrations (5 and 10%), were used as a base for the coating, which was formulated 
according to the findings of a previous study. Berangan bananas were dipped in the coating and air-dried before being 
packed in a corrugated fibreboard box (CFB), and stored at ambient temperature (24 °C). SPI at 5% concentration 
showed the best result in terms of percentage of weight loss. The WPI formulations were is not suitable as they were 
too sticky and took a long time to dry on the fruit surface. An in vitro study was conducted to evaluate essential oils 
for their potential to be incorporated into the formulation; the essential oils were from betel leaf, cinnamon, clove, 
eucalyptus, thyme and garlic. Results show that the essential oil from clove could significantly control the growth of 
Colletotrichum sp. These essential oils (at 1%) were then incorporated into the 5% SPI formulation to observe their 
effects on the banana. All coated fruit showed that the clove essential oil delayed ripening, but the garlic formula 
showed the best result. Further studies need to be conducted to stabilise the formulation (named CoaTein) to ensure 
that the essential oils can be mixed evenly with the protein base. This formulation dries more easily on the fruit surface 
compared to lipid-based coatings, and can serve as an alternative for industry seeking for another safe coating.

Keywords: Berangan banana, edible film, essential oil, shelf life, soy protein isolate
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Introduction

 Edible coatings (EC) have garnered consumer attention 
as an alternative to synthetic coatings derived from 
petroleum-based or plastic materials. EC will build thin 
layers of the film when applied directly to the food or 
to a fruit surface, and will act as a barrier to protect and 
improve product quality. The most important properties 
of coatings are edibility and biodegradability, migration, 
permeation and barrier functions, as well as physical and 
mechanical protection, allowing for quality preservation 
and shelf-life extension [5]. Coatings can be prepared 
from various sources such as polysaccharides, proteins, 
lipids and composites, that can be eaten directly without 
removing the layer. Protein-based materials is one of 
the important sources of EC because they can provide 
impressive gas barriers, and better mechanical properties 

compared to lipids and polysaccharides. The protein used 
in EC is usually in the form of protein isolate powder that 
can come from a plant source (e.g., soy protein isolate) 
or from the dairy/poultry industry (e.g., whey protein 
isolate, albumin). Although protein-based EC can provide 
a good oxygen barrier, it has been reported to be inefficient 
against moisture loss. Thus, cross-linking agents are added 
to improve the protein structure by imposing the use of 
physical, chemical or enzymatic means. Although this 
type of coating is currently mostly applied to fresh-cut 
fruits or seafood products, this study was conducted to 
assess its effectiveness on the skin of whole fruit such 
as bananas.
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Materials and Methods

Preparation of Soy and Whey Protein Isolate 
Coatings 

 Soy (SPI) and whey (WPI) protein isolates with 
more than 90% protein content in a powder form were 
obtained from the supplier. Both coatings were prepared 
according to the method described by Ghavidel et al. 
[2], where 5% SPI and 2.5% glycerol were well mixed 
with distilled water. A pH meter was used to measure 
the pH of the solution before adjusting with 1 M sodium 
hydroxide until the pH reached 10 ± 1. The solution was 
then heated for 20 minutes at 70°C in a water bath. For 
the WPI coating, 5% WPI was dissolved in distilled water 
before placing the solution in the water bath at 90°C for 
30 minutes to ensure protein denaturation. Glycerol (50%, 
w/w) as plasticiser was added to the solution after it had 
cooled to room temperature; the mixture was stirred until 
completely dissolved. 

Sample Preparation and Coating

 A bunch of banana var. Berangan was obtained from 
a local farmer in Kedah, Malaysia, at the mature green 
stage. By using a clean and sharp knife, the hands of the 
banana were removed from the main stem. The fruit were 
dipped into 1% aluminium sulphate solution to stop latex 
secretion, and any remaining debris or dirt was removed 
before dipping the fruit into the coating solution until they 
were evenly coated.  They were then air-dried before being 
put into corrugated fibreboard (CFB) boxes. The samples 
were stored at ambient temperature for observations and 
analyses. The fruit were weighed every week to monitor 
weight loss.

Fruit Quality Assessment

 Quality assessments were done to determine soluble 
solids content (SSC), pH, titratable acidity (TA), ascorbic 
acid content and sugar-acid ratio. Soluble solids content 
was measured by using a digital handheld refractometer, 
ATAGO CO. LTD PAL-α, while pH readings were taken 
by using a pH meter, model HANNA Instrument HI2211. 
Titratable acidity was determined by titrating 20 mL 
extract from the sample with 0.1 M NaOH until the pH 
of 8.2 was reached, while for ascorbic acid, 10 mL extract 
from 10 g of fruit and 100 ml 3% metaphosphoric acid 
were titrated with standard dye until the extract turned 
into a faint pink colour.

In vitro and in vivo Evaluation of the Effectives 
of Various Essential Oils against Colletotrichum 
Species

 Essential oils (EOs) from six sources (betel leaf, 
cinnamon, clove, eucalyptus, thyme and garlic) were 
obtained from local suppliers. These EOs were chosen 

based on previous studies on their effectiveness against 
a causal agent of a postharvest disease of banana. 
Autoclaved potato dextrose agar (PDA) (>125 plates) was 
prepared. Each PDA petri dish was then marked with two 
perpendicular lines at the bottom to indicate the centre of 
the plate. The treatment was applied by spreading 50 µl 
of EO on the agar with a “hockey stick” spreader, and, 
after 1 day, the pathogen was aseptically transferred to 
the centre of the plate. One line was marked with an ‘x’ 
for easy data collection. Radial growth of the pathogen 
was measured daily at the line ‘x’. Percentage growth 
inhibition (PGI) was calculated. For the in vivo study, 
each EO at 1% was added into the 5% SPI formulation 
before the coating process of the banana hands. 

Statistical Analysis

 The experiment used a Completely Randomised Design 
(CRD) with four replications. Statistical analyses were 
performed by using ANOVA, and the difference between 
means was determined by using Duncan Multiple Range 
Test at a 5% level of probability.

Results and Discussion

 The results from the first study show that there was 
no significant difference in total titratable acidity and 
sugar-acid ratio in bananas treated by the different coating 
formulations. However, in terms of weight loss, 5% 
SPI presented the best result in controlling weight loss 
of the fruit (Figure 1). 10% SPI showed the lowest L 
reading, which indicates that the colour of the fruit was 
greener in than other treatments, but 10% of SPI samples 
experienced much higher weight losses, especially on day 
6 (Figure 1). The effectiveness of adding essential oil 
into the formulations was evaluated in an in vitro study 
against Colletotrichum sp. Results show that the essential 
oil from clove significantly reduced the growth of the 
fungal cultures (Table 1). In contrast, eucalyptus oil that 
had been autoclaved had almost a similar score as the 
control plate, which means this substance did not help 
to control the fungal growth after being exposed to high 
temperature during the autoclaving process. The addition 
of essential oil into the formulation can improve the 
potential usefulness of the coating formulation, but it was 
noticeable during the study that some oils did not blend 
well into the formulation, causing dark spots/lesions on the 
bananas skin.  Although soy protein had excellent ability 
to stabilise oil and water in the emulsification process due 
to its amphipathic nature [1], a few modifications need 
to be done to ensure that the essential oils can properly 
dissolve in the formulation to ensure even dispersion on 
the skin of fruits.
 Previous studies on edible coatings focused mainly on 
fresh-cut produce or frozen seafood. In 2013, Ghavidel et 
al. [2] evaluated the effects of edible coatings on fresh-cut 
apple. The results show that the use of coatings can help 
extend the shelf life while maintaining the quality of the 
produce. A study on fresh-cut apple, potato and carrot 
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also shows similar results, in that the edible coating can 
decrease weight loss of the samples [6]. Coatings on whole 
fruits with the skin still intact are more versatile, and may 
come from various sources such as lipids, carbohydrates, 
wax and others. For example, treating pineapple with a 
wax solution at 65 g L-1 for 1 minute effectively controlled 
ripening by delaying colour changes, and lowering 
respiration rate and ethylene production [3]. The protein-
based coating used in this study also showed ability to 
delay the ripening of bananas, slow the senescence process 
of the fruit, and control tissue softening. 

Table 1. Growth of fungal cultures in an in vitro study 
on the efficacy of different essential oils against 
Colletotrichum spp.

Treatment Growth
Control - 7.6000a

Betel leaf Non- Autoclaved 1.4600bc

Betel leaf Autoclaved 1.9000bc

Cinnamon Non- Autoclaved 1.6400bc

Cinnamon Autoclaved 3.0400bc

Clove Non- Autoclaved 1.0200c

Clove Autoclaved 1.1800bc

Eucalyptus Non- Autoclaved 2.4000bc

Eucalyptus Autoclaved 7.7800a

Garlic Non- Autoclaved 1.1000bc

Garlic Autoclaved 3.9000b

Thyme Non- Autoclaved 2.1000bc

Thyme Autoclaved 3.7600bc

Means with the same letter are not significantly different from one 
another according to Duncan’s Multiple Range Test at p ≤0.05

Conclusion

 Although previous studies have focused mainly on 
using or testing edible films on fresh-cut fruits, this 
study proved their potential to be used on whole bananas. 
Further studies into developing suitable and stable 
formulations can help to provide an alternative strategy 
in the banana industry for prolonging the shelf life of 
fruits. 
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Abstract

 Malaysia has been recognised as a global leader in starfruit exports, and contributed about USD24 million in 
export value in 2017. However, infestation of the fruit by tephritid fruit flies, Bactrocera spp., which is a devastating 
quarantine pest, has become a major concern for the export market. The infestation is one of the factors contributing 
to the reduction in starfruit production from 1,311 ha (2010) to 828 ha (2017). Therefore, pest management strategies 
for fruit flies in starfruit orchards need to be enhanced. Apart from using methyl eugenol traps, fruit bagging, and 
pesticide sprays, field sanitation is very important in reducing fruit fly populations. An augmentorium is a tent-like 
structure with a net attached to the tent that can trap emerging flies from infested fruits. while allowing the parasitoid 
to escape. The study aimed at evaluating the functionality of the augmentorium prototype in trapping fruit flies and 
releasing parasitoids. The prototype was designed using a modified one-person tent with a selected mesh. A laboratory 
study showed that a mesh size of 12 with a hole area of 3.00 mm2 effectively sequestered 100% of the fruit flies, 
and allowed more than 92% of the parasitoids to escape. The prototype was tested in the starfruit plot at MARDI 
Headquarters, Serdang, Selangor. A total of 250 infested starfruit, weighing 16 kg were placed inside the prototype 
and left for two weeks. A modified malaise trap was used to capture all insects that escaped from the prototype. No 
fruit flies were recorded to have escaped from the prototype, while 52 parasitoids were recovered and trapped inside 
the malaise trap’s collection container. This finding showed that the prototype was functional and had great potential 
to be used in a new sanitation approach to manage fruit fly infestations in the field.
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Introduction

 Tephritid fruit flies (Diptera: Tephritidae) are important 
agricultural pests, attacking a wide range of vegetables 
and fruits [1]. Malaysia has been recognised as a global 
leader for starfruit, Averrhoa carambola L. (Oxalidales: 
Oxalidaceae), export, contributing about USD24 million 
in export value in 2017 [2]. However, infestation of 
starfruit by tephritid fruit flies, a devastating quarantine 
pest, has become a major concern in the export market. 
Infestation is one of the factors contributing to the 
reduction in starfruit production from 1,311 ha (2010) 
to 828 ha (2017) [3].
 The management practices for fruit flies, which include 
trapping, fruit bagging, and insecticide application, are 
widely adopted to reduce adult fruit fly infestation in the 
field. However, these practices, if applied after oviposition 
by the fly, have minimal impact on the life stage of new 

fruit flies after eclosion. Therefore, in 2005, researchers 
from the University of Hawaii, USA, introduced the 
augmentorium as a sanitation technique to reduce fruit 
flies over time while conserving their parasitoids in the 
field [4]. An augmentorium is a tent-like structure with a 
net attached to the tent that can trap emerging flies from 
infested fruit while allowing the parasitoids to escape.
 Previous studies have listed three parasitoids, namely, 
Fopius arisanus (Sonan), Diachasmimorpha longicaudata 
(Ashmead), and Psyttalia incisi (Silvestri), of Bactrocera 
spp. found in starfruit orchards in Selangor and Penang 
[5]. The adoption of augmentorium as a new sanitation 
technique would enhance the populations of these 
parasitoids in the field, thus promoting more sustainable 
management of fruit flies. This study aimed to develop an 
augmentorium prototype, and to evaluate its functionality 
in trapping fruit flies and releasing parasitoids in the field. 
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The prototype developed will be used for the fruit fly 
management programme in Malaysia.

Materials and Methods 

Selection of Net Mesh

 An experiment for selecting a suitable mesh for 
an augmentorium was conducted at the Quarantine 
Laboratory, Horticulture Research Centre, MARDI 
Headquarters. Five types of mesh of different colour, 
size, and shape of the mesh opening (Table 1) were 
purchased from a local store. Experimental area tubes 
were constructed, each having two parts separated by the 
test mesh (Figure 1).
 A total of 100 fruit fly pupae (parasitised or non-
parasitised) were placed in the bottom part of each tube, 
and left for a week to allow for the emergence of either 
parasitoid or fruit fly. Each mesh treatment had four 
replications. Parasitoids and fruit flies that escaped to the 
upper part of the tube were counted and recorded.

Development of an Augmentorium Prototype

 The prototype was constructed using a modified one-
person tent integrated with the mesh selected in the first 
study (Figure 2). The modification was done to the base 
and the ventilation net of the tent. The ventilation net was 
removed and replaced with the selected mesh. The base 
of the tent was cut so that the area was exposed to the 
soil. The dome shape of the tent was maintained using 
the original frames.

Functionality Test on the Augmentorium Prototype

 The prototype was installed at a starfruit research 
plot located near the Postharvest Complex, Horticulture 
Research Centre, MARDI Headquarters. A total of 250 
infested starfruit weighing 16 kg were placed inside 
the prototype, and left for two weeks in the field. The 
prototype was confined inside a modified malaise trap 
to capture all insects that escaped from the prototype 
(Figure 3a). Insects escaping from the prototype were 
trapped and collected inside a container filled to one-
quarter volume with propylene glycol (Figure 3b). 

Parasitoids and fruit flies that were recovered from the 
container were counted after two weeks of the study.

Statistical Analysis

 In the study to select net mesh, the percentage of 
parasitoids that escaped and sequestration of fruit flies 
were analysed by repeated-measures analysis of variance 
using the SAS GLM procedure (SAS 9.4). Treatment 
means were compared using the Duncan Multiple Range 
Test (DMRT) to determine if there were any significant 
differences among the means. For all statistical tests, 
α = 0.05. The functionality test for the prototype was 
evaluated by counting the number of insects (fruit flies 
or parasitoids) that were captured in the malaise trap. 
Therefore, no statistical analysis was conducted for this 
activity. Functionality was determined by the ability of 
the prototype to trap emerging fruit flies and to allow the 
escape of parasitoids.

Results and Discussion

Selection of Mesh and the Development of 
Prototype

 Net mesh that can sequester fruit flies and yet allows 
parasitoids to escape is key to an effective augmentorium 
[6]. Figure 4 shows no fruit flies were able to escape 
from all of the mesh. Mesh M2, M3 and M5 recorded 
significantly high percentage of parasitoids escaping, 
i.e., 96.25, 92.75 and 97%% (F = 14.51; df = 4,15; 
p <0.0001), respectively, while mesh M1 and M4 had 
lower percentages at 72 and 80.75%, respectively.
 From this study, mesh M2, M3 and M5, all with 
a mesh size of 12 and a hole area of 3.00 mm2, were 
identified to effectively sequester 100% of fruit flies, 
while allowing most of the parasitoids to escape. Mesh 
with square openings seemed to allow a higher percentage 
of parasitoids to escape than mesh with a parallelogram 
shape. However, there was no significant difference in 
the percentage of parasitoids escaping. 

Table 1. Characteristics, material, and mean (± SE) percentage of fruit flies sequestration and parasitoids escaping from 
different types of mesh tested in the laboratory

Mesh *Mesh size Colour Shape
Mean (%) ± SE

Material Sequestration of fruit flies Parasitoids escaping
M1 12 White Honeycomb Fabric 100 ± 0.00 72.00 ± 3.49 c
M2 12 Grey Parallelogram Fibreglass mesh 100 ± 0.00 92.75 ± 3.45 a 
M3 12 Light green Square Fibreglass mesh 100 ± 0.00 96.25 ± 2.17 a
M4 12 Dark green Square Fibreglass mesh 100 ± 0.00 80.75 ± 3.30 b
M5 14 Silver Square, woven Aluminium wire 

mesh
100 ± 0.00 97.00 ± 1.29 a

* Mesh size referred to the number of openings in one linear inch of screen. Means with different letters show significant differences between the 
mesh (p <0.05)
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Figure 1. Experimental 
arena tube used 
in the mesh 
selection study

Figure 2. The augmentorium prototype and the setup for the functionality test in the starfruit field 
plot at MARDI Serdang

Functionality Test

 The prototype was developed by incorporating mesh 
M3 onto the modified tent. Although mesh M5 had a 
higher percentage of parasitoid escaping, there was a 
problem with the aluminium wire mesh. The weave of 
the aluminium wire mesh did not weld together well, 
affecting the size of the mesh and negatively influencing 
the performance of the augmentorium in the sequestration 
of fruit flies.
 Only one prototype was developed and tested for its 
functionality in the starfruit field. In this study, no fruit 
flies were collected in the malaise trap, indicating that no 
fruit flies were able to escape from the augmentorium. A 
total of 52 parasitoids were recovered and trapped inside 
malaise trap’s collection container. This finding showed 
that the prototype performed the expected function of 
sequestration of fruit flies and allowing the escape of the 
parasitoids.

Conclusion

 In conclusion, the new sanitation approach using the 
augmentorium enhanced the occurrence of parasitoids 
of Bactocera spp. while reducing the population of 
these fruit flies over time. Therefore, the use of the 

augmentorium could contribute to a more sustainable 
agroecological protection strategy against fruit flies. 
Future research will focus on evaluating the effectiveness 
of implementing the use of the augmentorium integrated 
with other management techniques in managing the fruit 
fly populations in Malaysia on a larger scale.
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Abstract

 Harumanis mango is one of the famous fruits that have high economic demand. This valuable crop is generally 
propagated by grafting to produce true-to-type planting material. However, this propagation method is laborious, costly, 
requires skilled workers, is time-consuming and depends on the availability of seedstock for rootstock and scion. An 
alternative method for mass production of true-to-type mango planting materials is via micro-cuttings, which is more 
cost-effective and efficient and produces uniform planting materials in a shorter time term than grafting. The micro-
cutting method of propagation uses very young (juvenile) seedling cuttings produced from germinated seeds. In this 
study, juvenile nucellar seedlings at 30 days after germination were used as the source of micro-cuttings. The study 
showed that juvenile micro-cuttings had a high survival rate (100%) in all the media treatments, unlike semi-juvenile 
and mature cutting materials, at 60 days after planting in a cutting box. For rooting percentage, juvenile micro-cuttings 
had a high percentage (90 – 96%) of rooting at 60 days after planting in the cutting box containing peat moss plus 
sand as media. These juvenile micro-cuttings had a high content of total soluble sugars (TSS) (125.01 mg g-1 DW) 
that can help to stimulate the early formation of adventitious roots, whereas the content was lower in the semi-juvenile 
(87.28 mg g-1 DW) and mature (63.94 mg g-1 DW) cutting materials. Early formation of adventitious roots is important 
for the successful survival of the cuttings. Semi-juvenile and mature cuttings failed to produce roots at 60 days after 
planting. In terms of survival rate in the nursery, the juvenile cuttings showed a high rate (85 – 90%) 45 days after 
being transplanted into polybags. From the results obtained, micro-cuttings produced this way have potential to be 
used as an alternative method for generating suitable quality planting materials of Harumanis mango.

Keywords: Harumanis, juvenile, micro-cutting, nucellar, total soluble sugars (TSS)
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Introduction

 Harumanis is an economically important mango variety, 
and is classified as one of Malaysia’s most popular mango 
varieties. This valuable crop is generally propagated 
by using the grafting technique to produce true-to-type 
planting materials [1]. However, this propagation method 
is laborious, costly, requires skilled workers, is time-
consuming, and depends on the availability of seedstock 
for rootstock and scion. An alternative method for mass 
production of true-to-type mango planting materials is via 
micro-cuttings, which is more cost-effective and efficient. 
It produces uniform planting materials within a short 
period, unlike grafting [2]. Micro-cutting is a method of 

propagation using very young (juvenile) seedling cuttings 
produced from germinated seeds [2]. Harumanis mango 
is classified as being polyembryonic, which enables each 
seed to produce more than one seedling [3]. About 97% of 
the germinated seedlings of Harumanis mango have been 
reported in a previous study to be nucellar (true-to-type); 
thus, they can be used as a source of micro-cuttings [3].
 The success of producing roots from cuttings is 
affected by many factors, including the juvenility of the 
cutting, endogenous and exogenous hormones, metabolite 
content in the cutting, planting medium, as well as 
environmental factors [4]. The selection of juvenile 
material for producing cuttings is important for the 
successful formation of adventitious roots by the cuttings 
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of woody plants [4]. Production of adventitious roots is a 
high-energy demanding process, and soluble sugars such 
as carbohydrate is considered its principal energy source 
[5]. Rooting media play an integral part in the propagation 
system as the percentage of rooting and the quality of the 
roots produced are directly influenced by the medium 
[4]. Therefore, this study aimed to evaluate the effects of 
different types of cuttings and rooting media on the growth 
and rooting of micro-cuttings of Harumanis mango.

Materials and Methods 

Rooting Treatments and Data Collection

 Juvenile micro-cutting materials were collected at 
30 days after germination of the nucellar (true-to-type) 
Harumanis mango seedlings that were maintained in a 
sandy seedbed. Two-node (5 – 10 cm) micro-cuttings 
taken from the juvenile seedlings were used as the source 
of cutting materials. For treatment comparison, semi-
juvenile cutting materials of mango were taken from 
newly flushed shoots (5 – 10 cm), derived from pruning 
mother trees of less than 3 years old, and mature cutting 
materials were from the terminal shoots (5 – 10 cm) of 
mother trees more than 5 years of age. All of the cutting 
materials were soaked in 2 g/L of benomyl for 5 minutes, 
and then treated with 1 mg/L of indole-3-butyric acid 
(IBA) for 1 minute before being transferred into a close 
capillary propagation system (CCPS) box containing 
rooting media at different percentage ratios (v:v) as 
follows: (A) 100% peat moss, (B) 50% peat moss: 50% 
sand, and (C) 70% peat moss: 30% sand. The cutting 
box was transferred to a shaded place (70%) with black 
netting, and watered every 5 days. The measurements on 
vegetative growth started at 60 days after planting the 
cuttings in the CCPS boxes to determine their survival 
rate (%), rooting percentage (%), root length (mm), plant 
height (mm) and number of new leaves. Survival rate of 
the cuttings in the nursery was evaluated 45 days after 
transplanting them into polybags.

Extraction and Determination of Total Soluble 
Sugars (TSS) content

 The extracts for total soluble sugars (TSS) determination 
in the three types of cutting materials were prepared as 
described by [6]. TSS content was estimated using the 
phenol-sulfuric-acid method [7]. The pellet left behind 
after the extraction was hydrolysed with 52% perchloric 
acid (w/v) and centrifuged at 5,000 rpm. The supernatant 
was then used for TSS estimation, and a conversion 
factor of 0.9 was used to derive the volume of TSS in 
mg g–1 DW.

Experimental Design and Statistical Analysis 

 The experiment was conducted in a randomised 
complete block design (RCBD) with four replications, 
using ten cuttings per replicate for each type of cutting 
material. The data obtained were analysed using ANOVA 
in SAS software (Version 9, SAS Institute Inc. Cary, North 
Carolina, USA). The differences among treatment means 
were compared using Least Significant Difference (LSD) 
at p ≤0.05%.

Results and Discussion

Growth and Rooting Performance 

 Table 1 shows the five parameters evaluated on rooting 
and growth of the micro-cuttings of Harumanis mango 
at 60 days after transferring the cuttings into the CCPS 
containers. The cuttings from the three source materials 
showed different responses in rooting and growth in the 
different types of media. Juvenile micro-cuttings had the 
highest survival rate (100%) in all the media treatments. 
For rooting percentage, the juvenile micro-cuttings 
recorded a high percentage of rooting (90 – 96%) in the 
peat moss plus sand media 60 days after planting in a 
CCPS box. The combination of peat moss and sand proved 
to be the best rooting medium in this study. These results 
were similar to previous research findings on other crops 
[5, 8]. The higher rate of rooting in the juvenile cuttings 
was also related to the total soluble sugars content in the 
cutting materials, which was 125.01 mg g-1 DW. This 
higher TSS content apparently helped to stimulate the 
earlier formation of adventitious roots when compared to 
the semi-juvenile and matured cutting materials (Table 2). 
A previous study showed that the juvenile cutting 
materials of Tectona grandis had higher TSS, and that 
at a plant density they produced adventitious roots more 
readily than mature cutting materials [5]. Soluble sugars 
such as carbohydrates are important for the production 
of adventitious roots, providing structural elements and 
an energy source [8, 9]. The semi-juvenile and mature 
cuttings failed to produce roots 60 days after planting 
in the CCPS boxes. Only callus formation and swelling 
were observed at the ends of the semi-juvenile and mature 
cutting materials (Figures B and C). In terms of survival 
in the nursery, juvenile cuttings showed a high survival 
rate (85 – 90%) 45 days after being transplanted into 
polybags (Figure 2). 
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Table 1. Effects of different types of cutting materials and rooting media on the growth and rooting of Harumanis 
mango cuttings

Type of cutting Type of media Survival
rate in CCPS 
box (%)

Rooting 
percentage (%)

Root 
length 
(mm)

Plant height 
(mm)

Number of 
new leaves

Survival rate 
in the nursery 
(%)

Juvenile A 100.00a 63.33b 58.79a 134.93a 1.43a 85.00a

B 100.00a 90.00a 65.01a 103.28b 1.20a 87.50a

C 100.00a 96.67a 52.45a 107.10b 1.57a 90.00a

Semi-juvenile A 50.00b 0.00c 0.00b 0.00c 0.00b 0.00b

B 40.00b 0.00c 0.00b 0.00c 0.00b 0.00b

C 40.00b 0.00c 0.00b 0.00c 0.00b 0.00b

Mature A 80.00a 0.00c 0.00b 0.00c 0.00b 0.00b

B 90.00a 0.00c 0.00b 0.00c 0.00b 0.00b

C 93.33a 0.00c 0.00b 0.00c 0.00b 0.00b

Significance level
Cutting ** ** ** ** ** **
Media ns ** ns ** ns ns

Cutting x 
Media

ns ** ns ** ns ns

**Significant at 1% probability level, ns: Not significant. Means in each column with different letters within each factor indicate significant 
differences at p ≤0.05% level according to LSD. Type of media: (A) 100% peat moss, (B) 50% peat moss: 50% sand and (C) 70% peat moss: 
30% sand

Table 2. Total soluble sugars (TSS) content in 
different types of cutting sources

Type of cutting  Total soluble sugar 
(mg/g DW)

Juvenile 125.01a

Semi-juvenile 87.28b

Mature 63.94b

Figure 1. (A) Rooting of juvenile micro-cuttings; No rooting in (B) semi-juvenile and (C) mature cuttings at 60 days after planting 
in the CCPS boxes

A B

Callus

C

Callus

Figure 2. Juvenile micro-cutting plantlets in the nursery at 45 
days after transplanting into polybags
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Conclusion

 Based on the results, Harumanis can be propagated by 
using the micro-cutting method with the source material 
from juvenile nucellar (true-to-type) seedlings at 30 days 
after germination. These micro-cuttings that can be used 
to produce pure and good quality plant materials. The 
juvenile cuttings had a high content of total soluble sugars 
(TSS) that can help to stimulate the early formation of 
adventitious roots. A media made up of a mixture of peat 
moss and sand was found to produce a high percentage 
(90 – 96%) of rooting in juvenile Harumanis cuttings.
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Abstract

 Kesum (Persicaria minor [Huds.] Opiz) is an aromatic herb from Polygonaceae Family. It is popular for fresh 
consumption as a flavour enhancer in Asian cuisine, and is also used alternatively as a traditional remedy. Kesum is rich 
in flavonoids and antioxidants. Quercetin-3-glucuronide (Q3G) and quercitrin in kesum are quercetin derivatives that 
have potential to be used in the pharmaceutical industry. Inconsistency of yield and in the content of these phytochemical 
compounds are the major concerns when producing quality standardised products. In this regard, the need to optimise 
the quality of kesum raw materials is very crucial. Information on morphological variation, yield and levels of the 
bioactive compounds of kesum is still lacking. Therefore, a systematic study on kesum diversity is essential to meet 
these shortcomings. In this study, twenty different accessions collected from local farms and established in the MARDI 
Serdang germplasm collection were evaluated for their morphology, yield and phytochemical characteristics. Two plant 
habits of kesum were identified: decumbent and erect. Morphologically, there were significant differences (p <0.05) in 
leaf length, leaf number, plant height, and stem diameter. Accession MKSM008 showed promising results in terms of 
morphological characters and yield. The results of HPLC analyses based on the flavonoid reference standards found 
significant differences (p <0.05) in Q3G and quercitrin contents among the kesum accessions. MKSM002, MKSM004, 
MKSM011 and MKSM003 were among the accessions with the highest content of Q3G, while, accessions MKSM003, 
MKSM004, MKSM010 and MKSM008 showed the highest content of quercitrin. Of all the accessions, MKSM003 
showed the most potential in having higher yield and contents of Q3G and quercitrin. This finding is important for 
identifying a kesum accession with better production and quality which will help to increase farmers’ income. The 
consistency of the bioactive compounds as raw material for the industry can also be optimised. Higher content and 
consistently stable bioactive compounds are advantageous, especially for pharmaceutical applications.

Keywords: Decumbent, erect, high yield, HPLC, Persicaria minor

Proceedings of MARDI Science and Technology Exhibition (2021): 220 – 224

Introduction

 Kesum or Persicaria minor (Huds.) Opiz is an 
aromatic herb that is commonly used as an appetiser in 
Asian cuisine. Traditionally, kesum is also used to treat 
skin fungal infection, stomach ailments, dandruff and 
as a post-natal tonic [1]. It has gained much interest in 
pharmaceutical applications because of the potential use 
of its aliphatic aldehydes and phytochemical compounds. 
There are many reports on the potential of kesum as an 
anti-inflammatory, antioxidant, anti-microbial agent, 
and for having anti-cancer property, and being used 
as a cognitive function enhancer. Quercetin is one of 
the antioxidants which act as an anti-inflammatory, 
antihistamine, anti-viral and anti-cancer agent, as well 
as prevent neurodegenerative disorder [2]. Quercetin-3-

glucuronide (Q3G) and quercitrin are quercetin derivatives 
from the class of flavonoids. Products with a developed 
formulation of Q3G and quercitrin have been found to 
improve mood, cognitive function and quality of life in 
middle-aged women [3]. In USA, Quantum IG™ is a 
patented extract of kesum containing Q3G and quercitrin 
that had been clinically proven to improve cognitive 
function and stimulate immune health.
 The present study was conducted to determine the 
variations in twenty kesum accessions, which had been 
collected from local farms and established in the MARDI 
Serdang germplasm collection. This study aimed to gain 
information on their morphological characteristics, yield 
per plant, and levels of targeted compounds, namely, Q3G 
and quercitrin. Plant habit, leaf variation, leaf length, leaf 
width, leaf number, plant height, plant canopy, number 
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of main branches and stem diameter were the important 
morphological parameters recorded. Fresh weight and 
total Q3G and quercitrin contents were also recorded for 
yield and quantitative analysis of the compounds. These 
findings helped to determine the best accession of kesum, 
i.e., one with high yield and high content of Q3G and 
quercitrin, for further research. 

Materials and Methods 

Plant Materials 

 Ten cuttings from an established mother plant of each 
accession were collected for characterisation. Cuttings 
of about 15 cm length, with five to seven nodes, were 
rooted in water for seven days. The twenty accession 
plots were replicated three times using the RCBD design. 
The cuttings were first planted in containers filled with 
topsoil.  They were then transplanted into two-row plots, 
at a distance of 20 cm between plants and 25 cm between 
rows. The plots were applied with organic matter a week 
before transplanting, then fertilised with NPK Green and 
urea at the rate of 300 kg/ha and 100 kg/ha, respectively, 
at weeks four and eight after planting.

Morphological Characterisation

 Five plant samples were randomly selected from each 
accession plot for morphological evaluation. Plant habit 
and leaf variation were the qualitative characteristics 
recorded. For quantitative characteristics, leaf length, leaf 
width, leaf number, plant height, plant canopy, number 
of main branches, and stem diameter were measured. 
The samples were collected at week four after planting. 
Establishment data were taken at week 12. 

Yield and Phytochemical Analysis

 All the plant samples were cut at 10 cm from the 
soil surface at week 12 after planting. The samples 
were weighed for yield evaluation and then underwent 
phytochemical analysis. Phytochemical screening of kesum 
was done following the extraction method developed by 
George et al. (2014) [4] with some modifications. Briefly, 
1 g of dried leaf powder was used for extraction using 
methanolic solvent (1:10 v/v). This was followed by 
sonication for 1 h and centrifugation at 10,000 rpm for 
10 minutes. The extraction was repeated twice, and the 
residues were dried. The dried extracts were dissolved 
in HPLC-grade methanol. The extract solutions were 
passed through a 0.22 µm Nylon membrane filter before 
analysis by HPLC. Authentication and quantification of 
metabolites were achieved by comparison with reference 
standards of Q3G and quercitrin.

Data Analysis

 The data were analysed by one-way ANOVA. Mean 
values were compared by Duncan’s multiple range test 

(DMRT) at 5% (p = 0.05) significance level, using 
Statistical Analysis Software (SAS) version 9.4.  

Results and Discussion

Morphological Characterisation

 Two types of plant habit were identified for the kesum 
accessions: decumbent or and erect growth.  Christapher 
et al. (2015) [5] also reported that kesum is generally 
available in two types: creeping and vertical growing. 
Eight accessions grew erect, while the remaining 12 
accessions had decumbent growth (Table 1 and Figure 1). 
From the observations, all accessions showed the same 
leaf shape, with long and lanceolate shapes alternately 
arranged along the stem. However, there were variations 
in the leaves, e.g., the distinguishing presence of a greyish 
‘V’ mark on the upper surface of the leaf (Table 1 and 
Figure 2). Leaves also differed in length and width. 
Accessions without the ‘V’ mark produced bigger leaflet 
size with greater average length and width, ranging 
from 6.4 – 7.7 cm and 1.99 – 2.41 cm, respectively. 
Accessions with the ‘V’ mark were from 5.0 – 6.9 cm 
and 1.64 – 2.31 cm in length and width, respectively. Leaf 
number also showed significant differences among the 
accessions (Table 1). Plant canopy and number of main 
branches showed no significant differences among the 
accessions. MKSM018 was the tallest accession, followed 
by MKSM005, MKSM016, MKSM006 and MKSM017, 
all of which had the decumbent habit growth. Most of the 
accessions with the erect habit had shorter plant height. 
Stem diameter was significantly different among the 
accessions, with MKSM008 and MKSM015 having the 
biggest and smallest, respectively.

Yield and Phytochemical Analysis

 From the analyses, significant differences were 
found in the fresh weight among the accessions. Mean 
fresh weight was higher in the decumbent type than the 
erect type, at 128 g/plant and 97.7 g/ plant, respectively 
(Figure 3). MKSM008 had the highest yield of 163.9 
g/plant. MKSM011, an erect type, had the lowest yield 
(55.2 g/plant) as well as the lowest values for almost 
all the parameters (Table 1). Most of the decumbent 
accessions had higher leaf number, bigger leaf size and 
bigger stem diameter, resulting in higher yield, while 
most of the erect accessions had lower yields.

Figure 1. Kesum plant with (a) erect and (b) decumbent
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 The flavonoids (Q3G and quercitrin) in kesum were 
identified and quantified by comparing retention times, 
UV spectra and peak areas of the kesum methanolic 
extracts with reference standards (Figure 4). The HPLC 
analysis resulted in two phytochemical profile patterns, 
namely, profile pattern 1 and profile pattern 2. The 
accessions that exhibited profile pattern 1 were mainly 
kesum that had the decumbent plant habit, while, the 
accessions that showed profile pattern 2 were of the erect 
plant habit (Table 1). Such observations have never been 
reported in kesum studies. From Figure 4, it may be seen 
that there was a variation in the peaks of unidentified 
compounds present between the erect and decumbent 
types. The erect type showed the presence of peaks 1, 
2 and 3 in the chromatogram but not in the decumbent 
type. Peak 4 was only present in the decumbent type.
 The results of HPLC analysis based on the flavonoid 
reference standards showed that there were significant 
differences (p <0.05) in Q3G and quercitrin contents 
among the kesum accessions (Figures 5 and 6). The mean 
Q3G content in this study was 1.45 ± 0.48 mg/g dry 
weight and mean quercitrin content was 0.62 ± 0.14 mg/g 
dry weight. Quercitrin compounds showed significant 

Figure 3. Average fresh yield per plant of twenty kesum accessions with decumbent or erect 
growth habit

differences (p <0.05) between the erect type (0.69 ± 
0.15 mg/g dry weight) and the decumbent type (0.56 ± 
0.10 mg/g dry weight) (Figures 5 and 6). However, Q3G 
content was slightly higher in the erect type (1.53 ± 0.49 
mg/g dry weight) but the difference was insignificant 
(p <0.05) compared to the decumbent type (1.42 ± 
0.47 mg/g dry weight). Kesum accessions MKSM002, 
MKSM004, MKSM011 and MKSM003 were among 
those with the highest content of Q3G (Figure 5), while 
MKSM003, MKSM004, MKSM010 and MKSM008 
showed the highest quercitrin content (Figure 6). From 
these observations, MKSM003 of the erect type was the 
best accession in terms of having high Q3G and quercitrin 
contents and optimal harvested yield (above the mean, at 
117.91 ± 29.66 g/plant).

Conclusion

 Kesum accessions of the decumbent type showed 
promising results in their morphological characters and 
yield. However, the erect type contained a higher level of 
Q3G and quercitrin than the decumbent type. From the 
findings, accession MKSM003 was the best accession of 
both types (plant habits) in terms of high yield and high 
contents of Q3G and quercitrin. 
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Abstract

 Leaf area (LA) estimation is normally conducted by either portable or desktop leaf area meters. This equipment are 
expensive and sensitive to handle. A rapid way to determine LA is by using linear regression models. We examined and 
validated linear regression models for advanced planting materials of Mesta mangosteen subjected to three shade levels 
and of two propagule types. Out of five linear models, namely, (i) LA = α + βL, (ii) LA = α + βL2, (iii) LA = α + βW, 
(iv) LA = α + βW2 and (v) LA = α + βLW, model (v) was selected for having the highest coefficient of determination 
(R2) and lowest root mean squared error (RMSE) for model estimation and model validation, respectively. In all the 
treatment combinations, the linear model of LA = α + βLW could be used to estimate LA of Mesta mangosteen, providing 
there is an adequate sample size for model estimation. Leaf area estimation in other crops could be developed using 
the same concept of linear models.

Keywords: coefficient of determination, leaf area, linear regression model, Mesta mangosteen, rapid
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Introduction

 Leaf area assessment is deemed important as an 
indicator of plant growth, plant production, radiation use 
efficiency, water and nutrient requirements. Leaf area can 
be determined in several ways, such as by the destructive 
harvest of leaves or non-destructive measurements 
using a portable leaf area meter. Alternatively, leaf area 
can be estimated by from leaf length and leaf width 
measurements using some modelling approach, either 
by a log-linear model [1], quadratic model [2], power 
model [3], or simply by a linear model. Linear models 
are preferable for most crops, being rapid, inexpensive, 
efficient, and yet non-destructive [4].
 We examined linear regression models to estimate 
the leaf area of Mesta mangosteen’s advanced planting 
materials (APM). To date, no work has been done to 
estimate the leaf area of this variety at the APM stage. This 
study aimed to develop and select the best linear model 
for leaf area estimation in Mesta mangosteen, specific to 
each treatment combination of different shade levels and 
propagule types, and to test the selected linear model’s 
robustness through model validation. 

Materials and Methods 

Study Site and Plant Samples 

 The study was carried out at the main nursery of 
MARDI Saratok, Sarawak. Thirty-month-old advanced 
planting materials (APM) of Mesta mangosteen were 
raised in the nursery, and subjected to a 3 x 2 factorial 
experiment, comprising three shade levels (0, 30 and 60%) 
and two propagule types (micro-cuttings and seedlings), 
assigned to a randomised complete block design (RCBD). 
Treatment combinations were employed in triplicate, 
with six treatment combinations: 0% shade applied to 
micro-cuttings (T1), 0% shade applied to seedlings (T2), 
30% shade applied to micro-cuttings (T3), 30% shade 
applied to seedlings (T4), 60% shade applied to micro-
cuttings (T5) and 60% shade applied to seedlings (T6). 
All the plants were exposed to the respective treatment 
combinations for 14 months. 
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Model Estimation

 Three hundred and eighty well-developed Mesta leaves 
of various sizes were collected randomly from the main 
plant stem, primary branches and secondary branches for 
model estimation of T1, T3, T4, T5 and T6; in the case 
of T2, 280 leaves were sampled. The leaf samples were 
immediately brought to the laboratory and scanned at 300 
dpi using a CanoScan LiDE 400 flatbed scanner. Image 
analyses were run using ImageJ (version 1.52V) with the 
spatial scale was set at 118 pixels/cm for determination 
of individual leaf area (LA), leaf length (L) and leaf 
width (W). The dependent variable was LA, while the 
independent variables were L, L2, W, W2 and the product 
of L and W. Five linear models were evaluated, namely, 
(i) LA = α + βL, (ii) LA = α + βL2, (iii) LA = α + βW, 
(iv) LA = α + βW2 and (v) LA = α + βLW, where α is a 
constant and β is value of coefficient. Linear regression 
(PROC REG) was used for the analyses with SAS 9.4. 

Model Validation

 Randomly selected Mesta leaves (100 leaves from T1, 
T3, T4, T5 and T6, and 80 leaves from T2) were sampled 
from the same experimental site. Selected models were 
validated using a few techniques. Statistics and estimated 
parameters were determined from the estimation data 
set. Those parameters were then re-estimated again 
using a validation data set, and compared for model 
consistency. Finally, a plot of predicted individual leaf 
area (PLA) against the observed individual leaf area 
(OLA) was presented in the form of scatterplots using 
PROC SGPLOT of SAS 9.4. 

Results and Discussion

Model Estimation

 Model estimation showed that the linear model of LA = 
α + βLW attained the highest coefficient of determination 
(R2 ≥ 0.9898) with the lowest root mean squared error 
(RMSE ≤3.5820) (Table 1). All selected models exhibited 
close to the origin (0) constant value while coefficient 
values ranged between 0.6876 and 0.7054. The linear 
model of LA = α + βLW is consistent with previous work 
done on leaf area estimation in several fruit crops such 
as passion fruit [5], citrus [6] and banana [7]. 

Model Validation

 Model validation showed that the selected model (LA 
= α + βLW) recorded R2 ≥ 0.9872 with RMSE ≤2.8803 
(Table 2). The coefficient value ranged between 0.6803 
and 0.7170, close to what was obtained for Helianthus 
annuus [8], and to 0.72 for Rosa hybrida [9]. Fit plot of 
PLA vs OLA (Figure 1) displayed both parameters were 
strictly confined to the 95% prediction limits. PLA of T1 
to T6 could be estimated using the equations of PLA = 
0.4073 + 0.9982OLA; PLA = 1.3295 + 0.9541OLA; PLA 
= 1.5896 + 0.9761OLA; PLA = –0.2853 + 1.0041OLA; 
PLA = –0.2302 + 0.9942OLA and PLA = 0.0431 + 
1.0084OLA, respectively. As the P-value (<0.0001) was 
less than 0.05, the null hypothesis was rejected. We did 
not examine the significant differences among T1 to T6 
as the experiment aimed mainly to develop, identify and 
to test the selected linear model with the highest R2 and 
the lowest RMSE.

Conclusion

 From the studies conducted, we concluded that the 
linear model of LA = α + βLW could be used to estimate 
the leaf area of Mesta mangosteen. As the linear model 
is dynamic, adequate sample sizes are crucial for model 
estimation and building. This modelling approach is 
an alternative for rapid leaf area estimation of Mesta 
mangosteen in the absence of portable or desktop leaf 
area meters. Leaf area estimation in other crops could 
be carried out using the same concept of linear model 
as discussed.
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Table 1. Fitted constant (α) and coefficient (β) values of the models (estimation set) were used to estimate 
single LA of Mesta mangosteen using L, L2, W, W2 and LW measurements for each treatment 
combination (T1-T6). Observed parameters for internal validity were coefficient of determination 
(R2), and root mean squared error (RMSE). For all tested models, Pr > F = < 0.0001

Treatment 
combination

Tested model
(on estimation set)

Fitted constant and coefficient R2 RMSE
α SE β SE

T1 LA=α + βL –24.0061 1.2429 5.8359 0.1033 0.8941 9.0322
LA=α + βL2 4.0064 0.7052 0.2566 0.0040 0.9172 7.9872
LA=α + βW –28.5390 1.2839 15.2762 0.2633 0.8991 8.8173
LA=α + βW2 1.8509 0.6639 1.6538 0.0231 0.9313 7.2758
LA=α + βLW 0.3757 0.1888 0.7052 0.0027 0.9945 2.0632

T2 LA=α + βL –28.5172 1.2395 6.0812 0.0957 0.9356 8.5999
LA=α + βL2 4.7632 0.6672 0.2289 0.0030 0.9539 7.2748
LA=α + βW –31.9829 1.7435 16.9224 0.3616 0.8874 11.3723
LA=α + βW2 –1.0616 0.7158 1.9020 0.0247 0.9553 7.1643
LA=α + βLW 0.7972 0.2154 0.6876 0.0027 0.9956 2.2440

T3 LA=α + βL –58.0802 2.7449 8.3059 0.1707 0.8623 10.4210
LA=α + βL2 5.0083 1.3818 0.2627 0.0050 0.8802 9.7217
LA=α + βW –54.4442 2.0489 20.1260 0.3169 0.9143 8.2194
LA=α + βW2 6.3587 1.0104 1.5917 0.0224 0.9304 7.4085
LA=α + βLW 0.0691 0.4072 0.7054 0.0037 0.9898 2.8361

T4 LA=α + βL –49.9659 1.8883 7.7395 0.1316 0.9015 10.9417
LA=α + βL2 3.4044 0.8883 0.2558 0.0036 0.9290 9.2932
LA=α + βW –47.7419 1.8038 19.4238 0.3214 0.9062 10.6806
LA=α + βW2 2.2944 0.7635 1.7089 0.0205 0.9483 7.9281
LA=α + βLW 0.1028 0.2557 0.7024 0.0027 0.9943 2.6239

T5 LA=α + βL –56.3256 2.4549 8.2971 0.1393 0.9037 13.9142
LA=α + βL2 4.1739 1.3050 0.2557 0.0037 0.9268 12.1281
LA=α + βW –50.8622 2.1412 20.4609 0.3105 0.9199 12.6878
LA=α + βW2 4.9756 1.0523 1.6525 0.0194 0.9507 9.9529
LA=α + βLW 0.1787 0.3226 0.6915 0.0024 0.9956 2.9673

T6 LA=α + βL –56.4941 2.6332 8.1355 0.1414 0.8976 15.4933
LA=α + βL2 6.0363 1.5171 0.2362 0.0038 0.9104 14.4918
LA=α + βW –56.5652 2.2376 21.9873 0.3241 0.9241 13.3352
LA=α + βW2 5.3338 1.2168 1.7336 0.0222 0.9416 11.6974
LA=α + βLW 0.1629 0.3822 0.6897 0.0026 0.9945 3.5820
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Table 2. Statistics and estimated parameters from regression model (LA = α + βLW) for leaf area (LA) estimation. The 
estimation model was developed from 380 leaves for T1, T3, T4, T5 and T6, and from 280 leaves for T2. A 
validation model was developed from 100 and 80 leaves for T1, T3, T4, T5 and T6, and for T2, respectively. 
Observed parameters for model consistency were coefficient of determination (R2), and root mean squared error 
(RMSE). For all tested models, Pr > F = < 0.0001

Treatment 
combination

Modelling set Statistics and estimated parameters 
Intercept Standard error of 

intercept
Regression coefficient 

for LW
Standard 

error for LW
R2 RMSE

T1 Estimation 0.3757 0.1888 0.7052 0.0027 0.9945 2.0632
Validation 0.1730 0.3142 0.7021 0.0056 0.9938 1.7406

T2 Estimation 0.7972 0.2154 0.6876 0.0027 0.9956 2.2440
Validation -0.3232 0.4297 0.7170 0.0058 0.9949 1.9985

T3 Estimation 0.0691 0.4072 0.7055 0.0037 0.9898 2.8361
Validation -0.7146 0.7930 0.7135 0.0082 0.9872 2.5741

T4 Estimation 0.1028 0.2557 0.7024 0.0027 0.9943 2.6239
Validation 0.7622 0.5560 0.6953 0.0054 0.9940 2.6516

T5 Estimation 0.1787 0.3226 0.6915 0.0024 0.9956 2.9673
Validation 1.0453 0.8453 0.6911 0.0056 0.9937 2.7100

T6 Estimation 0.1629 0.3822 0.6897 0.0026 0.9945 3.5820
Validation 0.5042 0.6069 0.6803 0.0050 0.9947 2.8803

Figure 1. Fit plot of PLA (using model no. 5 of LA = α + βLW) versus OLA for model validation of T1-T6
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Abstract

 Grain corn has been given higher priority in Malaysia as one of the new sources of national wealth. Due to its 
importance in animal feed formulation, Malaysia has relied heavily on corn imports for more than 50 years. Therefore, 
good agronomy management in grain corn production can help produce better yield, which is very important for 
achieving food security. A field experiment was conducted on a grain corn hybrid variety, P4546, to determine the 
advantage of time of fertiliser applicaton for optimising growth and yield, using different fertiliser treatment packages. 
The study was performed in a randomised complete block design (RCBD), consisting of eight treatments with three 
replications. The treatments were: NPK 100% with non-coated urea, applied at planting (Control-0 DAS); NPK 100% 
with coated urea (0 DAS); NPK 75% with coated urea (0 DAS); NPK 50% with coated urea (0 DAS); NPK 100% 
with non-coated urea, applied at 15 days after sowing (15 DAS); NPK 100% with coated urea (15 DAS); NPK 75% 
with coated urea (15 DAS); and NPK 50% with coated urea (15 DAS). There was no significant difference for growth 
parameters such as plant height, stem diameter, leaf number and leaf area among all treatments. The highest grain 
yield (9006.0 kg/ha) was obtained with the treatment of NPK 100% with non-coated urea (15 DAS), while the lowest 
grain yield (6326.7 kg/ha) was with NPK 50% with coated urea (15 DAS). Therefore, it was concluded that a fertiliser 
package consisting of 100% NPK applied together with non-coated urea at 15 DAS is appropriate to attain a higher 
yield in grain corn production.

Keywords: fertilising time, fertilising package, grain corn, grain yield, hybrid variety

Introduction

 Grain corn has been given higher priority in Malaysia 
as one of the new sources of national wealth. Due to its 
importance in animal feed formulation, Malaysia has 
relied heavily on corn imports for more than 50 years 
[1]. Grain corn production in Malaysia is relatively small. 
However, in 2019, the livestock industry, especially the 
ruminants, poultry and swine, needs 3.9 million tonnes 
of grain corn as the main component for feeds. Malaysia 
imports nearly 100% of her grain corn, from Brazil, 
Argentina and other countries, to the value of RM3 billion 
(US$ 737 million) in 2017 [1].
 Nitrogen (N) application at the appropriate crop 
growth stage is important to enhance N use efficiency 
and increase maize productivity. Crops do not absorb 
all of the applied N because leaching causes N loss, 
especially in high rainfall areas. Research reports have 
shown that about 50% or more of the N applied to crops 

become unavailable due to N loss through leaching [2]. 
This leaching loss is determined by the quantity of N 
applied, the appropriateness of the application time, soil 
permeability, and the quantity of rainfall s in the area in 
question [3]. However, optimum and efficient time of N 
application can increase the availability of applied N up 
to 58 – 70%, which results in increasing the yield and 
grain quality of the crops (13).
 NPK Green fertiliser is currently applied at sowing, 
followed by urea 30 – 35 days after that. Applying 
fertiliser at sowing is an economic practice to in large-
scale farming because it is carried out simultaneously 
with planting using planting machines. However, many 
research findings verified that N application at the time of 
sowing corn is not efficient. During the early stages, the 
seedlings still depend on kernel food reserves, and nodal 
root development has not developed fully for nutrient 
uptake. N applied during sowing is therefore lost through 
leaching and runoff (if it rains heavily) because absorption 
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by the crop is inefficient up to 10 – 15 days after sowing 
(DAS); this N losses cause environmental pollution, and 
result in non-profit cost [6]. Hence, the disadvantages of N 
application at the time of sowing may well outweigh any 
advantage. The objective of this study was to investigate 
the optimum rate and time of N application to enhance 
growth and yield in grain corn production.

Materials and Methods 

Experimental Site

 Grain corn variety P 4546 was sown at a rate of 17 
kg/ha. Corn seed were planted mechanically at a planting 
density of 66,667 plants per hectare. The planting distance 
was 75 cm between rows and 20 cm between plants. The 
area was ploughed mechanically using a disc plough to 
turn over the soil, and soil samples were then collected 
for determination of soil pH. Liming was done at a rate 
of 1 t/ha as the soil pH was found to be lower than five. 
Further ploughing was done to break up the large soil 
clods, using a disc harrow, followed by rotor-tilling to 
achieve suitable soil particle size for planting.

Treatments and Experimental Design 

 The experiment was carried out in research fields at 
MARDI Headquarters, Serdang, using a total area of 80 m 
× 20 m. Regular maintenance was carried out during plant 
growth to ensure optimum development of the plants. 
Treatments were arranged in a randomised complete 
block design (RCBD), consisting of eight treatments with 
three replications. The treatments were T1: Control (NPK 
100% with non-coated urea, applied at 0 DAS); T2: NPK 
100% with coated urea (0 DAS); T3: NPK  75% with 
coated urea (0 DAS); T4: NPK 50% with coated urea (0 
DAS); T5: NPK 100% with non-coated urea (15 DAS); 
T6: NPK 100% with coated urea (15 DAS); T7: NPK 
75% with coated urea (15 DAS); and T8:  NPK 50% with 
coated urea (15 DAS). The data collected were analysed 
using ANOVA in the SAS software (Version 9.4, SAS 
Institute Inc. Cary, North Carolina, USA), and differences 
between treatment means were compared using Duncan 
at p ≤0.05%. 

Data Collection 

 The parameters were measured from 15 up to 90 
DAS to reflect growth performance; these were: plant 
height, stem diameter, number of leaves, leaf area, and 
grain yield.

Results and Discussion

Effect of Optimum Rate and Time on Fertiliser 
Application on Growth 

 All the vegetative growth responses, i.e., plant height 
(Figure 1), stem diameter (Figure 2), leaf number 
(Figure 3) and leaf area (Figure 4) showed no significant 
difference among the treatments at 15, 30, 45, 60 and 90 
DAS. Leaf number and plant height gradually increased 
from 15 to 90 DAS. Nitrogen application during plant 
growth resulted in more nodes and internodes, and 
subsequently increased the production of leaves per plant 
[7]. [8] also reported that higher N application increased 
cell division, cell elongation, nucleus formation, and 
green foliage. An increase in plant height might also be 
due to the prolonged vegetative growth, which increased 
plant height.

Effect of Optimum Rate and Time on Fertiliser 
Application on Yield

 The highest yield (9006.4 t ha-1) was obtained from T5, 
the treatment comprising NPK 100% with non-coated urea 
(15 DAS); this was significantly different from the lowest 
yield (6326.7 t ha-1) which was obtained from T8, NPK 
50% with coated urea (15 DAS) (Figure 5). However, the 
different treatments of NPK 100% with non-coated urea 
application and 50% NPK with coated urea application 
although showed no significant difference in yield, 
there was still an absolute increase in yield by 29.74% 
at 15 DAS. The yield increase with higher N might be 
attributed to enhanced N uptake by grain corn, followed 
by partitioning of more assimilates to the cobs. The results 
obtained were in line with the findings of [9] and [10], who 
described the invigorating effects of N on grain corn yield. 
Significant effects from N rates on biological yield could 
be ascribed to higher grain yield, dry matter accumulation 
and N uptake. Applying fertiliser at 15 DAS, i.e., after 
root development, significantly enhanced the yield of 
grain corn compared to applying before or at the time 
of planting; this may partly be due to increased nitrogen 
use efficiency [9]. However, applying the entire N rate 
at seedbed preparation was the least effective way of N 
management with respect to yield and N use efficiency of 
the grain corn crop. Conversely, delaying N application 
proved to be a better tactic. Gradually increasing the N 
amount through a second split application to be given at 
the cob development stage increased the yield, quality 
and nitrogen use efficiency parameters, and improved 
the synchrony between N demand and supply.
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Figure 1. Effect of different treatments on plant height of 
grain corn at different days after sowing. Symbols 
represent the mean of three replicates per treatment 
and error bars represent ± standard error

Figure 2. Effect of different treatments on stem diameter of 
grain corn at different days after sowing. Symbols 
represent the mean of three replicates per treatment 
and error bars represent ± standard error

Figure 3. Effect of different treatments on leaf number of 
grain corn at different days after sowing. Symbols 
represent the mean of three replicates per treatment 
and error bars represent ± standard error

Figure 4. Effect of different treatments on leaf area of grain 
corn at different days after sowing. Symbols 
represent the mean of three replicates per treatment 
and error bars represent ± standard error

Figure 5. Effect of different treatments on weight of grain corn 
at harvest time. Symbols represent the mean of three 
replicates per treatment and error bars represent ± 
standard error
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Conclusion

 Therefore, it was concluded that applying 100% NPK 
together with non-coated urea at 15 DAS is appropriate 
to attain a higher yield of grain corn. Thus, this timing 
of applying NPK Green at a 100% rate with non-coated 
urea at 15 days after sowing is a fertiliser package with 
potential to enhance plant growth and achieve optimum 
yield in grain corn. A further trial at on a bigger scale, 
that concentrates on elucidating the nutrient demand of 
locally grown grain corn, is needed to recommend this 
practice to large-scale farmers. For the time being, this 
approach may be implemented by farmers who use less 
machinery in their practice to produce an optimum yield 
of grain corn.
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Abstract

 The growing demand for local fresh meat has resulted in increased imports of livestock feed. The government has 
therefore encouraged large-scale grain corn cultivation to reduce Malaysia’s dependence on feed imports and so to 
strengthen the country’s food security. However, selecting genotype/s that can adapt well to specific field conditions 
is essential to obtain optimal yield and reduce production cost. This study aimed to identify the most promising grain 
corn hybrids for each test location, and to determine the most stable genotype across locations. Multi-location trials 
were carried out at five locations (MARDI Seberang Perai, MARDI Bachok, MARDI Serdang, PPK Labis and MARDI 
Kluang) to test 18 commercial corn hybrids (genotypes). The data were subjected to analysis of variance (ANOVA), 
analysis of genetic by environment interaction (GxE), and analysis of stability and adaptability. Significant differences 
in all the traits were observed for genotype and location factors. However, only days to flowering, cob weight, and 
grain yield (GY) had significant genotype and location interactions. These results indicate that location played a 
significant role in determining the yield performance of the tested genotypes. MARDI Bachok and MARDI Serdang 
had the highest (11.32 t/ha) and the lowest (4.64 t/ha) means for GY, respectively. Furthermore, the hybrids V2 and 
V3 from CORTEVA, and V14 from Bayer Monsanto, recorded the highest means for GY (greater than 10.00 t/ha), 
and were thus selected as the most promising genotypes. GY of V3 was higher in all locations except Kluang, while 
V14 outperformed the rest in Labis, Bachok and Kluang. V1 and V17 were the most stable genotypes across the five 
locations, based on results from the stability analysis using AMMI. However, more evaluations are needed before any 
genotype can be recommended for planting.

Keywords: Grain corn, GxE interaction, grain yield, multi-location trial, stability analysis
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Introduction

 Grain corn is the most important component of animal 
feeds, accounting for around 50 – 70% of the total feed 
formulation. However, almost all of this raw material 
is imported to cover the high demand of the Malaysian 
livestock industry, costing more than RM3 billion annually 
[1]. High cost of production is among the main issues 
that keep most farmers away from plant grain corn. 
Therefore, no sizeable commercial corn production has 
been reported in Malaysia. Increased productivity could 
be the best option for the grain corn farmer to make this 
activity profitable. To support the industry and increase 

corn production, the local breeding programme needs to 
identify or develop a variety with high yield, is stable and 
widely adaptable to various environments. Currently, most 
hybrid cultivars used by farmers come from outside the 
country, and are not adequately tested. The real potential 
of those hybrid cultivars is unknown. Therefore, this 
study was conducted to explore and find the best grain 
corn hybrids which will be suitable for recommendation 
to local farmers.



235

Materials and Methods

 A total of eighteen commercial hybrids of grain corn 
from four seed production companies were used for the 
multilocation trials (Table 1). Five locations were chosen 
for their evaluation: MARDI Seberang Perai, Pulau 
Pinang (northern area, mineral soil), MARDI Serdang, 
Selangor (middle western/central area, mineral soil), 
MARDI Bachok, Kelantan (eastern area, sandy soil), 
MARDI Kluang (southern area, mineral soil) and PPK 
Bakri at Labis (farmer’s plot, mineral soil). The trials were 
laid out in each location, using a randomised complete 
block design (RCBD) with three replications. Each plot 
consisted of seven rows with a row length of 5 m. The 
distance between rows was 75 cm and between plants 
within a row was 20 cm. The spacing between replications 
was 1.0 m. To reduce border effects, data were recorded 
from the three central rows of each plot. All agronomic 
management, including land preparation, was conducted 
based on MARDI’s recommendations for corn.
 Only five important traits are presented in this paper; 
these include days to 50% pollen shed, plant height, grain 
weight, grain moisture and yield. The crop cutting test 
(CCT) method was used for 1-ha yield estimation with 
the grain at 14% moisture content. Results presented 
for means, analysis of variance (ANOVA) and Duncan 
Multiple Range Test were based on the SAS program 
(SAS 9.3, 2016). GGE Biplot package [2] was used for 
stability analysis.

Results and Discussion 

Effects of Locations and Varieties 

 A summary of the results from the combined analysis 
of variance (ANOVA) and analysis of variance (ANOVA) 
on the eighteen tested hybrids in five locations is shown 
in Table 1. All characters in this study showed significant 
effects due to location on the overall performance of the 
tested hybrids. A similar result trend was also found by 
Saleh [3] in his study on 20 genotypes over three locations. 
This indicates that the variations present in each location 
influenced the growth and yield performance of the 
hybrids. Variation among hybrids also showed significant 
differences in this combined analysis, indicating that 

their performance varied greatly across locations. For 
the interaction analysis between hybrids x locations, 
only days to flowering and CCT yield showed significant 
differences. The absence of significance for genotype x 
location interaction in the other traits indicates that these 
characters showed similar performance patterns at the 
five different locations. Therefore, a comparison of the 
character means among the hybrids can be made using 
the grand total combination of mean values. However, for 
days to flowering and CCT yield, comparing the means 
needs to be explained separately for each tested location.

Comparison of Performance among Locations

 Table 2 shows the average morphology and yield 
performance of all the hybrids in each of the locations 
tested. The hybrids at MARDI Bachok flowered the 
earliest at 52.5 days to 50% pollen shed. In contrast, 
the hybrids at MARDI Serdang took the longest time to 
flower at 62.7 days to 50% pollen shed, which is ten days 
longer than at MARDI Bachok. Environmental factors 
such as soil type, dry or sunny weather could significantly 
influence this early flowering character. Kazan [4] and 
Takeno [5] claimed that plants often show accelerated 
flowering under stressful conditions. Plant height, grain 
moisture content and CCT yield were highest at MARDI 
Bachok. These results suggested that MARDI Bachok was 
the best location for planting grain corn to achieve early 
maturity, good growth performance and high yield. On the 
other hand, MARDI Serdang was not to be recommended 
as only an average yield of 4586 kg/ha was recovered at 
this location.

Stability Analysis by AMMI Model 

 As there were significant interactions between genotype 
(hybrid) and location, a comparison of yield performance 
between hybrids needs to be conducted for each separate 
location. This paper presents stability analysis to explain 
these interactions between genotype and environment 
(location). The GGE Biplot in Figure 1a shows V1 and 
V17 to be the most stable hybrids in five test locations. 
The point position of these two hybrids is close to the 
point of intersection of the PCA1 and PCA2 axes. In 
contrast, V7 and V8 hybrid had the lowest stability. These 

Table 1. List of 18 tested hybrid cultivars and their sources

No Hybrid Code Source No Hybrid Code Source
1 P4546 V1 Corteva/Dupont 10 GWG5005 V10 Green World Genetics
2 P3875 V2 Corteva/Dupont 11 GT709 V11 Gold Conda
3 P3582 V3 Corteva/Dupont 12 GT722 V12 Gold Conda
4 P4554 V4 Corteva/Dupont 13 GT822 V13 Gold Conda
5 P3537 V5 Corteva/Dupont 14 DK9979 C V14 Bayer/Monsanto
6 P3136 V6 Corteva/Dupont 15 DK9950 C V15 Bayer/Monsanto
7 GWG111 V7 Green World Genetics 16 DK9919 C V16 Bayer/Monsanto
8 GWG888 V8 Green World Genetics 17 DK9898 C V17 Bayer/Monsanto
9 GWG5002 V9 Green World Genetics 18 DK6818 C V18 Bayer/Monsanto
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Table 2. Analysis of variance (ANOVA) of five characters in eighteen hybrid cultivars across five locations

Source d.f. Flowering date
(days)

Plant height
(cm)

Thousand-grain 
weight (g)

Moisture content 
(%)

CCT yield
(kg/ha)

Locations (L) 4 766.3** 27247.6** 240589.6** 118.1** 293475947**
Replications 2 45.0** 1501.8** 291.4ns 14.1* 5138929**
Hybrids (V) 17 26.6** 4306.9** 8910.7** 11.7** 16123540**
L*V 68 18.6** 264.8ns 1641.1ns 3.7ns 4126566**
Error 176 9.6 20947.4 1802.0 4.5 2205255

**Showed significant difference

Table 3. Comparison of means between locations of five characters of eighteen hybrid grain corn cultivars

Location Days to 50% pollen shed
(days)

Plant height
(cm)

1000 grain weight
(g)

Grain moisture
(%)

CCT- yield at 14% 
moisture content

(kg/ha)
MARDI Bachok 52.5 d 270.6 a 392.4 b 29.1 a 11292.9 a
MARDI Serdang 62.7 a 170.1 b 252.4 d 25.1 c 4586.4 d
MARDI Seberang 
Perai 56.9 c 197.3 b 348.2 c 26.7 b 7312.4 c

MARDI Kluang 57.6 c 203.5 b 415.5 a 26.1 b 9285.2 b
PPK Labis 60.0 b 222.2 ab 405.4 ab 26.6 b 8773.4 b

Means within a column followed by the same letters are not significantly different from one another (based on DNMRT at p ≤0.05)

hybrids also had the lowest overall average yield, around 
5 t/ha. However, for overall performance, V2, V3, V4 
and V14 can be considered to have good performance 
for the planting season in question. The point positions 
of all four hybrids are located in the innermost concentric 
circle, and so are classified as ideal genotypes. These 
hybrids had an overall average yield close to 9 t/ha, 
but were also stable in the five test locations. Figure 1b 
shows that hybrids V3 and V14 are suitable with for the 
locations MARDI Bachok and PPK Labis. In contrast, 
V2 and V4 are better suited for at the locations MARDI 
Seberang Perai and MARDI Serdang. These results 
suggested that environment significantly influences the 
yield performance of all these 18 hybrids.

Figure 1. (a) Ranking of genotypes based on the “ideal genotypes” being located in the innermost concentric circle. (b) 
“Which won where” biplot for grain yield showing different genotypes winning in different environments

(b)(a)

Conclusion

 This study showed that different environments or 
soil characteristics at different locations affected the 
performance of the grain corn hybrid cultivars evaluated. 
MARDI Bachok was found to be the best location for 
grain corn planting, while the hybrids P3875 (V2), P3582 
(V3), P4554 (V4) and DK9979C (V14) were found to 
be the most promising hybrids, with consistently high 
yields at the five test locations. To strengthen the findings, 
another season of evaluation is required to be carried out 
before these hybrid varieties can be recommended to the 
farmers.



237

Acknowledgement 

 This study was funded by the Ministry of Agriculture 
and Food Industries (MAFI) under Sumber Kekayaan 
Baru (SKB) project (KRM167-0903).

References 

Nor NAAM, Rabu MR, Adnan MA and Rosali MH. An overview 
of the grain corn industry in Malaysia. FFTC Agricultural 
Policy Platform (FFTC-AP). http://ap.fftc.agnet.org/index.
php [10 March 2020]

Frutos E, MP Galindo and V Leiva. An interactive biplot 
implementation in R for modeling genotype-by-environment 
interaction. Stochast Environ Res Risk Assess. 2014. 28: 
1629 – 1641

Saleh G, Abdullah D and Anuar AR. Effects of location on 
performance of selected tropical maize hybrids development 
in Malaysia. Pertanika J.Trop. Agric. Sci. 2002. 25(2): 
75 – 86

Kazan K and Lyons R. The link between flowering time and stress 
tolerance. Journal of Experimental Botany. 2016. 67: 47 – 60

Takeno K. Stress-induced flowering: The third category of flowering 
response. Journal of Experimental Botany. 2016. 67(17): 
4925 – 4934



238

Determination of harvest maturity of grain corn hybrid P4546 for better post-
harvest quality

Mohd Effendi Mohamed Nor*, Zaulia Othman, Noor Ismawaty Nordin, Mirfat Ahmad Hasan Salahuddin, 
Nur Allisha Othman, Ainon Dzahirah Zulkafli, Nor Safuraa Samsudin, Muhammad Faidhi Towhid, 
Muhammad Faris Mohd Radzi, Ahmad Syahman Mohd Dalee and Mohamad Hafizi Mohd Zamberi

Industrial Crop Research Centre, Malaysian Agricultural and Development Institute (MARDI), Persiaran MARDI-UPM, 43400 Serdang, 
Selangor

*Email: effendi@mardi.gov.my 

Abstract

 The stage of maturity at harvest plays an important role in determining postharvest quality. Harvesting at the most 
optimal stage of maturity affects not only the quality, but also the nutritional status of the produce and its storage life. 
Currently, a local grain corn maturity index has not been established in terms of quality at different growth indices. 
This maturity index is needed to schedule the optimum harvesting time for grain corn. A study to establish maturity 
index for grain corn was done in a research plot of hybrid cultivar P4546 in MARDI Serdang. Grain corn was harvested 
at different growth stages, i.e., on days 80, 90, 100, 110 and 120 after sowing. At every harvest, the samples were 
subjected to physical analysis (measurements of cob weight and size, as well as moisture content, texture and colour 
of the kernel) and chemical analysis (pH, total titratable acidity, vitamin C and total carotenoid contents of the kernel). 
The data suggests that P4546 hybrid grain corn should be harvested from days 110 – 120 after sowing. During this 
period, the kernel has the highest and most stable amounts of vitamin C and total carotenoids. The moisture content 
(22 – 25%) at this stage is also optimum for harvesting grain, while the kernel size, firmness and colour, as well as 
its pH and titratable acidity had reached stable values by this harvest period. The maturity index data can be used 
to guide particularly grain corn farmers, and generally the animal feed manufacturers. Harvesting at the appropriate 
maturity stage may also reduce postharvest losses in the local grain corn industry, thereby reducing economic losses 
to farmers and the nation.

Keywords: Grain corn, maize kernel, maturity indices, post-harvest quality, P4546 hybrid
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Introduction

 The stage of maturity of a crop at harvest plays an 
important role in determining the quality of the produce 
after harvest. Harvesting at the optimal maturity stage is 
crucial in for getting the best yields with optimal quality 
and high nutrient content, as well as in determining 
storage life [9]. Post-harvest maturity data for local grain 
corn have yet to be acquired in terms of grain quality at 
different maturity stages. Such maturity data are needed as 
a harvesting guide for the Malaysian grain corn industry. 
Maturity index refers to the parameters that can estimate 
the appropriate maturity stage for the harvest of crops 
[1]. Criteria for determining fruit or grain maturity can 
be subjective or objective, depending on the variety 
or type of crop. Among the commonly used methods 
are observations on physical characteristics, chemical 

changes, physiological characteristics and the calculation 
of days or weeks.
 Grain corn (Zea mays L.) is an important component 
in animal feed, accounting for 45 – 65% of total animal 
feedstuffs in Malaysia [7]. Malaysia imports almost 100% 
of its grain corn requirements to meet the demand from 
production of feed products. The National Grain Corn 
Action Plan targets the production of 1.44 million tonnes 
of grain corn on an area of 80,000 hectares by 2032 [7]. 
Looking at this scenario, the Ministry of Agriculture and 
Food Industries has directed the cultivation of grain corn 
under the Sumber Kekayaan Baharu (SKB) initiative. 
Thus, the post-harvest research sector plays an important 
role in ensuring the quality of the grain corn produced 
while reducing post-harvest losses.
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Materials and Methods

Postharvest Data Collection

 Grain corn hybrid, P4546, was grown in a research 
plot of the Industrial Crop Research Centre, MARDI 
Serdang. The grain was harvested at days 80, 90, 100, 110 
and 120 after planting, and samples collected randomly 
from 3 replicate plots. At each harvest, the samples were 
subjected to physical analysis (measurements of weight, 
length and diameter of the cob, and of moisture content, 
texture and colour values of the kernel), and chemical 
analysis (pH, total titratable acidity (TTA), vitamin C 
and total carotenoid contents of the kernel). The data 
were subjected to analysis of variance (ANOVA) using 
statistical software IBM SPSS version 26. Means were 
separated using Duncan Multiple Range Test (DMRT) 
to test for statistical significance at a 95% confidence 
interval (p <0.05).

Results and Discussion

 Data from physical and chemical analyses of grain 
corn harvested at different maturity stages are presented 
in Tables 1 and 2.
 Changes in the size of the crop while growing are 
frequently used to determine the optimum time to 
harvest [6]. There was no significant difference in cob 
weight, length, and diameter at the various harvesting 
days. However, the weight decreased significantly after 
day 110 due to moisture content loss and the drying of 
the corn husk. A study done by Mahey et al. (1982) 
showed that grain corn yield harvested at 97 days was 
significantly higher than that harvested at 87 days, but 
was significantly lower than the yield harvested at 112 
days [5]. In grain crops, during development or ripening, 
the moisture content will decrease rapidly. Moisture loss 
from the corn kernels was significantly decreased at every 
harvest day, from 36.63% at day 80 to 22.44% at day 120. 
The ideal moisture content for harvesting grain corn is 
22 – 25% [7]. At this moisture content, physical damage 
to the corn kernels during processing can be reduced. 

Moisture content that exceeds this ideal level makes grain 
corn prone to physical damage during kernel processing, 
in addition to the risk of increased percentage of fungal 
contamination in the field or during storage. In this study, 
the ideal moisture content for harvesting was recorded 
around 110 – 120 days after planting. Firmness or texture 
of the crops may change during maturation. Excessive loss 
of moisture may also affect the texture of the crop [9]. 
The texture of grain corn kernels increased significantly 
from day 80 to day 100, and then remained stable until 
day 120. The pH of the kernels was found to significantly 
decrease throughout the harvesting period, from 6.90 at 
day 80 to 6.37 at day 120. At the same time, its total 
titratable acidity (TTA) remained stable throughout the 
same harvesting period. The range of pH values in corn at 
the various harvests was from 5.90 – 7.50 [10], depending 
on the type of the final corn product. Some fruits also 
show pH changes, either increasing or decreasing during 
the ripening process. Such a trend has been observed 
in Berangan and Embun banana which recorded a high 
pH value at the early growth stage before decreasing 
with maturation [1]. The acidity of almost all fruits and 
vegetables changes during maturation, decreasing as the 
crops mature [9].
 The total carotenoid content (TCC) in the grain corn 
kernels was observed to increase with corn maturation. 
The highest TCC was observed at the harvesting at on day 
110, remaining stable until day 120. The findings suggest 
that maturation greatly affects the total carotenoid content 
of grain corn, and this factor should be considered when 
harvesting corn. The total carotenoid content reached its 
highest levels at the most mature stage, as indicated by 
the intense orange colour of the kernels. This finding 
agrees with that of Khampas et al. (2013) in that the total 
carotenoid content of kernels harvested at maturity was 
significantly higher than that harvested at the immature 
growth stage [3]. The same trend was observed for vitamin 
C content; the content increased with corn maturation until 
day 90, then remained stable until day 120. Vitamin C, 
which includes ascorbic acid and dehydroascorbic acid, 
is one of the most important nutritional quality factors 
in many horticultural crops. Various factors, including 

Table 1. Physical attributes of grain corn at different harvesting days

Harvesting day Cob weight 
(g)

Cob length
(cm)

Cob diameter
(mm)

Moisture content of kernel
(%)

Texture of kernel
(N)

80 197.96 ± 91.09a 25.08 ±3 .62a 44.83 ± 6.70a 36.63 ± 4.39a 22.54 ± 4.08c
90 216.64 ± 75.04a 25.16 ± 3.21a 45.70 ± 4.99a 34.54 ± 2.25a 28.27 ± 5.32b

100 216.68 ± 89.16a 24.98 ± 2.06a 47.69 ± 4.62a 27.26 ± 4.21b 34.53 ± 8.87a
110 207.21 ± 77.24a 24.80 ± 2.88a 46.64 ± 4.20a 24.91 ± 4.29c 33.33 ± 11.22a
120 173.16 ± 60.44a 24.29 ± 3.29a 45.85 ± 4.38a 22.44 ± 4.36d 36.49 ± 9.58a

Means with different alphabets in the same column indicate significant differences (p <0.05)
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maturity, can influence the content of vitamin C in fruits 
and vegetables. For example, vitamin C in apricot, peach 
and papaya increased with the maturation stage, but 
decreased in apple and mango [4]. The vitamin C content 
in different varieties of corn is around 5 – 6 mg/100g 
when mature [2]. Thus, the maturation of crops is often 
accompanied by changes in their chemical composition. 
Many of these changes have been monitored in maturation 
studies [6].
 Colour changes are also used widely as a maturity 
index. The colour comparison technique is commonly 
used to assess fruit maturity [6]. The colour value of 
the kernel is shown in Table 2. Lightness (L) values 
indicate the lightness of the colour, while Chroma (C) 
measures colour saturation and intensity. A higher C 
value is indicative of a brighter red colour, while a lower 
Hue (H) value indicates a redder product [8]. L, C and 
H values of grain corn kernel were found to decrease, 
increase, and decrease, respectively, with maturation 
stage, indicating that kernel colour changed from light 
yellow to a darker orange. Through observations, grain 
corn husk colour changed from fully green at day 80 to 
yellowish green at day 90, brownish at day 100, and dark 
brownish at days 110 and 120. At the same time, the grain 
kernel changes from bright yellow at day 80 to orange at 
days 90 and 100, to darker orange at days 110 and 120. 
This colour change of the kernel from yellow to orange 
is because of the development of beta-carotene in the 
kernel. As shown in the data above, carotenoid content 
in the kernel increased with maturity. Carotenoids, a 
group of lipid-soluble compounds with colour ranging 
fromlight yellow to red, present in the corn kernels [10]. 
The deeper the yellow colour, the higher the carotenoids 
content, and these changes were observed at the various 
maturity stages.

Table 2. Chemical attributes of grain corn kernels at different harvesting days

Harvesting day pH Total titratable acidity
(mg/g)

Vitamin C content
(mg/100g)

Total carotenoid content
(mg/g)

80 6.90 ± 0.17a 3.33 ±1 .50b 2.78 ± 0.68b 0.52 ± 0.07a
90 6.52 ± 0.18c 4.77 ± 1.20a 4.23 ± 0.54a 0.53 ± 0.09a

100 6.67 ± 0.05b 3.22 ± 0.44b 4.38 ± 0.55a 0.56 ± 0.10a
110 6.60 ± 0.06bc 2.33 ± 1.11b 4.09 ± 0.86a 0.74 ± 0.06b
120 6.37 ± 0.10d 3.44 ± 3.44b 4.23 ± 0.91a 0.77 ± 0.03b

Means with different alphabets in the same column indicate a significant difference (p <0.05)

Table 3. Colour values in grain corn kernels at different harvesting days

Harvesting day Colour values of kernels

Lightness (L) Chroma (C) Hue (H)
80 67.96 ± 2.94a 60.92 ± 4.46b 83.01 ± 1.98a
90 65.11 ± 3.29b 63.88 ± 3.38a 82.41 ± 1.93ab
100 61.14 ± 3.70c 63.58 ± 3.89a 81.78 ± 2.52ab
110 61.98 ± 5.91c 64.34 ± 2.68a 82.12 ± 3.22ab
120 61.37 ± 4.46c 65.93 ± 3.86a 81.24 ± 2.86b

Means with different alphabets in the same column indicate a significant 
difference (p <0.05)

Conclusion

From the analytical data obtained, it can be concluded 
that the optimum maturity stage for harvesting grain corn 
hybrid P4546 is around 110 – 120 days after sowing. 
During this period, the nutritional content of the kernels, 
i.e., vitamin C and total carotenoid contents, reaches its 
highest and most stable amount. Moisture content is also 
an ideal indicator for harvesting. Size, firmness, pH, 
acidity and colour should have reached stable values by 
this time. These findings can be an indicator or provide 
guidance for the harvest of grain corn produced locally 
to achieve the best postharvest quality of grain corn, thus 
producing a high value-added final product.
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Abstract

 This study was conducted to explore the feasibility of the droplet-vitrification cryopreservation procedure and 
provide the groundwork for establishing a cryopreservation procedure. This procedure can be applied in the germplasm 
conservation of Malaysian taro. Apical meristems (0.6 – 0.8mm) from 3-month-old in vitro plantlets of keladi putih 
(taro) were used as explants. The explants were precultured on Murashige and Skoog (MS) medium supplemented with 
0.3 M sucrose for 16 hours under dark conditions. Meristems were then loaded in 2.0 M glycerol and 0.4 M sucrose 
loading solution (LS) for 20 min. After loading, the explants were dehydrated in a plant vitrification solution III (PVS3) 
for a duration ranging from 0 to 60 min. Each explant wase placed in a droplet of PVS3 on a cold aluminum foil strip, 
and then plunged directly in liquid nitrogen prior to storage. After rapid rewarming performed by direct immersion 
in two different unloading solutions containing 0.8 M sucrose (RS1) for 40 min and 1.2 M sucrose (RS2) for 15 min, 
the explants were blotted on double disc filter paper over solidified MS medium supplemented with 0.3 M sucrose in 
a petri dish, kept for 2 days, and then transferred to the recovery medium containing MS supplemented with 0.1 M 
sucrose. Results showed that the meristems exposed to PVS3 for 10 min before cryopreservation and unloaded into 
RS2 supplemented with 1.2 M sucrose for 15 min resulted in the highest rate of survival (41%). Based on this result, 
optimisation was done on the different types of loading solution (LS), comprising the combinations of 0.4 M sucrose, 
1.5 M-2 M glycerol, with or without 5% DMSO. With a 20 min exposure, significant differences in survival percentage 
were observed between the five different LS used in this study. An increase in survival rate (77.8%) was achieved by 
exposing the precultured meristems in LS consisting of 0.4 M sucrose, 1.5 M glycerol, and 5% DMSO, followed by 
10 min dehydration in PVS3 prior to cryopreservation, and unloaded in 1.2 M sucrose for 15 min. The use of optimum 
LS combination in the critical step in cryopreservation (loading, dehydration, and unloading) increased the survival 
rate of the cryopreserved meristems. Cryopreservation employing the droplet-vitrification proved to be viable for the 
long-term storage of taro.

Keywords: Breeding program, in-vitro germplasm, long-term storage, root crops, vegetative propagation
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Introduction

 Severe outbreaks of taro leaf blight in Samoa in 1993 
caused almost total loss of the crop, threatening both 
food security and the traditional culture of taro in the 
country [1]. This disease risk continues to have an impact 
on genetic diversity. Genetic diversity has tremendous 
significance for the development of superior cultivars 
in crop improvement. Development of new varieties 
through crossing or selection is required to achieve high-
yielding disease-resistant plants. There is a growing need 
for germplasm duplication in a stable long-term in vitro 
storage facility for root crops and vegetatively propagated 
crop species [2]. 

Cryopreservation seems to be a promising alternative 
method that employs storage at ultralow temperatures 
using liquid nitrogen (–196 °C). All cellular division and 
metabolic processes are suspended at this temperature, 
with minimal impact on genetic stability. Plant materials 
can thus be stored indefinitely without the need for 
sub-culturing, requiring minimal storage space and low 
maintenance, and without the need for protection from 
natural disasters, pests and diseases. Cryopreservation 
also reduces the risk of somaclonal and gametoclonal 
variations, both of which can occur in tissue cultures and 
field collections [3]
 The technique of droplet-vitrification is derived from 
the droplet-freezing technique developed by Kartha [4] 
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for freezing cassava shoot tips. The ability to achieve 
extremely high cooling and warming rates due to the 
small volume of cryoprotective medium in which the 
explants are placed is the major draw of this technique. 
This is a relatively new technique that has only been 
used on a small number of plant species to date. This 
research would be a first in Malaysia, evaluating the 
feasibility of the droplet-vitrification technique for 
taro cryopreservation and laying the groundwork for a 
workable cryopreservation protocol for taro germplasm.

Materials and Methods

Plant Materials

 In vitro stock plants of taro were initiated from 2 – 3 cm 
long tabilize shoot tips of the field-grown corms of keladi 
putih; these were multiplied by sub-culturing performed 
periodically on solidified Murashige and Skoog (MS) 
medium supplemented with 2.0 mg/L BAP. The cultures 
were incubated under a photoperiod of 16/8 h at 25 °C.

Droplet-Vitrification Procedure

i. Optimisation of Dehydration and Thawing 

 Apical meristems (0.6 – 0.8 mm) were excised from 
the 3-month-old in vitro plants under a stereomicroscope. 
They were precultured on MS medium supplemented 
with 0.3 M sucrose in a petri dish, and kept for 16 hours 
(overnight) under dark conditions at 25 °C. The 
precultured explants were osmo-protected with loading 
solutions containing 2 M glycerol and 0.4 M sucrose in 
petri dishes for 20 min. The explants were then exposed 
to cryoprotective solutions, plant vitrification solution 
III (PVS3) [50% glycerol and 50% sucrose] for periods 
ranging from 0 to 60 minutes. Each explant was placed 
in a droplet of PVS3 on a aluminum foil strip (1 x 5 cm) 
placed on ice. The foil strips were plunged directly into 
liquid nitrogen prior to storage for at least 2 hours after 
rapid rewarming performed by direct immersion in two 
different unloading solutions containing 0.8 M sucrose 
(RS1) for 40 min and 1.2 M sucrose (RS2) for 15 min. 
The explants retrieved from the recovery solution were 
blotted on double disc sterile filter paper over solidified 
MS medium supplemented with 0.3 M sucrose in a petri 
dish, kept for 2 days and then transferred to the recovery 
medium containing MS medium supplemented with 0.1 
M sucrose. The cultures were kept under dark conditions 
for 15 days after rewarming. 

i. Optimisation of Loading 

 Based on the results achieved from the tabilizeed of 
the dehydration and thawing method, the effect of using 
different loading solutions on the survival of the taro 
apical meristems was studied. The precultured explants 
were osmo-protected with five different loading solutions 

comprising combinations of 0.4 M sucrose, 1.5 M-2 
M glycerol, with or without 5% DMSO; a control was 
included. The rest of the dehydration, freezing, thawing 
and recovery procedure was the same as in the tabilize 
procedure above. 

Recovery Assessment and Statistical Analysis

 Apical meristems that showed any signs of regrowth 
or greening within four weeks of incubation were 
considered to have survived. Regenerated cryopreserved 
apical meristems were tabilizeed for 4 weeks on 100% 
peat moss media following cryopreservation, and 
transferred to plastic pots to observe their growth. In 
all the experiments, six apical meristems were used per 
experimental condition/treatment, and the experiments 
were replicated 3 times. The results were subjected to 
analysis of variance (ANOVA), and the means were 
compared using Duncan’s multiple range test (DMRT) 
of SAS 9.4. Prior to analysis, the original percentage 
data were transformed by arcsine transformation. Arcsine 
transformation was necessary to tabilize the variance of 
the data that were on proportions (binomial distribution).

Results and Discussion

Optimisation of Dehydration and Thawing

 The vitrification solution (PVS3) and thawing method 
employed in this study had a significant effect on the 
survival of cryopreserved apical meristems, which 
ranged from 0 to 41% survivability. The highest survival 
percentage of 41% was observed after dehydration with 
PVS3 for 10 min and thawing in 1.2 M sucrose for 15 min. 
Dehydration for 10 min with PVS3 had a remarkable 
effect in both thawing treatments, resulting in the highest 
survival rates.

Optimisation of Loading 

 The survival of cryopreserved apical meristems treated 
with different loading solutions ranged from 56 to 78% 
(Table 2). However, these survival rates of the meristems 
were not significantly different (Figure 1). Nevertheless, 
the control, which was not treated with loading solutions, 
had a survival rate of only 5.6%. The highest survival 
rate, 78%, was observed in the apical meristems treated 
with the loading solution consisting of 1.5 M glycerol, 
0.4 M sucrose and 5% DMSO, followed by 61% survival 
from the treatment with the loading solution containing 
2.0 M glycerol and 0.4 M sucrose. Survival of the apical 
meristems increased drastically from the ptimization of 
the dehydration and thawing treatments (0 – 41%) to the 
loading treatments (61 – 78%) of the droplet-vitrification 
procedure. All the surviving apical meristems regenerated 
and formed shoots and roots (direct organogenesis) 
without intermediate callus formation. Regenerated 
cryopreserved meristems that had been exposed to PVS3 
for more than 10 min were found to be stunted and died 
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Table 1. Effect of combinations of dehydration duration in PVS3 and two unloading 
methods on the survival of taro apical meristems

Unloading condition Exposure time to PVS3 solution
(min)

Survival (%)
(Mean ± standard error)

Cryopreserved

Unloading solution 
containing 0.8 M sucrose 

(RS1) for 40 min

 0 5.6 ± 5.7ab

10 22.3 ±5.3bc

30 5.6 ±5.7ab

60 0a

Unloading solution 
containing 1.2 M sucrose 

(RS2) for 15 min

10 41 ± 8.5c

15 17 ± 16.5abc

20 0a

25 8 ± 8ab

Table 2. Effect of different types of loading solutions on the survival of cryopreserved 
and non-cryopreserved apical meristems of taro

Loading solution Survival (%)
Cryopreserved Non-cryopreserved

Untreated (Control) 5.6 ± 5.6 a 58.9 ± 4.9abc

2.0 M glycerol + 0.4 M sucrose 61.1 ± 14.7b 72.2 ± 5.5bc

2.0 M glycerol + 5% DMSO + 0.4 M sucrose 55.5 ± 14.7 b 83.3 ± 9.6c

1.5 M glycerol + 0.4 M sucrose 55.6 ± 20.0 b 44.4 ± 5.6ab

1.5 M glycerol + 5% DMSO + 0.4 M sucrose 77.8 ± 11.1 b 33.4 ± 16.7a

Figure 1. (a) Dissected apical meristem of taro consisting of the meristematic dome and one or two leaf primordia (Bar = 0.8 mm). 
Growth of cryopreserved (+LN) and non-cryopreserved (-LN) of taro apical meristems after treated in various loading 
solutions; (b) Control (untreated); (c) 2.0 M glycerol; (d) 2.0 M glycerol + 5% DMSO; (e) 1.5 M glycerol and (f) 1.5 
M glycerol + 5% DMSO
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four weeks after thawing. The regenerated cryopreserved 
apical meristems showed no morphological abnormalities 
in the growing plants (Figure 2).
 The use of aluminium foil strips in droplet vitrification 
resulted in a significantly higher survival rate (89.8%) 
in sweetpotato cryopreserved shoot tips when compared 
to normal vitrification [5]. The possible reason for this 
could be an ultra-fast cooling rate of 130 °C/min with a 
cryoprotectant droplet on an aluminium strip compared to 
a cryo-vial freezing rate of about 6 °C/min. Sant [6] and 
[7] investigated the differences in vitrification and droplet 
vitrification in taro using PVS2. Vitrification increased 
the regeneration rates dramatically, from 21 – 30% to 
73 – 100% with droplet vitrification.

Conclusion

 This study demonstrated that droplet-vitrification has 
the potential for cryopreserving tropical taro (Colocasia 
esculenta). Selecting a suitable loading solution (1.5 M 
glycerol + 5% DMSO) for treatment of the apical 
meristems for a duration 20 min, adopting a duration of 
PVS3 exposure of 10 min, and using a selected unloading 
type (1.2 M sucrose for 15 min) are crucial for the survival 
of the explants post-cryostorage. 
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Abstract

 Sorghum [Sorghum bicolor (L.) Moench] is one of the fodder sources belonging to the Poaceae Family. Based 
on reports and studies abroad, sorghum is suitable for growing in dry soils, especially shallow and heavy clay types. 
Sorghum is also reported to have better resistance in a dry environment than most other cereal crops. It can tolerate 
drought better than most other grain crops. This can be attributed to an exceptionally well-developed and finely branched 
root system, which efficiently absorbs water. Crop production practices such as variety selection, planting density and 
fertilisation will affect its growth and yield production. In Malaysia, the planting of sorghum is limited because this 
crop is considered new, and is still not well-adapted to the local climate. Sorghum is mainly cultivated for forage and 
as an animal feed, so has potential to sustain the domestic livestock industry. Therefore, an evaluation study on three 
sorghum varieties, namely, Brown Midrib (BMR), Sugar Graze (SG) and Mega Sweet (MS), was conducted at MARDI, 
Serdang. The sorghum varieties were planted on mineral soils in a randomised complete block design (RCBD) with 
three replications. Plant growth parameters such as plant height, stem diameter, number of leaves, leaf length and 
width, leaf area, root length and width, and shoot and root fresh weights were recorded by destructive sampling at 15, 
30 and 45 days after planting. Total yield was recorded at 53 days after planting. The results showed that SG variety 
had better vegetative growth compared to BMR and MS varieties. However, BMR variety produced the highest total 
forage yield (42.46 t/ha), followed by MS (38.00 t/ha), while SG had the lowest yield (33.00 t/ha). Selecting the top 
forage-yielding sorghum varieties to grow on mineral soils can help to maximise the crop’s yields in the field.

Keywords: Crop production, forage, sorghum, variety selection, vegetative growth

Proceedings of MARDI Science and Technology Exhibition (2021): 246 – 249

Introduction

 Sorghum [Sorghum bicolor (L.) Moench] is one of the 
fodder sources belonging to the Poaceae Family. Based 
on reports and studies abroad, sorghum is suitable for 
growing on in dry soils, especially shallow and heavy clay 
types. Sorghum is also reported to have better resistance 
in a dry environment than most other cereal crops. It can 
tolerate drought better than most other grain crops, and 
this can be attributed to an exceptionally well-developed 
and finely branched root system, which is very efficient 
in water absorption, thus, giving it potential to yield 
under low moisture and harsher environments. Sorghum 
has been cultivated in several countries for its multiple 
end-uses, such as flour, food and planting seed. In a 
more developed country, like in North America, sorghum 
is mainly grown for forage and animal feed [1]. It is a 

good animal feed as it has quality characteristics such as 
low lignin, is high digestibility and low toxicity (due to 
hydrogen cyanide). As forage and animal feed, sorghum 
has the potential to sustain the domestic livestock industry. 
Production practices are already established in countries 
with similar climatic conditions to Malaysia, such as 
India and Indonesia. Currently, Malaysia needs to produce 
her own feedstuffs for the livestock industry to remain 
self-sufficient, and to reduce dependency on imported 
fodder and feed resources; currently, almost 100% of 
animal feedstuffs is imported. Thus, sorghum might be 
a suitable alternative for this purpose. However, sorghum 
planting is, at present, limited in Malaysia because the 
crop is considered new. No recent study on varieties has 
been done to explore their adaptability to Malaysian soils 
and local climatic conditions. Crop production practices 
such as variety selection, planting density and fertilisation 
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will affect its growth and yield production. Therefore, a 
study on three forage sorghum varieties was conducted 
to evaluate their vegetative growth and yield performance 
for forage production.

Materials And Methods

Plant Materials

 Three forage sorghum varieties, namely, Brown Midrib 
(BMR), Mega Sweet (MS) and Sugar Graze (SG), were 
used in the study. This study was conducted in MARDI, 
Serdang, which has Serdang series soil that is classified as 
a low-grade metamorphic mineral soil with a characteristic 
deep soil profile, having sandy loam to sandy clay loam 
textures [2]. The experimental plots were applied with 
an organic fertiliser seven days before the seeds were 
planted at the rate of 3 tonnes ha-1. At 14 and 30 days 
after planting, the plants were applied with NPK 15:15:15 
and urea fertilizer at the rate of 50 kg ha-1, respectively. 
Each plot was irrigated twice per day using a sprinkler 
system. Observations were made on pests, disease and 
weeds, and controlled if necessary.

Experimental Layout

 Each experimental plot size was 5 m x 5 m. Seeds from 
each variety were sown at the planting distance of 75 cm x 
9.3 cm, designed to suit a mechanised production system. 
The total number of plants per plot was 318, equivalent 
to 143,369 plants per hectare.

Data Collection

 Five plants of each variety were sampled randomly 
at every 15, 30 and 45 days after planting (DAP) for 
evaluation of growth performance, and at 53 days after 
planting for forage yield determination. The measurement 
of plant height was taken using a measuring tape at one 
centimetre from the soil surface to the collar of the highest 
fully expanded leaf. Stem diameter was measured at 10 
centimetres from the soil surface by using an electronic 
digital calliper (Model SCM DIGV-6, Mitutoyo, Japan). 
The number of leaves was manually counted, considering 
only the fully expanded leaves. The fifth leaf from the base 
was sampled to measure leaf length and width from the 
petiole to the leaf tip and at the mid-section, respectively, 
using a measuring tape. All the leaves from the plant were 
collected to measure leaf area by using a leaf area meter. 
The plant stem and leaves were weighed using a weighing 
balance to obtain fresh shoot weight per plant. Relative 
chlorophyll content of each variety was measured at the 
mid-section of the fifth leaf, collected randomly from 
three plants, by using a SPAD meter. Leaf disks were 
taken from the leaf sample at the exact spot where the 
SPAD measurement was made. Pigments were extracted 
from the leaf disks with dimethyl sulfoxide, following a 
modified protocol. All the plants in each experimental 
plot were cut at 10 – 15 cm above the ground at 53 days 

after planting. The fresh forage yield was recorded by 
using the weighing balance, and converted to tonnes per 
hectare (t/ha).

Experimental Design and Data Analysis

 The treatments consisted of three varieties of S. bicolor 
that were arranged in a randomised complete block design 
(RCBD) with three replications, with approximately 318 
plants per replication. The data obtained were analysed 
by using the one-way analysis of variance (ANOVA) in 
the SAS software (Version 9.4 SAS Institute Inc. Cary, 
North California, USA), while the treatment means were 
compared using Least Significant Difference (LSD) at 
p ≤0.05%.

Results and Discussion

Vegetative Growth

 Table 1 shows that plant height for BMR, MS and SG 
were significantly different at 15 DAP and 30 DAP. There 
was no significant difference in plant height among the 
varieties at 45 DAP. Stem diameter showed a significant 
difference at 15 and 45 DAP, while there was a significant 
difference in fresh shoot weight per plant for BMR, 
MS and SG at all the growth development stages. Stem 
diameter is one of the important traits in grain crops for 
reducing lodging. As stated by Kashiwagi [3], the thicker 
the plant stem, the higher is the pushing resistance of the 
plant itself in preventing lodging; lodging can reduce yield 
performance and quality of the crop. Besides, Aikins [4] 
also found that plant height and stem diameter are traits 
that affect the dry matter yield in a plant species. Based 
on the results, BMR and MS showed better growth 
performance in plant height, stem diameter and fresh shoot 
weight at 15 and 30 DAP compared to SG. However, SG 
showed the highest mean values for stem diameter and 
fresh shoot weight at 45 DAP.
 There was no significant difference between BMR, MS, 
and SG for the number of leaves per plant at 15, 30 and 
45 DAP (Table 2). Based on this result, all the varieties 
grew almost the same number of leaves per plant at all 
the growth development stages. Leaf length showed a 
significant difference at 15 and 30 DAP, with BMR and 
MS having longer leaves than SG. However, no significant 
difference in leaf length was recorded at 45 DAP between 
the three varieties, indicating that leaf length at 45 DAP 
had almost at the same value among the varieties. There 
was no significant difference at 15 and 30 DAP for leaf 
width between BMR, MS and SG, but at 45 DAP SG had 
the highest mean leaf width compared to BMR and MS. 
Hence, SG had the highest leaf area compared to BMR 
and MS at 45 DAP. Leaves are important as they are the 
of part of the plant is be used as fodder. Subalakhshmi 
[5] stated that leaf width is one of the crucial traits in 
sorghum that affect its grain yield performance. Koester 
[6] also stated that leaf area can be a selection criterion 
for improving crop yield.
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 Relative chlorophyll content showed a significant 
difference at 15 and 45 DAP between the three varieties 
(Table 3). However, there was no significant difference 
in relative chlorophyll content among the varieties at 30 
DAP. Chlorophyll α, total chlorophyll (α+β) and total 
carotenoids showed significant differences at 45 DAP. 
Chlorophyll and carotenoids are pigments that are also 
bioactive compounds found in leaves [7]. Chlorophyll 
plays an important role as the primary photosynthetic 
pigment to capture light energy from the sun. Chlorophyll 
is combined together with carotenoids in pigment-protein 
complexes which exhibit colour that is often used as 
a parameter for crop maturity, quality, and freshness. 
There are two major pigments of chlorophyll involved 
in photosynthesis: chlorophyll α, the primary pigment 
of photosynthesis which reflects the blue-green colour 
of the leaves, and chlorophyll β, the accessory pigment 
in photosynthesis which reflects the yellow-green colour 
of the leaves. BMR and MS had more optimum levels 
of relative chlorophyll content at 15 DAP compared to 
SG. However, at 45 DAP, SG has the highest means for 
relative chlorophyll content, and contents of chlorophyll 
α, total chlorophyll and total carotenoids.

Forage Yield Performance

 All plants of BMR, MS and SG varieties were 
harvested at 53 DAP for green forage yield (t/ha). Based 
on Figure 1, there was no significant difference between 
the three varieties, although BMR produced the highest 
total forage yield (42.46 t/ha), followed by MS (38.00 t/
ha), while SG had the lowest yield (33.00 t/ha). Despite 
SG having the highest mean fresh shoot weight per plant at 
45 DAP, the yield of SG was the lowest. Faizah [8] stated 
that the variety SG had the most inferior seed germination 
compared to BMR and MS. Hence, although SG showed 
a better performance in several traits for crop quality, its 
yield performance was the lowest due to its lower seed 
germination rate (and subsequent plant establishment) 
compared to BMR and MS.

Conclusion

 In conclusion, each variety showed different growth 
performance of several parameters that its genotype might 
influence. Overall, all three varieties were adaptable to 
mineral soil, producing respectable yields, thus, showing 
that sorghum can be a potential alternative crop for 
forage production. SG showed the best performance in 
vegetative growth, but it had the lowest yield among 
the three varieties. Our data shows BMR to have the 
best yield performance. Thus, BMR is suggested for 
forage production. 
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Abstract

 Been reported to be vulnerable to viral diseases worldwide, including in Malaysia. A survey carried out at MARDI 
and farmers’ fields at Bachok, Kelantan, and Semenyih, Selangor, revealed that Sweetpotato feathery mottle virus 
(SPFMV) was the main virus infecting the sweetpotato plants tested. SPFMV by itself or mixed with other viruses 
cause a reduction in the quantity and quality of the sweetpotato tubers. This could be attributed to low photosynthesis 
rates found in the symptomatic leaves of the infected plants. Subsequently, advanced research was carried out to 
control the virus disease in a farmer’s plot at Semenyih. Prophylactic measures, that included management of the pest 
vectors responsible for the transmission of the virus disease, were carried out by planting chives (Allium tuberosum) 
together with sweetpotato. A total of 192 bags of chives were planted as a repellent crop at a ratio of 1: 2 of chives: 
sweetpotato. Sweetpotato planted with chives showed a lower mean number of aphids (3.67) and whiteflies (74.1) 
compared to the mean number for aphids (7.56) and whiteflies (102) in the control plants. A lower percentage of virus 
incidence was observed in sweetpotato planted with chives (27.5%) compared to the control plants (41.2%). Planting 
sweetpotato with chives showed a positive impact with a 13% increment in sweetpotato yield. Moreover, farmers 
earned extra income from sale of the chives as well as the existing sweetpotato produce. Up-scaled trials in the future 
will verify the effectiveness of this prophylactic means in controlling pest vectors and virus diseases in sweetpotato. 
With this effective measure, it is hoped that sweetpotato farmers’ produce and income will be increased in tandem.

Keywords: Aphid, chives, sweetpotato, sweetpotato feathery mottle virus (SPFMV), whitefly
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Introduction 

 Sweetpotato (Ipomoea batatas L.), particularly 
varieties VitAto, Anggun, Lembayung and a few others, is 
now getting important in the food industry as a contributor 
to a nutritious and healthy diet. In Malaysia, most of the 
sweetpotato was cultivated in the state of Perak (1846 
hectares), followed by Kelantan (596 hectares) and 
Selangor (267 hectares) in 2019 [1]. Regardless of the 
variety, sweetpotato is widely reported to be susceptible 
to virus diseases. A virus attack was first discovered in 
Malaysia in 2009 [2]. By 2016, an area of 63 hectares 
of VitAto cultivated in Tembila and Dendong, Kelantan, 
was attacked by a virus which caused a reduction to the 
farmers’ yield and income. The average income of farmers 
decreased from RM30,000/season to RM10,000/season 
[2]. Results of a survey that was carried out in 2018 
established that the Sweetpotato feathery mottle virus 

(SPFMV) as the main virus infecting sweetpotato plants 
in MARDI Bachok, farmers’ fields in Bachok, Kelantan, 
and Semenyih, Selangor. SPFMV, that is known to be 
transmitted by aphids, can also be transmitted through 
infected cuttings (planting materials) [3]. Sometimes, 
Sweetpotato chlorotic stunt virus (SPCSV) transmitted by 
whitefly can also be present in a complex with SPFMV.
 Generally, virus diseases can be managed via i) 
immunisation (genetic resistance obtained through plant 
breeding, plant transformation, cross-protection, or 
others), and ii) prophylactic measures (using quarantine, 
certification, removal of infected plants, control of natural 
vectors, or other procedures). Plants with pesticidal 
properties possess compounds that are effective in 
controlling natural vectors. Some of the botanical 
compounds with pesticidal activity have been successfully 
isolated and commercialized; these include azadiractin 
from neem (Azadirachta indica), and bioactives from 
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garlic (Allium sativum), turmeric (Curcuma longa) and 
few others [4]. Volatiles from Allium spp. were found to 
inhibit the attraction of aphids to a host plant [5]. In this 
study, a prophylactic measure through management of 
the pest vectors (aphid and whitefly) responsible for the 
transmission of virus disease was evaluated using chives 
(Allium tuberosum) as a companion crop to sweetpotato. 
 The ultimate objective of this study was to evaluate 
the efficacy of planting chives as a pest repellent crop in 
a sweetpotato field at Semenyih, Selangor. If the use of 
this prophylactic measure is found to be effective, it is 
hoped it can be implemented in large-scale sweetpotato 
cultivation in the near future.
 The ultimate objective of this study was to evaluate 
the efficacy of applying chives as a pest repellent crop 
in sweet potato cultivation at Semenyih Selangor. This 
effective finding using the prophylactic measure in this 
study is hoped to be implemented in large-scale sweet 
potato cultivation in the near future.

Materials and Methods 

Virus Identification using a Molecular Approach

 The virus identification process involving RNA 
extraction and cDNA synthesis was carried out using 
HiScript II One step RT-PCR kit (Vazyme), following 
instructions in the manufacturer’s manual. Polymerase 
chain reaction (PCR) was performed using specific 
primers for different viruses. The PCR products were 
then cloned and sent for sequencing analysis. The derived 
DNA sequence of the main virus was registered in the 
National Centre for Biotechnology Information (NCBI). 

Planting Materials

 Virus-free sweetpotato (variety Lembayung) cuttings 
collected from MARDI Bachok, Kelantan, were planted 
in a bag at a hot spot area at a farmer’s farm in Semenyih, 
Selangor. A total number of 192 bags of chives that had 
been propagated in a glasshouse at MARDI Serdang were 
used as a companion crop in this study. The chives were 
planted at ratio 1: 2 (chives: sweet potato) two weeks 
prior to planting sweetpotato.

Monitoring of Pest Vectors in Sweetpotato 
Cultivation

 Monitoring of the pest vectors (aphid and whitefly) was 
conducted by using yellow sticky traps (YST), scouting 
and sweeping methods at three sweetpotato crop growth 
stages (early, middle and end) throughout the planting 
cycle. Monitoring of the vectors was conducted by using 
ten random scouting/treatment, five sweeps/treatment, 
and five YST/treatment. The yellow sticky traps were 
placed at appropriate boundaries in the plot and collected 
after 24 h. The arthropods caught on in each YST and 
sweeping were identified and classified by their genus. 

The populations of aphid and whitefly in the sweetpotato 
planted with chives and without chives were evaluated, 
and the data statistically analysed.

Monitoring of vVirus Incidence in Sweetpotato 
Cultivation

 Virus incidence was scored three at three crop stages 
(early, middle and end) throughout the sweetpotato 
planting cycle. The presence of virus symptoms such as 
mottling, mosaic, stunting and ring spots on the leaves of 
sweetpotato grown with chives and without chives were 
recorded quantitatively. Disease incidence percentage was 
calculated using the equation: 
 
Disease incidence 

= (Symptomatic plants/whole plant population) X 100 (1) percentage

Statistical Analysis

 The data generated were subjected to statistical analysis 
using one-way ANOVA without interaction (SAS 9.4). 
The means were tested for significance differences in 
pest vectors and disease incidence on sweetpotato planted 
with chives and without chives (control) using Duncan’s 
multiple range test (the minimum significance was set at 
p <0.05). 

Partial Budget Analysis 

 This study employed partial budget analysis of planting 
chives for controlling virus transmission in sweetpotato 
cultivation. Partial budgeting is a consistent method for 
calculating the expected change in profit from a proposed 
change in the farm business without determining the 
absolute profit. The analysis done using this partial 
budgeting method was adapted from [6].

Results and Discussion

Identification of Virus

 Sweetpotato feathery mottle virus (SPFMV) was 
identified as the major virus infecting sweetpotato plants 
in MARDI Bachok, farmers’ fields in Bachok, Kelantan, 
and Semenyih, Selangor. The DNA sequence of the major 
infecting virus (SPFMV) was registered in NCBI under 
accession number MW255529. The virus presence was 
confirmed through PCR analysis, of which produced 
a band size of approximately 400 bp. Analysis of the 
DNA sequencing product showed a 98.8% similarity to 
SPFMV in all the tested samples. Leaves infected by 
SPFMV showed purple ring spots (Figure 1a), yellow 
chlorotic (Figure 1b) and stunting symptoms (Figure 1c). 
Photosynthesis rate was significantly lower in the 
symptomatic leaves of SPFMV-infected plants when 
compared to the healthy plants (data not shown). This 
finding is supported by the result of [7], who explained that 
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cassava root yield losses were caused by a viral infection 
that resulted in photosynthetic alterations associated with 
changes in chloroplast ultrastructure and carbohydrate 
metabolism of the cassava plants. Moreover, virus 
infection reduced the number of storage roots formed and 
the diameter of these roots, resulting in a greater length 
to diameter ratio than in the non-infected plants. 

Pest Vector Populations in Sweetpotato Cultivation

 The mean numbers of aphid and whitefly (Figure 2) 
in the sweetpotato planted with chives were 3.67 and 
74.1, respectively. These values were lower compared 
with the mean numbers of aphid (7.56) and whitefly 
(102) in control (sweetpotato without chives), although 
values were not significantly different. Chives (Allium 
tuberosum) used as a repellent crop in this study produce 
a volatile compound (sulphide) that causes insects to 
make oriented movements away from the source of 
the compound. Moreover, sulphide in chives may react 
chemically and physiologically with the host plant, 
making it unattractive to aphids [8].

Figure 1. Symptoms of SPFMV in sweetpotato. a) purple ring spot symptom; b) yellow chlorotic symptom and 
c) stunting symptoms

a b c

Figure 2. Mean numbers of pest vectors at three growth stages of sweetpotato cultivated at Semenyih

Virus Incidence in Sweetpotato Cultivation

 Virus incidence at three growth stages of sweetpotato 
with and without chives is shown in Figure 3. Virus 
incidence was significantly (p <0.05) lower in the 
sweetpotato planted with chives (27.5%) when compared 
to the control plants (41.2%). Moreover, we found that the 
sweetpotato planted with chives produced 13% more yield 
(106.92 kg) than the control (94.48 kg). We hypothesise 
that the lower virus incidence in the sweetpotato planted 
with chives resulted from the lower numbers of virus pest 
vectors found in the same treatment. 

Partial Budgeting Analysis

 The partial budget analysis revealed that there is 
additional income contributed by the planting of chives as 
a companion crop with sweetpotato (RM447), resulting in 
a net income of RM344.57 per acre per season. Farmers 
normally deal with changes and adjustments in farm 
management to maximise profit, such as enhancing farm 
size, or improving technical aspects of cultivation. In this 
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Figure 3. Mean of virus incidence percentages at 3 growth stages of sweetpotato cultivated at Semenyih

study, a small change in farm management was found to 
positively affect the net income of farmers. 

Conclusion

The prophylactic measure of planting chives as a 
companion crop of sweetpotato was revealed as a 
potential approach in managing pest vectors and viruses in 
sweetpotato cultivation. We gained knowledge in various 
aspects related to the virus effects and control method as 
the outcome of this study. These findings, however, need 
to be verified on a large plantation scale in the near future. 
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Abstract

 Fresh carrot can be dried into a dehydrated form with a desired moisture content. Dried carrot can be used 
commercially as a natural ingredient for developing functional products such as dietary supplements, nutraceuticals and 
cosmetics. A progressively growing demand for highly nutritious dried products is globally causing food processors 
to produce high-quality dried foods; this comes with the need for a reliable, accurate and rapid assessment device 
for efficient quality assurance. Such a device will be advantageous in minimising the overall operational time and in 
meeting consumer demand. Hyperspectral imaging (HSI) as non-destructive measurement of quality attributes during 
drying has been recently investigated for online quality monitoring towards the development of a smart dryer. In view 
of this, the current study was initiated to evaluate the possibility of adopting hyperspectral imaging for non-destructive 
quality assessment during carrot drying for effective process control. The results demonstrated an excellent prediction 
performance for moisture content with high R2

T and R2
V at 0.92 and 0.90 with RMSET and RMSEV at 8.15 and 8.16, 

respectively. Satisfactory prediction accuracy of R2
T and R2

V was observed for total carotenoids, L, a* and b* at 0.74, 
0.78, 0.77 and 0.67 for the training set, and at 0.64, 0.68, 0.69 and 0.60 for the validation set, respectively. Selected 
wavelengths for total carotenoids, moisture content, L, a* and b * based on the highest score of VIP loadings were 
534.08, 970.54, 531.03, 534.08 and 500.55 nm, respectively. High correlation coefficients (r) were also observed at 0.89, 
0.91, 0.78 and 0.83 for moisture content, L, a*, and b*, respectively, with a moderate correlation for total carotenoids at 
r = 0.69. The results indicate the potential feasibility of using non-invasive quality attributes in hyperspectral imaging 
for continuous online monitoring during drying.

Keywords: Carrot, hyperspectral imaging, moisture distribution, total carotenoids, visualization
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Introduction 

 Fruits and vegetables provide essential nutrients and 
minerals with significant health benefits to humans. 
For daily consumption, adequate fruit and vegetable 
intake is recommended for health maintenance and 
disease prevention [1]. One of the most popular and 
nutritious vegetable crops with an appreciable amount 
of phytochemical constituents is carrot [2]. Carrot is are 
considered to be a primary vegetable in many countries. 
The crop is widely cultivated and consumed globally for 
its nutraceutical properties and culinary attributes, as it 
also has a pleasant taste and flavour [3]. The roots are 
rich in phytonutrients such as carotenoids (particularly 
ß-carotene), phenolic compounds, dietary fibre and 

minerals. All these bioactive components possess specific 
health-promoting properties with a great potential for 
protecting against coronary heart disease and certain 
cancers [3][4]. The demand for dried carrot is also rising 
in the instant food industry because the dried roots can 
be mixed with other ingredients to develop instant soups 
and meals [5]. To this end, food processors are competing 
to produce high-quality dried products; this comes with 
the need for a reliable, accurate and rapid assessment 
device for efficient quality assurance. This device can 
be advantageous for the food industry in minimising 
the overall operational time and in meeting consumer 
demand. Monitoring product quality along the production 
chain is very important in food processing to ensure 
the safety and quality of the product. In recent years, 
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various non-destructive methods have been researched 
extensively and tested to evaluate the quality of fruits 
and vegetables, starting from farm to retail market. 
Some have been commercially applied for food grading 
and sorting in the packing houses and food processing 
lines [6]. One of the most recently investigated non-
destructive techniques is hyperspectral imaging (HSI), 
capable of generating spectral information and a spatial 
map simultaneously at a certain range of wavelengths. 
The acquired spectra are qualitatively related to the 
physical and chemical properties of the product. The key 
principle of HSI is integrating both imaging technologies 
with spectrophotometry. This new hybrid technology has 
been comprehensively studied for evaluating the physical 
properties and internal qualities of fruits and vegetables 
during drying.
 The applicability of this new generation of sensing 
technology for non-invasive measurement techniques 
has intensively been studied over the past ten years. 
The main idea is to develop a quick, simple, chemical-
free procedure with convenient application for quality 
evaluation of food materials during processing. The 
use of existing standard laboratory analyses can be 
time-consuming, labour-intensive, and require expert 
and skilful laboratory personnel, and involve complex 
sample preparations and hazardous solvents. Moreover, 
the utilisation of expensive instruments would contribute 
to additional operating and maintenance costs. Therefore, 
it is necessary to explore and establish a new technology 
for rapid and effective quantification methods. This could 
potentially be applied for online and real-time quality 
assessments during drying because such a technique 
automatically predicts the quality attributes of fruits 
and vegetables in a non-destructive manner. The most 
notable benefit of HSI is the ability to identify various 
components simultaneously. This method provides a 
scientific tool for non-destructive quality inspection with 
minimal sample preparation and rapid acquisition times, 
coupled with simultaneous visualisation of the spatial 
distribution of numerous chemical components [7]. All 
the quality attributes can be measured simultaneously at 
any given time during processing, without destroying the 
samples. In light of this, the current study was initiated 
to explore the potential of utilising hyperspectral imaging 
for quantification, mapping and visualisation of moisture 
distribution for automated prediction of quality attributes 
during the drying of carrot.

Materials and methods 

Raw Materials

 Organic carrot (var. Laguna) at an optimum maturity 
of 3.5 months after planting were harvested at in different 
seasons, i.e., during autumn (2017) and summer (2018), 
from the University of Kassel’s farm in Frankenhausen, 
Kassel, Germany. The average daily temperatures for the 
two seasons were 16 °C and 28 °C, respectively. The roots 
were washed with distilled water, peeled, and sliced using 

a food slicer (model E21EU, Graef, GmbH, Germany) 
prior to all the drying experiments.

Drying Procedure

 Drying experiments in both years were carried 
out using a small-scale commercial dryer (HT mini, 
Innotech Ingenieursgesellschaft mbH, Altdorf, Germany) 
at a constant airflow rate of 0.6 m/s. The first drying 
experiment, conducted in 2017, investigated the effect 
of different drying temperatures and thickness on quality 
changes in carrot [8]. The second experiment on critical 
control point-based intermittent drying was carried out 
in 2018 [9]. All experiments on the drying strategies 
were performed in three replicates. Before each drying 
experiment, the dryer was started 1 hour in advance to 
reach steady-state conditions. The initial moisture content 
of the carrot sample was determined according to the 
AOAC method [10] by drying the sample in an oven 
at 105 °C for 24 hours (ULM 400, Mermert, GmbH, 
Germany). This initial moisture content of the fresh carrot 
was found to be around 88% (7.54 gw / gdm ± 0.3).

Hyperspectral Imaging Systems

 The image of the sample was captured by employing a 
Hyperspectral Imaging System using a Specim V10E PFD 
camera (Specim Spectral Imaging Ltd., Finland), equipped 
with a Schneider 35 mm lens (Xenoplan 1.9/35, Schneider 
Optische Werke GmbH, Germany), and operated at a 
linear translation stage (Specim Spectral Imaging Ltd., 
Finland) with a three 60 W halogen GU10 bulbs. A 
white tile with dimensions 200 mm x 24 mm (HxW), 
with a spatial resolution of 1700 x 1392 pixels (HxW) 
was used as a reference. The camera was positioned to 
be perpendicular to the translation horizontal platform, 
allowing sequential acquisition of a single scan of the 
carrot slices by the camera. A set of four slices of carrot 
were captured for each drying point, and the spectral 
reflectance was obtained from a wavelength ranging from 
400 to 1010 nm, varied at 1.5 nm increments. A total of 
1368 carrot slices from the two growing seasons were used 
in this study. The average spectrum from three replicates 
for every drying point was used for further computations. 

Results and Discussion

Visualisation and Mapping of Moisture Distribution 
at Different Drying Periods 

 Figure 1 maps the moisture content in carrot at 
different stages of the drying process, carried out at 
60 °C. The images for the samples dried at 60 °C were 
selected because they had the best quality retention, 
based on our previous study [8]. The displayed images in 
Figure 1 demonstrate that higher moisture distribution was 
observed at the centre of the carrot slice at the early stage 
of drying, between 90 and 150 min, and that moisture 
content was lower at the edge of the slices at all stages 



256

of drying, indicating a higher moisture removal rate from 
the edges, or the surface area. The images also show a 
significant size reduction as drying proceeded due to water 
removal, and finally leading to physical deformation such 
as volume shrinkage [11]. In general, despite inevitable 
challenges of variability in physical distortion of each slice 
of carrot, visualisation of the moisture distribution using 
HSI during drying is useful for evaluating the performance 
of the drying process when subjected to different drying 
conditions. This advanced technique enables a good 
prediction of the moisture evolution throughout the whole 
process, which can be a reliable indicator for determining 
the optimum drying time and when to stop the drying 
process. It can be helpful for dynamic optimisation of the 
drying process with regard to product quality and safety.
 An acceptable statistical performance from the datasets 
was observed with satisfactory values of R2T for the 
training set at 0.74, 0.92, 0.78 and 0.77, while the values 
for R2v for the validation set were detected at 0.64, 0.90, 
0.68 and 0.69 for total carotenoids, moisture content, 
L* and a*, respectively (Table 1). A strong correlation 
to predict moisture content between the two methods 
was observed in this study, with a high coefficient of 
determination (R2) of more than 0.9 for both datasets 
(Table 1). Minimal values of RMSET and RMSEV for 
both datasets were also observed for moisture content, 
L*, a* and b* at 8.15, 1.56, 1.06 and 1.40 for the training 
set, and 8.16, 1.75, 1.18 and 1.45 for the validation set, 
respectively. It was noted that a large range for RMSET 
and RMSEV at 28.68 and 32.62 was noticed for total 
carotenoids in both data sets as compared with the other 
quality attributes.  An acceptable agreement between 
the compared methods was demonstrated by a moderate 
correlation (‘r’ equal to 0.69) for total carotenoids with 
satisfactory modelling performance at 0.71, 0.78, 0.83 and 

Figure 1. Distribution of moisture content in carrot dried at 60 °C at different drying periods

87% mc – 0 min

40% mc – 210 min 25% mc – 270 min 10% mc – 480 min

73% mc – 90 min 57% mc – 150 min

0.89 for L*, a*, b* and moisture content, respectively.
 Hyperspectral imaging combined with chemometrics is 
a promising technological tool for non-destructive quality 
measurements during the drying of carrot. This new and 
innovative method has great potential to substitute a 
standard laboratory method in the future. Therefore, an 
adequate drying strategy based on product quality aspects, 
e.g., the inflexion point of nutrient degradation, can be 
performed for effective process control. Multi-disciplinary 
research areas must be scientifically integrated to overcome 
the existing challenges of diverse physical, chemical, and 
biological variability in fruits and vegetables that could 
cause significant spectral fluctuations and consequently 
affect the mapping and prediction accuracy of moisture 
distribution, especially when dealing with samples at 
different exposure times throughout the processing 
period, such as drying operations. This study provides 
preliminary information for designing and integrating a 
non-destructive measurement technique into the drying 
systems to develop intelligent dryers, so that non-invasive 
continuous and online monitoring of quality attributes can 
be realised and implemented in the future.
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Abstract

 The Malaysian Herbal Monographs (MHM) is a compilation which serves as an invaluable source of scientific 
information on herbal medicine for regulators, manufacturers, academics, researchers and health professionals. It contains 
information on the therapeutic use of herbal medicines, a summary of pharmacological, clinical and toxicological data. 
The monograph can also be used as a guide for plant material validation, a guide for quality control profiles for herbal 
ingredients and products, and for ensuring that quality and accurate amounts of raw materials are included in products 
(correct and precise herbal plant species and parts). The monograph contains information on common names, scientific 
names, definitions, synonyms, powder properties of raw materials, plant morphology, microscopy, high-performance 
thin-layer chromatography, high-performance liquid chromatography, purity tests (ash content, drying loss, extractive 
value), safety tests (heavy metals, microbial limits, pathogen specifics), the content of chemical compounds, used in 
medicines, pre-clinical trials, clinical trials, safety information (acute toxicity) and others (adverse effects, indications-
contraindications, side effects, warnings, prevention), dosage, storage and references. MHM for selected herbs will 
be uploaded to the globinmed.com website, developed by the Institute of Medical Research (IMR). The monographs 
for bismillah (Vernonia amygdalina) leaf and urang aring (Eclipta prostrata) leaf were the first to be produced and 
uploaded to the website in 2019, while that of telang (Clitoria ternatea) flower will be uploaded this year. Entrepreneurs 
can use them to determine the authenticity, quality and safety of these herbal raw materials when used to produce 
herbal products. These monographs can also be used as a reference by herbal entrepreneurs when registering their 
herbal products in the country (with National Pharmaceutical Regulatory Agency, NPRA) and abroad, with improved 
pharmacopoeia to facilitate the registration of Malaysian herbal products overseas.

Keywords: Authentication, herbal, monograph, reference, standardized
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Introduction

 The Malaysian Herbal Monographs (MHM) were 
developed to provide scientific and useful information on 
local herbs used in the herbal industry. The monograph 
publication process consists of compiling information on 
the selection, collection and processing of raw materials, 
identification tests, quality control (purity and safety 
testing) of herbal raw materials, safety information 
such as toxicity tests, and efficacy-related information 
such as traditional use, and pharmacological actions of 
herbal plants. All the information and data gathered are 

verified by the appointed committees. This publication 
process involves collaboration between research institutes, 
government regulatory bodies, universities and other 
government agencies to be finally endorsed by the MHM 
committees for industry and public review.
 The Malaysian rainforest is acknowledged to be the 
world’s oldest rainforest, ranked 12th in the world on 
the list of biodiversity hotspots, and fourth in Asia after 
India, China and Indonesia. It has an estimated 12,500 
species of seed plants, and approximately 1200 species 
are reported to have medicinal value [1]. The Entry Point 
Project (EPP) on High-value herbal products, which is 
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included in the herbs sub-sector of NKEA for agriculture, 
focuses on promoting the growth of herbal products, 
while ensuring herbal medicine product quality control. 
Quality control can be particularly challenging because 
of the differences in plant constituents (particularly their 
chemical compounds) which need to be authenticated, and 
also because the quality and stability of the raw materials 
are not well regulated. The source of raw material, method 
of collection, drying and packing, as well as method of 
extraction, and contamination by microorganisms, heavy 
metals, and pesticides are among the important factors 
that can affect the quality of herbal medicines [2, 3]. 
To ensure the quality and safety of herbal medicines, 
Malaysia has developed its own monographs with the 
vision of transforming them into pharmacopoeia in the 
near future. The monographs contain the specifications for 
identifying plants using single chemical entities known 
as ‘marker compounds’, or profiling analysis techniques 
involving chromatographic methods. The monograph 
documents may strengthen the value chain of herbal 
production as they apply to the raw materials, extracts 
or herbal products, and enhance the research on and 
development of herbs.  

Materials and Methods
 
Plant Collection

 Leaves of Vernonia amygdalina and Eclipta prostrata 
were collected at three different locations, i.e., Serdang 
in Selangor, Bachok in Kelantan, and Pontian in Johor, 
Malaysia. The identity of the plants were authenticated 
by Dr. Mohd. Nor Faizal Mohd Ghazali, curator/plant 
taxonomist of the Agrobiodiversity and Environment 
Research Centre (BE), MARDI. Voucher specimens were 
deposited at the MDI Herbarium of the same institute. 
The leaves were washed and air-dried, followed by drying 
in an oven at 45 °C until the moisture content was less 
than 11%. The dried leaves were ground and powdered 
through a 0.355 mm sieve, then kept in plastic containers 
and stored at –20 °C until required for further studies.  

Morphological Studies

 Leaves of V. amygdalina and E. prostrata were 
examined for their morphological and organoleptic 
characters. Sections of the leaves were cut by a razor 
and examined under a microscope at 10x, 40x, 100x 
magnification after staining with phloroglucinol and HCl 
[4]. A fresh sample for microscopy analysis was prepared 
by embedding the sample in formalin, glycerine and water 
(at the ratio 8:1:1) for a week. 

Physicochemical Standardisation

 Extractive values were determined for cold and hot 
extraction methods for which 4 g of coarse powder was 
passed through a 0.355 mm sieve, then dissolved in 100 
ml of solvent (95% ethanol and water). Standard methods 
were followed to determine the total ash, acid-insoluble 
ash and water-soluble ash values, while loss on drying 
was determined according to WHO guidelines [5]. 

Loss on Drying

 An accurately weighed (2 g) sample of dry leaf powder 
of V. amygdalina or E. prostrata was transferred into 
tarred glass bottles. The dry leaf powder was heated at 
105 °C in an oven until a constant weight was obtained. 
The percentage moisture content was calculated with 
reference to the dry material [4].

Phytochemical Screening of the Leaves Extracts

High-Performance Thin Layer Chromatography 
(HPTLC) Fingerprinting

 A TLC fingerprinting profile was constructed to 
determine the nature of the compounds present. 10 mg/
mL of leaf extract and a stock solution of 0.2 mg/mL of 
chlorogenic acid (CAS No.: 327-97-9) and wedelolactone 
(CAS No. 524-12-9) were profiled using HPTLC 
with an ethyl acetate: acetic acid: formic acid: water 
(10:1.1:1.1:2.3, v/v/v/v) mixture, and a toluene: acetone: 
formic acid (11:6:1, v/v/v) mixture, respectively, as the 
mobile phase. Test and standard solutions were applied 
on a precoated silica gel 60 F254 TLC plate (Merck) and 
run in the previously saturated solvent system.

Results and Discussion

Macroscopic Characters

 Morphological examination revealed that the leaves of 
V. amygdalina are usually simple and alternate; stipules 
absent; petioles measure 0.2 – 4 cm long; blades are ovate-
elliptical to lanceolate, 4 – 15 (–28) cm x 1 – 4 (–15) cm, 
cuneate or rounded at the base, shortly acuminate at the 
apex; margin minutely toothed to coarsely serrate; finely 
pubescent but often glabrescent; and pinnately veined. The 
trunk diameter of the tree is 40 cm, and the bark is grey to 
brown, smooth and fissured. The organoleptic property of 
leaf powder is yellowish-green in colour. The leaf powder 
is irritant with a characteristic odour and bitter in taste. 
 E. prostrata is an annual or a relatively short-lived 
perennial herb, 10 – 80 cm tall with prostrate or erect 
branches, and usually having numerous, small whiteheads; 
stems are hairy and reddish-brown. The leaves are simple, 
oblong to lanceolate in shape, opposite, sessile or short-
stalked, with sparse coarse hairs; margins are entire or 
slightly toothed; leaf size is up to 2 − 6 cm long; and 
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surface hairy. Inflorescences are terminal and axillary, 
about 1 cm across, white or cream, on peduncles up to 
7 cm long. Flowers are white, small and arranged in 
small clusters, which resemble small aster forms. Fruit 
is an achene, warted, brown or black, of size 2 − 3 mm 
long [6, 7].
 
Microscopy

 Microscopic characters of leaf powders of V. 
amygdalina and E. prostrata are shown in Figure 1.

Extractive Value
 Extractive values were taken in triplicate from the 
three locations (Table 1).

Ash Values 

 The values of total ash, acid insoluble ash and water-
soluble ash are shown Figure 2 3. Ash values are helpful 
in determining the authenticity and purity of the drug, and 
these values are important quantitative standards.

Loss on Drying

 The mean loss on drying was found to be 6.53, 5.98 
and 6.84% for V. amygdalina leaf samples from Serdang, 
Bachok and Pontian, respectively, while for E. prostrata 
samples was found to be 6.74 and 8.74% for Serdang and 
Bachok, respectively.

Figure 1. Microscopic characters of V. amygdalina leaf powder. (a) Stomata (magnification 100x); (b) anomocytic stomata (red 
arrow) with cuticular striae (blue arrow) (magnification 100x); (c) epidermal cells (magnification 40x); (d) parenchyma 
cells (magnification  40x); (e & f) fragments of spiral vessel cells (magnification 40x); (g) mesophyll palisade (yellow arrow) 
and spongy mesophyll (blue arrow) (magnification 40x); (h) simple multicellular trichome (green arrow) (magnification 
40x); (i) head of peltate glandular trichome (arrow) (magnification 40x); (j) irregular T-shaped glandular trichome 
(purple arrow) (magnification 100x). [Scale bars: a and j = 100 µm; b – ® = 50 µm]. Microscopic characters of E. 
prostrata leaf powder of 0.355 mm particle size. (k) staurocytic stomata (magnification 100x); (l) sponge cells, surface 
view (magnification 40x); (m) sponge cells, side view (magnification 40x); (n) epidermal cells (magnification 40x); (o) 
pitted vessel cells (magnification 40x); (p) spiral vessel cells (magnification 40x); (q) secretory cells (magnification 40x); 
® capitate glandular trichome (magnification 40x); (s) fusiform glandular trichome (magnification 40x); (t) capitate 
glandular trichome (magnification 40x); (u) ornamented simple unicellular trichome (magnification 40x); (l) ornamented 
glandular trichome (magnification 40x). [Scale bars: k = 20 µm, l – u = 50 µm]
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TLC Fingerprinting

 The extracts and standard solutions were applied and 
developed in an optimised solvent system. The developed 
plates were air-dried and observed under UV (254 and 
366 nm) (Figure 3). Rf for chlorogenic acid was 0.51 
while for wedelolactone it was 0.41.
 V. amygdalina leaves from the three different locations 
were evaluated for physico-chemical and phytochemical 
characteristics to determine the best quality, according to 
location and type of soil. Quality testing was done using 
the standard operating procedure adopted for preparing 
the methodology for the NKEA Malaysian Herbal 
Monographs (MHM) (2017) [8]. The soil at Bachok, 
Kelantan, is bris; Serdang (Selangor) has mineral soil, 
while Pontian (Johor) has peat soil. The herbal plants 
were planted and harvested at the same time after planting 
in all the locations. The spot of the chlorogenic acid 
compound displayed in the TLC profile was the biggest 
and had the brightest colour under the UV wavelength 
of 366 nm. Thus, the quantity of chlorogenic acid in 
the Bachok sample was higher than in the Serdang and 
Pontian samples, as the TLC profile of the former had a 
brighter colour under UV 366 nm.

Conclusion

 The Malaysian Herbal Monographs strive to continue 
finding solutions for the challenges associated with 
herbs, such as raw material sourcing, analytical testing 
techniques and evidence-based information. As the herbal 
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Table 1. Extractive values of Vernonia amygdalina leaves and Eclipta prostrata leaves

Extractive value Vernonia amygdalina Eclipta prostrata
Serdang Bachok Pontian Serdang Bachok

Cold method – water 20.5961 22.8791 16.0299 13.0183 16.5243 
Cold method – 95% ethanol 16.4127 18.9335 16.8142 10.9661 11.5586
Hot method – water 21.9149 26.0469 20.5373 24.759 29.4763 
Hot method – ethanol 29.8049 33.3352 27.3617 16.5243 17.6882

Figure 2. Graphical representation of different ash values of V. amygdalina and E. prostrata

Figure 3. TLC profiles of V. amygdalina leaves under UV at wavelength (a) 254 nm, and (b) 366 nm; and TLC profiles of E. 
prostrata leaves under (c) white light, and UV at wavelength (d) 254 nm, and (e) 366 nm

(a) (b) (c) (d) (e)

monographs are dynamic documents, they will be updated 
based on the latest reports and the most current findings. 
With improvements to the MHM documents, we believe 
that the monographs will provide valuable guidelines 
and be used as standard references for regulatory and 
registration applications to promote the utilisation, 
commercialisation, and trading of herbal-based products 
locally and globally.
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Abstract

 Taro (Colocasia esculenta) is one of the important tropical tuber crops, and has been a vital carbohydrate source 
historically. It is commonly used as a staple food in some countries, especially in Hawaii, Fiji and the Pacific Islands. 
In Malaysia, taro falls under the cash crop category, production amounting to 3,591 tonnes per year (2019), but lagging 
far behind the production of sweetpotato and cassava. Taro cultivation in our country keeps declining as many farmers 
have shifted their interest to other crops. Lack of consumer awareness and promotion, and inconsistent planting material 
supply, have led to inattention to the potential this crop. However, the high demand for taro is reflected by the increasing 
importation of taro in recent years. Many varieties of taro are available in Malaysia; these include keladi wangi, keladi 
mawar, keladi putih, keladi cina and keladi bentan, each having their own unique characteristics. Preliminary studies 
have been conducted in the areas of botany and nutritional content of several selected varieties. It was found that the 
growth performance of keladi wangi was good, enabling the crop to be harvested as early as 6 months after planting. 
The corms are rich in carbohydrates (85 – 87%); hence, they are a good energy source. Studies were continued 
on agronomy, economics, tissue culture development, pest and disease management, molecular genetics, and post-
harvest handling of keladi wangi. It was found that this variety has minimal in pest and disease issues, requires fewer 
agricultural inputs and is economically viable for production. Thus, it can be traded in a premium market, leading 
to lower capital risks and increased profits. Findings from these studies are well-aligned with the country’s direction 
towards introducing a new cash crop as a food source for the nation’s food security. This will eventually contribute 
to increasing farmers’ income, and reducing our dependence on imported taro.

Keywords: Alternative food, cash crop, food security, taro, tuber crop
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Introduction

 Taro (Colocasia esculenta L.) belonging to the 
monocotyledonous Family Araceaeis, is among the major 
root and tuber food crops worldwide. It is categorised 
as one of the staple foods and has potential to resolve 
food security issues, as it is included in the ANNEX 1 
list of the most important crops in the world for global 
food security. In Malaysia, taro falls under the category 
of cash crops. It is cultivated on a total of 669 hectares, 
with a production of 3,591 tonnes per year (2019) [1]; 
these figures are far behind those for the production of 
sweetpotato and cassava. Taro cultivation in our country 
keeps declining as many farmers in Malaysia have shifted 
their interest to other crops. Lack of consumer awareness 

and promotion, and inconsistent planting material supply, 
have led to inattention to the potential of this crop. 
However, the high demand for taro is reflected by the 
increasing importation of taro in recent years.
 MARDI has revisited research on taro since 2013 
as it was found that the crop has good potential to be 
commercialised and its production upscaled. The first 
activity was the collection of germplasm (varieties and 
related species) to obtain a wider distribution pattern for 
analysis. This collection includes varieties of Colocasia 
esculenta (taro), as well as Xanthosoma sagittifolium or 
X. violaceum (cocoyam). 
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Materials and Methods

 Keladi wangi, one of the taro varieties, was selected 
and used in the studies. The agronomic practices for taro 
cultivation follow those of the manual [2]. The plots were 
ploughed to a depth of 20 – 30 cm. Beds were built and 
mulched with mulch plastic to maintain soil moisture and 
reduce weed growth. 

Fertiliser Rate Analysis

 Determination of the application rate of NPK 12: 12: 
12: 2+TE fertiliser was done in a field in MARDI Serdang. 
The experiment was conducted with four treatments of 
fertiliser rate (50, 100, 150, 200 kg N/ha) and a control 
with three replications. Fertiliser was applied three times, 
at 2, 10 and 20 weeks after planting.

Nutritional Analysis of Taro

 Taro corm samples were analysed for their oxalate 
content. Extraction was carried out to determine total 
oxalate and soluble oxalate contents. All the samples 
were analysed using HPLC. The generated data on 
oxalate contents were analysed using Analysis of Variance 
(ANOVA).

Pest and Disease Inventory of Taro

 Identification of pests and diseases of taro was carried 
out using several methods. Insect collection methods 
included yellow sticky traps and scouting. Yellow sticky 
traps were set up at suitable places in the taro field, and left 
for 48 hours before the insects were collected. Scouting 
was done on random taro plants (for pest larvae, beetles, 
etc.). Insect identification was performed, and then the 
data were subjected to statistical analysis.

DNA Profile of Taro Cultivars

 Genomic DNA was isolated from 12 taro accessions 
in MARDI Serdang. 10 microsatellite markers that had 
been identified from previous studies were used for this 
study (Kathemenla et al., 2019). These markers were 
employed to screen DNA of all the taro samples by PCR 
amplification.

Taro Plantlet Production by Tissue Culture

 A study conducted on tissue culture technique was 
aimed at mass propagation of taro plantlets. The use 
of hormones was studied to achieve the optimum 
multiplication rates for shoot and root production as 
described by Noor Camellia et al. [3]. The technology 
generated will facilitate the production of good quality 
planting materials. 

Economic Studies of on Taro

 Economic studies were conducted through surveys on 
farmers, traders, wholesalers and consumers in selected 
locations. All data collected were analysed for the viability 
and economics of taro production in Malaysia.

Postharvest Handling of Taro

 The study on postharvest handling includes aspects 
of maturity index, curing, packaging and storage. The 
experiment was conducted in the Postharvest Complex, 
MARDI Serdang.

Results and Discussion

 The fertiliser application study was conducted in on 
five levels of nitrogen (N) fertiliser: 0, 50, 100, 150 
and 200 kg N/ha, using NPK (12: 12: 17: 2 + TE). The 
results showed no significant difference between the 
fertiliser rates and the control (0 N) for corm weight at 
three months after planting (Table 1). Subsequently, in 
the sixth month, it was found that the use of N fertiliser 
increased the weight of the corms (600-740 g/plant) 
over the control (410 g/plant). However, there was no 
significant difference between the rates of the fertiliser. 
This initial result shows that the cultivar did not require 
too much fertiliser, and that 100 kg N/ha was found to 
be sufficient.
 The carbohydrate content in keladi wangi was found to 
be 85 – 87%, which will provide 350 – 365 kcal/100 g. 
This clearly shows that taro is one of the preferred crops 
for future food security because of its high carbohydrate 
content. A study on the oxalate content was also 
conducted. Oxalate is an anti-nutrient chemical compound 
that can interfere with the absorption of nutrients in the 
body and so affect the human body system. Changes in 
oxalate content based on the maturity level of keladi wangi 
were examined. The findings showed that the highest 
oxalate content was in corms at the maturity level of 3 
months (200 – 400 mg/100 g dry weight). 
 A study on the oxalate content was also conducted. 
Analysis using HPLC found that the total oxalate in 
keladi putih are the highest with (218.8 ± 2.8 mg/100g 
dry weight) compared to keladi wangi and keladi mawar 
with total oxalate <200mg/100 g dry weight (Figure 1). 
However, the oxalate content in all samples still below 
the safe level nutrition of which <660 mg/kg body 
weight. Oxalate content decreased by up to 70% when 
the plant’s maturity reached six months. Therefore, those 
cultivars which reach optimum maturity at 6 – 7 months 
are recommended for commercial purposes.
 An inventory of pests and diseases was also conducted 
in the taro field. It was found that aphid and Spodoptera 
litura recorded the highest populations compared to other 
pests. However, there were no serious problems with 
the cultivar keladi wangi. Pest control measures were 
performed using biopesticide sprays (Chili Bangi and 
NPVSlt). There was no serious illness observed during 
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the early growth of taro except for blight disease in the 
second month of cultivation, as a result of infection by 
the fungus, Phytophthora colocasiae. The disease caused 
the leaves to be small and have short petioles. This will 
obviously affect the photosynthesis system and plant 
growth.
 Ten microsatellite markers were used to screen 12 taro 
accessions. Out of the 10 markers used, three markers, 
namely, Tssr1, Tssr7 and Ce1C06, showed potential to 
be suitable markers for studying taro genetic diversity 
(Table 2). At the same time, these markers can generate 
fingerprint profile for keladi wangi and keladi putih.
 The tissue culture technique provides a method for 
economical, mass propagation, as well as is space- and 
labour-saving when used for preserving germplasm. In 
this study, initiation of keladi wangi and keladi putih 
through micropropagation began after one week in culture. 
Both cultivars multiplied when cultured in MS medium 
supplemented with selected cytokinin (BAP/TDZ). MS 
medium supplemented with 2 mg/L BAP initiated the 
highest number of shoots in both cultivars. At the rooting 
stage, the highest number of roots was observed on MS 
medium without added hormone. After acclimatisation, 
100% of the plantlets survived in a greenhouse.
 Analysis of the economic survey found that the 
majority of the respondents agreed that taro is easy to sell, 
easy to store, has a high demand and so is profitable to 
grow. These responses indicated that the potential of taro 
among Malaysians is positive. At the same time, market 
prices depend on localities and supply chain factors, as 
well as traders t at the various marketing levels.
 The postharvest handling technology developed in 
this study considers the right harvesting time for taro to 
ensure premium quality and extend shelf life. The best 
combination of sanitary measures was treating the corms 

with 100 ppm chlorine, followed by curing, then wrapping 
with cling wrap, and storing at 10 °C, which can maintain 
freshness for up to 5 weeks. Packaging with 0.08 mm PP 
helps to maintain the freshness of fresh taro corms and 
extends shelf life to 5 weeks at a storage temperature of 
8 – 10 °C, compared to a shelf life of 7 days at ambient 
temperature. 

Conclusion

 Keladi wangi is a good energy source for the human 
diet. It is locally adapted, has minimum pest and disease 
issues, and requires few agricultural inputs; thus, it can be 
traded in the premium market, encountering low capital 
risks and reasonable profits. Findings from these studies 
are well-aligned in for promoting traditional taro varieties 
from our genetic resources as a future crop, and may be a 
game-changer in the cash crop industry through increased 
production, improved income and reduced dependence on 
imported taro.
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Table 1. Effect of nitrogen fertilizer at five rates (0, 50, 100, 150 and 200kg N/ha) using NPK (12:12:177:2 + TE) on taro corm

Treatment NPK 12:12:17:2 +TE 
(kg/ha)

Corm weight 3 months
(g)

Corm weight 6 months
(g)

Corm weight 9 months 
(g)

T1 (0 kg N/ha) 0 155.13a 410.45b 643.1b

T2 (50 kg N/ha) 417 162.18a 666.12a 692.6b

T3 (100 kg N/ha) 833 152.32a 598.65a 1130.9a

T4 (150 kg N/ha) 1250 149.72a 740.23a 1216.8a

T5 (200 kg N/ha) 1667 175.98a 625.57a 1127.2a

Table 2. Three potential markers used for studying taro 
genetic diversity

Primer Tssr1 F: TGAGGAGTTGTTGTGCCTC
R: AATAACGGCGCGAGTTTGG

Primer Tssr7 F: ACGGGTCTTACTGTGTGGAC
R: TTCCTACGGCCGCTTTCTG

Primer Ce1C06 F: CCA GAA GAG ACGTTACAGA
R: ACG ACT TTGGACGGA

Figure 1. Total oxalate content in keladi putih, keladi wangi 
and keladi mawar
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Abstract

 Red palm weevil (RPW), Rhynchophorus ferrugineus (Coleoptera: Curculionidae) – denoted as RPWf – has been 
identified as a major pest in coconut plantations in Malaysia. This species causes serious damage to coconut and other 
palms, including the date palm, ornamental palms and oil palm. The use of commercial pheromone products in the 
market as attractants of RPW are totally chemical-based and these pheromones are imported from other countries such 
as India and Costa Rica. Basically, the pheromone is mixed with appropriate food baits, such as chopped pineapple, 
and placed in the pheromone traps, to increase its effectiveness. Therefore, in this study, a formulation of ethyl acetate 
(pheromone) and pineapple extract (EAP) was proposed as a combination to be used as a new attractant for RPW in 
coconut planting areas. For this trial, several different concentrations of EAP formulations were tested at 25, 50 and 
75%, using an olfactometer in the laboratory. The trial was conducted prior to field evaluation in RPW traps (26 cm x 
14 cm) in RPW hotspot areas in Terengganu, Kelantan and Johor. Results of bioassays using an olfactometer showed that 
the mean number of adult RPWf attracted to the commercial pheromone and to EAP at the 50% formulation was 21 ± 
3.95 and 19 ± 5.77, respectively, with no significant difference (p >0.05) between the numbers. In the field evaluation, 
55 ± 5.00 and 39 ± 8.16 RPWf were attracted to the commercial pheromone and to EAP at the 50% formulation, 
respectively, and the mean numbers were not significantly different (p >0.05) from each other. In conclusion, this 
new EAP formulation can be an alternative to the commercial pheromones for use to monitor and control of RPW in 
coconut plantations. The combination of ethyl acetate with pineapple extract can reduce the volatilisation of pheromone, 
thus improving the function of the formulation as an RPW attractant. This new formulation, EAP, has the potential 
to be used by other agencies such as the Department of Agriculture for monitoring and control of RPW in coconut-
growing areas.

Keywords: EAP formulation, red palm weevil, Rhynchophorus ferrugineus (RPWf), ethyl acetate, pineapple
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Introduction

 The red palm weevil (RPW) comprises two common 
species, Rhynchophorus vulneratus (RPWv) Panzer and 
Rhynchophorus ferrugineus (RPWf) Olivier (Coleoptera: 
Dryophthoridae). RPWf is one of the most notorious 
polyphagous insect pests that feed and breed on cultivated 
palms in many parts of the world [2, 4], thus, RPWf is 
known to be more invasive and destructive than RPWv 
[3, 5]. Currently, RPW can be managed using integrated 
control approaches. One of the approaches is by using 

pheromone traps. A few studies also recommend a 
combination of pheromone and food-based baits to 
increase catches [2]. Ethyl acetate (EA), a semiochemical 
has been reported to attract more adult weevils when used 
with a pheromone or food bait [1].
 At present, the application of the EA method is still new 
in Malaysia. Technological and commercial pheromone 
products available in the market are based on the total 
active ingredient (a.i.) of the chemicals. It is feared that 
they will attract more RPW to coconut-growing areas 
that are not within the hotspots. For that reason, this 
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new attractant product formulated by a combination of 
ethyl acetate (EA) and pineapple extract (thus is based 
on natural ingredients) was tested for RPW management 
in a coconut-planted area. Our study aimed to evaluate 
the effectiveness of EAP formulation in attracting RPW 
in coconut plantations which can be recommended for 
better control of and to eradicate the pest. 

Materials and Methods 

Preparation of Pineapple Extract and EAP 
Formulation 

 Fresh pineapples were cut into small pieces and ground 
up by using a grinder. One kilogram of the pineapple 
extract was cooked in a pot with 0.01% of preservative 
(sodium benzoate, food-grade), stirred until it turned 
to a brownish colour. The pineapple extract was then 
mixed with 4 L of propylene glycol (propane-1,2-diol, 
food-grade, 99.5%). The temperature was monitored 
regularly, and heating was stopped when it reached 75 °C. 
Next, the pineapple extract was pasteurised by double 
filtration with a clean muslin cloth and allowed to cool 
to room temperature. The pineapple filtrate was weighed. 
The cooled pineapple extract was then mixed with ethyl 
acetate at a ratio of 1: 1 (volume: volume) and stored in 
a container until use. 

Measuring the Level of Intriguing Aroma of EAP 
Formulation to RPWf Using an Olfactometer Set-
up in the Laboratory

 Different concentrations of the EAP formulation were 
prepared, namely, 25, 50 and 75%. The efficacy of these 
EAP concentrations to attract RPW adults was evaluated in 
a bioassay using an olfactometer. A five-arm olfactometer 
was set up. The vacuum pump was started for a few 
minutes to allow air flow to neutralise any remaining 
odour inside the olfactometer. Five ml of each of the 
three EAP concentrations, one commercial pheromone 
(positive control), and distilled water (negative control) 
were dropped onto cotton balls and placed separately 
into 100-ml odour chambers at the end of each arm. The 
vacuum pump was restarted and 40 RPWf adults were 
then released from the centre of the 300-mm diameter 
activity room. The RPWf adults were allowed to move 
towards the preferred odour chamber. The total number 
of RPWf which selected each treatment was recorded. 
The observations were carried out for 30 minutes, and 
replicated five times. 

Attraction Level Test of EAP Formulation in 
Coconut Plantations having RPW ‘Hotspots’ 

 The study was conducted at three hotspots in coconut 
plantations in Kelantan, Terengganu and Johor. Each 
location consisted of more than 100 trees in approximately 
one ha. The selected areas in Kelantan included Kota 

Bharu (Kg. Pulau Besar, GPS coordinates: 6.2092980, 
102.2445870), Pengkalan Chepa (Kg. Panchor, GPS 
coordinates: 6.140331, 102.310045) and Bachok (Kg. 
Melawi, GPS coordinates: 6.0188180, 102.4207030). 
Three selected locations in Terengganu included Marang 
(Kg. Kelulut, GPS coordinates: 5.173693, 103.226700), 
Kuala Nerus (Kg. Pengkalan Maras, GPS coordinates: 
5.429989, 103.068109) and Kuala Terengganu (Kg. 
Kepong, GPS coordinates: 5.269389, 103.077592). In 
Johor, the selected areas were Mersing (Jalan Air Papan, 
GPS coordinates: 2.516366, 103.833214), MARDI 
Pontian (GPS coordinates: 1.507730, 103.445663) 
and MARDI Kluang (GPS coordinates: 1.949393, 
103.365586). The three EAP concentrations from the 
above experiment were tested in the field together with 
a commercial pheromone and distilled water (control). 
RPWf traps (26 cm x 14 cm) were prepared and each was 
covered by a lid. A wire was fixed to the underside of the 
lid on a small knob to hold the different treatments used 
in the trap. Food bait was immersed into soap water inside 
each trap to prevent the trapped RPWf from climbing out 
of the trap. The experimental design was a randomised 
complete block design (RCBD) with four treatments, and 
replicated four times at each of the nine coconut planting 
areas. The distance between traps in each area was set at 
50 m. Each trap was tied with a steel wire to the coconut 
trunk (about 2 m from the ground surface). A total of 144 
traps were installed for a trapping period which spanned 
from the beginning of May 2020 until early August 
2021. The number of weevils caught in the traps was 
recorded monthly, and maintained throughout the study 
period to monitor the population and their activity. The 
data were transformed using the square root of x (√x) for 
normalisation before subjected to analysis of variance 
(ANOVA) to determine any difference between number 
of captured weevils among treatments using the Minitab 
Statistical Analysis System version 16. Tukey’s test (at 
p <0.05) was used to separate the means if the ANOVA 
results were significant.

Results and Discussion

Measuring the Level of Intriguing Aroma of EAP 
Formulation to RPWf Using an Olfactometer Set-
up in the Laboratory

 Results of the bioassays using the olfactometer 
(Figure 1) showed that the average number of adult RPWf 
attracted to the commercial pheromone and 50% EAP 
formulation was 20.9 ± 3.95 and 18.6 ± 5.77, respectively, 
but the difference is not statistically significant. This 
suggests that the EAP formulation has the potential to 
be used as an attractant to for RPWf. A few studies have 
recommended that a combination of pheromone and 
food-based baits can be used to increase catches [2].



267

Attraction Level Test of EAP Formulation in 
Coconut Plantations having RPW ‘Hotspots’ 

 The mean number of RPWf trapped using the 50% 
EAP 50% formulation was found to at the highest levels 
in May and June 2021 (4.90 ± 1.08 and 4.98 ± 1.06, 
respectively) compared to the commercial pheromone 
(4.16 ± 0.67 and 4.89 ± 1.24, respectively) (Figure 2). 
Although the commercial pheromone recorded the highest 
average number of RPWf attracted (55 ± 5.00) over the 
whole study period, exceeding the average numbers for the 
50% EAP formulation (39.18 ± 8.16), the two treatments 
did not show a significant difference (p >0.05); their 
average numbers were significantly higher than those of 
the 75% EAP formulation and the control (Figure 3).
 Figure 4 shows that the highest mean number of 
RPWf attracted (42 ± 5.00) was recorded in Kg. Pulau 

Figure 1. Total numbers ± SE of RPWf attracted to different treatments in an olfactometer within 30 minutes

Besar, followed by Kg. Kelulut (35 ± 9.57), while the 
lowest value of catches (3 ± 0.00) was in Kluang. The 
effectiveness of the RPWf attractants also depended on 
the temperature and the rainfall distribution at all the 
locations. This can be seen from October to December 
2020 which the number of RPWf catches decreased 
(Figure 2), coinciding with the rainy season.

Conclusion

 The combination of pineapple extract with EA 
can reduce volatilisation of EA, thus improving the 
functionality of the formulation as a RPW attractant. Thus, 
this new EAP formulation has potential to be used by the 
Department of Agriculture (DOA) for monitoring and 
control of RPW in coconut-growing areas, substituting 
commercial pheromones. 

Figure 2. Mean numbers ± SE number of RPWf adults attracted by different treatments by month/year
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Abstract

	 Genotype	evaluation	for	stability,	and	identification	of	high-yielding	rice	is	an	important	factor	for	sustainable	rice	
production	and	food	security.	These	trials	are	essential	especially	when	the	objectives	are	to	evaluate	the	performance	
of	 rice	varieties	across	different	environments,	 to	assess	 their	G	×	E	 interactions,	 and	 to	 identify	 the	most	 suitable	
varieties	for	each	mega	environment	through	the	yield	stability	and	adaptability	analysis	by	using	the	AMMI	and	GGE	
models.	This	study	was	conducted	to	investigate	G	×	E	interaction	over	11	environments	across	Peninsular	Malaysia	
for	yield	stability	of	nine	promising	rice	varieties	with	two	popular	check	varieties	during	Off	Season	2019	and	Main	
Season	2019/2020.	The	experiment	was	laid	out	in	RCBD	with	three	replications.	Data	across	locations	and	seasons	
were	analysed	using	SAS	software	and	multivariate	stability	analysis	of	the	AMMI	and	GGE	models.	The	combined	
analysis	of	variance	indicated	significant	effects	of	due	to	environment,	and	significant	G	×	E	interactions	on	grain	
yield.	MR	333	showed	the	highest	average	yield	(6.33	t/ha),	followed	by	MR	338	(6.17	t/ha),	MR	339	(6.16	t/ha)	and	
MR	336	(5.96	t/ha),	while	the	rest	of	the	varieties	showed	low	average	yields	compared	to	the	check	variety,	MR	297	
(5.93	t/ha).	Analyses	using	AMMI	and	GGE	Biplot	models	showed	that	MR	332,	MR	333,	and	MR	335	were	stable	
genotypes	and	had	general	adaptation,	while	 the	other	varieties	appeared	 to	be	specifically	adapted	 to	 the	different	
environments.	

Keywords:	Adaptability,	AMMI,	genotype	×	environment	interaction,	GGE	biplot,	rice	stability
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Introduction

	 The	 general	 rice-breeding	 scheme	 includes	 testing	
a	 number	 of	 genotypes	 at	 different	 stages,	 and	 then	
evaluating	 selected	 genotypes	 at	 multiple	 locations.	
Information	on	genotype	×	environment	interactions	lead	
to	 successful	 selection	 of	 stable	 genotype,	 which	 can	
then	be	used	for	general	cultivation.	Yield	is	a	complex	
quantitative	 character,	 and	 it	 is	 highly	 influenced	 by	
changes	 in	 the	 environment.	 Thus,	 selecting	 superior	
genotypes	based	on	yield	at	 a	 single	 location	 in	a	year	
may	 not	 be	 remarkably	 successful.	 Stability	 output	 for	
yield	 is	 an	 essential	 part	 of	 any	 breeding	 programme	
during	the	process	of	evaluating	genotypes	under	different	
environmental	 situations.	 A	 considerable	 number	 of	
methods	 for	 analysing	 genotype	 interactions	 between	

the	environments	and	phenotypic	adaptability	have	been	
developed.	 The	 key	 additive	 effect	 and	 multiplicative	
interaction	 model	 (AMMI)	 is	 commonly	 used	 in	 the	
statistical	 analysis	 of	 all-environment	 genotype	 studies	
[1].	 Therefore,	 the	 present	 study	 was	 undertaken	 to	
evaluate	the	performance	of	rice	varieties	across	different	
environments,	 to	 assess	 their	 G	 ×	 E	 interactions,	 and	
to	 identify	 the	 most	 suitable	 varieties	 for	 each	 mega	
environment	through	the	yield	stability	and	adaptability	
analysis	by	using	the	AMMI	and	GGE	models.
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Materials And Methods

Experimental Design

	 A	 total	 of	 nine	 potential	 varieties	 and	 two	 control	
varieties	were	used	in	the	study.	The	trials	were	conducted	
at	 11	 different	 locations	 in	Peninsular	Malaysia	 during	
Off	Season	2019	(OS2019)	and	Main	Season	2019/2020	
(MS19/20)	(Table 1).	The	experiment	was	carried	out	in	a	
Randomised	Complete	Block	Design	(RCBD)	with	three	
replications.	The	crops	were	harvested	at	85%	maturity	
by	harvesting	one	sample	quadrate	of	3	m	x	3	m	per	plot.	
After	drying	the	seeds	to	a	moisture	content	of	14%,	the	
dry	 seeds	were	weighed	 for	 dry	 yield	 estimation,	 then	
converted	into	t/ha.	

Data Collection and Statistical Analysis

	 Data	 for	 all	 the	 traits	 were	 recorded	 based	 on	 the	
Standard	Evaluation	System	(SES)	of	IRRI	for	rice	[2],	
and	subjected	to	analysis	of	variance	using	SAS	software.	
For	genotype	stability	analysis	two	models	were	applied:	
Additive	Main	Effect	Multiplicative	Interactions	(AMMI)	
and	Genotype	main	effects	plus	genotype	×	environment	
interaction	(GGE)	biplot.

Results And Discussion

Combined Analysis of Variance

	 Results	of	the	combined	analyses	of	variance	on	the	
parameters	revealed	highly	significant	(p	<0.01)	variation	
in	main	effects	such	as	genotype	(G),	environment	(E)	and	
genotype	×	environment	(G	×	E)	(Table 2).	The	significant	
G	 ×	 E	 interaction	 effects	 revealed	 that	 the	 genotypes	
responded	differently	 to	 the	variation	 in	 environmental	
conditions,	thus	yield	performance	of	the	genotypes	varied	
in	 according	 to	 the	different	 locations.	The	genotype	×	
environment	 ×	 season	 interactions	were	 significant	 for	
all	the	parameters	except	for	panicle	length.

Yield Performance among Varieties

	 Yield	 performance	 in	 each	 location	 is	 presented	 in	
Table 3.	 It	 may	 be	 seen	 that	 all	 the	 varieties	 adapted	
differently	across	locations.	Mean	yield	of	the	11	varieties	
ranged	from	5.39	t/ha	(in	MR	253)	to	6.33	t/ha	(in	MR	
333).	All	the	varieties	performed	well	at	Penaga	and	Arau,	
and	moderately	well	at	Sanglang,	Titi	Serong,	Simpang	
Lima,	Sungai	Besar,	Mulong	and	Teratak	Pulai.	On	the	
other	hand,	Bukit	Mertajam,	Pendang	and	Felcra	recorded	
the	lowest	average	yield	among	the	locations.	In	this	study,	
except	for	MR	333	which	ranked	first	in	five	environments	
(Penaga,	Bukit	Mertajam,	Titi	Serong,	Felcra	and	Sungai	
Besar),	different	varieties	produced	their	highest	yield	in	
different	environments.

Stability and Adaptability Analysis using AMMI 
Model

	 The	AMMI	biplot	mean	×	IPCA	1	(Figure 1A)	showed	
that	genotypes	G4,	G10	and	G9	performed	better	in	their	
recorded	yields	which	were	 above	 the	 overall	 average.	
Meanwhile,	G6,	G5,	G8	and	G1	had	lower	mean	recorded	
yields	than	the	overall	average	yield	(Figure 1A).	Based	
on	 the	 AMMI	 1	 biplot,	 genotypes	 G9,	 G10,	 G2	 and	
G4	were	 slightly	 stable	 as	 shown	 their	 plot	 points	 are	
located	closer	to	the	IPCA	value	0.	Overall,	the	optimum	
environment	was	E6,	followed	by	E9	and	E11	which	are	
closer	 to	 the	 IPCA	 value	 0	 and	 had	 high	mean	 yields.	
These	 environments	 showed	 G	 ×	 E	 variation,	 and	 are	
therefore	 suitable	 for	 phenotypic	 selection.	 Genotype	
specifications	according	 to	environment	can	be	defined	
when	IPCA	1	is	plotted	against	IPCA	2,	as	presented	in	
AMMI	2	biplot	(Figure 1B).
	 The	 stability	 of	 a	 variety	 or	 an	 environment	 is	
determined	by	the	endpoint	of	its	vector	from	the	origin	
(0,0)	 (Figure 1B).	 Varieties	 near	 the	 origin	 are	 non-
sensitive	to	an	environmental	interactive	force	and	may	
be	considered	as	stable	varieties;	however,	those	distant	
from	the	origin	are	sensitive	and	have	large	interactions.	
Environment	E6	can	be	considered	the	most	productive	
as	 it	 recorded	 higher	 mean	 yields,	 and	 showed	 stable	
performance	 as	 indicated	 by	 being	 nearest	 the	 IPCA	
value	0,	i.e.,	similar	to	the	results	in	the	AMMI	1	biplot.	
Environments	E1	and	E7	also	recorded	high	mean	yields,	
but had	 unstable	 environments	 as	 they	 were	 located	
farthest	from	the	IPCA	centre	(AMMI	1	biplot).	AMMI	
2	biplot	showed	G4	had	general	adaptability	and	a	yield	
which	was	above	the	overall	average.	However,	variety	
G2	 showed	unstable	performance,	 and	was	 specifically	
adapted	to	E3,	while	G10	performed	well	at	E9.	G9	and	
G7	were	unstable	as	they	were	far	from	the	point	of	origin,	
and	were	specifically	adapted	to	E1.	In	summary,	a	stable	
variety	might	not	be	the	highest	yielding.
	 The	 GGE	 biplot	 of	 the	 which-won-where	 pattern	
(Figure 1C)	 indicated	 the	 polygon	 was	 divided	 into	 6	
sectors,	implying	that	the	cross-over	interactions	between	
environment	and	the	existing	of	G	×	E	interaction	affected	
yield.	Each	sector	represents	vector/winning	genotypes,	
indicating	either	the	best	or	worst	performing	genotype	
for	yield.	According	to	the	GGE	biplot	which-won-where	
polygon,	G7	was	defined	as	the	winning	genotype	for	a	
sector	represented	by	environment	E1,	indicating	that	G7	
performed	better	and	was	suitable	for	the	location	at	Arau.	
Vector	genotype	G4	was	a	suitable	genotype	in	the	sector	
represented	by	the	environments	E3,	E2,	E4,	E6	and	E11.	
In	other	words,	G4	was	suitable	for	the	locations	Felcra,	
Bukit	Mertajam,	Mulong,	Penaga,	and	Titi	Serong.	Vector	
genotype	G1	was	responsive	to	environment	E5,	whereas	
vector	G9	was	the	winning	genotype	in	the	environments	
E10,	E9	and	E8.	Meanwhile,	other	vectors	which	were	
not	 represented	with	 any	 environment	were	 performed	
poorly	for	the	yield	trait.	
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Table 1.	List	of	rice	varieties	and	location	trials

Control	varieties Potential	Rice	Varieties Locations
MR	253,	MR	297 MR	332,	MR	333,	MR	334,	MR	335,	

MR	336,	MR	337,	MR	338,	MR	339,	
MR	341

Penaga	(PN),	Bukit	Mertajam	(BM),	Pendang	(PD),	Arau	(AR),	
Sanglang	 (SG),	 Titi	 Serong	 (TS),	 Felcra	 (FL),	 Simpang	 Lima	
(SL),	Sungai	Besar	(SB),	Sungai	Besar	(SB),	Mulong	(ML)	and	
Teratak	Pulai	(TP)

Table 2. Combined	analysis	of	variance	on	parameters	for	mega	environments

Source DF YLD MAT CULHT NOP PL FGP TGW
Environment	(E) 10 88.3** 1493.0** 3690.2** 380.3** 401.8** 16151.2** 306.2**
Rep	(E*Y) 44 1.6** 13.8** 45.8** 15.9** 2.1 410.0** 4.86**
Season	(Y) 1 2.2 12914.4** 89.0** 77.5** 409.4** 2357.3** 12.8*
E*Y 10 48.6** 1354.9** 2508.9** 323.1** 142.4** 7621.1** 35.2**
Genotypes	(G) 10 6.0** 468.4** 1379.6** 114.6** 62.3** 4856.1** 192.7**
G*E	Interaction	 100 1.3** 26.7** 17.4** 9.2** 5.3** 512.1** 3.8*
Y*G 10 1.7** 16.6** 38.7** 10.8 18.4** 546.0** 8.9**
E*Y*G 100 1.0** 13.2** 15.3** 7.8* 6.2 491.3** 3.6*
Error 440 0.6 2.3 9.7 6.0 2.3 220.2 2.7
Total 725
Remark:	*=	significant	p	value	<0.05,	**=	significant	p	value	<0.01,	DF	=	Degree	of	 freedom,	YLD	=	Yield,	MAT	=	Maturation	days,	
CULTH	=	Culm	height,	NOP	=	Number	of	panicles/plants,	PL	=	Panicle	length,	FGP	=	Filled	grain/panicle,	TGW	=	Thousand-grain	weight

Table 3. Yield	performance	of	11	rice	varieties	tested	across	11	environments	in	Peninsular	Malaysia

Variety PN BM PD AR SG TS FL SL SB ML TP Average
MR332 7.41 4.06 4.04 7.23 5.99 6.23 4.19 6.05 6.18 5.69 5.96 5.73
MR333 8.40 5.07 3.93 6.52 6.19 7.05 5.46 6.57 7.37 6.47 6.62 6.33
MR334 7.37 4.30 3.59 6.15 5.87 6.44 4.34 6.77 6.58 5.69 5.76 5.71
MR335 7.16 4.19 3.95 6.41 5.36 5.81 4.12 6.18 6.02 5.44 5.59 5.48
MR336 8.13 4.24 3.39 7.98 6.37 6.50 4.07 6.03 6.06 6.25 6.54 5.96
MR337 7.19 4.40 3.64 6.01 5.35 6.13 3.97 6.35 6.67 5.92 5.84 5.59
MR338 7.82 4.64 3.44 7.83 6.76 6.59 5.37 6.10 6.18 6.36 6.78 6.17
MR339 8.10 4.55 3.44 7.18 6.04 6.61 4.55 7.56 6.86 6.48 6.41 6.16
MR341 7.43 3.94 3.59 7.66 5.95 5.92 3.92 6.61 6.40 5.91 5.95 5.75
MR253 7.32 3.87 3.95 4.34 5.61 5.58 5.12 5.52 7.14 5.55 5.32 5.39
MR297 7.97 4.19 4.25 6.19 5.81 6.87 5.37 5.92 6.56 6.09 6.00 5.93
Note:	PN	=	Penaga,	BM	=	Bukit	Mertajam,	PD	=	Pendang,	AR	=	Arau,	SG	=	Sanglang,	TS	=	Titi	Serong,	FL	=	Felcra,	SL	=	Simpang	Lima,	
SB	=	Sungai	Besar,	ML	=	Mulong,	TP	=	Teratak	Pulai

	 Based	 on	 mean	 yield	 vs	 stability	 (Figure	 1D),	 the	
Average	Environment	Coordinator	(AEC)	line,	that	passes	
through	 the	 biplot	 centre	 with	 an	 arrow	 indicating	 the	
positive	end	of	the	axis,	ranked	the	genotypes	based	on	
their	 mean	 performance	 across	 environments.	Average	
yield	 of	 the	 varieties	was	 estimated	 by	 the	 projections	
of	 their	 markers	 to	 the	AEC	 X-axis.	 Thus,	 genotypes	
with	 higher	 yields	 were	 ranked	 G4>G9>G10>G7>G2.	
The	stability	of	the	variety	is	measured	by	the	project	of	
its	line	into	the	AEC	Y-axis.	The	most	stable	genotypes	
and	complemented	with	high	yield	production	were	G10,	
G9,	G4,	and	G2,	whereas	G7	was	among	the	genotypes	

with	 a	 high	 yield	 but	 responsive	 to	 GEI	 as	 shown	 by	
its	 longer	 spoke	 from	 the	Average	Environmental	Axis	
(AEA).	AMMI	1	and	AMMI	2	biplots	also	showed	that	
G7	 responded	 to	 environment	 E1,	 and	 the	 result	 is	 in	
agreement	 with	 the	 GGE	 biplot.	 G9	 showed	 a	 higher	
yield	 compared	 to	 the	other	varieties	 (AMMI	1	biplot)	
but	was	 unstable	 and	 specifically	 adapted	 to	E8,	while	
G10	also	performed	well	and	was	specifically	adapted	to	
E9	(AMMI	2	biplot).	
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Conclusion

	 It	 is	concluded	 that	among	 the	eleven	varieties,	MR	
333	showed	the	highest	yield	with	an	average	of	6.33	t/
ha,	followed	by	MR	338	(6.17	t/ha),	MR	339	(6.16	t/ha)	
and	MR	336	(5.96	t/ha).	There	were	significant	genotype	
x	environment	interactions	for	the	parameters.	However,	
biplot	 analysis	 revealed	 that	 MR	 332,	 MR	 333,	 and	
MR335	 were	 stable	 varieties	 while	 the	 other	 varieties	
were	specifically	adapted	to	different	environments.	
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Abstract

	 Released	quality	rice	varieties,	MRQ	74,	MRQ	98	and	MRQ	104,	were	analysed	for	antioxidant	and	scavenging	
activities	in	the	polished	and	unpolished	(together	with	bran)	forms.	Samples	were	analysed	for	their	Total	Polyphenol	
Content	 (TPC)	 and	 DPPH	 (2,	 2-diphenyl-1-picrylhydrazyl).	 Upon	 quantification	 of	 TPC	 and	 DPPH,	 a	 significant	
difference	(p	<0.05)	was	observed	in	the	activities	between	the	samples.	Polished	and	unpolished	rice	showed	wide	
differences	in	values	of	TPC	and	DPPH	collectively,	and	in	each	variety,	suggesting	that	the	presence	of	other	chemical	
compounds	in	rice	plays	significant	roles	in	the	expression	of	scavenging	activity	and	their	respective	phenolic	content.	
Further	analysis	of	gamma	oryzanol	content	in	the	respective	samples	over	different	extraction	periods	showed	a	24-
hour	extraction	produced	more	stable	contents.	Results	also	showed	that	the	unpolished	samples	had	a	higher	content	
of	 oryzanol	 compared	 to	 polished	 and	 parboiled	 samples,	 suggesting	 the	 presence	 of	 gamma	oryzanol	 in	 the	 bran	
layer in	of	all	the	rice	samples.	These	findings	constitute	the	first	report	on	the	phytochemical	profiling	of	rice	from	
these	local	varieties,	and	will	facilitate	a	deeper	understanding	to	develop	the	right	processing	techniques	to	ensure	
the	stability	of	phytochemicals	in	rice	during	post-harvest.

Keywords: Bran,	gamma	oryzanol,	rice,	Total	Polyphenol	Content	(TPC)	and	DPPH	(2,	2-diphenyl-1-picrylhydrazyl)
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Introduction 

	 Rice	(Oryza sativa	L.)	is	a	major	source	of	nourishment	
for	 the	 world’s	 population,	 especially	 in	 Asia.	 World	
production	 of	 rice	 is	 estimated	 at	 around	 750	 million	
tonnes	 [1],	 equivalent	 to	 that	 of	wheat.	Rice	 is	 rich	 in	
many	nutrient	components,	which	include	carbohydrates,	
proteins,	certain	fatty	acids	and	micronutrients	(vitamins	
and	trace	minerals).	It	is	also	a	source	of	many	bioactive	
non-nutrient	compounds	known	as	antioxidants,	including	
phenolic	compounds	found	in	the	grain	[2].	Thus,	it	will	
be	 useful	 to	 collect	 information	 to	 build	 up	 important	
databases	 on	 our	 locally	 varieties	 in	 order	 to	 further	
analyse	the	respective	bioactive	compounds.	The	current	
objective	of	this	study	was	to	determine	the	antioxidant	
activities	 of	 polished	 and	 unpolished	 rice,	 as	 well	 as	
gamma	oryzanol	in	selected	locally	planted	rice	varieties.

Materials and Methods

Rice and Sample Preparation

	 Released	 quality	 rice	 varieties,	 MRQ	 74,	 MRQ	 98	
and	MRQ	104,	were	used	in	the	study.	All	 the	samples	
were	 polished	 for	 60	 seconds,	 and	 then	 packed	 and	
stored	at	5	ºC.	Extraction	was	carried	out	on	the	ground	
rice	 samples	 and	 on	 rice	 bran	 using	 ethanol	 in	 a	 ratio	
of	 1:	 20	 (w/w).	 Parboiled	 rice	 samples	 were	 prepared	
by	hydrothermal	 treatment	applied	to	rough	rice	before	
milling.

Determination of Total Phenolic Content (TPC)

	 Total	 phenolics	 in	 all	 the	 samples	 was	 determined	
by	 the	 Folin-Ciocalteau	 assay,	 using	 gallic	 acid	 as	 the	
standard	 phenolic	 compound	 [3,4].	Absorbance	 of	 the	
reaction	mixture	was	measured	at	765	nm	against	distilled	
water	as	a	blank	solution.	TPC	was	expressed	as	mg	Gallic	
Acid	Equivalent	(mg	GAE/g	dry	weight).	
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DPPH Free Radical Scavenging Assay (DPPH)

	 This	 spectrophotometric	 assay	 uses	 stable	DPPH	 as	
a	 reagent,	 according	 to	 a	 slightly	 modified	 method	 of	
[5].	The	absorbance	was	read	against	a	blank	at	517	nm.	
The	percentage	of	inhibition	of	free	radical	DPPH	by	the	
extracts	was	calculated	as	follows:	

Inhibition	(%)	=	(A	blank–	A	sample/	A	blank)	x	100

where	A	 blank	 is	 the	 absorbance	 of	 the	 control	 reaction	
(containing	all	reagents	except	the	test	compound),	and	
A	sample	is	the	absorbance	of	the	test	compound.	

Determination of Gamma Oryzanol

	 Gamma-oryzanol	analysis	[6,7]	was	performed	using	
an	 Agilent	 HPLC	 series	 1200	 (Agilent,	 Waldbronn,	
Germany).	 The	 mobile	 phase	 consisted	 of	 methanol:	
isopropanol:	 ethyl	 acetate	 (at	 47.5:40.0:	 12.5	 v/v).	The	
UV	detection	wavelength	was	set	at	330	nm.	(Figure 1)	

Statistical Analysis 

	 Each	 of	 the	 measurements	 described	 above	 was	
conducted	in	triplicate	and	the	mean	data	±	SD	(standard	
deviation)	 were	 reported.	 The	 data	 were	 statistically	
analysed	using	the	Statistical	Analysis	Software	(SAS).

Results and Discussion

	 Upon	quantification	of	TPC	and	DPPH,	a	significant	
difference	 (p <0.05)	 was	 observed	 between	 polished	
and	 unpolished	 rice	 and	 bran	 samples	 of	 the	 varieties,	
indicating	 the	 variety	 with	 bran	 that	 had	 more	 free	
phenolic	 compounds.	 Polished	 and	 unpolished	 rice	
(Table 1)	 showed	 wide	 differences	 in	 values	 of	 TPC	
and	 DPPH	 collectively,	 as	 well	 as	 in	 each	 variety,	
suggesting	 the	 presence	 of	 other	 chemical	 compounds	
in	rice	play	significant	roles	in	expression	of	scavenging	
and	 antioxidant	 activities,	 other	 than	 phenolic	 content.	

Total	 antioxidant	 range	depends	on	 the	 type	of	 solvent	
used,	extraction	time	and,	most	importantly,	the	sample,	
because	each	variety	has	its	own	behaviour	and	respective	
flavonoids	which	contribute	to	antioxidant	activities.	
	 The	result	shows	TPC	content	was	lower	in	polished	
rice	 than	 in	 unpolished	 rice.	 This	 could	 be	 due	 to	
unpolished	rice	still	having	the	bran	layer	which	is	high	
in	 crude	 phenolics.	 From	 another	 perspective,	 over-
estimation	of	TPC	content	can	also	be	the	reason	for	the	
high	TPC	values	compared	to	DPPH.	In	this	study,	crude	
extracts	were	used	for	the	analyses,	and	other	compounds	
they	 contain,	 such	 as	 vitamins,	 amino	 acids,	 proteins,	
carbohydrates,	 organic	 acids,	 inorganic	 ions	 and	metal	
complexes,	 are	 significantly	 reactive	 with	 the	 Folin-
Ciocalteu	reagent.	This	can	be	the	reason	for	the	high	TPC	
content	compared	to	DPPH.	A	few	other	factors	also	can	
also	contribute	to	the	TPC	and	DPPH	readings:	a)	type	of	
phenols	present	(i.e.,	bound,	free	or	conjugated	form),	and	
b)	 the	bioavailability	of	antioxidants	 for	 reaction;	most	
antioxidants	in	rice	exist	in	three	forms, i.e.,	soluble-free,	
soluble-conjugated	and	insoluble	[2,8,9].	
	 Analysis	 of	 gamma	 oryzanol	 (Table 2)	 in	 samples	
from	 different	 extraction	 hours	 indicated	 that	 the	 24-
hour	 extraction	 period	 was	 needed	 for	 the	 removal	 of	
bran-bound	 gamma	 oryzanol	 in	 rice	 samples.	 Thus,	
for	 further	 analysis	 of	 the	 samples	 for	 their	 respective	
gamma	 oryzanol	 content,	 the	 24-hour	 extraction	 was	
adopted.	Table 3	shows	that	the	unpolished	rice	samples	
had	 the	highest	gamma	oryzanol	content,	 ranging	from	
102.0	–	141.6	ug/g,	compared	to	the	polished	samples	and	
parboiled	rice.	The	polishing	and	whitening	steps	clearly	
reduced	40	–	94%	of	gamma	oryzanol	 content	 in	 each	
selected	sample.	Gamma-oryzanol	is	mainly	composed	of	
esters	of	trans-ferulic	acid	with	phytosterols	(sterols	and	
triterpenic	alcohols),	and	rice	bran	is	the	main	source	of	
oryzanol.	The	results	clearly	show	that	unpolished	rice	still	
commanded	a	higher	content	of	gamma	oryzanol	as	well	
as	 total	polyphenols,	and	further	processing	of	samples	
reduced	the	presence	of	the	phenolic	compounds	[10,11].	

Figure 1. Standard chromatogram of γ –oryzanol for a calibration curve at 330 nm
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Table 1.	Antioxidant	activities	of	polished	rice,	unpolished	rice	and	rice	bran	from	selected	locally	planted	varieties

Sample Antioxidant	Activity %	Difference
Polished Unpolished Bran

MRQ	74
TPC 32.33	±	0.94c 46.84	±	4.04b 228.82	±	2.28a 44.8
DPPH 56.13	±	0.55b 19.80	±	0.46c 96.52	±	0.33a (64.7)

MRQ	98
TPC 88.41	±	2.18c 199.92	±	3.77b 425.02	±	2.41a 126.1
DPPH 87.67	±	0.06a 86.59	±	0.09a 84.44	±	0.13a (1.2)

MRQ	104
TPC 37.60	±	1.97c 222.97	±	5.33a 226.94	±	2.25a 493.0
DPPH 86.62	±	0.29ab 57.86	±	0.65c 96.09	±	0.10a (33.2)

Data	are	expressed	as	means	±	SD	of	triplicate	measurements,	and	means	bearing	different	alphabets	indicate	statistical	significance	
among	the	data	(p	<0.05)	on	each	variety	and	respective	analysis.	Differences	are	in	percentages	(%	differences)	between	polished	and	
unpolished	rice.	Values	in	brackets	indicate	losses	of	radical	scavenging	activity	in	the	unpolished	samples

Table 2.	 Oryzanol	content	in	unpolished	and	polished	rice	samples	of	different	varieties	(MRQ	
74	and	MRQ	104)	at	different	extraction	times	(hours)

Rice	variety Polished Unpolished
1	hour 24	hours 1	hour 24	hours

MRQ	74 13.80	±	0.25 14.81	±	0.71 67.20	±	2.85 103.24	±	2.52
MRQ	104 5.8	±	0.63 6.1	±	0.22 59.72	±	1.10 102.0	±	1.70

*Data	are	shown	as	mean	±	standard	deviation	(n	=	3)

Table 3.	Oryzanol	content	(ug/g)	in	unpolished, polished	and	parboiled	rice	samples
MRQ74 MRQ	98 MRQ	104

Unpolished	rice 141.6	±	5.9 131.6	±	6.0 102.0	±	1.7
Polished	rice 13.5	±	1.1

(-90%)
9.0	±	1.0
(-93.2%)

6.1	±	0.2
(-94.0%)

Parboiled	rice 13.1	±	1.4
(-90.7%)

74.2	±	2.7
(-43.6%)

13.3	±	0.3
(-87.0%)

*Data	 are	 shown	 in	means	 ±	 standard	 deviation	 (n	 =	 3).	 Percentage	 (%)	 indicate	 the	 loss	 of	 gamma	
oryzanol	compared	to	unpolished	rice

Conclusion

	 The	current	study	showed	that	the	antioxidant	activities	
in	 polished	 and	 unpolished	 rice	 had	 vast	 differences,	
probably	 linked	 to	 nature	 of	 their	 respective	 active	
compounds.	 	 These	 findings	 constitute	 the	 first	 report	
on	 the	phytochemical	profiling	of	 rice	 from	 three	 local	
varieties,	and	will	facilitate	better	understanding	to	help	
in	 the	 development	 of	 the	 right	 processing	 techniques	
to	ensure	 the	stability	of	phytochemicals	 in	 rice	during	
post-harvest	handling.
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Abstract

	 Most	conventional	insecticides	in	the	market	are	ineffective	in	controlling	the	rice	stem	borer.	Many	countries	have	
reported	 that	 the	 leading	cause	contributing	 to	 the	high	population	of	and	severe	 infestation	by	pests	 in	 the	field	 is	
insecticide	resistance.	Hence,	it	is	important	to	monitor	the	occurrence	of	insecticide	resistance	in	the	rice	stem	borer.	The	
susceptibility	baseline,	which	is	one	of	the	factors	used	in	calculating	resistance	ratios,	was	used	to	determine	insecticide	
resistance.	Three	groups	of	insecticides;	two	from	the	diamide	and	one	from	the	phenylpyrazole	group,	as	exemplified	
by	chlorantraniliprole	5SC,	flubendiamide	20	WG	and	fipronil	5SC,	respectively,	are	the	common	insecticides	used	in	
Malaysia	to	control	rice	stem	borers,	which	include	the	black-headed	stem	borer,	Chilo polychrysus.	Therefore,	this	
study	was	aimed	to	at	determining	the	susceptibility	baselines	of	fipronil,	flubendiamide	and	chlorantraniliprole	as	an	
initiative	for	the	monitoring	of	insecticide	resistance	in	C. polychrysus.	A	seedling	dip	bioassay	method	was	adopted	
to	determine	the	susceptibility	baselines	by	evaluating	the	lethal	concentration	(LC50)	value	of	the	three	conventional	
insecticides.	The	results	showed	that	LC50	for	fipronil	was	16.12	mg/L,	followed	by	chlorantraniliprole	(43.25	mg/L)	
and	flubendiamide	(76.43	mg/L).	The	LC50	value	of	fipronil	was	significantly	different	from	that	of	flubendiamide	but	
not	from	that	of	chlorantraniliprole.	As	the	LC50	value	went	 lower,	 the	more	toxic	was	the	insecticide	that	affected	
the	rice	stem	borer.	Fipronil	showed	the	lowest	LC50	of	the	susceptibility	baseline	value,	requiring	the	least	amount	
of	insecticide	to	control	C. polychrysus.

Keywords: insecticide	in	rice,	insecticide	resistance,	rice	pest,	stem	borer,	susceptibility	baseline

Proceedings	of	MARDI	Science	and	Technology	Exhibition	(2021):	276	–	278

Introduction

	 Rice	 stem	 borer,	 Chilo polychrysus	 Walker	
(Lepidoptera:	 Pyralidae),	 is	 an	 important	 rice	 pest	 in	
Asia,	including	Malaysia	[1].	The	stem	borer	infests	the	
paddy	plants	 from	the	vegetative	until	 the	reproductive	
stage.	 The	 larvae	 bore	 into	 the	 paddy	 stem	 and	 cause	
deadhearts	 during	 the	 vegetative	 stage	 and	whiteheads	
during	the	reproductive	stage.	The	damage	caused	by	the	
rice	stem	borer	contributes	to	significant	yield	loss	[2].	In	
Malaysia,	the	damage	has	become	more	severe	as	reported	
by	[3],	where	1127	out	of	a	total	of	4584	hectares	were	
affected	by	rice	stem	borer	infestation	in	Seberang	Perak.	
A	total	of	800	farmers	were	burdened	with	yield	loss	and	
unrealised	incomes.	Control	of	the	rice	stem	borer	using	
chemical	 insecticides	 has	 become	 popular	 among	 the	
farmers	because	it	produces	an	immediate	effect,	is	more	
practical,	and	there	is	abundant	choice	of	insecticides	in	
the	market	[4].	The	heavy	application	of	insecticides	in	

the	field	has	gone	beyond	the	recommended	dose.	This	
has	resulted	in	many	problems,	including	the	economy,	
health,	environmental	pollution,	and	even	the	development	
of	insecticide	resistance	in	the	insect	body	as	mentioned	
by	 [5].	 The	 development	 of	 insecticide	 resistance	 in	
some	 insects	decreases	 insecticide	efficacy	[6].	Thus,	a	
study	on	the	development	of	resistance	to	insecticide	in	a	
susceptible	rice	stem	borer	population	was	initiated	as	a	
part	of	monitoring	for	insecticide	resistance.	A	susceptible	
population	with	uniform	resistance	status	to	the	insect	pest	
promises	 a	 non-biased	 result	 and	 is	more	 precise.	The	
lethal	concentration	(LC50)	of	certain	insecticides	reflects	
the	susceptibility	baseline	of	the	insecticides.	Therefore,	
this	study	was	performed	to	determine	the	susceptibility	
baseline	of	selected	insecticides	against	the	black-headed	
stem	borer,	Chilo polychrysus	in	the	glasshouse.
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Materials and Methods

Insect Sampling and Rearing 

	 The	 third	 instar	 larvae	 of	 C. polychrysus	 were	
obtained	from	glasshouse	rearing	for	bioassay	purposes.	
The	 individual	 number	 of	 head	 capsules	 in	 the	 paddy	
stems	showed	the	number	of	instar	stages	of	the	larvae.	
The	 insects	were	collected	 from	a	 rice	plot	 in	MARDI	
Seberang	Perai,	Penang,	Malaysia,	using	a	sweep	net	for	
the	adults	and	handpicking	for	the	larvae,	and	were	reared	
in	the	glasshouse	for	ten	generations.	The	methodology	
followed	in	the	present	study	was	adapted	from	[7,	8].	This	
study	was	conducted	in	glasshouse	cages	at	temperatures	
ranging	 from	 29	 to	 32	 °C	 and	 relative	 humidity	 from	
65	 to	 81%	 [8].	The	 host	 plants	 used	were	 of	 the	TN1	
(Taichung	Native	1)	 rice	variety	when	 they	 reached	25	
cm	in	height	(Wu	2014),	or	were	approximately	30	days	
old.		The	plants	were	placed	in	a	cage	(34	cm	(L)	x	20	
cm	(W)	x	24	cm	(H))	to	prevent	pest	infestation.	

Insecticide Preparation

	 All	 the	 insecticides	 were	 purchased	 from	 the	 local	
market	 in	 Kepala	 Batas,	 Penang.	 Three	 conventional	
insecticides	with	different	active	ingredients	were	chosen.	
Two	of	the	insecticides	were	from	the	diamide	group	and	
one	from	the	phenylpyrazole	group.	The	following	three	
insecticides	listed	with	their	maximum	label	rates	were	
tested	as	the	formulated	materials:	(1)	chlorantraniliprole	
5SC	(DuPont	Crop	Protection,	5%	of	active	ingredients,	
95%	 of	 inert	 materials	 of	 suspension	 concentrate),	 9	
ml	 (AI)/10	 L,	 (2)	 flubendiamide	 20WG	 (Agriculture	
Chemicals	 (M)	 Sdn.	 Bhd.,	 20%	 of	 active	 ingredients,	
80%	of	inert	materials	of	wettable	granule),	5.4	g	(AI)/10	
L,	 and	 (3)	 fipronil	 5SC	 (Bayer	 Crop	 Science,	 5%	 of	
active	ingredients,	95%	of	inert	materials	of	suspension	
concentrate),	 10	 ml	 (AI)/10	 L.	 Each	 insecticide	 was	
prepared	 in	 the	 volume	 of	 250	 ml	 at	 four	 different	
concentrations:	0.5x,	x,	1.5x	and	2.0x,	where	x	was	the	
rate	 stated	 on	 the	 label.	 Preparation	 of	 the	 insecticide	
solutions	followed	the	equation	of	[9].

Seedling-dip Bioassay Technique 

	 The	 host	 plants	 used	were	 seedlings	 of	 rice	 variety	
TN1.	Approximately,	30	rice	seeds	were	planted	in	each	
pot,	and	grown	until	thirty	days	before	being	used	in	the	
experiment.	 The	 method	 for	 growing	 and	 maintaining	
the	 rice	 followed	 what	 is	 given	 in	 Manual Teknologi 

Penanaman Padi Lestari	 [10].	 The	 30-day-old	 rice	
seedlings	acted	as	 the	medium	for	 the	seedling	dipping	
method	used	for	insecticide	monitoring	bioassay.	A	perfect	
single	seedling	with	roots	cut	into	a	6-cm	long	stem	with	
roots	intact,	and	soaked	in	250	ml	of	insecticide	solution	
for	10	seconds	[11].	After	the	stem	was	air-dried,	10	third	
instar	 larvae	were	 introduced	 to	 the	 stem.	The	 infested	
stem	was	transferred	into	a	plastic	container	of	dimentions	
5	cm	x	10	cm	(diameter	x	height)	with	good	ventilation,	
and	covered	with	a	lid;	this	represented	one	replication.	
During	the	bioassay,	 the	paddy	stem	was	supplied	with	
sufficient	 water	 at	 the	 bottom	 of	 the	 container.	 There	
were	three	replications	for	each	treatment.	Observations	
was	recorded	until	day	5.	The	number	of	dead	larvae	was	
counted	and	recorded	daily.	The	larvae	were	considered	
dead	when	no	movement	was	detected	when	stimulated	
gently	with	a	brush.	This	seedling	dip	method	was	used	
to	measure	the	efficacy	of	the	selected	insecticides	against	
C. polychrysus in	a	glasshouse	at	the	MARDI	Seberang	
Perai,	 from	 2019	 to	 2020.	 The	 experimental	 site	 was	
situated	 in	 the	 northern	 zone	 of	Malaysia	 at	 5.5172°N	
latitude	and	100.4315°E	longitude.	

Results and Discussion

Susceptibility Baseline

	 The	 toxicity	 of	 fipronil	 was	 greater	 compared	 to	
flubendiamide.	Fipronil	showed	the	lowest	LC50	(16.12	
mg/L),	 followed	 by	 chlorantraniliprole	 (43.25	 mg/L)	
and	 flubendiamide	 (76.43	 mg/L)	 (Table 1).	 Fipronil	
required	the	lowest	amount	of	insecticide	to	kill	50%	of	
the	 population	 compared	 to	 the	 other	 two	 insecticides.	
There	was	a	significant	difference	between	fipronil	and	
flubendiamide	 with	 no	 overlapping	 of	 LC50 value at 
95%	CI	 recorded.	However,	 chlorantraniliprole	did	not	
differ	 significantly	 in	 terms	 of	 toxicity	 in	 comparison	
to	fipronil	and	flubendiamide.	The	95%	CI	recorded	an	
overlapping	 in	 LC50	 value	 in	 both	 chlorantraniliprole-
fipronil	 and	 chlorantraniliprole-flubendiamide.	 Besides	
that,	there	was	a	significant	difference	in	the	toxicity	level	
observed	between	flubendiamide	and	fipronil.	The	LC50 
value	of	flubendiamide	was	listed	in	a	different	range	of	
95%	CI	with	no	overlapping	 to	 the	fipronil	 range.	At	a	
low	 concentration,	 fipronil’s	 mode	 of	 action	 made	 the	
insecticide	work	faster	and	was	more	toxic	compared	to	
the	other	two	insecticides	from	the	diamide	group	[12].	
Fipronil	blocks	GABAA-gated	chloride	channels	in	the	
stem	borer	central	nervous	system	[13],	and	this	disruption	
of	 the	GABAA	 receptors	 by	fipronil	 could	 prevent	 the	

Table 1.	LC50	value	for	every	insecticide	by	using	the	seedling-dip	technique

Insecticides Number	of	populations Slope	±	SE χ²(df) LC50
(mg/L)	(95%	CI)

Fipronil 120 2.548	±	0.757 2.346	(2) 16.12	(4.16-24.49)
Flubendiamide 120 1.487	±	0.526 0.925	(2) 76.43	(24.62	-109.72)

Chlorantraniliprole 120 1.378	±	0.527 0.335	(2) 43.25	(18.78-67.79)
SE:	Standard	Error;	χ²:	Chi-squared	value	for	the	lethal	concentration	with	the	significant	level	at	P<0.05;	CI:	Confidential	Interval
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uptake	 of	 chloride	 ions	 resulting	 in	 excess	 neuronal	
stimulation	and	death	of	the	target	insect	[14].	However,	
the	diamide	insecticides,	especially	flubendiamide,	were	
less	toxic	and	potentially	considered	to	be	a	suitable	agent	
for	controlling	lepidopterous	insects	because	it	was	very	
safe	for	non-target	species	[15].	

Conclusion

	 Fipronil	 (LC50	 =	 16.12	 mg/L)	 showed	 the	 lowest	
susceptibility	 baseline	 followed	 by	 chlorantraniliprole	
(LC50	 =	 43.25	 mg/L)	 and	 flubendiamide	 (LC50	 =	
76.43mg/L).	 The	 LC50	 value	 for	 the	 insecticides	 was	
marked	 as	 the	 lowest	 (susceptibility	 baseline)	 for	 the	
respective	 insecticides	 compared	 to	 other	 LC50	 values 
of	 the	field	population.	The	development	of	 insecticide	
resistance	can	be	evaluated	with	the	susceptibility	baseline	
obtained	from	the	study.		
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Abstract

	 Bacterial	leaf	blight	(BLB)	is	one	of	the	major	rice	diseases	in	the	Malaysian	granary	areas;	the	disease	is	caused	
by Xanthomonas oryzae pv.	oryzae	(Xoo).	The	disease	can	cause	yield	losses	up	to	81%	in	severe	incidence,	and,	to	
date,	there	is	no	Malaysian	rice	variety	which	is	resistant	against	this	disease.	This	study	was	conducted	to	develop	
the	first	Malaysian	BLB	resistant	rice	variety	using	the	pedigree	method	in	combination	with	a	molecular	approach.	
Elite	Malaysian	rice	variety	(MR	263)	was	crossed	with	Xa7	resistance	gene	donor	(IRBB7)	during	Off	Season	2016,	
and	was	evaluated	and	selected	over	six	consecutive	seasons.	Functional	markers,	SNP_Xa7_14	and	SNP_Xa7_31,	
targeting	 the	resistance	gene	(Xa7)	were	used	 in	marker-assisted	selection	(MAS)	 throughout	 the	breeding	process.	
The	 presence	 of	 the	 resistance	 gene	 in	 potentially	 resistant	 lines	 was	 confirmed	 with	 phenotypic	 evaluation,	 by	
inoculating	with	a	Xoo	culture	using	the	leaf	clipping	method	at	50	days	after	transplanting	(DAT).	The	distribution	
of	BLB	resistance	in	the	F6	population	showed	a	highly	resistant	(HR)	score	for	148	lines,	followed	by	556	resistant	
(R)	 lines,	 89	moderately	 resistant	 (MR)	 lines,	 32	moderately	 susceptible	 (MS)	 lines,	 5	 susceptible	 (S)	 lines	 and	 1	
highly	susceptible	(HS)	line.	MAS	has	the	greatest	advantage	in	eliminating	non-resistant	lines	(without	the	resistance	
gene)	in	the	early	generations.	In	this	study,	 the	number	of	plants	evaluated	in	every	season	was	reduced	from	250	
plants	in	the	F2	generation	(bulk	population)	to	only	two	lines	in	the	F6	generation.	This	technique	allows	breeders	to	
focus	attention	on	a	small	number	of	high-priority	lines	in	subsequent	generations.	Moreover,	less	space	and	inputs	
are	needed	to	evaluate	the	breeding	lines	in	every	succeeding	generation.	Further	field	evaluation	of	the	resistant	rice	
lines,	such	as	preliminary	yield	trial	(PYT),	advance	yield	trial	(AYT),	multilocation	trial	and	local	verification	trial	
(LVT),	will	be	carried	out	in	future	prior	to	the	resistant	variety	being	released	for	farmers’	use.

Keywords: Bacterial	leaf	blight,	marker	assisted	selection	(MAS),	pedigree	method,	Xanthomonas oryzae, Xa7	gene
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Introduction

	 Conventional	breeding	techniques	such	as	the	pedigree	
method	are	widely	used	in	cereal	breeding	programmes,	
and	the	selection	of	desirable	plants	begins	in	the	early	
generations.	 This	 selection	 process	 involves	 visual	
assessment	or	phenotypic	evaluation	for	a	few	generations	
until	 the	 breeding	 lines	 become	 homozygous	 (at	 F5 or 
later).	 The	 entire	 process	 is	 time-consuming,	 because	
it	 takes	5-10	years	 to	fix	 the	breeding	 lines.	Along	 this	
process,	 breeders	 usually	 grow	 hundreds	 of	 thousands,	
or	 millions	 of	 individual	 plants,	 with	 a	 larger	 number	
of	 segregating	 genes	 requiring	 a	 larger	 population	 to	
achieve	specific	gene	combinations	[1].	The	complexity	

of	 the	 selection	 process	 depends	 on	 the	 targeted	 traits;	
some	traits	do	not	express	themselves	in	an	inconducive	
environment,	specifically	the	pest	and	disease	resistance	
traits.
	 Functional	 markers	 are	 the	 “perfect	 markers”	 for	
foreground	selection	in	marker-assisted	selection	(MAS),	
and	 the	 development	 of	 gene	 markers	 and,	 especially	
functional	markers	 in	different	crops	 in	 the	 future,	will	
enhance	the	application	of	MAS	in	breeding	programmes	
[2].	 The	 combination	 of	 conventional	 breeding	 and	
MAS	may	help	breeders	during	the	selection	process	to	
eliminate	unwanted	lines	in	a	precise	manner,	and	focus	
more	on	lines	with	potential	 in	subsequent	generations.	
Bacterial	 leaf	 blight	 (BLB)	 is	 one	 of	 the	 major	 rice	
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diseases	 in	 the	 Malaysian	 granary	 areas.	 The	 disease	
is	 caused	 by	 Xanthomonas oryzae pv.	 oryzae	 (Xoo).	
This	disease	can	cause	yield	losses	up	to	81%	in	severe	
incidence	 [3]	 and,	 to	 date,	 there	 is	 no	 Malaysian	 rice	
variety	 which	 is	 resistant	 against	 this	 disease.	 Hence,	
this	study	was	conducted	to	develop	a	local	rice	variety	
with	 resistance	 traits	 against	BLB	using	a	combination	
of	pedigree	breeding	and	MAS	methods.

Materials and Methods

	 Elite	Malaysian	rice	variety	MR	263	was	crossed	with	
IRBB7,	 a	donor	of	 the	Xa7	 resistance	gene	during	Off	
Season	2016,	and	the	progeny	were	evaluated	and	selected	
for	over	six	consecutive	seasons	(Figure 1).	Phenotypic	
selection	 was	 conducted	 based	 on	 BLB	 resistance	 to	
the	 local	 dominant	 Xanthomonas oryzae pv.	 oryzae 
(Xoo1),	using	the	 leaf	clipping	method	at	50	days	after	
transplanting	(DAT)	[4].	Leaf	lesions	were	measured	at	
28	 days	 after	 inoculation	 (DAI),	 and	 scored	 according	
to	 the	method	 of	 Singh	 et al.	 [5].	 Leaf	 samples	 of	 the	
breeding	lines	were	collected	and	subjected	to	genotyping	
analysis	using	a	functional	marker	targeting	the	Xa7	gene.	
Functional	markers,	SNP_Xa7_14	and	SNP_Xa7_31,	that	
were	obtained	from	the	early	stage	of	this	study	were	used	
for	genotyping	the	samples	[6].

Results and Discussion 

Phenotypic Evaluation

	 Phenotypic	analysis	of	831	lines	from	the	F6	generation	
showed	a	distribution	of	148	lines	with	a	highly	resistant	
(HR)	 score,	 556	 lines	 with	 a	 resistant	 (R)	 score,	 89	
lines	with	 a	moderately	 resistant	 (MR)	 score,	 32	 lines	
with	 a	 moderately	 susceptible	 (MS)	 score,	 5	 lines	
with	 a	 susceptible	 (S)	 score	 and	 1	 line	 a	 with	 highly	
susceptible	(HS)	score	(Table 1).	This	result	showed	that	
the	distribution	of	BLB	resistance	was	skewed	towards	
resistant	 lines	 and	 indicated	 the	 success	 of	 MAS	 in	
eliminating	undesired	traits	from	breeding	population.

Genotypic Evaluation

	 Genotyping	was	successfully	performed	using	the	two	
SNP	markers	which	were	SNP_Xa7_14	and	SNP_Xa7_31.	
They	were	able	to	can	distinguish	between	resistant	lines	
(HR,	R	and	MR)	and	susceptible	lines	(HS,	S	and	MS).	
As	shown	in	the	dendrogram,	the	population	was	clearly	
differentiated	between	the	resistant	group	(blue	cluster)	
and	the	susceptible	group	(red	cluster)	(Figure 2).	These	
developed	 SNP	 markers	 controlling	 the	 BLB	 resistant	
gene Xa7	are	beneficial	in	marker-assisted	breeding	for	
introgression	of	this	resistant	gene	into	a	susceptible	rice	
variety.	They	may	significantly	increase	selection	accuracy	
and	reduce	the	linkage	drag	phenomenon	in	the	breeding	
programme	[6].	

Table 1.	Distribution	of	BLB	resistance	in	F6 population

Scale %	Leaf	area	disease Host	response No.	of	lines
0 <1% Highly	Resistant	(HR) 148
1 1	–	5% Resistant	(R) 556
3 6	–	12% Moderately	Resistant	(MR) 89
5 13	–	25% Moderately	Susceptible	(MS) 32
7 26	–	50% Susceptible	(S) 5
9 51	–	100% Highly	Susceptible	(HS) 1

Notes:							=Self-crossing,	MAS=	marker	assisted	selection	
Figure 1. Breeding scheme showing introgression of Xa7 gene 

into MR 263
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Conclusion 

	 In	conclusion,	the	application	of	MAS	and	phenotypic	
selection	can	be	adopted	as	a	routine	procedure	in	crop	
breeding	programmes	to	facilitate	selection.	This	method	
is	accurate	and	rapid	with	high	sensitivity,	by	which	the	
unwanted	lines	can	be	discarded	at	the	earlier	generations.	
The	 two	 developed	 SNP	 markers,	 SNP_Xa7_14	 and	
SNP_Xa7_31,	 were	 found	 to	 be	 effective	 in	 selecting	
progenies	with	good	resistance	against	the	local	dominant	
Xanthomonas oryzae	pv.	Oryzae	(Xoo1).	The	combination	
of	pedigree	breeding	and	MAS	methods	can	reduce	the	
size	of	the	breeding	population	evaluated	in	each	season.	
Besides	that,	all	the	unwanted	lines	can	be	eliminated	in	
an	early	stage.
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Abstract

	 Mamut	rice,	known	as	a	pigmented	rice,	is	a	traditional	rice	variety	in	Sarawak.		It	is	typically	consumed	as	a	semi-
polished	rice,	with	a	small	amount	of	the	bran	fraction	remaining	on	the	kernel	surface.	The	degree	of	milling	(DOM)	
is	related	to	the	amount	of	beneficiary	compounds	retained	in	milled	rice	because	the	level	of	polishing	measures	the	
amount	of	bran	removed.	Rice	with	a	lower	DOM	has	more	nutrients	and	phytochemicals	than	rice	with	a	higher	DOM.	
As	rice	bran	composition	varies	by	variety,	DOM	requirements	vary	as	well.	Principal	Component	Analysis	(PCA)	and	
Agglomerative	Hierarchical	Clustering	(AHC)	analysis	based	on	the	physical	quality	and	phytochemical	properties	of	
Mamut	rice	revealed	six	groups.	Lower	DOM	with	1	–	13%	of	the	bran	fraction	removed	consists	of	1	–	6%	DOM	
(under-milled),	7	–	11%	DOM	(reasonably	well-milled),	and	12	–	13%	(well-milled).	Higher	DOM	occupied	14	–	18%	
(outer	endosperm),	19	–	21%	(middle	endosperm)	and	22	–	23%	(core	endosperm).	This	study	examined	a	potential	
alternative	for	upgrading	the	production	value	chain	of	a	Sarawakian	traditional	specialty	rice	variety,	specifically	post-
harvest.	While	information	on	the	field	production	and	special	traits	of	very	few	of	the	popular	traditional	specialty	
rice	varieties	 are	 still	 being	compiled,	detailed	 characterisation	of	 their	postharvest	handling	 requirements,	 such	as	
the	 relationship	 between	 the	 degree	 of	millings	 versus	 critical	 value	 of	 the	 phytochemical	 compounds	 retained,	 is	
unknown.	Therefore,	the	scientific	knowledge	generated	from	this	study	is	essential	for	developing	better	protocols	in	
postharvest	handling	of	Mamut	rice	to	be	marketed	as	a	specialty	rice	product	to	capture	value	and	tap	into	the	demand	
for	high-quality	rice.	Food	security	 in	 the	future,	particularly	 in	urbanised	economies,	will	 require	well-functioning	
food	value	chains	that	link	production	in	rural	areas	and	the	hinterlands	to	consumption	in	large,	urban	consumption	
zones	through	superior	technologies.	These	findings	will	be	useful	in	these	endeavours.

Keywords:	Agglomerative	hierarchical	clustering,	degree	of	milling,	postharvest	handling,	principal	component	analysis,	rice	
fraction
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Introduction

	 The	 abundant	 presence	 of	 special	 phytochemical	
compounds	 such	 as	 anthocyanin	 has	 drawn	 special	
attention	 to	 every	 pigmented	 rice	 variety	 [1].	 As	 the	
consumer	 becomes	 health-conscious,	 pigmented	 rice	
has	 become	 one	 of	 the	 staple	 foods	 in	Asia,	 and	 such	
rice	 is	 traditionally	 known	 to	 have	 benefits	 for	 health	
and	are	valued	in	local	markets	in	Asia.	The	nutritional	
compositionofrice,especially	pigmented	rice,	is	affected	
by	 postharvest	 factors	 that	 impact	 food	 security.
Immediately	after	harvesting,	the	paddy	is	processed	by	
milling	that	affects	its	nutritional	quality.

	 In	 order	 to	 prevent	 nutrient	 losses	 in	 rice	 varieties,	
it	 is	 critical	 to	 understand	 and	 determine	 the	 milling	
fractions	in	rice.	The	Degree	of	Milling	(DOM)	is	even	
more	important	in	pigmented	rice	because	the	antioxidants	
are	concentrated	in	the	bran	layer.	Principal	Component	
Analysis	(PCA)	was	used	to	demonstrate	the	difference	
between	 and	 grouping	 of	 samples	 at	 various	 DOMs	
in	 relation	 to	 the	 physical	 and	 phytochemical	 analysis	
results.	 Mamut	 rice	 fractions	 were	 established	 based	
on	 the	 Agglomerative	 Hierarchical	 Clustering	 (AHC)	
analysis.	This	study	aimed	to	determine	the	rice	fractions	
and	 appropriate	DOM	 for	Mamut	 rice	 for	 retaining	 its	
nutritional	value.	It	is	also	critical	for	rice	millers	to	mill	
rice	to	the	appropriate	degree	which	does	not	compromise	
its	nutrient	value.	
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Materials and Methods 

Milling of Rice and Determination of Physical 
Properties 

	 A	135-g	paddy	sample	was	dehulled	using	a	laboratory-
scale	 paddy	 dehulling	 machine	 (Satake	 Rice	 Testing	
Husker	Type	THU35B)	for	each	milling	time.	The	brown	
rice	 was	 polished	 for	 periods	 ranging	 from	 5	 to	 180	
seconds,	 at	 5-second	 intervals,	 to	 obtain	 the	 different	
milling	 fractions	 using	 a	 laboratory-scale	 rice	 polisher	
(Satake	 Grain	 Testing	 Mill	 Model	 TM	 05).	 Using	 an	
Endecotts	Laboratory	Test	Sieve,	 the	polished	 rice	was	
processed	and	sieved	to	obtain	milled	rice	yield	(MRY),	
rice	 bran	 (BRN),	 and	 brewer’s	 rice	 (BRW).	The	MRY	
samples	 obtained	 were	 placed	 on	 in	 a	 grader	 (Satake	
Testing	Rice	Grader	Model	TRG	05A)	to	separate	head	
rice	yield	(HRY)	and	broken	rice	(BR)	using	a	4.75-mm	
mesh	indentation.	The	procedure	is	depicted	in	Figure 1.

The	 degree	 of	 milling	 (DOM)	 of	 rice	 was	 calculated	
using	the	equation:

Degree	of	Milling	=	(wt.	of	bran/wt.	of	brown	rice)	×	100	 (1)

A	Satake	milling	meter	(Model	MM1D,	Satake	Engineering	
Co.,	Ltd.,	Tokyo,	Japan)	was	used	to	measure	the	optical	
characteristics	of	the	milled	rice	for	all	the	samples.	The	
meter	works	with	the	reflected	light	measuring	whiteness	
(W),	while	the	transmittal	light	measured	transparency	(T).	
The	two	combinations	of	W	and	T	give	a	measurement	of	
milling	degree	(MD).	After	milling,	the	colour	parameters	
(L*,	a*	and	b*	values)	were	determined	by	a	colorimeter	
(Konica	Minolta	Model	CR-400).

Phytochemical Analysis

	 Anthocyanin	is	a	specific	phytochemical	component	that	
is	used	to	identify	pigmented	rice.	A	UV	spectrophotometer	
was	used	to	analyse	the	anthocyanin	in	pigmented	Mamut	
rice	kernels.	The	pH	differential	method	quantified	total	
anthocyanin	content	(TAC)	of	milled	rice	at	various	DOM	
[2].	Absorbance	was	measured	at	520	nm	(A520)	and	700	
nm	(A700),	and	anthocyanin	content	was	expressed	in	mg	
cyanidin-3-glucoside	per	100	g	units.	Multivariate	analysis	
using	XLSTAT	2020	was	performed	on	 the	data	of	 the	
parameters	that	were	obtained.

Results and Discussion

Rice Fractions of Mamut Rice

	 In	the	PCA	analysis,	two	principal	components	(PCs)	
with	a	percentage	variance	of	87.4	and	6.3%,	representing	
PC1	 and	 PC2	 (percent	 of	 the	 cumulative	 variance	 of	
93.8%),	 were	 detected	 with	 Eigenvalues	 10.493	 and	
0.764,	respectively	(Table 1).	After	excluding	PCs	using	
the	Kaisser	criterion	of	Eigenvalue	less	than	1,	the	first	
principal	component	(PC1)	represents	the	model.
	 The	PCA	involved	all	 the	DOM	(1	–	23%),	and	 the	
value	 of	 the	 correlation	 of	 PC1showed	 a	 relationship	
with	MRY,	HRY,	BR,	BRW,	BRN,	W,	T,	MD,	L*,	a*	and	
TAC.	As	shown	 in	Figure 2,	DOM	from	1	–	13%	was	
grouped	together,	as	was	DOM	from	14	–	23%.	The	bran	
could	have	been	removed	within	the	first	75	seconds	of	
the	milling	time,	or	equal	to	13%	DOM.	Well-milled	rice	
normally	has	10%	of	the	rice	removed	during	whitening.	
The	 shift	 in	 the	 responses	 as	 reflected	 by	 the	 constant	
rate	 of	 bran	 removal	 after	 13%	DOM	was	most	 likely	
attributed	to	the	uniformity	in	the	kernel	hardness	of	the	
endosperm	immediately	after	reaching	the	remaining	inner	
bran	layer.	The	findings	are	similar	to	those	reported	by	
[3].

Figure 1. Determination procedures for MRY, BRN, BRW, HRY and BR 



284

Table 1.	 Eigenvalues,	factor	loading	and	contribution	of	the	first	two	principal	components	to	
factors	affecting	Mamut	rice	quality

Variable Principal	components	(PC’s) Contribution	of	the	variable	(%)
PC1 PC2

Eigenvalue 10.493 0.764 -
Variance	(%) 87.445 6.364 -
Cumulative	(%) 87.445 93.809 -
MRY -0.997 -0.051 9.463
HRY -0.907 -0.225 7.844
BR 0.905 0.217 7.809
BRW 0.928 -0.283 8.211
BRN 0.994 0.08 9.424
W 0.974 0.048 9.043
T 0.964 0.214 8.849
MD 0.937 0.212 8.364
L* 0.961 -0.085 8.809
a	* -0.97 -0.129 8.969
b	* -0.774 0.574 5.711
TAC -0.887 0.361 7.505

Figure 2. Score plot showing the distribution and grouping of 108 Mamut rice samples across the 
first two components based on physical and phytochemical variables in PCA

The	 PCA	 results	 were	 generally	 good	 for	 determining	
rice	fractions,	and	were	more	clearly	classified	according	
to	DOM	when	AHC	 analysis	was	 used.	AHC	 analysis	
revealed	 six	 groups	 for	 Mamut	 rice,	 with	 cluster	 1	
(1	–	6%	DOM)	representing	under-milled	rice	and	cluster	
2	 (7	–	11%	DOM)	representing	 reasonably	well-milled	
rice.	Further	milling	 in	Cluster	3	produced	well-milled	
rice	with	DOM	of	 12	 –	 13%.	Higher	DOMs	 occupied	
14	–	18%,	19-21%,	and	22	–	23%	of	Clusters	4,	5,	and	

6,	 respectively.	 Physical	 properties	 of	 the	 rice	 samples	
and	their	phytochemical	content	were	found	to	be	good	
indicators	for	differentiating	between	the	rice	fractions.	
The	 curve	 fits	 of	 DOM	 as	 a	 function	 of	 the	 milling	
time	were	plotted	 to	 illustrate	 the	Mamut	rice	fractions	
(Figure 3).
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Conclusion

	 In	this	study,	the	limit	for	the	bran	fraction	of	Mamut	
rice	was	discovered	to	be	at	13%	DOM,	which	may	be	
classified	as	well-milled	for	this	rice	variety.	More	than	
66.8%	 of	 TAC	 was	 lost	 during	 the	 milling	 process	 to	
produce	 well-milled	 rice.	 Only	 33.2%	 TAC	 remained	
in	 the	Mamut	 rice	milled	 at	 11%	DOM.	To	maximise	
the	 nutritional	 value	 of	 Mamut	 rice,	 the	 milled	 rice	
with	approximately	50%	bran	removed	and	77.4%	TAC	
retained	 at	 6%	 DOM	 is	 preferred.	 This	 is	 attainable	
because	 the	 traditional	 variety	 is	 usually	 sold	 partially	
milled	 or	 under-milled	 in	 the	 market.	 Consumers	
can	 choose	 which	 form	 of	 rice	 they	 prefer	 while	 still	
enjoying	the	benefits	of	this	rice.	Given	the	importance	
of	maintaining	nutrients	linked	with	the	bran	layer,	such	
as	minerals,	 lipids,	fibre,	vitamins	and	phytochemicals,	
establishing	a	bran	fraction	in	each	newly	introduced	rice	
variety	is	important.
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Abstract

	 Seaweeds	 are	 important	marine	 resources	 available	 at	 negligible	 cost	 and	 rich	 in	 diverse	 bioactive	 compounds,	
such	as	lipids,	proteins,	carbohydrates,	amino	acids,	phytohormones,	osmoprotectants,	minerals	(iron,	calcium,	iodine	
and	magnesium)	and	anti-microbial	compounds.	They	are	key	components	in	food,	feed,	and	medicine	since	ancient	
times.	The	recent	trend	of	organic	farming	has	exploited	the	possible	application	of	seaweed	as	organic/bio-fertiliser	
in	agriculture.	Commercialised	seaweed	extracts	as	bio-stimulants	are	already	available	in	the	market,	mostly	imported	
from	overseas.	Many	studies	have	demonstrated	the	benefits	of	seaweed	in	enhancing	plant	growth	and	productivity.	
They	are	also	known	as	promising	soil	conditioners,	protect	plants	under	abiotic	and	biotic	stress,	and	increase	plant	
resistance	against	pests	and	diseases.	Malaysia	produced	188,110	tonnes	of	seaweed	which	accounted	for	0.53%	of	
global	seaweed	production	in	2019.		In	Malaysia,	Sabah	is	the	main	state	for	seaweed	cultivation	because	of	its	natural	
abundant	resources	and	favourable	climate.	The	Department	of	Fisheries	(DOF)	Sabah	reported	that	seaweed	production	
in	Sabah	has	been	 increasing	every	year,	with	a	production	of	205,989.20	 tonnes	worth	RM43.38	million	 in	2016.	
In	this	study,	Kappaphycus alvarezii extracts	enriched	with	endophytic	bacteria,	Rhodopseudomonas palustris,	were	
formulated	 to	be	used	as	a	plant	bio-stimulant	 for	paddy	production.	K. alvarezii	was	selected	because	 this	species	
is	the	most	cultivated	type	of	seaweed	in	Malaysia.	The	formulated	bio-stimulant,	named	Bactostimulant,	was	tested	
on	paddy	variety	MR	220	CL2.	It	was	found	that	the	application	of	Bactostimulant	(75%	subsidised	fertilizer	+	2.5%	
Bactostimulant)	increased	the	yield	of	paddy	by	5%	while	reducing	25%	usage	of	subsidised	fertilizer.	This	can	benefit	
both	farmers	(by	increasing	yield	and	income	per	hectare)	and	the	government	(by	reducing	the	budget	for	subsidised	
fertiliser).

Keywords: Biostimulant,	endophytic	bacteria, Kappaphycus alvarezii, Rhodopseudomonas palustris,	seaweeds

Proceedings	of	MARDI	Science	and	Technology	Exhibition	(2021):	286	–	288

Introduction

	 Marine	algal	seaweed	species	are	often	regarded	as	an	
under-utilised	bioresource,	although	many	species	have	
been	used	as	a	source	of	food,	industrial	raw	materials,	
and	in	therapeutic	and	botanical	applications	for	centuries.	
Moreover,	seaweed	and	seaweed-derived	products	have	
been	 widely	 used	 as	 amendments	 in	 crop	 production	
systems	due	to	the	presence	of	a	number	of	plant	growth-
stimulating	compounds.	Extracts	derived	from	seaweed	
contain	 such	 components	 as	 polysaccharides	 (e.g.,	
galactan,	fucoidan,	alginate	and	laminarin),	proteins	(e.g.,	
lectins),	polyunsaturated	fatty	acids	(PUFAs),	pigments	
(e.g.,	 chlorophylls,	 carotenoids	 and	 phycobiliproteins),	
polyphenols	 (e.g.,	 phenolic	 acids,	 flavonoids,	 cinnamic	
acid,	 isoflavones,	 benzoic	 acid,	 lignans	 and	 quercetin),	

minerals	 (e.g.,	 K,	 Mg,	 Ca	 and	 Na)	 and	 plant	 growth	
hormones	 (e.g.,	 cytokinins,	 auxins,	 gibberellins	 and	
abscisic	acid)	[2].	However,	the	bio-stimulatory	potential	
of	many	of	 these	products	has	not	been	fully	exploited	
due	 to	 the	 lack	of	 scientific	data	on	 the	growth	 factors	
present	in	seaweeds,	and	their	mode	of	action	in	affecting	
plant	growth.
	 Malaysia	produced	188,110	tonnes	of	seaweed	which	
accounted	 for	 0.53%	 of	 global	 seaweed	 production	 in	
2019	[4].	In	Malaysia,	Sabah	is	the	main	state	for	seaweed	
cultivation	 activity	 because	 of	 its	 abundant	 natural	
resources	 and	 favourable	 climate.	 The	 Department	 of	
Fisheries	(DOF)	Sabah	reported	that	seaweed	production	
in	Sabah	has	been	increasing	every	year	with	a	production	
of	205,989.20	tonnes,	worth	RM43.38	million,	in	2016[3].	
Kappaphycus alvarezii	 is	 a	 species	 of	 red	 algae,	 and	
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is	 one	 of	 the	 most	 important	 carrageenan	 sources	 for	
the	 food,	 cosmetic	 and	 pharmaceutical	 industries.	 It	 is	
commercially	cultivated	in	the	eastern	part	of	Malaysia.		
Rhodopseudomonas palustris is	 among	 the	 most	
metabolically	versatile	bacteria	known.	It	uses	light	and	
inorganic	compounds,	or	organic	compounds,	for	energy.	
It	 acquires	 carbon	 from	 many	 types	 of	 green	 plant-
derived	 compounds	 or	 by	 carbon	 dioxide	 fixation,	 and	
it	fixes	nitrogen.		R. palustris	is	a	purple	photosynthetic	
bacterium	that	belongs	to	the	alpha	proteobacteria	group,	
and	 is	 widely	 distributed	 in	 nature,	 as	 indicated	 by	 it	
having	been	 isolation	from	sources	as	diverse	as	swine	
waste	 lagoons,	 earthworm	 droppings,	 marine	 coastal	
sediments	and	pond	water.	It	has	extraordinary	metabolic	
versatility,	 and	 grows	 by	 any	 one	 of	 the	 four	 modes	
of	 metabolism	 that	 support	 life:	 photoautotrophism	 or	
photosynthesis	(energy	from	light	and	carbon	from	carbon	
dioxide),	 photoheterotrophism	 (energy	 from	 light	 and	
carbon	from	organic	compounds),	chemoheterotrophism	
(carbon	 and	 energy	 from	 organic	 compounds)	 and	
chemoautotrophism	(energy	from	inorganic	compounds	
and	 carbon	 from	 carbon	 dioxide).	 Bactostimulant	 is	 a	
formulated	biostimulant	 liquid	product	 combining	both	
seaweed	extract	(K. alvarezii)	and	photosynthetic	bacteria	
(R. palustris)	that	was	evaluated	on	paddy	in	this	study.	

Materials and Methods 

	 The	 experiment	 was	 done	 in	 5	m	 x	 5	m	 plots	 in	 a	
paddy	 field	 in	 Sg.	 Burong,	 Selangor,	 in	 two	 seasons	
(main-season,	August	to	November	2019	and	off-season,	
February	to	May	2020);	the	experiment	covered	an	area	
of	1120	m2.	The	experimental	design	used	was	CRD	with	
three	 replicates	 (having	 a	 total	 of	 10	 treatments).	Crop	
establishment	was	done	by	transplanting.	Rice	variety	MR	
220	CL2	was	used	in	this	study.	In	the	first	season,	the	
seedlings	were	transplanted	to	the	experimental	plots	on	
5th	August	2019.	Bactostimulant	was	applied	to	the	crop	
on	day	10	and	day	40	after	transplanting.	The	subsidised	
fertiliser	package	was	applied	three	times	to	plots	T1-T9	
during	the	season	at	10,	30	and	50	days	after	transplanting	
(DAT).	 For	 the	 second	 season,	 the	 seedlings	 were	
transplanted	 to	 the	 experimental	 plots	 on	 3rd February 
2020.	 Bactostimulant	 and	 the	 subsidised	 fertiliser	 was	
applied	 as	 in	 the	 first	 season.	 The	 subsidised	 fertiliser	
package	 is	 in	Table 1, and	 the	 plot	 layout	 is	 shown	 in 
Figure 1.

Results and Discussion

	 Biostimulants	such	as	Bactostimulant	provide	a	viable	
alternative	to	chemical	fertiliser,	as	they	do	not	have	the	
negative	 effects	 of	 synthetic	 fertiliser	 and	 can	promote	
sustainable	agricultural	production	[1].	The	study	aimed	
to	assess	whether	sustainable	improvements	in	rice	growth	
and	production	could	be	achieved	by	reducing	the	amount	
of	 the	 subsidised	 fertiliser	 and	 adding	 biostimulants	
such	 as	 Bactostimulant.	 The	 study’s	 outcome	 for	
Bactostimulant	 application	 in	 5	 m	 x	 5	 m	 plots	 in	 the	
second	season	revealed	that	out	of	11	treatments,	T4	(75%	
subsidised	fertiliser	+	2.5%	Bactostimulant)	recorded	the	
significantly	highest	yield	at	6.28	t/ha	compared	with	T1	
(control,	subsidized	fertiliser	only)	with	a	yield	of	6.00	t/ha	
(Table 2).	However,	no	significant	yield	differences	were	
observed	 for	T2,	T3,	T5,	T6,	T7,	T8	and	T9	compared	
with	T1.	Other	treatments	(T10	and	T11)	that	consisted	
only	of	Bactostimulant	at	2.5	and	5%	showed	significantly	
lower	yields	compared	with	T1.	This	is	in	line	with	many	
other	findings	on	biostimulant	application	on	crops	which	
suggest	that	its	use	in	combination	with	chemical	fertiliser	
gives	better	yield	results.	

Table 1. New	subsidised	fertiliser	package

No Formulation Rate
1 NPK	(17.5:15.5:10) 240	kg/ha
2 Urea	(46%) 60	kg/ha
3 Additional	NPK	(17:3:25+2MgO)			 150	kg/ha

Figure 1. Plot layout for paddy experiment in Sg. Burong, 
Selangor
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Conclusion

	 Although	 the	 increase	 in	yield	was	only	4.6%	when	
Bactostimulant	 was	 applied,	 the	 amount	 of	 subsidised	
fertiliser	used	was	25%	less.	This	not	only	benefits	 the	
farmers	in	terms	of	higher	yield	and	profit,	but	also	the	
cost	 of	 subsidised	 fertiliser	 borne	 by	 the	 government	
could	potentially	be	reduced	significantly.	Besides	 that,	
the	 biostimulant	 product	 (Bactostimulant)	 is	 a	 greener	
alternative	for	agriculture,	and	can	create	a	new	market	
for	seaweed,	thus	boosting	this	industry	in	Malaysia.
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Table 2. Yield	(t/ha)	of	paddy	for	different	treatments

Treatment Yield	(t/ha)
T1	(control,	subsidised	fertiliser	only) 6.001

ab

T2	(subsidised	fertiliser	+	2.5%	Bactostimulant) 5.862
 ab

T3	(subsidised	fertiliser	+	5%	Bactostimulant) 5.501
 ab

T4	(75%	subsidised	fertiliser	+	2.5%	Bactostimulant) 6.280
 a

T5	(75%	subsidised	fertiliser	+	5%	Bactostimulant) 5.855
 ab

T6	(50%	subsidised	fertiliser	+	2.5%	Bactostimulant) 5.489
 ab

T7	(50%	subsidised	fertiliser	+	5%	Bactostimulant) 5.954
 ab

T8	(25%	subsidised	fertiliser	+	2.5%	Bactostimulant) 5.782
 ab

T9	(25%	subsidised	fertiliser	+5%	Bactostimulant) 5.871
 ab

T10	(2.5%	Bactostimulant) 5.214
 b

T11	(5%	Bactostimulant) 5.122
 b



289

Development of green controlled release fertilisers for paddy production

Muhammad Syahren Adzahar*, Nor Syahidah Md Sam and Nor Fadilah Abd Halim

Soil Science, Water and Fertilizer Research Centre, Malaysian Agricultural Research and Development Institute (MARDI), Persiaran MARDI-
UPM, 43400 Serdang, Selangor

*E-mail: syahren@mardi.gov.my

Abstract

	 Two	in-house	agro-polymer	coated	compound	formulations	developed	purposely	for	paddy	pot	trials	are	effective	
Controlled	Release	Fertilisers	(CRF)	which	were	able	to	reduce	by	25	–	50%	the	fertiliser	currently	applied,	and	the	
frequency	 of	 application	 by	 75%.	The	 one-time	 applications	 also	 showed	 no	 significant	 effects	 in	 terms	 of	 paddy	
growth	and	yield	components	compared	to	the	standard	four	applications.	CRF	were	able	to	supply	nutrients	throughout	
the	critical	 crop	 stages,	 including	 the	grain	filling	 stage	which	 requires	a	 timely	 supply	of	nutrients	when	 the	crop	
is	undergoing	active	grain	filling,	ultimately	determining	yield.	Nitrogen	(N)	is	the	most	critical	nutrient	to	manage	
because	of	 its	susceptibility	 to	 leaching	and	ammonisation	loss,	both	of	which	can	be	reduced	by	CRF	due	to	their	
steady	nutrient	supply	and	therefore	better	adsorption	by	the	soil	throughout	the	whole	paddy	cropping	season.	Results	
showed	that	 the	coated	formulations	significantly	 increased	absorption	of	N	(23.8%),	P	(51.8%)	and	K	(36.3%),	as	
reflected	by	the	nutrient	contents	in	the	leaf	tissues,	relative	to	the	control	in	the	trials.

Keywords: Agro-polymer	coated,	biopolymer,	controlled	release	fertiliser	(CRF),	nutrient	release	pattern,	paddy	production	
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Introduction

	 One	 of	 the	 means	 by	 which	 paddy	 yield	 can	 be	
increased	 rapidly	 is	 the	 timely	 delivery	 of	 sufficient	
essential	 nutrients	 during	 the	 critical	 growth	 stages.	
Research	over	the	years	has	shown	that	only	about	50%	
of	 applied	 N	 is	 recovered	 by	 upland	 crops	 (Allison,	
1966)	and	55%	by	rice	(Fernandez	Valiente	et al.	2000).	
The	low	efficiency	of	N	fertiliser	uptake	is	attributed	to	
losses	by	volatilisation,	denitrification,	surface	runoff,	and	
leaching	(De	Datta,	1981;	Firestone	and	Davidson,	1989).	
Excessive	 P	 fertiliser	 application	 results	 in	 ecological	
risks,	 such	as	P	accumulation	 in	 the	 soils	 and	 leaching	
of	N-P	into	water	bodies	contributing	 to	eutrophication	
(Carpenter,	 2008).	 In	 order	 to	 overcome	 such	 loss	 of	
nutrients	from	conventional	fertilisers,	controlled	release	
fertilisers	(CRF)	have	been	developed	and	are	available	in	
the	market.	Most	of	the	slow	release/time	release	fertiliser	
products	are	based	on	coating	technology.
	 The	 common	 coating	 materials	 used	 are	 sulphur,	
formaldehyde,	 polyolefin,	 polyvinyl	 chloride	 (PVC),	
polysulfone	 (PSF),	 polyacrylamide	 (PA)	 and	 polylactic	
acid	(PLA).	However,	most	of	these	products	are	relatively	
expensive	and	the	prices	of	the	resultant	fertilisers	are	two	
to	five	times	higher	than	those	of	conventional	compound	
fertilisers.	 In	 addition,	 the	 organic	 solvents	 used	 in	

most	 of	 the	 production	 processes	 can	 cause	 significant	
environmental	 harm	 due	 to	 the	 residual	 plastics	 and	
their	poor	biodegradability	in	the	soil.	Locally	produced	
agricultural	wastes	were	used	as	raw	materials	to	process	
the	 intermediate	 extracted	 cellulose.	 Polymers	 from	
such	 sources	 as	 jackfruit	 wastes	 and	 corn	 cobs	 were	
successfully	isolated	and	formulated	in	previous	studies	
(Muhammad	Syahren	et al.	2018).

Materials and Method 

Site Description

	 The	project	was	carried	out	in	a	glasshouse	at	MARDI	
Serdang.	 Temperatures	 in	 the	 glasshouse	 ranged	 from	
32	 °C	 during	 the	 day	 to	 22	 °C	 during	 the	 night.	 The	
main	textural	class	of	the	soil	used	was	sandy	clay	loam	
with	 sand,	 silt	 and	 clay	 contents	 at	 63,	 13	 and	 24%,	
respectively.

Coated Compound Fertilisers

	 A	specially	formulated	compound	fertiliser	(12:9:18)	was	
used	in	the	laboratory	to	test	the	various	polysaccharides	
extracted	 from	 jack	 fruit	 wastes	 (JF)	 and	 corn	 cobs	
(CC)	with	a	combination	of	appropriate	percentages	of	
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plasticisers	and	binders	for	their	hydrophobic	properties	
and	desired	nutrient	release	pattern	(Muhammad	Syahren	
et al.	2018).	Both	the	coating	processes	of	the	formulated	
compound	fertiliser	were	successfully	customised	by	an	
atomiser	rotation	drum	with	a	v/v	ratio	of	10%	for	testing	
in	the	glasshouse.

Paddy Efficacy Evaluation

	 The	glasshouse	trials	were	conducted	using	the	CRD	
plot	design,	which	consisted	of	7	main	plots	with	different	
levels	of	fertiliser	application	(as	shown	below).

	T1:	Control,	 fertiliser	 rate	 of	N:	 P:	K	=	 160:	 90:	 175	
(subsidised	fertiliser),	applied	four	times
	 T2:	 JF	 on	 controlled	 release	 fertiliser	 rate	 (75%	
application	of	subsidised	fertiliser)	
	 T3:	 JF	 on	 controlled	 release	 fertiliser	 rate	 (50%	
application	of	subsidised	fertiliser)
	 T4:	 CC	 on	 controlled	 release	 fertiliser	 rate	 (75%	
application	of	subsidised	fertiliser)
	 T5:	 CC	 on	 controlled	 release	 fertiliser	 rate	 (50%	
application	of	subsidised	fertiliser)
	 T6:	 SK	 Coat	 (23-9-12),	 a	 commercial	 brand	 of	 a	
controlled	release	fertiliser	(China)
	 T7:	 Osmocoat	 (14-14-14),	 a	 commercial	 brand	 of	 a	
controlled	release	fertiliser	(USA)

For	 grain	 yield	 monitoring,	 total	 grain	 weight	 from	 a	
sample	 of	 five	 plants/pot	 was	 recorded.	 The	 harvested	
grain	were	dried,	winnowed	and	weighed.

Chemical Characterisation

	 Elemental	composition	(C,	H,	N,	S	and	O)	of	soil	and	
leaf	 tissue	 samples	 were	 analysed	 using	 an	 Elementar	
CHNS	analyser,	while	other	elements	(P,	K,	Na,	Ca,	Mg)	
were	 determined	 by	 using	Varian	 ICP-OES	 (Inductive	
Coupled	 Plasma	 Atomic	 Emission	 Spectroscopy).	

CEC	 (cation	 exchange	 capacity)	was	 determined	 using	
an	 acid	 washing	 method.	 Total	 acidity	 and	 carboxylic	
groups	(COOH)	of	the	extracted	HA	were	determined	by	
titration	using	barium	hydroxide	[Ba(OH2)]	and	calcium	
acetate	[CaCH3(COO)2].

Results and Discussion

Paddy Efficacy Evaluation

	 The	effects	of	different	 types	 and	 rates	of	 fertilisers	
on	paddy	yield	components	under	glasshouse	conditions	
were	not	significantly	different	from	each	other	(Table 1).	
Looking	at	the	filled	grain	data,	about	3	–	5%	increases	
relative	 to	 the	 control	 resulted	 from	 the	 use	 of	 JF	 and	
CC	 as	 the	 coating	 compound	 (T2-T5).	 Reducing	 50%	
of	 the	 amount	of	 subsidised	 fertiliser	 resulting	 in	 large	
percentage	increases	in	plant	height	and	panicle	number	
(T3	and	T5)	but	was	had	no	significant	effect	on	grain	
filly.	 This	 could	 be	 due	 to	 the	 actual	 panicle	 number	
being	small	and	the	increases	in	tiller	number	were	not	
sensitive	enough	to	show	a	significant	effect.	The	increases	
in	 panicle	 length	 from	 using	 Osmocoat	 commercial	
CRF	(T7)	were	not	associated	with	panicle	number	and	
1,000-grain	weight.	Applying	a	fertiliser	of	high	K	at	75	
days	after	sowing	was	not	the	optimum	time	as	the	crop	
can	sustain	growth	with	the	series	of	CRF	used	without	
any	negative	effect	at	the	grain	filling	stage.	The	specially	
formulated	compound	in	the	commercial	CRF	SK	Coat	
(T6)	 23-9-12	 clearly	 showed	 the	 lowest	 values	 for	 the	
yield	 components,	 probably	 because	 of	 less	 total	 K	
supplied.	Grain	fill	increased	(although	not	significantly)	
in	 response	 to	 reducing	 rate	and	 frequency	of	applying	
the	 subsidised	 fertiliser	 by	 25	 –	 50%,	 indicating	 that	
the	 appropriate	 dosage	 of	CRF	 can	 reduce	 the	 amount	
of	 nutrient	 leached,	 as	 shown	 in	 previous	 studies.	The	
increase	 in	 panicle	 number	 and	 length	 following	 the	
CRF	 treatments	 need	 to	 be	 evaluated	 further	 as	 there	
was	 enough	 nutrient	 supply	 throughout	 each	 critical	
crop	stage.

Table 1. Average	harvest	data	for	yield	components	in	a	paddy	pot	trial

Treatments Plant	height	
(cm)

Panicle	
number

Grain/panicle %	Filled	grain Panicle	
(cm)

1000	grain	
weight	
(g)

T1	(Subsidised	fertiliser)	 111.3a 15.2a 108.7a 86.5a 24.4a 29.48a
T2	(JF	75%	Subsidised	

fertiliser)
114.2a 14.6a 109.5a 89.0a 25.0a 29.61a

T3	(JF	50%	Subsidised	
fertiliser)	

129.3a 15.6a 108.6a 88.4a 24.0a 27.66a

T4	(CC	75%	Subsidised	
fertiliser)	

120.7a 14.9a 119.4a 87.1a 24.3a 27.99a

T5	(CC	50%	Subsidised	
fertiliser)

124.5a 16.0a 110.5a 88.0a 24.2a 28.64a

T6	(SK	Coat	23-9-12) 109.4a 10.4a 103.2a 85.6a 21.3a 25.53a
T7	(Osmocoat	14-14-14)	 107.5a 12.7a 107.2a 82.6a 28.3a 24.40a

Means	within	the	same	column	with	the	same	letter	were	not	significantly	different	from	one	another	at	p	≤0.05
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Conclusion

	 The	 proprietary	 paddy	 CRF	 compounds	 can	 reduce	
fertiliser	amount	and	frequency	of	application	by	25	–	50%	
and	75%,	respectively	in	plot	trials	at	MARDI	Serdang.	
Data	on	yield	components	showed	overall	improvements	
even	 though	 there	were	no	significant	differences	 from	
the	 control.	 One-time	 CRF	 treatment	 application	 was	
recommended	 for	 both	 agro-polymer	 formulations	
as	 well	 as	 the	 commercial	 CRF	 tested	 (SK	 Coat	 and	
Osmocoat).	However,	the	optimum	financial	implication	
needs	 to	 be	 studied,	 which	 will	 involve	 establishing	
the	dosage	and	 type	of	CRF	used	by	determining	 their	
biodegradable	rates.
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Abstract

	 The	first	ASEAN	Maximum	Residue	Limit	(MRL)	of	a	fungicide	for	curry	leaves	(Murraya koenigii)	was	established	
in	 2020	 as	 an	ASEAN	Harmonised	MRL.	The	 setting	 of	MRL	 for	 curry	 leaves	was	 based	 on	 collaborative	work	
between	MARDI	and	the	Department	of	Agriculture	through	the	generation	of	residue	data	from	supervised	residue	
trials	 in	 curry	 leaf	 farms.	With	 the	 establishment	 of	 the	 first	 national	 and	ASEAN	MRL	of	 the	 selected	 fungicide	
(trifloxystrobin)	for	curry	leaves,	curry	leaf	farmers	will	no	longer	not	risk	violating	MRL	in	terms	of	safety	of	pesticide	
residue	levels	in	marketed	crops.	Subsequently,	the	newly	established	ASEAN	MRL	will	ensure	that	curry	leaves	can	
be	traded	smoothly	to	neighbouring	countries	(Singapore,	etc.)	without	the	risk	of	export	rejection	by	the	authority	of	
the	importing	countries.	Supervised	residue	field	trials	of	Flint	(active	ingredient:	trifloxystrobin)	in	curry	leaf	farms	
were	conducted	to	determine	the	residue	magnitudes	for	the	purpose	of	setting	the	Maximum	Residue	Limits	(MRL)	
of	 trifloxystrobin	in	curry	leaves.	A	total	of	four	supervised	residue	field	trials	were	conducted.	Trifloxystrobin	was	
determined	to	be	effective	in	controlling	Ascochyta rabiei.	Flint	was	applied	in	four	times	to	the	experimental	plots	
with	retreatment	period	of	two	weeks.	Curry	leaf	samples	were	taken	at	0,	1,	3,	7,	14	and	28	days	after	application	
of	the	fungicide,	and	sent	to	the	Pesticide	Laboratory	for	residue	determination.	Residues	of	trifloxystrobin	detected	
were	 in	 the	 range	 of	 0.089	 –	 21.182	mg/kg.	Noticeable	 declining	 trends	 of	 the	 residue	were	 observed	 in	 the	 four	
field	trials	from	0	until	28	days	after	application.	The	residue	data	package	was	submitted	to	the	Pesticide	Board	of	
Malaysia	for	approval	of	 the	fungicide	recommendations	 in	 the	management	of	fungal	disease	 in	curry	 leaves.	The	
residue	data	package	was	also	submitted	to	the	Expert	Working	Group	on	the	Harmonisation	of	Maximum	Residue	
Limits	of	Pesticides	among	ASEAN	Countries	to	set	the	ASEAN	Harmonised	MRL.	The	ASEAN	Harmonised	MRL	
of	trifloxystrobin	for	curry	leaves	was	finally	established	at	3	mg/kg	in	2020.

Keywords:	ASEAN,	curry	leaves,	Maximum	Residue	Limit,	Murraya koenigii,	residue	field	trials,	trifloxystrobin
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Introduction

	 A	 collaboration	 project	 in	 generating	 residue	 data	
was	 initiated	 between	 MARDI	 and	 the	 Department	
of	 Agriculture	 to	 address	 the	 lack	 of	 fungicide	
recommendations	 for	 the	 control	 of	 black	 spot	 disease	
in	 curry	 leaves	 farms.	Trifloxystrobin	was	 selected	 for	
the	 study.	 Trifloxystrobin	 is	 an	 effective	 strobilurin	
fungicide	 to	 which	 controls	 a	 wide	 range	 of	 fungal	
pathogens	 [1].	The	 lack	 of	 fungicide	 recommendations	
for	 the	curry	 leaf	 (Murraya koenigii)	plant	was	mainly	
due	 to	 relatively	 small	market	volume	 for	 curry	 leaves	
that	 probably	 discouraged	 fungicide	 manufacturers	
from	 investing	 resources	 to	 generate	 efficacy	 and	

residue	 data	 for	 registration	 of	 these	 specific	 fungicide	
recommendations.	Cost	is	a	major	consideration	for	the	
pesticide	 manufacturers	 when	 deciding	 on	 whether	 to	
pursue	 registration	 [2].	 Despite	 the	 lack	 of	 fungicide	
recommendations,	some	farmers	resort	to	off-label	use	of	
fungicides/pesticides	on	curry	leaves;	such	action	would	
result	in	MRL	violation.	Exported	commodities	containing	
off-label	use	of	pesticides	can	result	in	rejection	of	the	crop	
consignment	by	the	importing	countries.	In	international	
trade,	detention	of	agricultural	crops	by	authorities	of	the	
importing	countries	is	sometimes	due	to	no	MRL	having	
been	established	for	those	crops	[3].	In	the	collaborative	
project,	supervised	residue	trials	of	trifloxystrobin	were	
conducted	 in	 curry	 leaves	 farms.	The	 objective	 of	 this	
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study	 was	 to	 generate	 data	 on	 trifloxystrobin	 residues	
in	 curry	 leaves	 so	 that	 a	 national	 Maximum	 Residue	
Limit,	 MRL,	 can	 be	 established	 once	 the	 fungicide	
recommendation	 is	 approved	 by	 the	 relevant	 authority.	
Following	 the	 establishment	 of	 the	 national	 MRL	 for	
trifloxystrobin	in	curry	leaves,	the	same	data	set	was	used	
to	establish	the	ASEAN	MRL	for	curry	leaves.

Materials and Methods

Field Phase

	 A	total	of	four	supervised	residue	trials	on	the	use	of	
Flint	(active	ingredient:	 trifloxystrobin)	on	curry	 leaves	
farms	were	conducted	 from	2014	–	2015	 in	Peninsular	
Malaysia.	The	locations	of	the	trials	are	shown	in	Table 1.	
In	each	trial,	two	plots	were	established,	namely,	untreated	
and	 treated	 plots.	 The	 number	 of	 plants	 within	 each	
plot	was	 in	 the	 range	of	35	–	50.	The	 treated	plot	was	
sprayed	with	Flint	according	to	critical	Good	Agricultural	
Practice	 in	 the	use	of	a	pesticide	 [4],	which	 involves	a	
worst-case	 scenario	 in	 pesticide	 application.	 Flint	 was	
applied	four	times	at	a	retreatment	interval	of	two	weeks	
in	each	trial.	Curry	leaves	were	collected	at	determined	
sampling	intervals	of	0,	1,	3,	7,	14,	21	and	28	days	after	
the	last	treatment.	The	samples	were	sent	to	an	analytical	
laboratory	for	residue	quantification	at	the	Department	of	
Agriculture.		

Laboratory Phase

	 The	curry	leaves	samples	were	homogenised	using	a	
food	 processor	 to	 obtain	 homogenised	 curry	 leaves.	A	
mass	of	15	g	of	homogenised	curry	leaves	were	weighed	
in	a	bottle.	A	volume	of	60	mL	of	1%	glacial	acetic	acid	
in	acetonitrile	was	added,	followed	by	the	addition	of	6	
g	of	MgSO4	and	1.5	g	of	sodium	acetate.	The	contents	
inside	the	bottle	were	mixed	thoroughly	by	an	ultraturax	
at	high	speed	for	3	minutes,	then	the	bottle	was	shaken	in	

an	orbital	shaken	at	150	rpm	for	1	hour.	A	sample	extract	
volume	of	10	mL	was	transferred	into	a	15-mL	centrifuge	
tube	and	centrifuged	at	4000	 rpm	for	5	minutes.	Then,	
5	mL	of	 the	sample	extract	was	decanted	into	a	15-mL	
centrifuge	tube.	1	g	of	activated	Agilent	Enhanced	Matrix	
Removal	(EMR)	was	added	into	the	tube.	The	tube	was	
vortexed	for	1	minute	and	centrifuged	at	5000	rpm	for	5	
minutes.	The	extract	was	transferred	into	another	empty	
15-mL	centrifuge	 tube	and	3	g	of	MgSO4	were	added.		
The	 tube	was	vortexed	for	1	minute	and	centrifuged	at	
4000	rpm	for	5	minutes.	The	extract	was	diluted	5	times	
with	0.1%	formic	acid	in	acetonitrile,	and	later	the	diluted	
extract	was	filtered	using	a	syringe	filter	fitted	with	0.2	µm	
PTFE	membrane	filter.	The	filtered	extract	was	transferred	
into	 a	 2-mL	 vial	 for	 residue	 analysis	 using	 Liquid	
Chromatograph	Mass	Spectrometry	equipped	with	a	triple	
quadrupole	detector.	Further	dilution	was	made	if	the	peak	
area	of	analyte	was	above	the	highest	concentration	of	the	
calibration	standard.	The	Limit	of	Quantification	(LOQ)	
of	 trifloxystrobin	 in	 curry	 leaves,	 based	 on	 the	 stated	
analytical	method,	was	 0.01	mg/kg.	The	 determination	
of	LOQ	was	based	on	the	lowest	spiking	concentration	
that	resulted	in	an	acceptable	mean	recovery	value	within	
70-120%	of	the	spiked	trifloxystrobin.

Results and Discussion

	 Results	of	the	analyses	on	trifloxystrobin	residues	in	
curry	 leaves	 from	 the	field	 trials	are	shown	 in	Table 1.	
In	 all	 the	 four	 residue	 field	 trials,	 trifloxystrobin	 was	
detected	above	the	Limit	of	Quantification	(0.01	mg/kg)	
at	all	the	sampling	intervals.	The	Limit	of	Quantification	
was	determined	during	method	validation	of	the	analytical	
method.	Overall,	 there	were	 noticeable	 residue	 decline	
trends	from	0	until	28	days	after	 the	last	application	of	
the	fungicide.	

Table 1. Residue	data	summary	from	supervised	trials	of	trifloxystrobin	in	curry	leaves

DALA Concentration	(mg/kg)
Ayer	Hitam

2015
Serdang
2015

Bukit	Lawiang
2015	–	2016

Bukit	Lawiang
2016

Trifloxystrobin	(for	MRL	estimation)
0 9.857 17.931 21.182 MS
1 7.792 18.104 14.897 8.319
3 0.658 2.940 10.732 5.529
7 0.280 0.896 3.896 3.766
14 0.085 0.549 0.807 1.039
21 0.093 0.296 0.614 0.258
28 0.089 0.195 0.283 0.090

DALA	–	Days	after	last	application	 	 MS	-	Sample	was	missing	during	storage	in	the	laboratory
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	 The	 residue	 data	 package	 was	 submitted	 to	 the	
Pesticide	Board	of	Malaysia	for	approval	of	the	proposed	
fungicide	 recommendations	 for	 curry	 leaves.	 After	
evaluation,	the	proposed	recommendations	were	approved	
with	 an	 interim	MRL	of	 trifloxystrobin	 in	 curry	 leaves	
set	 at	 3	 mg/kg,	 and	 application	 to	 be	 stopped	 at	 the	
pre-harvest	 interval	 of	 14	 days.	 Following	 successful	
registration	 of	 the	 recommendations,	 the	 same	 residue	
data	package	was	submitted	to	the	Expert	Working	Group	
on	 the	Harmonisation	 of	Maximum	Residue	 Limits	 of	
Pesticides	 among	ASEAN	 Countries	 for	 setting	 of	 an	
ASEAN	 Harmonised	 MRL.	 The	ASEAN	 Harmonised	
MRL	of	3	mg/kg	trifloxystrobin	in	curry	leaves	was	finally	
established	in	2020.	To	the	best	of	the	authors’	knowledge,	
the	ASEAN	Harmonised	MRL	of	trifloxystrobin	in	curry	
leaves	is	the	first	international	MRL	on	curry	leaves.

Conclusion

	 The	first	national	and	regional	(ASEAN)	MRL	for	a	
fungicide	 in	 curry	 leaves	 was	 successfully	 established	
following	work	on	 residue	data	generation	by	MARDI	
and	the	Department	of	Agriculture.
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Abstract

	 Bio-soil	 amendments,	 i.e.,	 use	 of	 plant	 probiotics,	 have	 been	widely	 studied	 for	 plant	 growth	 and	 development	
to	enhance	crop	yield.	This	study	examined	the	effects	of	different	concentrations	of	a	bio-soil	amendment	using	a	
product	called	“Zyme”	on	the	germination	and	seedling	emergence	of	okra	(Abelmoschus esculentus	L.	Moench)	which	
belongs	 to	 the	Malvaceae	Family.	Okra	seed	of	cultivar	551	Hybrid,	named	Green	Torpedo,	were	grown	 in	plastic	
pots	filled	with	loamy	sandy	soil	as	the	growth	medium.	The	treatment	combinations	were	laid	out	in	a	randomised	
complete	 block	 design	 (RCBD)	with	 five	 replications.	At	 20	 days	 after	 germination,	 the	 plants	were	 subjected	 to	
different	concentrations	of	the	bio-soil	amendment	solution,	namely,	T1:	0	ppm	as	the	control,	T2:	50	ppm,	T3:	100	
ppm,	T4:	200	ppm,	T5:	400	ppm,	and	T6:	800	ppm.	At	full	physiological	maturity	of	the	seedlings,	the	percentage	of	
germination	and	mean	emergence	time	(days)	of	the	okra	plants	were	recorded.	The	results	showed	that	the	highest	
germination	was	recorded	with	T6	(800	ppm)	at	88.67%,	while	the	lowest	germination	was	recorded	with	T1	(control)	
at	72%.	Germination	enhancement	for	T6	was	higher	by	16.67%	over	T1.	Meanwhile,	mean	seed	emergence	time	was	
shortest	with	T6	(800	ppm)	at	3.00	days,	while	the	longest	was	found	for	T1	(control)	at	4.67	days.	Further,	 it	was	
noted	that	mean	germination	time	of	T6	decreased	over	T1.	The	results	indicated	that	increasing	concentrations	of	the	
bio-soil	amendment	solution	caused	an	increase	in	the	percentage	of	germination	and	shortened	the	emergence	time.	
Moreover,	a	highly	fertile	soil	would	also	contribute	effectively	in	producing	high	quality	okra	seed.

Keywords:	Bio-soil	amendment,	emergence	time,	germination,	okra
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Introduction

	 Germination	 of	 the	 seed	 is	 an	 essential	 stage	 of	 a	
plant’s	life.	The	visible	sign	that	germination	is	complete	
is	penetration	of	the	structures	surrounding	the	embryo	by	
the	radicle.	With	the	seed,	the	independence	of	the	next	
generation	of	 plants	 begins	 [1].	 In	many	plant	 species,	
seed	germination	is	promoted	by	favourable	conditions,	
including	sufficient	water,	suitable	range	of	temperature	
and	normal	composition	of	the	environment,	but	not	all	
the	seed	germinate	simultaneously.	According	to	Stanley	
and	 Stephen	 (1994),	 okra	 seed	 are	 normally	 stored	 in	
a	 cool,	 dry	 place,	 and	 soaked	 in	 water	 for	 24	 hours	
before	sowing	to	hasten	the	process	of	germination	[2].	
From	 seed	 sowing	 to	 seedling	 establishment,	 the	 seed	
are	 exposed	 to	 a	 wide	 range	 of	 environmental	 factors	
that	 can	 adversely	 affect	 germination	 performance	 [3].	
Okra	 seed	 germinate	 between	 three	 and	 six	 days	 (for	
presoaked	 seed),	 and	 require	 ample	 water	 [4].	 They	

require	moist	 soil	 and	 a	 temperature	 around	 25	 °C	 for	
efficient	germination,	and	grow	best	in	neutral	to	slightly	
alkaline	soils	(pH	6.5	–	7.5	[5].	The	seed	germinate	only	
in	warm	soils	with	 temperatures,	 ranging	from	20	–	30	
°C.	Soil	 amendment	 is	 the	 addition	 of	materials	 to	 the	
soil	 to	improve	its	physical	properties,	with	the	goal	of	
providing	 a	 better	 environment	 for	 the	 plant	 roots	 [6].	
The	application	of	bio-soil	amendments	such	as	a	plant	
probiotic	has	become	a	potential	practice	among	farmers	
to	maximise	crop	yield,	instead	of	minimising	the	use	of	
chemical	fertiliser.	Incorporation	of	an	organic	amendment	
into	the	soil	will	enhance	the	soil	nutrient	status	and	may	
reduce	 the	 incidence	of	pests	 [7].	Due	 to	 this	 effect	 of	
reducing	pest	 infestation,	 the	 number	 of	 healthy	plants	
will	be	increased,	resulting	in	a	potentially	higher	yield	
production.
	 Okra	 (Abelmoschus esculentus	 L.	 Moench),	 known	
as	lady’s	finger	in	England,	okura	in	Japan	and	bendi in 
Malaysia,	 is	a	warm	season,	 tall-growing	and	(grouped	
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as)	 an	 annual	 vegetable.	 Okra	 is	 one	 of	 the	 flowering	
plants	belonging	to	the	Family	Malvaceae	that	originated	
from	Africa,	and	is	cultivated	in	tropical	countries.	Okra	
is	 one	 of	 the	 economically	 important	 vegetable	 crops	
grown	in	the	tropical	and	sub-tropical	parts	of	the	world.	
This	crop	is	suitable	for	cultivation	as	a	garden	crop	and	
in	 commercial	 farms.	 Okra	 is	 grown	 commercially	 in	
India,	Turkey,	Iran,	West	Africa,	Yugoslavia,	Bangladesh,	
Afghanistan,	 Pakistan,	 Burma,	 Japan,	 Brazil,	 Ghana,	
Ethiopia,	Cyprus	and	the	southern	United	States.	70%	of	
the	world’s	production	of	okra	is	from	over	0.35	million	
hectares	of	 land	 (FAO,	2014)	 [8].	Okra	plants	 are	 also	
widely	distributed	in	the	tropics,	which	include	countries	
like	Malaysia.	According	 to	 the	Malaysian	Department	
of	Agriculture	(2017),	okra	is	cultivated	on	only	3,686.7	
hectares,	with	a	production	of	53,937.2	tonnes	per	year	
[9].		For	the	production	of	okra,	soil	fertility	is	the	main	
thing	 that	 needs	 to	 be	 emphasised	 for	 sustaining	 plant	
growth.	Low	production	of	okra	will	affect	its	utilisation	
[10].	 Effective	 approaches	 to	 slowing	 down	 nutrient	
removal	and	returning	nutrients	 to	 the	soil	are	required	
to	 maintain	 and	 increase	 crop	 productivity,	 and	 thus	
sustain	 agriculture	 in	 the	 long	 term	 [11].	 Considering	
the	excessive	cost	of	chemical	fertilisers,	this	study	was	
conducted	to	 investigate	whether	a	bio-soil	amendment	
applied at different rates in	to	the	growth	media	had	an	
effect	on	the	germination	and	seedling	emergence	of	okra.

Materials and Methods

Okra Seed Treatment and Data Collection

	 For	 seed	 germination,	 50	 seed	 of	 the	 cultivar	 551	
Hybrid	 (named	 Green	 Torpedo)	 were	 germinated	 in	 a	
germination	tray,	and	each	treatment	was	replicated	three	
times.	The	germinated	seed	were	counted	each	morning	
from	day	2	to	day	8.	For	the	seed	emergence	study,	seed	
were	sown	into	pots	containing	soil	media	that	were	had	
previously	been	soaked	with	the	appropriate	treatment	of	

varying	concentrations	of	bio-soil	amendment	solutions.	
During	the	experimental	period,	the	media	were	watered	
daily	with	 the	 respective	 bio-soil	 amendment	 solution.	
The	experimental	design	used	was	a	randomised	complete	
block	design	(RCBD)	with	six	treatments.	The	treatments	
were	T1:	0.0	parts	per	million	(ppm)	as	the	control;	T2:	
50	ppm;	T3:	100	ppm;	T4:	200	ppm;	T5:	400	ppm;	and	
T6:	 800	 ppm	 of	 the	 bio-soil	 amendment.	 The	 diluted	
solutions	 were	 prepared	 according	 to	 the	 supplier’s	
recommendation,	i.e.,	one	sachet	of	20	g	was	diluted	into	
100	litres	of	water	(as	the	stock	solution).

Results and Discussion

Germination Rate and Seedling Emergence

	 Germination	 is	 defined	 as	 the	 first	 sign	 of	 radicle	
emergence.	A	germination	test	determines	the	percentage	
(%)	 of	 seed	 that	 are	 alive	 in	 any	 seed	 lot.	 The	
seedlings	were	counted	daily	until	complete	emergence.	
Germination	 was	 calculated	 as	 a	 percentage	 using	 the	
following	formula:

 	 Number	of	seed	germinated%	Germination	 =	 	–––––––––––––––––––––––	 x	 100%	 	 Number	of	seed	sown

Analysis	of	variance	was	conducted	on	the	data	for	each	
day	of	observation,	and	the	difference	between	treatments	
was	tested	at	5%	level	of	probability.	Regression	analysis	
was	 done	 to	 determine	 the	 relationship	 between	 the	
parameters	 recorded	 and	 the	 concentration	 of	 the	 bio-
soil	 amendment	 solution.	 The	 hydro-priming	 method	
significantly	influenced	the	germination	of	the	okra	seed	
when	 tested	 at	 different	 concentrations	 of	 the	 bio-soil	
amendment	solution	(Table 1.0).	On	average	(Figure 1.0),	
the	highest	germination	was	recorded	with	T6	(800	ppm)	
which	was	at	88.67%,	while	the	lowest	germination	was	
recorded	with	T1	(control),	which	wase	72%.	It	was	noted	
from	Table 1	that	the	germination	with	T6	was	enhanced	
by	16.67%	over	T1.

Table 1.	 Cumulative	percentage	of	germination	of	okra	as	affected	by	different	concentrations	of	the	bio-soil	
amendment	solution

Treatment
(ppm)

Germination	(%)
Day	3 Day	4 Day	5 Day	6 Day	7 Day	8

T6:	800 16.67a 30.00ab 53.33ab 69.33a 75.33a 88.67a

T5:	400 16.00ab 32.00ab 55.33a 68.00a 73.33a 86.67a

T4:	200 14.00ab 32.00ab 54.67a 66.00a 72.00a 86.67a

T3:	100 14.00ab 28.00ab 52.67ab 66.67a 73.33a 84.00a

T2:	50 16.00ab 32.67a 52.67b 62.67ab 72.67a 82.67a

T1:	0 13.33b 27.33b 48.67b 54.67b 64.00a 72.00b

Prob.>	F 0.105 0.128 0.072 0.061 0.359 0.001
Significance No No No No No Yes
CV	(%) 12.31 10.18 5.69 10.51 8.96 7.66

Figures	with	similar	letter(s)	within	the	same	column	do	not	differ	significantly	from	one	another	at	0.05	level	of	probability	
by	LSD.	**	=	Significant	at	0.01	level	of	probability
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Emerging	seedlings	were	recorded	8	days	after	sowing.	
Emergence	of	a	seedling	is	defined	as	when	the	plumule	
emerges	 from	 the	 growth	 media.	 The	 hydro-priming	
method	 significantly	 influenced	 the	 mean	 germination	
time	of	okra	seed	at	different	concentrations	of	the	bio-
soil	amendment	solution	(Table 2.0).	The	treatments	T6	
(800	ppm)	and	T1	(control)	showed	the	fastest	and	slowest	
average	mean	germination	time	with	values	of	3.00	days	
and	 4.67	 days,	 respectively.	 Further,	 it	 was	 noted	 that	
mean	germination	time	was	shortened	with	T6	over	T1.	

Conclusion

	 The	present	study	concludes	that	priming	of	okra	seed	
for	18	hours	by	soaking	in	water	led	to	better	emergence.	
In	many	 seed	 industries,	 seeds	 are	 soaked	 in	water	 for	
priming,	and	then	dried	and	stored	for	two	months	before	
sowing.	 In	 the	 present	 study,	 the	 primed	 seed	was	 not	
stored	for	two	months	before	sowing	to	eliminate	quality	
deterioration	 of	 the	 seed	 during	 drying	 and	 storage.	
Although	many	reports	support	that	the	practice	of	primed	
and	stored	seeds	can	give	better	emergence,	soaking	okra	
seed	 in	 the	 bio-soil	 amendment	 solution	was	 the	most	
effective	method	 of	 breaking	 dormancy	 and	 enhancing	
germination.	 This	 result	 is	 similar	 to	 the	 findings	 of	
Hardegree	(1994)	who	found	that	storing	of	primed	seed	
decreased	 germination	 [13].	 Similar	 results	 were	 also	
found	by	Heydecker	and	Coolbear	(1997)	[14],	Adetumbi	
et al.,	 (2009)	 [15],	 Liu	 et al.	 (1996)	 [16],	 Sangakkara	
(1995)	[17]	and	Nascimento	(2002)	[18].	So,	it	may	be	
concluded	that	18	hours	soaking	followed	by	two	hours	
of	surface	drying	before	sowing	is	suitable	for	okra	seed	
priming.	 From	 the	 results	 of	 the	 present	 study,	 it	 may	
be	concluded	that	soaking	of	seed	in	water	for	18	hours	
followed	by	2	hours	for	surface	drying	may	be	used	as	a	
priming	method	for	okra	seed.
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Abstract

	 Stingless	bee	keeping	in	Sarawak	has	been	practised	and	developed	as	a	business	for	several	years	now	because	of	
the	demand	for	kelulut	honey	by	locals	who	value	its	nutritional	value	and	medicinal	properties,	such	as	antioxidant,	
anti-cancer	and	anti-inflammatory.	Production	and	sale	of	kelulut	honey	and	its	derivatives	are	considered	a	source	stable	
income	for	many	stingless	bee	keepers.	However,	during	the	Covid-19	pandemic,	many	businesses	were	negatively	
affected	due	to	the	movement	control	orders	(MCO)	that	had	to	be	imposed	to	contain	the	spread	of	the	disease.	This	
study	was	conducted	to	gather	data	in	a	preliminary	assessment	of	the	effects	of	MCO	on	the	average	income	of	stingless	
bee	keepers	in	Sarawak.	Candidates	who	are	active	stingless	bee	keepers,	including	MARDI	Sarawak’s	Agropreneur 
Muda and Kelulut	Honey	Supply	Chain	participants,	were	selected	for	this	study.	A	survey	was	conducted,	and	it	was	
found	that	the	average	volume	of	kelulut	honey	production	and	net	average	monthly	income	for	the	candidates	during	
MCO	experienced	a	dip	when	compared	to	the	pre-MCO	period.	Candidates	also	expressed	increasing	challenges	in	
selling	their	products	and	carrying	out	normal	business	activities	during	MCO.	Subsequent	and	comprehensive	studies	
are	required	to	better	understand	the	correlation	between	MCO	and	the	sustainability	of	stingless	bee	keeping	activities	
in	Sarawak	in	the	long	run,	especially	if	there	is	a	prolonged	MCO	period.
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Introduction

 Kelulut	honey	is	produced	by	many	species	of	stingless	
bees	(e.g., Meliponini	spp.).	There	are	about	45	subspecies	
of	 stingless	 bees	 in	 Malaysia,	 and	 two	 of	 them	 have	
been	 domesticated,	 namely,	 Heterotrigona itama and 
Geniotrigona thoracica.	 Kelulut	 honey	 obtained	 from	
stingless	bees	has	numerous	medicinal	properties,	 such	
as	anti-microbial,	anti-cancer	and	antioxidant	[1].		Since	
its	rise	in	popularity	in	2010,	stingless	bee	keeping	has	
experienced	a	steady	increase	over	the	course	of	10	years;	
hence,	several	news	networks	have	reported	many	success	
stories	of	stingless	bee	keepers	throughout	Malaysia	[2,	3].
	 Then,	 suddenly,	 the	 world	 was	 challenged	 by	 the	
Covid-19	 pandemic	 starting	 from	 the	 end	 of	 2019	 and	
is	 still	ongoing	 today.	Originating	 from	Wuhan,	China,	
this	 respiratory,	 aerosol-transmitted	 and	 sometimes	
fatal	 disease	 caused	 much	 disruption	 to	 the	 world’s	
population,	 both	 socially	 and	 economically.	 A	 lot	 of	
economic	 sectors,	 including	 agriculture,	 were	 affected	

due	 to	 movement	 restrictions	 and	 lockdowns	 imposed	
by	 governments	 all	 over	 the	 globe.	 Malaysia	 is	 no	
exception;	movement	 control	 orders	 (MCO)	have	been	
imposed	 by	 the	 Malaysian	 Government	 several	 times	
since	March	2020,	and	have	not	been	lifted	completely	
even	until	2021	as	a	result	of	recurrent	waves	of	Covid-19	
outbreak.	Movement	restrictions	may	negatively	affect	the	
agriculture	subsectors	in	Malaysia,	mainly	in	the	form	of	
declining	sales	figures	due	to	difficulties	in	making	sales	
during	the	pandemic.
	 Since	 stingless	 bee	 keeping	 in	 Sarawak	 had	 started	
several	years	before	 the	Covid-19	pandemic,	 this	study	
was	conducted	to	assess	the	current	situation	and	how	the	
pandemic	has	affected	stingless	beekeepers	in	Sarawak,	
mainly	in	terms	of	their	income	from	the	sales	of	kelulut 
honey	 and	 its	 derivative	 products.	 Thus,	 comparing	
the	 data	 to	 the	 figures	 before	 MCO,	 it	 was	 possible	
to	 observe	 the	 effects	 of	 Covid-19	 on	 their	 stingless	
beekeeping	activities.
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Materials and Methods

Candidate Selection

	 Candidates	for	this	study	were	not	selected	randomly	
as	 it	 only	 concerned	 stingless	 bee	 keepers	 in	Sarawak.	
Hence,	candidates	were	selected	 from	the	stingless	bee	
entrepreneurs of Agropreneur Muda	programme,	MARDI	
Sarawak’s	Kelulut	Honey	Supply	Chain	participants	and	
a	few	independent	stingless	bee	keepers	in	Sarawak.	

Distribution of Questionnaires

	 A	set	of	questionnaires	were	designed	using	the	Google	
Forms	online	platform	to	overcome	the	limited	research	
activities,	primarily	on	social	studies,	due	to	MCO.	The	
questions	in	the	questionnaires	were	composed	of	three	
sections:	Section	A	(demographics	of	stingless	bee	keepers	
in	Sarawak),	Section	B	(income	level	before	MCO)	and	
Section	C	 (income	 level	during	MCO).	Data	 regarding	
the	stingless	bee	keepers’	income	were	based	on	studies	
done	by	Noor	et al.	(2019)	and	Kamaliya	(2020)	[4,	5].	
These	 comprised	 gross	 income	 from	 sales	 of	 kelulut 
honey	and	its	derivatives,	colony	maintenance	costs	and	
operational	 costs.	 In	 addition,	 the	 survey	 also	 included	
an	open-ended	question	asking	the	candidates	about	any	
challenges	or	difficulties	encountered	during	stingless	bee	
keeping	activities,	both	before	and	after	the	pandemic	for	
data	enrichment.

Data Analysis

	 The	 candidates’	 completed	 questionnaires	 were	
collected	 using	 Google	 Forms’	 own	 data	 analysis	
interface,	and	the	data	were	loaded	into	Microsoft	Excel	
with	statistical	analysis	functions	built	into	the	software.	
Average	 monthly	 income	 from	 stingless	 bee	 keeping	
activities	before	and	after	the	pandemic	were	compared.	
Average	maintenance	and	operational	costs	were	deducted	
from	 the	 gross	 average	 income	 to	 obtain	 net	 income.	
Challenges	faced	by	the	stingless	bee	keepers	before	and	
after	 the	 pandemic,	 were	 also	 presented	 following	 the	
theme	categories.

Results and Discussion

Candidates’ Demographics

	 A	 total	 of	 42	 candidates	 answered	 the	 set	 of	
questionnaires	given	to	them.	Most	of	them	were	stingless	
bee	keepers	from	Betong	Division,	followed	by	Kuching,	
Serian,	Miri	and	others.

Comparison of Kelulut Honey Production Before 
and During MCO

	 A	 comparison	 of	 the	 candidates’	 honey	 production	
was	 performed	 between	 the	 period	 from	 March	 2019	
–	 February	 2020	 (pre-MCO	 period)	 and	 the	 period	
from	March	2020	–	February	2021	(MCO	period).	This	
comparison	 was	 performed	 to	 find	 out	 whether	 MCO	
brought	about	any	effects	on	honey	production.	Monthly	
figures	 were	 not	 stated	 because	 in	 general,	 monthly	
honey	productions	were	not	 stable	 throughout	 the	year	
due	 to	 changing	 weather	 patterns	 (dry/wet	 season	 in	
certain	months	of	the	year)	which	usually	affected	honey	
production.
	 From	 the	 figure	 above,	 it	may	 be	 seen	 that	 average	
monthly	honey	production	showed	a	slight	dip	after	MCO	
was	imposed	by	a	decrease	in	its	mean	value	by	1.06%.

Comparison of Income Before and During MCO

	 Various	 products	 can	 be	 derived	 from	 stingless	 bee	
keeping	(honey,	propolis,	bee	bread	and	others).	However,	
for	the	sake	of	simplicity	in	this	preliminary	assessment,	
all	incomes	from	the	stingless	bee	keeping	activity	were	
consolidated	to	obtain	a	single	income	figure.
	 Based	on	the	result	above,	mean	net	monthly	income	
decreased	significantly	during	the	MCO	period.	Based	on	
the	answers	to	the	open-ended	question	from	the	survey,	it	
was	found	that	the	candidates	reported	that	their	income	
had	decreased	during	MCO,	mainly	because	of	restricted	
movement,	such	as	being	unable	to	go	to	their	stingless	
bee	hives	to	collect	honey,	and	also	because	of	decreased	
customer	demand.	

Figure 1. Distribution of candidates by location
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Comparison of Challenges/Difficulties Before and 
During MCO

	 Based	on	 the	 results,	 it	 can	be	observed	 that	during	
MCO,	 the	 candidates’	 challenges/difficulties	 (as	 a	
percentage)	were	 different	 from	 those	 in	 the	 pre-MCO	
period	 (Table 1).	During	 the	pre-MCO	period,	most	 of	
their	difficulties	were	centred	on	the	actual	stingless	bee	
keeping,	 such	 as	 pest	 problems	 (lizards,	 ants	 invading	
stingless	bee	colonies),	decline	in	honey	production	during	
the	wet	season,	and	others.	Referring	to	the	answers	given,	
the	challenges	encountered	in	stingless	bee	keeping	were	
considered	common	 issues	 to	 the	candidates,	and	 these	
challenges	generally	did	not	affect	honey	production	much	
in	the	pre-MCO	period.
	 During	the	MCO	period,	most	of	their	difficulties	came	
largely	from	declining	customer	demand	and	challenges	in	

Period Mean
Pre-MCO 19.76
MCO 18.57

Figure 2. Comparison of average monthly honey production between pre-MCO periods and during MCO and 
its mean values

Period Mean
Pre-MCO 1832.8
MCO 1142.4

Figure 3. Comparison of average net monthly income between pre-MCO and during MCO periods and its 
mean values

Table 1.	Candidates’	opinions	(as	a	percentage)	based	on	category

Category Pre-MCO During	MCO
Decline	in	customer	demand 13% 40%
Challenges	in	stingless	beekeeping 75% 10%
Challenges	in	business	activities 12% 50%

carrying	out	business	activities.	Based	on	answers	given,	
the	candidates	reported	that	fewer	customers	bought	their	
honey	during	the	MCO	period,	mainly	because	of	their	
customers’	decreased	spending	budget.	In	addition,	most	
of	 the	 candidates	 were	 unable	 to	 perform	 their	 usual	
business	activities	due	to	restricted	movement,	hindering	
them	from	going	to	their	beehives	that	were	located	in	a	
different	district	from	their	homes.	Although	inter-district	
travel	was	allowed	in	certain	months	and	phases	of	MCO,	
as	long	as	a	police	permit	was	obtained,	they	chose	not	
to	apply	for	permission	on	a	regular	basis.	Most	of	them	
stated	 that	applying	for	a	police	permit	was	considered	
‘troublesome’.	Challenges	in	stingless	bee	keeping	were	
still	 present,	 but,	 in	 the	 candidates’	 own	 words,	 [they	
were]	“not	as	difficult	to	overcome	as	trying	to	sell	and	
market	their	products	during	the	MCO	period”.
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Conclusion

	 Based	 on	 the	 results	 obtained	 from	 this	 preliminary	
study,	it	showed	that	MCO	during	the	Covid-19	pandemic	
took	 a	 toll	 on	 the	 stingless	 bee	 keepers’	 income	 by	
lowering	 them	 at	 a	 significant	 margin.	 Difficulties	
encountered	during	MCO	may	have	caused	 the	decline	
in	average	income,	but	more	comprehensive	studies	are	
needed	 to	 establish	 the	 correlation	between	 them	more	
clearly.	Studies	on	the	economics	of	stingless	bee	keeping	
are	important	to	assess	the	viability	and	sustainability	of	
this	activity	in	Sarawak.	Possibly,	it	can	be	improved	to	
increase	the	potential	of	kelulut honey	and	its	derivatives	
in	becoming	another	major	commodity	of	Sarawak,	other	
than	other	popular	and	quality	products,	such	as	Sarawak	
black	pepper	and	Sarawak	palm	sugar	(gula apong).

References

Mustafa	ZM,	Yaacob	NS	and	Sulaiman	SA.	Reinventing	the	honey	
industry:	Opportunities	of	the	stingless	bee.	Malays	Journal	
of	Medical	Science.	2018.	35:	64	–	70

Tugong	A.	 Kelulut	 lumayan.	 Borneo	 Post	 Online.	 https://www.
theborneopost.com/2016/10/25/kelulut-lumayan/

Geraldine	A.	Stingless	bee	farming	potential	source	of	income,	says	
Sabah	CM.	The	New	Straits	Times.	[Aug.2019]

Noor	M,	Hidayatullah	A	and	Zuraida	A.	Analisis	usaha	budi	daya	
lebah	madu	kelulut	 (Trigona	 sp.)	di	kelompok	tani	pinang	
muda	 di	 desa	 sungai	 pinang	 kecamatan	 tamban	 gulang	
kabu	 paten	 tanah	 laut.	 [PhD	 Thesis].	 Universitas	 Islam	
Kalimantan;	2019

Kamaliya	H.	Kontribusi	usaha	ternak	lebah	madu	kelulut	(Trigona 
spp)	terhadap	pendapatan	rumahtangga	petani	di	kecamatan	
taki	 sungkabu	paten	 tanah	 laut.	 [PhD	Thesis].	Universitas	
Islam	Kalimantan	MAB;	2020



303

Comparative analysis of midin (Stenochlaena palustris) performance as affected by 
different media

Zarifah Masni*and Jilum Makup 

Transfer Technology and Entrepreneur Development Centre, Malaysian Agricultural Research and Development Institute (MARDI), Block 14, 
Lot 411, Sultan Tengah Road, 93055 Kuching, Sarawak

*E-mail: zary@mardi.gov.my

Abstract

 The fast expansion into and exploitation of forested land for agriculture have an impact on the natural habitat of the 
edible fern, midin (Stenochlaena palustris). Pesticides and other chemicals used in the surrounding oil palm plantations 
and vegetable farms, and pollution from heavy traffic, are likely to contaminate some midin habitats. Fertigation 
techniques applied to the cultivation of midin have provided another alternative to diversifying the methods and 
medium of its cultivation, in addition to the existing natural habitat of midin. A closed fertigation system was used for 
midin cultivation in a study to evaluate the effect of different media treatments (T1: cocopeat, T2: sawdust, T3: spent 
mushroom substrate, and T4: control). The aim of the study was to increase midin production as a fresh vegetable 
using the information gained on the growth and yield of midin grown on different media. Growth parameters and yield 
were measured. Plant height was highest in T1 (156.7 cm), while the lowest plant height was recorded in the control 
treatment (72.3 cm). Significant yield differences between T1 (72.31g/m2) and other treatments – T2 (8.34 g/m2), T3 
(8.12 g/m2) and control (7.43 g/m2) – were found in this study. Thus, T1 showed better yield performance than all 
the other treatments. A comparison of yield (g/m2) of midin by the grades A, B and C was also made. T1 produced 
more yield for Grade A (10.22 g/m2), grade B (21.77 g/m2) and grade C (40.32 g/m2). The study showed that midin 
grown on T1 (cocopeat) had better performance compared to the other treatments, providing an alternative for midin 
cultivation using fertigation.

Keywords: Cocopeat, fertigation, midin, sawdust, spent mushroom substrate
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Introduction 

 The fast expansion into and exploitation of forested 
land for agriculture have an impact on the natural habitat 
of the edible fern, midin (Stenochlaena palustris). 
Pesticides and other chemicals used in the surrounding oil 
palm plantations and vegetable farms, as well as pollution 
from heavy traffic, are likely to contaminate some midin 
habitats [1]. Midin has become the most expensive 
local vegetable in Sarawakian eateries. Because of the 
increased demand, some farmers have begun farming 
it commercially. Fertigation techniques applied to the 
cultivation of midin have provided another alternative 
to diversifying the methods and media of cultivation, in 
addition to the existing natural habitat of midin. Quality 
control and production volume can be measured by 
determining production time and revenue collection time. 
Fertigation has been shown to have a beneficial effect 

on crops. The concept of fertigation integrates fertiliser 
application and irrigation, which are done simultaneously 
and targeted directly to the roots of plants and trees [2]. 
 Cultivation medium is a very important factor because 
it acts as a storage place for nutrients and water, and also 
plays a role in the process of oxygen absorption by the 
roots of the plant, as well as gas exchange between the 
roots and the external environment of the plant roots [3]. 
A closed fertigation system was used for midin cultivation 
in this study. The study was conducted to evaluate the 
use of different media (treatments) – (T1: cocopeat, T2: 
sawdust, T3: spent mushroom substrate, and control: peat 
soil) – in midin cultivation using a fertigation system. The 
objective of this study was to promote the production of 
midin as a fresh vegetable using a for fertigation system, 
as well as to compare the growth and yield of midin using 
different media treatments.
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Materials and Methods

Treatments and Data Collection

 The study focuses on the comparison, in terms of 
yield, growth and crop grade, between different media 
treatments, , namely, T1 (cocopeat), T2 (sawdust), T3 
(spent mushroom substrate) and a control (peat soil) of 
midin grown under a rain shelter. Growth and yield data 
were recorded over a 6-month period of cultivation. The 
crop was cultivated in a Sistem Pelindung Hujan (SPH) 
measuring 6.10 m x 18.29 m x 2.74 m (20” x 60 “x 9”). 
A planting bed measuring 1.22 m x 3.05 m (4 “x 10”) 
was used for each plant medium. The stem of the midin 
plant is cut at 15.0 to 15.5 cm from the base, and planted 
into the planting bed containing one of the treatment 
media mentioned above (Figure 1). The planting beds 
with the midin plants were drip-irrigated with a solution 
of water and fertiliser. The duration and frequency of 
dripping the fertiliser solution depended on the age of 
the plant and stage of crop growth. A fertiliser used to 
promote rooting and production of rhizomes, as well as or 
leaves and shoots was applied at 60 days after planting. 
An organic fertiliser was sprayed once a week. Table 1 
shows the fertiliser formulations used for the midin crops. 
The fertiliser components were divided into part A and 
part B, using a stock volume of 100 L of water. Growth 
data were collected weekly, and the crops were harvested 

every 3 or 5 days. The data were analysed using analysis 
of variance (of SPSS 22) to test the effects of the planting 
media on growth and yield. Tukey’s test was carried out 
as a post hoc test for mean comparisons of the parameters 
(growth performance and yield) between the treatments, 
at p ≤0.05. Recommended practices for the installation 
of the fertigation system, cultivation, management and 
crop maintenance were fully applied in this study. Disease 
and pest control was very minimal and did not require 
chemicals in this study.

Results and Discussion 

 Table 2 shows the comparison of yield (g/m2), plant 
height, grade A, B and C yields of midin according to 
the different media. T1 and T2 recorded the highest plant 
heights among the treatments, which were 156.7 cm and 
100.4 cm, respectively. The control treatment recorded 
the lowest plant height. This study showed significant 
yield differences between T1 (cocopeat) and the other 
treatments. The highest yield was also recorded with T1 
(at 72.31 g/m2), while T2 (saw dust), T3 (spent mushroom 
substrate) and the control recorded yields of 8.34, 8.12 
and 7.43 g/m2, respectively. The study found that T1 had 
higher yields for grade A (10.22 g/m2), grade B (21.77 g/
m2) and grade C (40.32 g/m2) than the rest, and that the 
differences were significant.

Figure 1. The stems (planting material), planting bed and different treatment media

The stem Planting bed T1 (cocopeat)

T2 (sawdust) T3 (spent mushroom substrate) Control (peat soil)
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Conclusion

 Cocopeat is an excellent growing medium, having an 
acceptable pH, electrical conductivity and other chemical 
attributes [4]. It can be concluded that cocopeat can be 
used as a suitable medium in an alternative cultivation 
system for midin using the fertigation method under a 
rain shelter.
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Table 1. Quantity of macro and micro fertiliser components in the midin 
(vegetable) fertigation fertiliser formulations

Fertiliser Weight/water
(g/100 L)

Part A
Calcium nitrate
Fe

11500
490

Part B
Potassium nitrate
Magnesium sulphate
Mono kalium hydrogen phosphate
Manganese
Boron 
Cu
Zn
Ammonium molybdate

6600
4030
2220
17
33
2
15
2

Table 2. Plant height, grade A, B and C yields and total yield of midin according to the different media treatments

Treatment Plant height (cm) Grade A yield
(g/m2)

Grade B yield
(g/m2)

Grade C yield
(g/m2)

Total yield
(g/m2)

T1 156.7b 10.22b 21.77b 40.32b 72.31b

T2 100.4b 0.81a 4.84a 2.69a 8.34a

T3 73.3a 0.70a 4.82a 2.60a 8.12a

Control 72.3a 0 4.81a 2.62a 7.43a
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Abstract

 Malaysia plans to increase her beef self-sufficiency level and productivity by improving the Kedah-Kelantan (KK) 
cattle breed to an Elite KK status. However, in increasing cattle production, the enteric methane emission, which is 
a potent greenhouse gas, is also expected to rise. A mitigation strategy can be developed to reduce the emission with 
the help of an accurate view of the total emission at the national level. The basics for enumerating emissions include 
defined activity data, and a representative value to relate the pollutant to the activity that releases it, which is called 
the emission factor (EF). Previously, a country-specific EF had been developed based on Brakmas cattle. However, 
utilising this EF may result in inaccuracies in the enumeration as it was not developed for the Elite KK which has 
different growth parameters compared to the Brakmas. Therefore, a new set of EF for different cattle age ranges was 
devised around Elite KK growth parameters, using the Inter-governmental Panel on Climate Change (IPCC) tier-2 
methodology which is based on data acquired from previous studies. The generated pooled average EF for Elite KK 
cattle resulted in a lower value, which is only 38.7 kg CH4/head/year compared to the IPCC default of 47 kg CH4/
head/year, and EF generated for Brakmas cattle which was 41.3 kg CH4/head/year. However, utilisation of the mature 
cattle Elite KK-based EF to calculate emission from enteric CH4 of the Malaysian beef cattle population using IPCC 
tier-1 methodology resulted in 9.58% higher estimates when compared with using the IPCC default EF. The new Elite 
KK-based enteric CH4 EF provides new insight into the estimation of GHG emission from the ruminant livestock 
sector. The EF would be useful in improving the accuracy of the estimates and, therefore, is suggested for use in the 
preparation of the future national GHG inventory report on the livestock sector.

Keywords: Brakmas cattle, emission factor, enteric methane emission, greenhouse gas, Kedah-Kelantan cattle
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Introduction

 Malaysia plans to increase its beef cattle self-
sufficiency level (SSL) by increasing the productivity of 
the indigenous cattle. The hardy but small-sized Kedah-
Kelantan (KK) breed was chosen for these objectives, 
and the result of the breeding programme is an improved 
version of the breed, the Elite KK. However, in increasing 
beef production, enteric methane (CH4) emission, which 
is among one of the most potent greenhouse gases 
(GHG) is also expected to rise. A sound mitigation 
strategy should be developed to help in reducing the 
said emission with the help of information presenting 
an accurate view of the total emission at the national 
level. The basics for enumerating emission include the 
need for a good and, preferably, sectoral-defined activity 
data (AD) multiplied by a representative value to relate 
the pollutant to the activity that releases it, called the 

emission factor (EF). A default EF can be used if a 
country-specific EF (CSEF) is not available. However, 
utilisation of a default EF may reduce the accuracy of the 
estimates compared CSEF. Previously, CSEF for a beef 
cattle enteric CH4 emission was developed based on the 
local Brakmas cattle [1], another derivative of the KK 
breed. However, the utilisation of this EF may result in 
inaccuracies in the estimates as the EF is not developed 
for the Elite KK which has different growth parameters 
compared to the Brakmas. Additionally, as the Elite KK 
is expected to represent the majority of the country’s 
beef cattle population [2], there is a pressing need to get 
more accurate emission estimates that reflect the breed. 
Therefore, the aim of this study was to develop a new 
set of EF around the Elite KK parameters.
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Materials and Methods

 A set of liveweight (LW) data was acquired from 
a previous study done on Elite KK cattle at MARDI 
Kemaman Research Centre. The study included an 
evaluation of different metabolisable energy (ME) 
levels for the different age groups of weaning cattle, 
grower cattle and breeding cattle (male and female). 
The LW data were reanalysed and refined to be used as 
input for the generation of the enteric CH4 EF for the 
Elite KK cattle using IPCC (2006) guidelines [3]. The 
generated EF was then utilised for calculating emission 
estimates (using IPCC tier-1 methodology [3]) from the 
beef cattle population in Malaysia, and compared with 
estimates calculated using the previously developed EF 
(Brakmas-based) and the IPCC default EF. A summary 
of the methodology is given in Figure 1.

Results and Discussion

 The generated EFs for the Elite KK beef cattle by age 
range and type were 25.9, 26.2, 43.1 and 59.6 kg CH4/
head/year for weaning, grower, breeding cow and breeding 
bull, respectively. A pooled average of EF from all the 

Elite KK cattle age ranges resulted in a lower EF, which is 
only 38.7 kg CH4/head/year, than the Inter-governmental 
Panel on Climate Change (IPCC) default of 47 kg CH4/
head/year. Similarly, a pooled average of similar groups 
for Brakmas cattle also resulted in a lower EF value (41.3 
kg CH4/head/year) compared to the IPCC default. The 
utilisation of the mature Elite KK-based EF to calculate 
emission of enteric CH4 of from the Malaysian beef cattle 
population using the IPCC tier-1 methodology resulted 
in 9.58% higher estimates compared to using the IPCC 
default emission factor (Figure 2). This was calculated 
with the assumption that the majority of the local beef 
cattle population was at a mature age range. However, 
uncertainty analysis was beyond the scope of this study 
as there was a lack of information pertaining to the 
actual processes taking place during the data recording 
procedure that may have contributed to the uncertainties. 
For this present EF, an uncertainty value of ±30% may 
be acceptable for temporary use, based on the IPCC 
guideline suggestion, as it is assumed that there was 
no high variability in the process at the farm during the 
study. All processes were done following strict research 
procedures may so as to lower the uncertainty values.

Figure 1. Summary of EF development and emission estimation for local beef cattle enteric 
CH4 emission

Figure 2. Comparison of enteric CH4 emission estimates from the total 
population of KK cattle breed calculated using different EF
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Conclusion

 With this result, new risk assessments can be made 
to find out the actual impact of the related sectors, while 
new mitigation policies are devised based around these 
new emission values, enabling more accurate, realistic 
and achievable emission reduction targets. However, the 
accuracy will also depend on the methodology used to 
estimate the emissions. A combination of CSEF with the 
IPCC tier-2 methodology, in addition to a defined livestock 
population, may ultimately result in more accurate 
emission estimates from this sector. It is suggested that this 
set of EF values may be used in future emission estimates 
of the Malaysian national GHG inventory reports on the 
livestock sector.
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Abstract

 The DNA barcoding application has become the latest approach or tool in biotechnology, showing applications in 
human health and marine sustainability. Application of DNA molecules has also solved many problems and issues 
related to the meliponiculture industry worldwide, such as assessing the honey compounds in several honey varieties, 
stingless bee identification through DNA barcoding, and plant species identification as food sources for the stingless 
bees. Information on the plant species foraged or used as a food source for Heterotrigona itama has never been widely 
investigated despite the great success of H. itama in the meliponiculture industry, specifically in honey production. 
However, a lot of information is available on pollen collection by H. itama, although the question as to whether the 
bees consume pollen or only store it in the pollen pot has yet to be clarified. In this regard, metabarcoding analysis 
using a trnL marker in H. itama food source is highly crucial to be investigated, and became the main objective of 
this study. A total of 262 species belonging to 70 Families and five Phyla of plants were foraged by H. itama in the 
studied populations. Spermatophyta and Magnoliophyta were recorded as the two Phyla which were foraged the most, at 
55.95 and 32.39%, respectively. Four species, Garcinia oblongifolia, Muntingia calabura, Mallotus pellatus and Pinus 
squamata, occurred abundantly and were consumed by all the H. itama populations. These data are considered to be 
fundamental findings exclusively on the food sources of H. itama, which can be used for strategising the management 
of the domestication process of the stingless bee, specifically in a monocropping system under a netted structure. Thus, 
based on these findings, we recommend Momordica charantia, Melastoma sp. and Cucumis sativa as the best choices 
of food plant species to be grown and utilised by H. itama in meliponiculture.

Keywords: DNA, food source, Heterotrigona itama, meliponiculture, metabarcoding

Introduction

 The DNA barcoding application has become the latest 
approach or tool in biotechnology, showing applications in 
human health and marine sustainability [1]. Application of 
DNA molecules has also solved many problems and issues 
related to the meliponiculture industry worldwide, such as 
assessing the honey compounds in several honey varieties 
[2], stingless bee identification through DNA barcoding 
[3], and plant species identification as food sources for the 
stingless bees [4]. Information on the plant species foraged 
or used as a food source for Heterotrigona itama has never 
been widely investigated despite the great success of H. 
itama in the meliponiculture industry, specifically in honey 
production. However, a lot of information is available on 

pollen collection of by H. itama, although the question 
as whether the bees consume the pollen or only store it 
in the pollen pot has yet to be clarified. In this regard, 
metabarcoding analysis by using a trnL marker in the H. 
itama food source is highly crucial to be investigated, and 
became the main objective of this study. It is important 
that the flowering plants consumed in the natural or wild 
habitat by H. itama are nurtured in the farms or orchards 
located together with H. itama colonies for sustainable 
reproduction; this will also ensure the best quality in the 
honey produced.

Proceedings of MARDI Science and Technology Exhibition (2021): 309 – 312
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Materials and Methods 

Sampling of the Stingless bees and Extraction

 A total of 36 Heterotrigona itama bees were sampled 
and collected from 12 meliponiculture sites throughout 
Malaysia, with three individuals collected from three 
colonies in each locality. DNA extraction, and sample QC 
until second PCR, followed the method from Fahimee et 
al. (2021) [5].

Data Analysis

 Paired-end reads were first removed from sequence 
adaptors and low-quality reads using BBDuk of the 
BBTools package. After this, the forward and reverse reads 
were merged using USEARCH v11.0.667. All sequences 
that were shorter than 150 bp or longer than 600 bp were 
removed from the downstream processing. Reads were 
then aligned with 16S rRNA (SILVA Release 132) or the 
UNITE ITS database.  After these quality assessment 
steps, reads were clustered de novo into Operational 
Taxonomic Units (OTUs) at 97% similarity, using 
UPARSE v11.0.667; rare OTUs with less than 2 reads 
(doubleton), which were often spurious, were deleted from 
downstream processing. A single representative sequence 
from each OTU was randomly chosen, and Pynast was 
used to align and construct a phylogenetic tree against the 
SILVA 132 16S rRNA database. Taxonomic assignment of 
OTU was achieved using QIIME V1.9.1 against the Silva 
database 16S rRNA database (release 132). All statistical 
analysis was done by R package V3.6.1.

Results and Discussion

 A total of 527,398 plant 16S rRNA sequences were 
generated from 12 samples of H. itama, ranging from 7448 
to 56,612. Sabah TE showed the highest read (70,068), 
followed by Perlis (56612), Sarawak Beladin (55,714), 
Kedah (54,937), and Perak (52216), while the lowest read 
was from Pool Sarawak-Bintulu (7448). The Shannon-
Wiener index (H’) indicated that Sabah TE had the highest 
diversity with H’ of 2.73 and 63 OTU, and the lowest was 
recorded for Selangor at 0.644 and 19 OTU. A similar 
arrangement was found for Simpson 1-D and Chao1 in 
which Sabah TE showed the highest OTUs (1 − D = 
0.899, Chao1 = 83), while the lowest was for H. itama 
from Selangor (1 − D = 0.243, Chao1 = 22.33) (Table 1). 
Furthermore, the OTU number from Borneo (Sabah TE, 
Sabah Telipok, Sarawak Kuching, Pool Sarawak Bintulu, 
Sarawak Beladin, Sabah Tuaran and Sarawak Miri) was 
328 and higher than that of Peninsular Malaysia (159).
 A total of 262 species from 70 Families and five 
Phyla were assigned at 97% similarity (Figure 1). 
The highest number of species were recorded for the 
Family Euphorbiaceae (27), followed by Fabaceae (20), 
Cucurbitaceae (16) and Fagaceae (13). Spermatophyta 
was the Phylum with the most abundant species (55.95%) 
as recorded in the samples from all the study localities, 
followed by Magnoliophyta (32.39%), Tracheophyta 
(4.72%), and Anthophyta (1.97%), while the lowest was 
Embryophyta (0.13%). There was also 4.85% of unknown 
Phyla because BLAST did not hit any plant DNA 
(Table 2). The Sabah Telipok data recorded the highest 
abundance of Spermatophyta (18.24%), followed by Perak 
(17.07%), Selangor (15.20%), and Kedah (11.76%), while 
Pool Sarawak Bintulu recorded the lowest (0.34%). 

Table 1. Numbers of effective plant 16S rRNA gene sequences, number of observed OTUs and alpha diversity indices for the 
plant DNA from H. itama sampled from 12 localities

Locality Sequences OTUs Chao1 Shannon-Weiner Simpson Evenness
Sabah TE 70068 63 83.000 2.732 0.900 23.056
Terengganu 34210 42 53.375 2.126 0.826 19.769
Sabah Telipok 50173 62 87.500 2.372 0.841 26.144
Perak 52216 32 59.500 1.147 0.564 27.901
Kedah 54937 37 42.600 1.672 0.739 22.126
Sarawak Kuching 20642 45 54.75 2.023 0.851 22.244
Pool Sarawak Bintulu 7448 35 42.000 1.939 0.794 18.047
Perlis 56612 29 34.000 1.044 0.476 27.786
Sarawak Beladin 55714 39 48.000 1.494 0.541 26.098
Selangor 47532 19 22.330 0.645 0.243 29.470
Sabah Tuaran 44060 36 53.500 2.130 0.840 16.899
Sarawak Miri 33786 48 86.500 1.857 0.715 25.844
Total 527398 487
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 The heat map constructed showed the 30 most abundant 
plant species at the 12 localities that were foraged by H. 
itama (Figure 2). The most dominant species found in 
all the locations were Garcinia oblongifolia, Muntingia 
calabura, Mallotus pellatus, Pinus squamata, and Phoebe 
puwenensis. Meanwhile, Umtiza listeriana, Spathodea 
campanulate, Ischaemum aristatum, and Dillenia indica 
could only be found in some localities. Based on the heat 
map (Figure 4), four species, namely, G. oblongifolia, M. 
pellatus, P. squamata, and P. puwenensis were found in 
all the localities and foraged by H. itama. According to 
Azuan et al. (2008) [6], Perak, Perlis, and Kedah showed 
high densities of G. oblongifolia communities. Garcinia is 
a genus that produces fruit and resin which attract stingless 
bees. We estimated that the DNA of G. oblongifolia and 
P. squamata was sourced from the plant resins collected 
by the bees when foraging for structural materials for 

their hives. Meanwhile, H. itama was attracted to both 
M. pellatus and P. puwenensis due to the abundance of 
their nectar and pollen.
 The information on the plant species foraged by the 
stingless bee, H. itama, was summarised in this study 
based on the data obtained from the metabarcoding 
analysis. Selvaraju et al. (2019) [7] noted that only 60 
species from 34 Families of plants were revealed by 
the melissapalynology analysis from the west coast of 
Malaysia. Likewise, Ghazi (2015) [8] also found only 59 
plant species in an island ecosystem, and most of them 
were the underutilised fruit species. A total of 262 plant 
species from 70 Families were recorded in this study. 
Therefore, we concluded that a broad diversity of plant 
species had been foraged by H. itama.

Figure 1. Family of plants based on 16S rRNA result

Figure 2. Heatmap at species level. The 30 most abundant 
genera were used in hierarchical clustering. A darker 
colour indicates a more dominant genus
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Conclusion

 The taxonomic information (Phylum, Family, genus, 
species, OTU, diversity) on the plant species foraged by 
H. itama has been presented in this study through the 
metabarcoding analysis obtained from the adult DNA of 
H. itama. Plant species under the Phyla Spermatophyta and 
Magnoliophyta, such as Momordica charantia, Melastoma 
sp. and Cucumis sativa, which produce abundant flowers 
and nectar, are recommended to be planted in a mono-
cropping system for effective and successful domestication 
of the stingless bee within a netted structure. Therefore, 
the food plant species obtained from the metabarcoding 
analysis in this study are considered to be the key species 
in the domestication process of H. itama, aiming for high-
quality honey production and for greater success in the 
meliponiculture industry.

Acknowledgement

 This research was funded by the Ministry of Agriculture, 
Malaysia (KG0020910) and GP-2019-K013317 and 
PRS 505.

References 

Rattanawannee A and Duangphakdee O. Southeast Asian 
meliponiculture for sustainable livelihood. In: Ranz 
RER (Editor). Modern beekeeping: Bases for sustainable 
production. London: IntechOpen. 2020. 1 – 17

Xiong X, Yao L, Ying X, Lu L, Guardone L, Armani A, Guidi A and 
Xiong X. Multiple fish species identified from China’s roasted 
Xue Yu fillet products using DNA and mini-DNA barcoding: 
Implications on human health and marine sustainability. Food 
Control. 2018. 88: 123 – 130

Talebi M, Talebi M, Farkhondeh T and Samarghandian S. 
Molecular mechanism-based therapeutic properties of honey. 
Biomedicine and Pharmacotherapy. 2020. 130: 110590 

Ramírez SR, Nieh JC, Quental TB, Roubik DW, Imperatriz-
Fonseca VL and Pierce NE. A molecular phylogeny of the 
stingless bee genus Melipona (Hymenoptera: Apidae). Mol. 
Phylogenet. Evol. 2010. 56(2): 519 – 525

Fahimee J, Badrulisham AS, Zulidzham MS, Reward NF, 
Muzammil N, Jajuli R and Yaakop S. Metabarcoding in diet 
assessment of Heterotrigona itama based on trnL Marker 
towards Domestication Program. Insects. 2021. 12(3): 205

Table 2. Relative abundance at the Phylum level of plant communities in Heterotrigona itama from different localities

Phylum Borneo (%) Peninsular Malaysia (%)
Sabah 

TE
Sabah 
Telipok

Sabah 
Tuaran

Sarawak 
Kuching

Pool
Sarawak 
Bintulu

Sarawak 
Beladin

Sarawak 
Miri

Terengganu Perak Kedah Perlis Selangor

Tracheophyta 6.66 2.81 18 15.7 1.6 0.11 9.39 8.9 1.114 0.9 0.08 0
Anthophyta 6.32 10.56 0.01 0.01 0 1.13 0.01 0.01 0.01 0.3 0.17 0.05
Magnoliophyta 41.92 57.37 38.3 39 4.09 78.7 22.4 32.5 2.9 34.7 5.6 3.6
Spermatophyta 42.7 27.9 43.5 27.48 13.4 17.1 52.3 43.2 95.8 63.2 94.1 93
Embryophyta 0 0 0 0 0 1.16 0 0 0 0 0 0
Unknown 2.3 1.253 0.014 17.7 80.8 1.64 15.7 15.2 0.14 0.7 0.01 3.2

Azuan A, Maya Izar, K, Salma I and Raziah ML. Distribution 
and diversity of Garcinia species in Malaysia. Biodiversity 
and National Development Achievements, Opportunities 
and Challenges Conferenc; Kuala Lumpur, Malaysia. 2008. 
55 – 60

Selvaraju K, Vikram P, Soon JM, Krishnan KT. and Mohammed 
A. Melissopalynological, physicochemical and antioxidant 
properties of honey from West Coast of Malaysia. Journal 
of Food Science and Technology. 2019. 56(5): 2508 – 2521 

Ghazi R, Zulqurnain NS and Azmi WA. Melittopalynological studies 
of stingless bees from east coast of Peninsular Malaysia. Pot-
Pollen in Stingless Bee Melittology. 2008.77 – 88



313

Discovery of crop wild relatives (CWR) in Malaysia

Muhammad Shafie Md Sah1*, Anuar Rasyidi Mohd Nordin1, Mohd Norfaizal Ghazalli1, Maimun Tahir2, 
Khadijah Awang3, Site Noorzuraini Ab Rahman4, Siti Sofiah Mohamed2, Suryanti Bustam1, Mohd Shukri 
Mat Ali1, Mohd Nor Awaluddin1, Mohd Ramdzan Othman4, Nur Idayu Abd Rahim4, Nurshahidah Mohd 

Rusli1 and Ahmad Syahman Md Dalee2 

1Agrobiodiversity and Environment Research Centre,2Industrial Crop Research Centre, Malaysian Agricultural Research and Development 
Institute (MARDI), Persiaran MARDI-UPM, 43400 Serdang, Selangor

3Industrial Crop Research Centre, MARDI Jerangau Station, 21820 Ajil, Terengganu
4Agrobiodiversity and Environment Research Centre, MARDI Seberang Perai, 13200 Kepala Batas, Pulau Pinang

*E-mail: shafiems@mardi.gov.my

Abstract 

 Crop wild relatives (CWR) are the lesser-known species of closely related taxa to modern varieties. However, they 
have been neglected due to poor commercial characters, abandoned and, most of the times, found growing as weeds. 
Despite having unattractive features, CWR have the ability to survive in harsh and extreme environments. Thus, their 
superior genes in this respect are important genetic resources for use as future breeding stock. Scientists desperately 
need a new variety with high adaptability and tolerance to biotic and abiotic stresses. Recently, global climate has 
changed dramatically to a warmer temperature, leading to droughts, rising sea levels, flash floods and high salinity 
soils. Warmer climate also triggers a boom in insect populations; the insects undergo rapid population growth due to 
higher metabolic rates. Pest infestations from such population booms cause heavy losses to farmers. CWR are important 
underutilised genetic resources. They are important to for enriching gene pools, and provide beneficial gene resilience 
to biotic and abiotic stresses. CWR are considered wild and substantially different from their commercial cousins. 
This is because the species are often found in abandoned areas and are considered as weeds. For genus Musa, most of 
its species have overlapping characteristics which have led to confusion in their taxonomic identification. However, 
certain species, such as Solanum cumingii, are considered to be partially domesticated, and S. cumingii is sometimes 
identified as Solanum melongena. Apparently, the information and records of the CWR species distribution and habitats 
in Malaysia are limited while certain species remain unknown. This collaborative study jointly conducted by the 
CropTrust, Germany, Millennium Seed Bank, Kew (MSB) and MARDI was able to collect, document and conserve 
CWR that are globally important according to Annex 1 of the International Treaty on Plant Genetic Resources for Food 
and Agriculture (ITPGRFA). Concurrently, this study also helped to develop the capability of MARDI’s researchers in 
collecting, handling and identifying CWR in Malaysia. The collection of CWR in Malaysia showed a vast diversity 
of species, especially in genera Musa, Ipomoea, Oryza and Solanum. Confusion and misinterpretation at species 
level had often resulted in mistaken taxonomic classification in the past. This study provided an opportunity for the 
scientists to comprehensively determine how often this had occurred in the country. The study also helped in gathering 
information through data on plant characteristics, photographs as well as herbarium specimens for future reference. At 
the same time, it was an opportunity for breeders to consider species which could be appropriate candidates for their 
breeding programme. Conservation of CWR genetic materials will help to reduce the impact of their losses as their 
fragile habitats are prone to damage and destruction from human activities. Some species also have aesthetic values 
with attractive features that offer potential for them to be utilised as landscape plants.

Keywords: Crop wild relatives, Malaysia, wild Musa, wild Ipomoea, wild Solanum, wild Oryza
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Introduction 

 In the mid-20th century, Norman Borlaug made the 
greatest invention ever in human history when he led 
the green revolution era. Initially, he intended to help 
eradicate starvation and malnutrition worldwide, resulting 
from food supply shortages and rapid population growth. 
The era of the green revolution is a period when the 
production of grain crops, especially rice and wheat, 
increased dramatically through the introduction of high-
yielding varieties into developing countries [1]. This 
meant that more farms changed from growing diverse 
species and varieties to become monocropping systems. 
These systems however are not sustainable. Thus, many 
years later problems emerged when the crops became 
prone to disease outbreaks, pest infestations and intolerant 
to abiotic stress. Inbreeding and selection of genes from a 
narrow genepool resulted in the development of modern 
varieties which are susceptible to biotic and abiotic 
stresses [2]. 
 Recently, scientists are racing against time to expand 
their genepools by relooking at germplasm in genebank 
collections instead of relying soley on the breeder’s stock. 
At the same time, scientists also believe the answer lies 
in unlocking the potential of close relatives of the world’s 
important crops that are already highlighted in Annex 1 
of the International Treaty on Plant Genetic Resources 
for Food and Agriculture (ITPGRFA). These crop wild 
relatives (CWR) have been neglected and are wild, 
found abundantly in their centres of origin. Malaysia 
is one of the centres of origin of the Annex 1 crops, 
e.g., bananas [3] and rice. At the same time, CWR of 
sweetpotato and eggplant are also reported to be found 
in Malaysia. This study was carried out by MARDI and 
funded by CropTrust, Germany, with technical support 
from the Millennium Seed Bank, Kew Gardens (MSB), 
United Kingdom. The main objective was to collect and 
conserve CWR of globally important crops, namely, 
bananas, rice, sweetpotato and eggplant. Results and seeds 
collected from this study are genuinely from collections 
and inventorisation conducted throughout Peninsular 
Malaysia and Sabah. References on the species and their 
distribution are based on secondary information from 
herbarium records, as well as manuscripts published by 
earlier botanists. However, the information is limited 
and insufficient because often no records are available. 
Surveys and inventorisation were also conducted in 
Peninsular Malaysia and in collaboration with the 
Department of Agriculture Sabah (DOA Sabah).

Materials and Methods

Collection

 Before executing a collection trip, a brief study was 
carried out to get a better picture of the distribution and 
characteristics of CWR in Malaysia [4, 5]. A number of 
visits to several herbarium collections were conducted, 
e.g., at Kew Herbarium (K), FRIM Herbarium (KEP), 

University of Malaya (UMKL), National University of 
Malaysia (UKMB) as well as MARDI Herbarium (MDI). 
These secondary data were important to identify target 
species and their location to ensure that all available 
resources were optimised because we had no prior 
experience in collecting CWR. The collection mission was 
executed when the targeted species had been identified 
and located. Collaboration with local agencies, such as 
DOA Sabah, was crucial as they played an important role 
as the local guide. In Peninsular Malaysia, a number of 
local people voluntarily helped the team as guides, as well 
as in monitoring the fruiting season. Some of the species 
varied widely in their fruiting and flowering periods, thus 
revisiting the selected tree/plant is a must. Due to resource 
limitations and time constraints, a team consisted of three 
to four members who were assigned to do specific jobs, 
such as selection of a sample and harvesting the fruit, 
documentation of passport and in situ data, preparing the 
herbarium specimen, and acting as the driver.

Documentation

 Passport data of every species collected were recorded 
using multiple crop passport data sheets provided by the 
Millennium Seed Bank, Kew Gardens. Passport data 
included location (locality, city, state), coordinates using 
GPS, soil type, associated plants and also in situ data 
such as plant habit, height, characteristics of fruit, leaf 
and flower. A photograph was also taken to visualise the 
original colour and characteristics.

Seed Collection and Conservation

 Collecting seed for CWR is quite challenging because 
physiologically they are different from seed of advanced 
breeding materials because of uneven seed maturity, 
low yield and being rarely available [6]. The seeds were 
collected from as many individuals as possible of the 
same population to represent the whole population. Only 
mature seed, free from damage and pest infestation were 
selected (based on visual observations of their colour and 
shape) and collected. Cut tests were conducted on site to 
ensure that only fully developed seed were collected. In 
the case of berry fruits, such as Musa spp. and Solanum 
spp., the whole fruit was harvested, and seed threshing 
was conducted in the laboratory. For grain (Oryza spp.) 
and capsules (Ipomoea spp.), the seeds were kept in paper 
envelopes. In the laboratory, seed threshing and cleaning 
were manually done to avoid damage and losses. The 
process followed a standard procedure recommended by 
FAO [7], before the seeds were ready for conservation 
and distribution.  

Results and Discussion 

 Information and voucher specimens of CWR in 
Malaysia were insufficient and limited. Thus, the 
researchers from MARDI had to refer to the Kew Gardens 
Herbarium to technically learn how to identify the CWR 
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species. The plant characters were morphologically 
different and, many times, created confusion by 
being mistaken for common weeds which had similar 
characteristics, especially for wild rice and wild eggplant. 
Assisted by Kew Gardens’ plant glossary and collecting 
guidelines for Malaysia, MARDI was able to collect and 
document herbarium specimens of 35 species of CWR 
consisting of Ipomoea spp., Musa spp., Oryza spp. and 
Solanum spp. from three regions, namely, Peninsular 
Malaysia, Sabah and Sarawak (Table 1). From the survey 
and inventory made during the collection trips, 13 species 
of Ipomoea, 13 species of Musa, 4 species of Oryza and 
4 species of Solanum were identified, while one unknown 
Solanum sp. was reported (Table 2). 
 Peninsular Malaysia had the greatest species richness 
for wild Musa (S = 8), followed by Sabah (S = 5). For 
wild Ipomoea, Peninsular Malaysia also had the greatest 

species richness (S = 13), followed by Sabah (S = 6) and 
Sarawak (S = 5). For wild Oryza, Sabah recorded the 
most species (S = 3), followed by Peninsular Malaysia 
(S = 2), while only one species, Oryza officinalis, was 
recorded in Sarawak. The high Shannon diversity index 
for wild Musa, Ipomoea and Solanum in Peninsular 
Malaysia, Sabah in Sarawak was due to the large area 
surveyed and the uneven number of plants per species. 
No survey and inventory were conducted for CWR of 
Musa and Solanum in Sarawak. From the observations, 
Ipomoea spp. mostly found growing in nearby coastal 
areas in Peninsular Malaysia and in northern Sabah, 
while Musa spp. were found growing naturally in 
lowlands and up to 1500 m above sea level. Oryza spp. 
were growing widely in wet and swampy areas and in 
nearby streams. Wild Solanum (S. cumingii) was found 
in a nearby riverbank and in a coastal area, while the 

Table 1. Crop wild relatives (CWR) species found and recorded in Malaysia

No. Genus Species Peninsular Malaysia Sabah Sarawak
1. Ipomoea Ipomoea cairica +

Ipomoea carnea ssp. fistulosa + +
Ipomoea imperati +
Ipomoea indica + +
Ipomoea littoralis + + +
Ipomoea nil +
Ipomoea triloba + +
Ipomoea obscura +
Ipomoea pes-caprae + + +
Ipomoea pes-tigridi, + +
Ipomoea quamoclits + +
Ipomoea sagittifolia +
Ipomoea tricolor + +

2. Musa Musa acuminata ssp. acuminata +
Musa acuminata ssp. flava +
Musa acuminata ssp. malaccensis +
Musa acuminata ssp. microcarpa +
Musa acuminata ssp. truncata +
Musa balbisianassp. balbisiana +
Musa borneensis +
Musa gracilis +
Musa violascens +
Musa muluensis +
Musa beccarii +
Musa campestri +
Musa monticola +

3. Oryza Oryza officinalis + + +
Oryza mayeriana +
Oryza ridleyi +
Oryza rufipogon +

4. Solanum Solanum cumingii +
Solanum capsicoides +
Solanum erienthum + +
Solanum multiflorum +
Solanum spp. +
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other species were growing in abandoned sites as well 
as along the roadside. All the samples are now conserved 
in MyGeneBank, MARDI, and are duplicated in MSB 
while their herbarium specimens are also duplicated 
in MSB, Borneensis Herbarium (BORH) of Universiti 
Malaysia Sabah and DOA Sabah for future reference. In 
the meantime, MARDI supported by MSB’s technical 
crew has built the capacity of its researchers and support 
staff in identifying and processing seed for CWR as there 
is not many such resources available in Malaysia.
 Despite being wild and abandoned, some CWR have 
attractive characters, and can possibly be grown as 
ornamental plants. For example, M. beccarrii and M. 
campestris are dwarf Musa which have a contrasting 
colour in the male buds, while I. carnea, I. indica and 
I. quamoclits are already commonly planted ornamental 
plants prized for their stunning and attractive flowers, 
known as morning glory. Due to their aesthetic value 
and growth habit, these CWR have a good potential to 
be promoted as landscape plants.

Conclusion 

 Crop wild relatives, particularly the genera Ipomoea, 
Oryza and Solanum, are rarely found in Malaysia while the 
genus Musa is commonly found up to 1500 m above sea 
level. Based on the survey, CWR of Musa and Ipomoea 
were more common and more diverse in Peninsular 
Malaysia. However, M. borneensis, M. becarii, M. 
muluensis, M. campestris and M. monticola are endemic 
to Sabah, while S. cumingii is considered to be rare and 
can only be found in Peninsular Malaysia. These plants 
are sturdy, hence are easily found in abandoned areas and 
are well-adapted in to harsh environments. However, their 
habitats are prone to destruction from human activity, 
and their extinction is inevitable if nothing is done.  
Conservation and documentation are major steps in 
exploring and unlocking their potential; as may be seen, 
wild Musa and wild Ipomoea showed great diversity, 
variations and horticulturally desirable characteristics. 

Figure 1. Distribution map of CWR genus in Malaysia

Table 2. Shannon diversity index, evenness and species richness of four genera of CWR based on inventory and survey

Genus Region Shannon diversity
index (H’)

Evenness (E) Species richness (S)

Musa Peninsular Malaysia 1.928 0.9272 8
Sabah 1.037 0.6444 5
Sarawak Nil Nil Nil

Ipomoea Peninsular Malaysia 1.508 0.5879 13
Sabah 1.672 0.9329 6
Sarawak 1.332 0.8274 5

Oryza Peninsular Malaysia 0.353 0.5095 2
Sabah 0.608 0.5538 3
Sarawak 0 0 1

Solanum Peninsular Malaysia 1.125 0.8112 4
Sabah 0.693 1 2
Sarawak Nil Nil Nil



317

Acknowledgement

 This work was undertaken as part of the initiative 
“Adapting Agriculture to Climate Change: Collecting, 
Protecting and Preparing Crop Wild Relatives” which 
is managed by the Global Crop Diversity Trust with the 
Millennium Seed Bank of the Royal Botanic Gardens, 
Kew and implemented in partnership with MARDI. 

References 

Pingali PL. Green Revolution: Toward 2.0. Proceedings of 
the National Academy of Sciences. 2012. 109(31): 
12302 – 12308

Choudhary M, Singh V, Muthusamy V and Wani SH. Harnessing 
crop wild relatives for crop improvement. LS - An 
International Journal of Life Sciences. 2017. 6(2): 73 – 85

Simmonds NW. Wild bananas in Malaya. Malayan Nature Journal. 
1955. 10: 1 – 8

Anon. Adapting agriculture to climate change project. Malaysia 
Crop Wild Relatives Seed Collecting Guide. 2016

Guarino L, Rao VR and Goldberg E. Collecting plant genetic 
diversity. In Guarino L, Rao VR and Goldberg E. (Editors). 
Technical Guidelines - 2011 Update. Rome, Italy: Bioversity 
International. 2011

Vaughan DA. The wild relatives of rice: A genetic resource 
handbook. Manila: International Rice Research Institute. 
1994

FAO. Genebank Standards for Plant Genetic Resources for Food 
and Agriculture. Rome: FAO. 2014



318

Flower strips for pest management in kuini (Mangifera odorata): Enhancing 
arthropod diversity and fruit yield

Nurin Izzati Mohd Zulkifli1*, Aimi Athirah Ahmad2, Saiful Zaimi Jamil1, Norzainih Jasmin Jamin3, Siti 
Noor Aishikin Abdul Hamid1, Mohammad Shahidan Shohaimi1, ZulHelmey Mohamad Sabdin4 and Mohd 

Shukri Mat Ali1

1Agrobiodiversity and Environment Research Centre, 2Socio Economic, Market Intelligence and Agribusiness Research Centre, 
3Industrial Crop Research Centre, 4Horticulture Research Centre, Malaysian Agricultural Research and Development Institute (MARDI), 

Persiaran MARDI- UPM, 43400 Serdang, Selangor

*E-mail: nurin.izzati@mardi.gov.my

Abstract 

 Pests and diseases are a major concern for Mangifera crops. Pesticides are commonly used by farmers to solve 
these problems. Beneficial arthropod populations may be harmed by this chemical spraying. Thus, a holistic approach 
focusing on integrated pest management (IPM) may be required to increase fruit yield. The establishment of flower 
strips is an alternative method that can be used as a part of IPM in managing pests in agriculture. It is a ground-breaking 
concept that attempts to improve biological management in agrosystems by preserving or enhancing plant diversity, and 
providing appropriate refuge for beneficial arthropods in their natural habitats. Looking towards tapping this potential, 
a study was conducted to investigate the impact of planting flower strips near a kuini (Mangifera odorata) plot on the 
abundance and distribution of arthropods, as well as on the fruit yield; the study was conducted at MARDI Sintok, 
Kedah. Results of the ANOVA analysis showed that there was a significant difference in the presence of beneficial 
arthropods for the entire season on the experimental plot (CT) compared to the control plot (CC). For fruit yield, a 
t-test showed a significantly higher average number of healthy fruits harvested in CT compared to CC. Based on the 
results, it would appear that planting flower strips near kuini plots may help to increase the presence of beneficial 
arthropods as well as to improve fruit yield of kuini. A more comprehensive study should be made to strengthen the 
evidence, and to convince farmers that this method can reduce pests and is beneficial to environmental and human 
health.

Keywords: Arthropods, beneficial, flower strips, fruit yield, Mangifera odorata, pests
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Introduction

 Beneficial arthropod populations, such as predators, 
parasitoids and detritivores, may be harmed by chemical 
pesticide spraying commonly practised by farmers to 
manage pest problems. The establishment of flower 
strips is a revolutionary innovation that aims to improve 
biological management in agrosystems by preserving or 
enhancing plant diversity, as well as providing appropriate 
refuge for beneficial arthropods and pests in their natural 
habitat [1]. Artificially sowed patches or strips of 
flowering plants are vital feeding sources for bees and 
natural enemies, as well as being pesticide-free habitats 
for parasitoids and predators [2]. This method is also one 
of the ways to avoid the adverse effects of monoculture 
cultivation, while at the same time providing quality 
food and shelter (refugia) for arthropod species or other 

organisms that act as natural enemies of the pests of to 
the main crop [3].
 Mangifera odorata, locally known as kuini, is 
considered an underutilised fruit, which has potential for 
commercialisation because of its high nutritional contents, 
and can be eaten fresh or processed into juice and puree 
[4,5]. Looking towards tapping the potential of using 
flower strips as part of an integrated pest management 
strategy, a study was conducted to investigate the impact 
of planting flower strips in a kuini plot on the abundance 
and distribution of arthropods as well as on fruit yield 
of kuini; the study was conducted at MARDI Sintok, 
Kedah. Data from this study were gathered to be used as 
baseline data for the implementation of pest management 
through the practice of ecological engineering or 
habitat manipulation.



319

Materials and Methods

Study Area

 This study was conducted on a 3.2-hectare kuini 
upscaled plot in MARDI Sintok, Kedah, from August 
2018 until April 2020. The average plant age was between 
9 and to 10 years, having an average height of 4 to 5 
metres. The planting distance between the kuini trees was 
around 1 meter. 

Establishment of Flower Srips

 The planting of flowering species, Tunera subulata, 
in strips was carried out in early 2018. T. subulata was 
planted in a long row, about 0.5 metre from the kuini plot. 
A control plot of kuini was left without flower strips, and 
was located within 60 metres from the experimental plot.

Sampling Method

 Arthropod sampling was performed using yellow sticky 
traps (YST). Fifteen kuini trees were randomly selected 
to represent the experimental plot (CT), and another 15 
randomly selected in the control plot (CC). Three YST 
were placed on each tree, with one at the top, one in the 
middle and one at the bottom of the tree. All the traps 
are left exposed for 24 hours.

Fruit Yield 

 Fifteen trees from each plot – CT and CC – were 
selected randomly during the flowering season and 
marked. During the harvesting season, data were recorded 
on fruit yield (number and weight) of healthy and damaged 
fruits for future reference.

Data Analysis

 Most of the arthropod specimens were identified up to 
the species level, but in some cases where identification 
was not possible because of damaged specimens, or 
because of the discovery of a new species, the specimens 
were categorised in the next possible higher rank. The 
data were analysed using analysis of variance (one-way 
ANOVA) with Tukey’s test at a significance level of 
p <0.05 to compare the arthropods present. Comparison 
between means of fruit yield from both plots was by t-test 
(p = 0.05), using Minitab Version 18.

Results and Discussion

 Total number of arthropods recorded over all three 
samplings was 2,084 individuals in the experimental plot 
(CT) and 2,504 individuals in the control plot (CC). The 
total number of beneficial arthropods was found to be 
higher in CT compared to CC, with a ratio of 1 (CC): 2 
(CT), with 485 beneficial arthropods recorded in CT and 

247 beneficial arthropods in CC (Figure 1). The number 
of pests was higher in CC (2,077) than in CT (1,505).
 Based on the results of the ANOVA analysis, there 
was a significant difference in the presence of beneficial 
arthropods for the entire season on CT compared to CC 
(p = 0.014, p <0.05) (Table 1). The use of flowering 
plants to enhance the presence of beneficial insects has 
been extensively demonstrated in studies conducted by 
previous researchers; the results showed that having the 
main crop area surrounded by wildflowers might provide 
a positive impact on the abundance and diversity of 
pollinator arthropods such as bees, syrphids and other 
Diptera species [6]. As to the availability of rewards 
provided by the flower strips: for instance, the floral scent 
might play a role in advertising the availability of rewards 
for arthropods, such as providing a reliable cue for an 
appropriate landing site for oviposition for some species 
of insects [7]. In addition, when the data on the beneficial 
arthropods found at varying distances between the flower 
strips and the kuini trees (adjacent, 5 meters, 10 meters 
and control) were compared, the ANOVA analysis showed 
that there were significantly more beneficial arthropods 
on adjacent trees than in the other distances (Figure 2), 
but no significance difference in the number of pests. The 
adjacent trees were those trees closest to the flower strip 
(p = 0.007, p >0.05), (n = 29). The ratio of the presence 
of beneficial arthropods to pests at the closest distance 
to the flower strips was 1: 2, compared with 1: 4 in the 
control plot (CC). This means that a beneficial arthropod 
only needs to control 2 pests on the trees closest to the 
flower strips as compared to 4 pests on the control plot. 
Apart from sheltering pollinators, this showed flower 
strips had become an area conducive for parasitoid species 
and other natural enemy insects to breed and at the same 
time help control the pest population in the area. Similar 
findings have been reported by [8], where the cultivation 
of T. subulata in paddy areas can help control paddy pests.
 For fruit yield, the t-test showed a significant difference 
in the average number of healthy (pest-free) fruit harvested 
in CT compared to CC (t = 0.021, p >0.05) (Table 2). In 
CT, 991 kuini fruit weighing 282.5 kg were harvested, 
compared to 391 fruit weighing 104.87 kg from the CC 
plot. According to [9], mango yield was shown to be 
much higher near native flower compensation areas, 
with an average increase of 15 kg of commercially 
acceptable mango per tree in all the varieties tested. 
The significant difference recorded on the number of 
pollinators between flower and control plots could have 
influenced the productivity and quality of the fruits, as 
has been shown for other crops such as tomatoes, apples 
and small-scale strawberries [10]. However, this study 
only provides one season’s data, hence the results may 
not indicate the complete functionality of the flower strips 
as the pollinators recorded were not as high in number as 
expected. More research and data collection are required 
to corroborate this idea. As these flower strips will be a 
permanent feature in the kuini plantation, the pollinators 
ought to establish themselves and increase in population 
over time, proving the link between the flower strips and 
fruit yield.
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*Means that do not share a letter are significantly different from one another
Figure 2. Average number of beneficial arthropod abundance according to the 

distance of the flower strips and the kuini trees

Table 1. Comparison between numbers of beneficial arthropods and pests in the experimental 
(CT) and control (CC) plots

Beneficial arthropods (number) Pests (umber)
Experimental plot (CT) 17.96a 55.74a

Control plot (CC) 9.15b 76.9a

*Means that do not share a letter are significantly different

Table 2. T-test results comparing fruit yield in the experimental (CT) and control (CC) plots

Plot n Mean SD t-cal df t
Experimental Plot (CT) 15 18.80 16.4 2.49 21 0.021
Control Plot (CC) 15 6.99 8.5

Figure 1. Total number of beneficial and pests recorded in both plots
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Conclusion

 Based on the results, it would seem that planting 
flower strips along the edges of the area near to the kuini 
fruit plot can help to increase the presence of beneficial 
arthropods as well as improve the fruit yield. Nevertheless, 
more types of arthropod sampling and fruit yield data will 
be needed in the future to verify the correlation between 
pollinators, flower strips and fruit yield. Moreover, 
research on the economic aspects, such as economic 
feasibility studies to compare this strategy to pesticide 
use and impact on environmental sustainability might be 
useful to complete the picture.
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Abstract

 We propose a new IPM paradigm (framework) that promotes a better holistic approach to manage the cabbage pest, 
Plutella xylostella. This new framework is instituted based on ecological and economic knowledge, and reconfigured 
to include management, business, and sustainability aspects, and emphasizes the importance of research and outreach. 
This framework was designed based on a series of collective research done by the team since 2013. In 2019, we 
successfully reinvigorated two species of parasitoids that attack the P. xylostella larvae, namely Diadegma semiclausum 
and Cotesia vestalis. Release of these agents at a rate of 200 individuals/acre/season during cabbage vegetative growth 
reduced the frequency of pesticide spraying from 7-8 sprays/season to only 1-2 sprays/season. These bioagents are 
being actively mass-reared in MARDI Cameron Highlands according to the newly patented SOP. From an economic 
perspective, based on the release rate mentioned above, farmers can save up to RM458.00/acre/season in production 
costs by exploiting these bioagents in place of conventional chemical sprays. To ensure that the relevant information 
reaches a broader audience, we published a technical manual, a brochure and posters as well as developed a new 
smartphone application, MyBioAgent, aimed at modern users who prefer digital access. All biological control-based 
works were supplemented by ecological-based research on the ground. As such, we discovered that intercropping 
cabbage with companion plants, such as kale and chives, reduced the number of lepidopteran pests by up to 25 and 
69%, respectively. Additionally, we elucidated that habitat manipulation strategies, such as planting flowering plants 
within a cabbage ecosystem, attracted more beneficial insects into the crop system. Ecological thinking which embraces 
the interconnectedness of all living forms will be at the forefront in this newly proposed concept. We are optimistic that 
through a harmonious combination of the four components above, MARDI will finally deliver an effective, sustainable, 
and long-lasting strategy to manage P. xylostella in Malaysia

Keywords: Integrated pest management (IPM), Plutella xylostella, biological control, ecological thinking, new paradigm

Proceedings of MARDI Science and Technology Exhibition (2021): 322 – 325

Introduction

 Integrated Pest Management, commonly known as 
the IPM, is an ecosystem-based strategy for managing 
pests and diseases in agriculture. Promoting effective pest 
control as its main objective, IPM is a process where pest 
problems are solved with minimal risk to people, beneficial 
and non-target organisms, as well as the environment. 
Since its introduction six decades ago, IPM has been 
practised ubiquitously under protective structures, in the 
open field, in the tropics, in urban, wildland, forest and 
other natural areas. While IPM has been widely adopted, 
in reality, there is little harmonisation in the concept of 

integration or compatibility among pest management 
tactics as envisioned by the founders of IPM [1]. In other 
words, simply mixing different management tactics does 
not constitute the essence of IPM, and these malpractices 
have actually aggravated pest problems such as pesticide 
resistance and pest outbreaks [2]. In Malaysia’s context, 
the implemented IPM programmes have produced mixed 
results. In the 1980’s, MARDI kickstarted an IPM 
programme to manage the diamondback moth, Plutella 
xylostella, on crucifers. The programme peaked in 1992 
when the IPM programme was so successful that MARDI 
managed to export beneficial insects to neighbouring 
countries such as Thailand and Indonesia. Unfortunately, 
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IPM-based research on P. xylostella slowed down 
substantially in subsequent years. Limitations in human 
capital, funding, and sustainability of the IPM process 
itself were major reasons contributing to the shortfall of 
the IPM programme locally.
 Fast-forward four decades, P. xylostella remains the 
most destructive pest of crucifers in Malaysia. This is 
a clear indication that previous IPM programmes were 
somehow incomplete and unsustainable. There is a 
great need to reinvigorate the linear and limited IPM. 
Therefore, we proposed a new IPM paradigm (framework) 
that promotes a more holistic approach to manage P. 
xylostella. This new framework is instituted based on 
ecological and economic knowledge, reconfigured to 
include management, business, and sustainability aspects, 
and emphasises the importance of research and outreach. 
A harmonious combination of these new IPM components 
will deliver more effective, sustainable, and long-lasting 
results to manage P. xylostella in Malaysia.

Materials and Methods

The New IPM Paradigm to Manage Plutella 
xylostella

 In the new IPM paradigm model, approaches for 
managing P. xylostella were grouped into the following 
components: pest management; knowledge and resources; 
planning and organisation; and effective communication 
(Figure 1). The present work emphasises the use 
of bioagents and companion crops for P. xylostella 
management. Other components, which include the 
adaptation of Agriculture 4.0 in knowledge and resources; 
monitoring in planning and organisation; and conducting 
Farmers’ Field Schools for communication, will also be 
discussed.

Results and Discussion

 The new IPM paradigm is a holistic model in which all 
components interact with each other and work indefinitely 
based on the concept that the whole is greater than the 
sum of its parts. Here, we elucidate major findings from 
our research in the Pest Management section (green circle 
in Figure 1) which represents the main foundation to 
promote this new paradigm in Malaysia.

Pest Management: Biological Control

 Biological control is the ‘backbone’ of any IPM 
programme; in other words, IPM will never be successful 
without a good biological control programme. We have re-
introduced two species of biological agents (parasitoids) 
that attack the P. xylostella larvae, namely, Diadegma 
semiclausum and Cotesia vestalis (Figures 2a and 2b). 
Release of these agents at a rate of 200 individuals/
acre/season during cabbage vegetative growth reduced 
pesticide spraying frequency from 7 – 8 sprays/season 
to only 1 – 2 sprays/season. These two parasitoids 
are currently being mass-reared in MARDI Cameron 
Highlands [4]. The Standard Operating Procedure (SOP) 
to mass rear these two parasitoids was patented in 2019. 
 We also conducted a study to evaluate the economic 
viability of these two biological agents (Table 1). Our 
results showed that cabbage farmers could save up to 
RM 458.00/acre/season in production costs by exploiting 
biological agents instead of using conventional chemical 
sprays [4].

Pest Management: Cultural Control

 Cultural control is defined as “the deliberate alteration 
of the production system, either the cropping system 
itself or specific crop production practices, to reduce 
pest populations or avoid pest injury to crops”. A two-
pronged strategy was revised to reduce P. xylostella on 
cabbage. The first strategy involved a direct approach 
through the introduction of companion crops, while the 
second strategy involved an indirect approach through the 
planting of flower strips to attract beneficial parasitoids. 
We found that intercropping cabbage with kale or chives 
(both at high and low-density ratios) significantly reduced 
the number of lepidopteran pests in cabbage cultivation 
(Table 2) [5]. Kale is a good trap crop candidate as it 
produces more glucosinolates (a plant-volatile compound 
responsible for attracting P. xylostella) than cabbage. In 
contrast, chives produce volatile compounds that repel 
the female of P. xylostella. In a different experiment, 
we elucidated that planting strips with annual flowering 
species, such as Turnera subulata and Hibiscus sabdariffa, 
along the farm borders generally increased the abundance 
of beneficial arthropods in lowland cabbage ecosystems 
(Figure 3) [6]. The existence of more beneficial arthropods 
(which provide natural ecosystem services) translates into 
better crop protection, acting as the first line of defence 
against pests and diminishing the need to use pesticides. 

Figure 1. A schematic diagram of the new IPM model to 
manage P. xylostella (adapted from the original 
diagram proposed by Dara [3])
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Table 1. Half budget analysis comparing the use of biological agents vs. conventional methods (per acre/season)

(A) Benefit (B) Implication
i) Additional yield RM – iii) Additional cost 

biological agents
RM 92.00

compatible soft pesticides RM 120.00
ii) Pesticide cost saving RM670.00 iv) Yield loss RM –
Total RM670.00 RM 212.00
Total benefit RM458.00 / acre / season

Figure 2A. Female Diadegma semiclausum Figure 2B. Female Cotesia vestalis

Table 2. Impact of companion crop type and design on the number of pests and beneficial arthropods in cabbage cultivation

Treatment Pest number/plant Beneficial insects/plant Cabbage composition after planting (%)
6 weeks 12 weeks

Biopesticide 0.98 ± 0.08 ab 0.19 ± 0.04 ab 96 90
Chemical 0.54 ± 0.06 a 0.09 ± 0.03 a 100 96
Low density kale 2.30 ± 0.14 d 0.83 ± 0.04 c 90 44
High density kale 3.31 ± 0.21 e 0.95 ± 0.05 c 86 48
Low density chives 1.80 ± 0.11 c 0.29 ± 0.05 b 90 76
High density chives 1.33 ± 0.08 bc 0.11 ± 0.04 a 92 80
Control 4.41 ± 0.37 f 0.21 ± 0.09 ab 75 52

Figure 3. Beneficial arthropod abundance based on the crop/growth stage

Means that do not share a letter are significantly different from one another at p <0.05. *1.08 = average number of arthropods/
trap prior to planting flower strip. **17.27 = average number of arthropods/trap after planting T. subulata and H. sabdariffa strips
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Pest Management: Host Plant Resistance, 
Behavioural, Physical, Mechanical, Microbial and 
Chemical Aspects

 To date, no local cabbage variety has exhibited any 
resistance against P. xylostella. However, we observed that 
the ‘Batu’ variety, due to its hardiness, was not favoured 
by the pest. We also conducted studies to evaluate 
the behaviour of the parasitoids focusing on optimum 
parasitism rates. Microbial and chemical efficacy trials 
were also done extensively by members of the team, 
results of which directly contributed to the development 
of this new IPM paradigm.

Conclusion

 To properly engage in this new IPM bandwagon, first 
and foremost, a paradigm shift in thinking and decision-
making is fundamental amongst the researchers and IPM 
practitioners. It is of paramount importance that we start to 
think ecologically. Ecological thinking is the manifestation 
of wholeness in ourselves and in the natural world. In 
other words, it promotes a way of life that embraces the 
interconnectedness of all living forms, including the pest. 
The new IPM will also need to integrate modern tools 
and technology. Modern tools and technology increase 
the chances of IPM practitioners making accurate pest 
diagnostics which will provide a better basis for their 
control decisions. Statistics and big data systems are 
also helpful tools, as they may facilitate and reduce the 
time needed by farmers to make complex planning and 
management decisions. All these tools are critical in the 
new IPM paradigm as the easiness to implement the 
system itself is central to the idea. While IPM has its 
merits, it will always be labelled as a complex, technical 
and difficult system to adopt. Hence, knowledge and 
effective communications play a vital role in this process.
 In this new IPM paradigm, focus on control options 
is prioritised to make the crop less favourable for pest 
survival and reproduction. Simultaneously, the chosen 
control option should not be harmful to humans and 
should affect the rest of the ecosystem as little as possible. 
Ideally, control options should be: (i) least disruptive 
of natural enemies, humans, mammals, and other non-
target organisms such as bees, birds, and fishes; (ii) least 
damaging to the environment – soil, air and water; (iii) 
most likely to achieve permanent reduction of the pest 
population; (iv) easy to be implemented effectively; and 
(iv) cost-effective over the short and long term. We will 
continue to put in our collaborative efforts and aim for 
the harmonious combination of this new IPM paradigm 
with optimism to finally manage P. xylostella sustainably 
in Malaysia.
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Abstract

 Malaysia is one of the centres of origin for edible and wild banana (Musa spp.). Some wild Musa spp. have been 
proven to be resistant to Fusarium wilt disease. Thus, they have potential to be utilised to produce new disease-resistant 
cultivated varieties through breeding programmes. Wild bananas produce fertile seeds which can be used as a source 
of material in the breeding work. Seeds are valuable genetic resources and need to be conserved in order to make them 
available for research and future use. A comprehensive conservation approach has been adopted for wild bananas. The 
collected seeds are shared with an international seedbank, the Millennium Seed Bank (MSB) at Kew Gardens, United 
Kingdom, for safety duplication to eliminate them from the risk of loss in case of malfunction of the local storage 
facilities, or of natural disasters.  A total of 69 accessions of 8 Musa spp. and Musa sspp. were successfully collected, 
together with a total of 169,550 seeds of which 56,516 are kept in MyGeneBank and 113,034 have been sent to MSB. 
In addition to the conservation efforts, studies on the diversity, anatomy and germination capability of the seeds of 
the Musa spp. were done. Banana seeds are grouped into two types; cylindrical (M. borneensis, M. violascens and M. 
gracilis) and irregular subglobose (M. accuminata ssp accuminata, M. accuminata ssp microcarpa, M. accuminata ssp 
truncata, M. accuminata ssp flava and M. accuminata ssp malaccensis). Seeds from different species of banana require 
different conditions for germination. The seeds of some species germinate readily after harvest and show no sign of 
seed dormancy, while others become dormant after drying. This explains why the seed of each of Musa sp. differs in 
the germination process. Methods to improve germination of wild banana seeds were also tested on M. violascens and 
M. borneensis throughout this study. Excised embryo culture resulted in higher and earlier germination as compared 
to germination of seeds on moistened sand or soil.

Keywords: Banana, crop wild relatives, safety duplication, seed conservation, seed germination 
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Introduction

 Musa known as banana is a large perennial 
monocotyledonous herb plant genus in the Musaceae 
Family.  This genus is native to the Indo-Malesia, Asian 
and Australian tropics. It has five taxonomic sections, two 
of which contain edible bananas. Banana and plantain are 
considered important food crops, as together they rank 
fourth globally after rice, wheat and maize [1]. The edible 
cultivated varieties are derived from hybridisation between 
two wild species, namely, Musa acuminata Cola and M. 
balbisiana Cola, which give rise to different genomic 
groupings, namely, AA, AAA, AB, ABB/BBB and ABBB 
[2, 3]. The increasing areas of banana plantings in tropical 
countries are threatened by the constant barrage of pest 
and disease problems, such as the appearance and spread 

of a virulent form of the Sigatoka leaf spot disease. Thus, 
awareness has been increased among banana breeders, 
driving them to produce new cultivated varieties with 
disease-resistant characteristics [4]. However, breeding 
programmes are difficult to conduct on cultivated Musa 
because of the nature of the cultivated fruit which are 
normally sterile and have very low fertility. Cultivated 
banana are known to be parthenocarpic, i.e., the fruit 
are produced without pollination and fertilization, thus 
seeds are not formed [1]. Recently, wild Musa spp. are 
seen to be an important genetic resource as they have the 
potential to be used for producing new disease-resistant 
cultivated varieties through the breeding programmes. 
Suhana et al., [3] has identified some of wild Musa spp. 
conserved in the germplasm collection to be resistant to 
Fusarium wilt disease. Wild Musa spp. produce fertile and 
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viable seeds which can be used as a source of material 
in breeding work. The fact that the seeds are valuable 
genetic resources and need to be conserved in order to 
guarantee their continued existence for research and food 
security globally is undeniable. Thus, a comprehensive 
conservation approach was adopted on the seeds of 
wild Musa spp. to secure and protect these plant genetic 
resources. The collected seeds are conserved in the 
MARDI’s seedbank (MyGeneBank) and shared with an 
international seedbank, namely, the Millennium Seed 
Bank (MSB) at Kew Gardens, United Kingdom, for safety 
duplication to safeguard them from the risk of loss in 
case of malfunction of the local storage facilities, or of 
natural disasters. Different seed anatomy influences the 
germination capability of seeds of Musa spp. In addition 
to the conservation efforts, studies were carried out on 
the diversity, anatomy and germination capability of the 
seeds of Musa spp. This information will be useful as a 
reference to collectors or researchers who are working 
with Musa spp. Methods to improve the germination of 
wild banana seeds were also tested for M. violascens and 
M. borneensis throughout this study.

Materials and Methods 

Preparation of Samples

 An extensive inventory has been done to locate and 
collect wild Musa spp. throughout Kedah, Perak, Selangor, 
Negeri Sembilan, Johor, Pahang and Sabah. Seeds from 
four wild Musa spp., namely, M. borneensis, M. violascens, 
M. gracilis and M. acuminata ssp acuminate, and four 
subspecies of M. acuminate, viz., M. acuminata ssp 
microcarpa, M. acuminata ssp truncata, M. acuminatas sp 
flava and M. acuminatas sp malaccensis, were collected 
throughout the country. From each specimen, a bunch of 
mature unripe fruit was harvested and kept at 25 ± 2 °C 
to ripen. Upon ripening, the seeds were extracted from 
the fruits, washed and cleaned under running tap water. 
The seeds were blotted dry with tissue paper (Figure 1). 
Further seed drying was done in an air-tight container with 
approximately 20% by volume dried silica gel until the 

seeds reached a moisture content of 8%. Subsequently, 
the seeds were kept in hermetic airtight containers for 
storage. 

Seed Diversity Study in Musa spp.

 The morphological and anatomical characters of the 
seeds were recorded in all the seed samples through 
physical and stereomicroscope (Leica) observations, 
respectively. Ten seed were used for every accession for 
this study. Germination tests were was done for 3 – 12 
accessions of every Musa sp. in germination boxes 
filled with moist sterilised sand. The germination boxes 
were placed in a germination room at a temperature of 
22 – 32 °C with 80% relative humidity and 12 hours of 
light. Ten seed were sown in three replications for all the 
accessions. The germination of these seeds was observed 
after 2 months. Seed germination percentages of every 
accession were then scored into 5 categories (0, 1 – 30, 
31 – 60, 61 – 79, 80 – 100%) for every Musa sp.

Effect of Different Germination Substrates for 
Germinating M. violascens and M. borneensis

 The seeds were sown on the 3 germination substrates, 
namely, sterilised sand, soil and Murashige & Skoog 
(MS) medium (tissue culture). The seeds were planted 
in germination boxes filled with moistened sand or soil 
similar to the method in the seed diversity study. For 
tissue culture, the seeds were sterilised with series of 
disinfectant solutions. In the laminar air flow chamber, 
the seeds were cut longitudinally and the tiny white 
mushroom-like embryos were excised. The embryos were 
cultured aseptically into culture tubes containing of 20 ml 
of MS medium. The pH of the medium was adjusted at 
5.7, and the tubes were autoclaved at 121 °C, at 15 p.s.i 
for 15 minutes. The cultures were kept under 18/6 h 
photoperiod conditions with 60% relative humidity and 25 
± 2 °C temperature. Ten embryos were cultured in three 
replications. The germination of the seeds and embryos 
were observed at intervals of 1, 2 and 3 months. 

Figure 1. Seed harvesting and cleaning for Musa spp. (A) mature Musa borneensis fruit bunch on the tree; (B) ripe fruit; (C) 
scraping seed out in a sieve and (D) seed drying on a tissue paper

A B C D



328

Data Analysis

 All data were analysed by analysis of variance 
(ANOVA) using Statistical Analyses System Software 
(SAS) release 9.4. This study adopted the Completely 
Randomised Design (CRD). Means were differentiated at 
p ≤0.05 level of significance using the Least Significant 
Difference Test (LSD).

Seed Conservation, Shipping and Duplication 
Processes at the MARDI’s Seedbank (MyGeneBank), 
Malaysia and the Millennium Seed Bank (MSB), 
Kew, United Kingdom 

 The seeds with 8% moisture content were kept in 
plastic airtight hermetic containers for conservation in 
a 5 °C cold room at MyGeneBank. Vacuum-sealed tri-
laminate foil packets were used to pack the seeds for 
duplication at MSB, Kew Gardens. Safety duplication 
procedure requires a clearly signed, legal agreement 
between the depositor and receiver institutions. The 
agreement clearly details the responsibilities of the 
receiver institution with terms and conditions under 
which the material is maintained, accordingly. Five 
documents were prepared prior to the safety duplication 
processes of the seeds to MSB, viz., Standard Material 
Transfer Agreement (SMTA), Letter of Authority (LoA), 
Donation Letter (DL), Phytosanitary Certification and 
Export Permit.

Results and Discussion

Diversity of Musa spp. seeds

 Seeds from eight wild Musa spp. and Musa ssp. 
showed interspecific and intraspecific variations in 
seed size, shape and colour (Table 1). Basically, banana 
seeds can be grouped into two types: cylindrical seeds 
and irregular subglobose seeds (Figure 2). Their colour 
ranges from light brown to brownish black. The anatomy 
of the seed can help to explain the germination of the 
seeds. For example, M. borneensis, M. violascens and M. 
gracilis have the cylindrical type of seeds, which have 
the micropyle which is a plug-like structure at one end. 
Behind it, the embryo is embedded in the endosperm, 
and at the other end is the chalazal (Figures 2.A.2, 2.B.2 
and 2.C.2). The chalazal mass consists mainly of water 
at harvest, allowing the seed to germinate; however, after 
drying, the tissue of the chalazal mass will shrivel and the 
seed will become dormant [5]. Seeds of different species 
of Musa require different conditions for germination. 
Some species have seed which germinate readily after 
harvest, showing no sign of seed dormancy; others become 
dormant after drying. This explains why the seeds of the 
Musa spp. collected were unable to germinate or had low 
germination after drying (Table 2).

Table 1. Seed collections of Musa spp. U: upper, M: middle, B: bottom

Species Seed shape Seed colour Seed length 
(mm)

Seed width 
(mm)

Seed no./fruit Seed no./bunch

M. borneensis wide based cylindrical light brown top, 
brownish black 
bottom

5.7 – 7.7 2.6 – 4.1 (U)
3.5 – 6.2 (M)
3.7 – 6.7 (B)

141 – 218 3640 – 26336

M. violascens cylindrical light brown top, 
brownish black 
bottom

6.2 – 7.1 2.9 – 3.1 (U)
3.3 – 4.0 (M)
3.6 – 4.1 (B)

51 – 63 164 – 7497

M. gracilis cylindrical light brown top, 
brownish black 
bottom

6.8 – 7.6 3.0 – 3.4 (U)
3.2 – 4.2 (M)
3.3 – 4.6 (B)

66 – 98 477 – 3171

M. acuminata ssp acuminata irregular subglobose light brown to 
brownish black

2.9 – 3.9 5.5 – 6.1 NA 447 – 5032

M. acuminata sspmicrocarpa irregular subglobose 
and angular

light brown to 
brownish black

3.0 – 3.5 5.3 – 5.4 47 – 51 121 – 8122

M. acuminata ssptruncata irregular subglobose 
and angular, flattened

light brown 3.5 – 3.8 5.7 – 6.1 58 – 146 838 – 7012

M. acuminatassp flava irregular subglobose, 
flattened

light brown 3.1 – 3.6 5.6 – 5.9 77 – 83 194 – 5757

M. acuminatasspmalaccensis irregular subglobose brownish black 3.1 – 3.4 4.9 – 5.6 NA 1623 – 13452
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Table 2. Seed germination score for different Musa spp.

No. Species Germination percentage score (%)
0% 1 – 30% 31 – 60% 61 – 79% 80 – 100%

1. M. borneensis 0 66 34 0 0
2. M. violascens 80 0 10 0 10
3. M. gracilis 89 0 0 0 11
4. M. acuminata ssp. Acuminata 25 33 42 0 0
5. M. acuminata ssp. Microcarpa 60 20 0 0 20
6. M. acuminata ssp. Truncata 43 29 14 0 14
7. M. acuminata ssp. Flava 14 43 29 14 0
8. M. acuminata ssp. Malaccensis 0 0 0 25 75

A.1

C.1

E.1

G.1 G.2 H.1 H.2

E.2 F.1 F.2

C.2 D.1 D.2

A.2 B.1 B.2

Figure 2. Variations in the seeds between Musa spp. (A) M. borneensis; (B) M. violascens; (C) M. 
gracilis; (D) M. accuminata ssp accuminata; (E) M. accuminata ssp macrocarpa; (F) M. 
accuminata ssp truncate; (G) M. accuminata ssp flava and (H) M. accuminata ssp malaccensis

Effect of Different Substrates for Germinating M. 
violascens and M. borneensis

 Higher germination percentages were recorded for both 
M. violascens and M. borneensis when the seeds were 
cultured on MS medium rather than on sand and soil over 
all the periods of observation (Figure 3). Embryos of M. 
violascens started to germinate earlier when cultured (1 
month) compared to the seed which were germinated on 
sand and soil (2 months). A similar trend was found by 
Pancholi et al. [4] who reported that seed germination of 
M. acuminata took 9 months while the cultured embryos 
took only 2 weeks. Similar trends were also found in M. 
balbisiana and M. acuminata ssp malaccensis [6, 7].

Seed Conservation, Shipping and Duplication 
Processes at MARDI’s seedbank (MyGeneBank), 
Malaysia and Millennium Seed Bank (MSB), Kew, 
United Kingdom 

 In this study, 69 accessions of 8 Musa spp. and Musa 
ssp. were successfully collected, together with a total of 
169,550 seeds, 1/3 of which are kept in MyGeneBank 
(56,516) and 2/3 are shared with MSB, Kew Gardens 
(113,034) (Table 3). The seed conserved in MyGeneBank 
are available to be shared and further utilised by 
researchers, either for breeding or other research purposes. 
A paper has been published in a scientific journal by a 
MSB researcher together with scientists from Katholieke 
Universiteit Leuven and Meise Botanic Garden, Belgium, 
on the “Regulation of seed germination by diurnally 
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Figure 3. Germination percentage of (A) M. violascens and (B) M. borneensis seeds 
on sand and soil, and embryos on MS medium after 1, 2 and 3 months. 
Means with different letters within the same figure are significantly different 
from one another at p ≤0.05

Table 3. Seeds from 8 Musa spp. and Musa ssp. collected, conserved in MyGeneBank and duplicated at MSB, Kew Gardens

No. Species Accession Seeds collected Duplicated at MSB, 
Kew

Conserved at 
MyGeneBank

1 Musa borneensis 3 36,673 24,449 12,224
2 Musa violascens 14 11,193 7,462 3,731
3 Musa gracilis 11 11,056 7,371 3,685
4 Musa acuminata ssp. acuminata 11 30,007 20,005 10,002
5 Musa acuminata ssp. microcarpa 5 11,282 7,521 3,761
6 Musa acuminata ssp. truncata 10 13,519 9,013 4,506
7 Musa acuminata ssp. flava 10 16,757 11,171 5,586
8 Musa acuminata ssp. malaccensis 5 39,063 26,042 13,021
TOTAL 69 169,550 113,034 56,516

alternating temperatures in disturbance-adapted banana 
crop wild relatives (Musa acuminata)” (Kallow et al.) 
[8]. They used the information and seeds that have been 
shared with MSB, Kew Gardens, through this project. 
This shows how the effort of conserving the seeds has 
contributed to the enhancement of scientific knowledge 
about wild Musa spp. globally.

Conclusion

 Seeds are sources of valuable genetic resources that 
need to be studied and conserved in order to guarantee 
their continued existence for research and future use. 
Safety duplication is important in order to safeguard the 
plant genetic resources from loss. 
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Abstract

 Green chemistry is an important concept in combating global environmental issues. In line with the green chemistry 
principles, a 30-60 µL three-electrode electrochemical mini-cell for green electroanalysis is described. The main module 
is a platinum tube (Pt-T) of 4 mm diameter and 5 mm height, which serves both as the counter-electrode and as the 
electrolyte container, when positioned over the active surface of a working electrode. A fritted mini Ag|AgCl reference 
electrode completes the electrochemical cell by contacting the electrolyte through the top opening of the Pt-T cell. 
The Pt-T mini-cell produced typical cyclic voltammograms for 30 µL hexacyanoferrate (III) with all types of working 
electrode tested, i.e., Pt, Au, boron-doped diamond and glassy carbon disk macroelectrodes, a cylindrical pencil lead 
electrode and Pt disk microelectrodes. The mini-cell was also shown to be suitable for drug, hormone, antioxidant and 
redox label voltammetry, operation of a glucose biosensor and quantitative differential pulse voltammetric paracetamol 
analysis in standard addition mode. The significant technical advantages of the mini-cell are its cheapness and simplicity 
of construction, unlimited reusability, wide analyte adaptability, and its ability to incorporate practically all standard 
macro- and microelectrode designs. Consequently, the mini-cell is not only a valuable option for voltammetry work in 
general, but more importantly it facilitates, in a simple and inexpensive manner, electrochemical analysis of samples 
with a mass or volume constraint, or when the chemicals involved are costly. Obviously, the mini electrochemical cell 
described in this study helps in waste reduction, reducing chemical usage, and compared with conventional beaker-type 
cells (in mL volume) is a greenelectroanalytical tool that supports eco-friendly practices in research, commercial and 
teaching laboratories.

Keywords: Electroanalysis, electrochemical cell, green chemistry, miniaturisation, platinum

Proceedings of MARDI Science and Technology Exhibition (2021): 332 – 335

Introduction

 The continuously growing world population is heavily 
confronted with serious environmental issues. This has led 
to the introduction of the 12 Principles of Green Chemistry 
in 1998. Electrochemical (EC) cell miniaturisation is one 
of the initiatives, in line with these principles, to reduce 
analyte and reagent consumption and to minimise waste 
generation. Itis beneficial for the analysis of volume- 
or mass-limited samples without the issue of dilution, 
beyond the detection limit in larger beaker-type cells. 
To date, EC cells of pL to nL volume are achievable 
only with complex fabrication procedures which limits 
the practicability of these systems for routine laboratory 
applications. Screen-printed electrode devices (SPEs) 
as a convenient platform for small volume voltammetry 
[1], suffers the waste generation issue due to its single 
use nature.

 Three recent reports suggested some more economical 
µL EC cell designs. Jimenez et al. introduced the slim 
tips of carbon or noble metal microelectrodes and part 
of a platinum microwire into a 50 µL electrolyte droplet, 
hanging from the bottom disc of an inverted glass-fritted 
reference electrode (RE) [2]. Skalovaet al. sealed the tip 
of a tapered glass tube with agar gel, injected 20 – 50 µL 
of test solution into the compartment and inserted disc-
type working electrodes (WE) into the trapped liquid. 
The assembly was then operated in a beaker with the 
electrolyte and a reference/counter electrode [3]. Most 
recently, Sripirom et al. utilised an inverted Ω-shaped Pt 
tube of approximately 2 mm diameter as the container for 
a 15µL sample solution and the counter electrode (CE). 
RE and WE of appropriate diameter were inserted from 
the two ends of the tube [4]. These different mini-cell 
designs demonstrated the potential of µL voltammetry as 
a practical alternative to conventional measurements in 
mL-capacity beakers. However, they all demand specially 
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prepared tapered working electrodes for successful 
operation, thus limiting the ease of use of these systems. 
 Accordingly, we propose a simple roll-and-fold 
platinum tube (Pt-T) EC cell of 30 – 60 µL volume 
(Figure 1) that can incorporate the full range of 
electrodes typically available to ordinary laboratories for 
electroanalytical applications. 

Materials and Methods

Reagents and Solutions

 Stock solutions of 1 M potassium hexacyanoferrate 
(III) (K3[Fe(CN)6]), 10 mM hexaammineruthenium 
(III) chloride ([Ru(NH3)6]Cl3), 1 mM paracetamol, 
1 mM ciprofloxacin, 0.1 mM doxorubicin, 0.1 mM 
4-methylumbelliferone, 1 mM glucose and 0.5 M 
ascorbic acid were prepared in 0.1 M phosphate 
buffer, pH 7.0. 15 mM oxytocin was prepared in 0.1 
M phosphate buffer, pH 7.0, divided into 100 μL 
aliquots and kept in vials at −20 C. Glucose oxidase 
from Aspergillus niger, of specific activity 228 U mg−1, 
was used to prepare amperometric glucose biosensors.

Electrodes and Instrumentation

 Working electrodes: A series of commercial 
electrodes, namely 3 mm disc boron-doped diamond 
(BDD) electrode with 0.1% boron dopant, 3 mm gold, 
3 mm platinum, 1 mm platinum, 10 µm platinum and 
3 mm glassy carbon disc electrodes, were tested with 
the proposed Pt-T mini-cell. Additionally, a 2mmlong 
cylindrical carbon electrode was made by insulating 
a 0.9 mm Pentel Hi-Polymer E 2B pencil lead with 
heat-shrink tube.
 Glucose biosensor:4 × 5 µL of 5 mg mL−1 glucose 
oxidase (GOx) in 2 % Nafion® was dropped and air dried 
onto a polished 3 mm platinum disc electrode. Completed 
biosensors were immersed in 0.1 M sodium phosphate 
buffer, pH 7.0 containing 0.1 M KCl with stirring for 30 
min before being transferred to a refrigerator for overnight 
acclimation.

 Mini reference electrode: Self-fabricated Ag|AgCl|3 
M KCl electrodewith a narrowporous ceramic tip.
Potentiostat:910 PSTAT mini potentiostat from 
Metrohm AG (Herisau, Switzerland). 

The Pt-tube mini-cell Design and Operation

 Construction of the proposed Pt-T mini-cell simply 
required rolling a rectangular piece of Pt foil (22 × 5 
mm, 0.1-mm thickness) along the longer side from one 
end to form a rigid cylinder of 4 mm diameter and 5 mm 
length. The remaining section (approx. 10 × 5 mm) at the 
other end was folded to form a plane normal to the tube 
circumference. Before use, the Pt-T mini-cell was cleaned 
by heating it in a flame to bright red, then cooled. 

Results and Discussion

 The use of the mini-cell in a three-electrode 
arrangement required only placement on an upright 
WE, pipetting of the electrolyte and insertion of the tip 
of a miniaturised RE into the upper opening of the Pt-T 
tube. The time required for reassembly between two 
measurements was just 2 min. An assembly can hold 
30 – 60 µL sample solution with no observable leakage. 
A tube diameter of 4 mm and height of 5 mm was suitable 
for the common commercial disc electrodes, and contained 
the 30 – 60 µL sample easily. Mini-cells of significantly 
larger dimensions would be likely to suffer electrolyte 
leakage as the capillary force might fail to retain a larger 
liquid mass, although this was not tested.
 Cyclic voltammograms (CVs) of 30 µL of 12.5 mM 
hexacyanoferrate (III) in 0.1 M phosphate buffer solution, 
pH 7, in the Pt-T mini-cell were recorded for electrodes 
with various geometries. CVs of all except the pencil 
lead electrode showed the sigmoidal waves that are 
characteristic of hexacyanoferrate (III) voltammetry at the 
disc-shaped noble metal and macro- and micro-electrodes. 
The absence of distinct peaks in CVs with the pencil-
lead sensor, made of a less redox-sensitive composite of 
graphitic carbon and polymer binder, was also apparent 
in the mini-cell.

Figure 1. The construction of Pt-T mini-cell and operational assembly for EC experiments
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 The Pt-T mini-cell gave stable differential pulse 
voltammogram (DPV) peak currents over 30 min, for a 
30-µL test solution with no other measures to minimise 
solvent loss. This is a valuable side-effect of the mini-
cell design as the only small opening is largely blocked 
by RE.
 The practical functionality of the Pt-T mini-cell was 
further evaluated through voltammetric inspection of 
six electroactive compounds with relevance to basic 
electroanalysis and EC testing in medicine and pharmacy. 
These compounds were chosen as biological samples are 
often of limited size and low target analyte concentration, 
making small-volume screening a good option. The 
selections were (1) ciprofloxacin (CIP), a fluoroquinolone 
antibiotic; (2) doxorubicin (DOX), a widely prescribed 
and effective anticancer agent; (3) oxytocin (OXT), 
a neurohypophyseal peptide hormone involved in the 
regulation of emotional and social behaviours and of 
childbirth; (4) ascorbic acid (AA), an antioxidant that is 
essential to human health through its roles in collagen 
biosynthesis, iron absorption, radical scavenging and 
immune response activation; (5) 4-methylumbelliferone 
(4MU), a chemifluorescent and redox-active label of 
synthetic substrates used in enzyme activity assays; 
and (6) glucose, a central metabolic energy source for 
mammals and the main factor in human diabetes. The 
selected analytes 1-5 are oxidisable species, while glucose 

can be quantified indirectly via the detection of the 
oxidisable hydrogen peroxide produced as a by-product of 
the enzymatic activity of the glucose biosensor described 
in the Materials and Methods section.
 Figure 2 demonstrates that the mini-cell can be an 
attractive routine laboratory tool for green electroanalysis, 
with the potential to deal, cheaply and easily, with the 
detection of a wide range of analytes with oxidisable 
and/or reducible structures. Furthermore, heavy metal 
stripping voltammetry [4] and electrodeposition [2], 
which were recently achieved in other miniaturised three-
electrode EC cells with microliter volumes, should also be 
feasible in the proposed Pt-T assembly used in this study. 
With the evidence presented above, it is apparent that the 
Pt-T mini-cell possesses the important characteristic of 
general applicability. 
 Paracetamol (PCT), an ingredient in cold and flu 
medications, an over-the-counter analgesic and frequent 
choice for suicidal overdose, was chosen as a model 
redox species to demonstrate the practicability of the Pt-T 
mini-cell for voltammetric analyte quantification. The 
calibration plot for PCT oxidation peak currents indicates 
that the BDD electrode coupled with the Pt-T mini-cell 
had a dynamic range of up to 250 µM of the drug, with 
a linear correlation of 0.9998. Due to the small volume, 
equal volumes of sample and standard solutions of various 
concentrations were mixed prior to the EC detection 

Figure 2. Electrochemical Pt-T mini-cell response of (A) ciprofloxacin (DPV in 0.1 M PBS pH 7, Srate 100 mV s−1; Estep 5 mV; 
Epulse 100 mV; tpulse 10 ms), (B) doxorubicin (DPV in 0.1 M PBS pH 7,  Srate 100 mV s−1; Estep 10 mV; Epulse 25 mV; tpulse 
50 ms), (C) oxytocin (DPV in 0.1 M PBS pH 7, Srate 100 mV s−1; Estep 5 mV; Epulse 50 mV; tpulse 10 ms), (D) ascorbic 
acid (CV in 0.1 M PBS pH 7,  Srate 50 mV s−1; Estep 10 mV), (E) 4-methylumbelliferone (CV in 0.1 M PBS pH 7, Srate 
50 mV s−1; Estep 10 mV) and (F) glucose oxidase biosensor (CA in 0.1 M PBS pH 7,  E +600 mV). Voltammograms 
A-C and E are recorded with a 3 mm BDD disc electrode; while the sensor for CV D and the amperogramF are a 1 
mm Pt disk electrode and a 3 mm Pt disk electrode with a thin surface film of GOx-loaded Nafion, respectively
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by DPV. As shown in Figure 3, the PCT sample with 
a nominal concentration of 10 µM produced a standard 
plot with x-intercept at −4.98 µM, which translates into 
a sample concentration of 9.96 µM and a recovery of 
99.6%. Repetitions of the recovery experiment with 10 
µM PCT gave a mean recovery at 98.11% with RSD 
6.60% (n = 5). Similarly, a sample of 50 µM PCT had a 
mean recovery of 100.67% with RSD 6.97% (n = 3).

Conclusion

 An economical and highly adaptable µL Pt-T mini-cell 
for waste-reducing and chemical-sparing small-volume 
green analytical work was successfully demonstrated. 
The small tool is well suited for routine electroanalysis 
in common laboratories, particularly those with low 
budgets and no access to high-end facilities for sensor 
fabrication. The mini-cell is ideal for analytes of low 
sample availability, high molecular weight, high toxicity 
or low concentration. The cheap, simple and reusable 
Pt-T mini-cell is also suitable for the demonstration of 
the principles of green electrochemistry and analytical 
chemistry to the young students in secondary schools 
and tertiary institutions worldwide.
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Abstract

 Ornamental potted plants are often proposed as a passive approach for improving indoor air quality (IAQ). Volatile 
organic compounds (VOCs) enter indoor environments through internal and external sources. Indoor air concentrations 
of VOCs vary greatly but are generally higher than outdoors. Plants have been promoted as indoor air purifiers for 
decades, but reports of their effectiveness differ. The aim of this study was to determine the selection of several 
potted indoor and outdoor native plant species which can sustain and improve indoor air quality. The experimental 
design was a completely randomised design with four replications, and the study was conducted at the Horticulture 
Research Centre laboratory. Different native ornamental potted plants species, such as Eugenia sp., Scindapsus pictus, 
Schismatoglottis sp., Tradescantia pallida, Piper porphyrophyllum, Alocasia reginula, Ledebouria socialis, Peperomia sp. 
and Ledebouria petiolata, had significantly different effects on the absorption of VOC gases. The maximum significant 
values of absorption of VOC gases were from L. socialis, Eugenia sp., P. porphyrophyllum, Peperomia sp., S. pictus, 
T. pallida, L. petiolata, A. reginula and Schismatoglottis sp. at 0.0484, 0.0119, 0.0110, 0.0097, 0.0075, 0.0063, 0.0048, 
0.0041 and 0.0018 ppm/1cm2, respectively, showing the potential of these plant species to be functional means for 
the improvement of indoor air quality. Leaf area, although having a moderate function in VOC gas absorption did not 
drastically reduce the VOC gas volume. Overall, the data from the laboratory studies illustrate the potential of using 
foliage plants as indoor air purifiers and indoor air VOC samplers.

Keywords: Air purifier, air quality, indoor plant, native species, pollutants, Volatile Organic Compounds (VOCs)
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Introduction 

 The potential exposure to volatile organic compounds 
(VOCs) in the air indoors has increased as new home 
construction techniques and improvements have 
significantly reduced the introduction of air from outdoors 
air. Such techniques and improvements are related to 
heating, ventilation and air conditioning efficiency [1]. 
Concentrations of VOCs in indoor air are generally 
5 – 10 times higher than outdoors, and are even higher 
in extremely cold weather [2]. Air pollutants commonly 
found in different indoor environments include carbon 
monoxide and dioxide (CO and CO2), volatile organic 
compounds (VOCs; e.g., formaldehyde and benzene), 
nitrogen oxides (NO and NO2), and polycyclic aromatic 
hydrocarbons (PAHs) [3,4]. With people in industrialised 
countries spending more than 80% of their lives indoors 
[5,6], the build-up of air pollutant concentrations to 
dangerous levels, especially in modern energy-saving 
but airtight constructions, represents one of the priority 

concerns for human health today [7,8]. Continuous, 
constant exposure to air pollutants, the concentrations 
of which are higher indoors than outdoors [9], may 
cause respiratory and cardiovascular diseases, eventually 
contributing to the so-called ‘sick building syndrome’ 
(SBS) and ‘building-related illnesses’ (BRI) [10,11]. 
One of the major concerns involves formaldehyde, a 
widespread hazardous air pollutant that is released over 
the long term from aging furniture and pressed-wood 
products, and that is likely to have carcinogenic effects 
on humans [12].
 In addition, potentially toxic gases and particulate 
matter can be released by a variety of indoor sources and 
as well as the activities of the occupants; these include 
furnishings, paints, paint strippers, varnishes, waxes, 
carpets, solvents, cleaning supplies, office equipment 
such as copiers and printers, gas cooktops and cigarettes 
[13], and those from external sources (e.g., vapour 
intrusion from contaminated soil and/or groundwater, and 
ambient air from automobiles and industrial facilities). 
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Ornamental plants have been used to reduce indoor air 
concentrations of VOCs [14,15]. These plants act as 
sinks and consequently reduce the VOC concentration in 
the air. However, the reported amounts removed differ 
widely, while the variety of experimental approaches 
used to determine these amounts complicate comparisons 
among the studies. Research by Baur [16] found that VOC 
removal mechanisms include stomatal uptake, and depend 
on the plant species and the chemical of interest, microbial 
transformation within the plant growth media [17], and 
sorption to leaves and plant growth media [17,18,19].
 Far fewer studies have examined the effectiveness 
of plants as samplers for more volatile compounds, 
especially in indoor environments [20]. To investigate 
the potential of using plant leaves as samplers for indoor 
air VOC concentrations, a static headspace approach was 
used to determine leaf-air concentration factors (LACFs) 
for VOCs as a function of VOC concentration and plant 
type [15,20]. The relationship between the leaf and air 
concentration was further examined in an actual residence 
after screening for the plant’s capability in gas absorption. 
Finally, the measured indoor air concentrations were 
compared to concentrations predicted from laboratory-
derived LACFs and measured leaf concentrations.

Materials and Methods 

Experimental Site and Growth Conditions 

 The experiments [21] were conducted in the Horticulture 
laboratory which is located at the Horticulture Research 
Centre, MARDI, Serdang, Selangor (2° 59’ 51.4374” N 
101° 41’ 26.227” E / 2.997622° N 101.690619° E).

Plants

Induction of VOC Removal in Untested Native 
Ornamental Potted Plant Species [22,23]

 The main aim of this more recent study in a test-
chamber was to compare VOC removal capacity 
of nine native common houseplant species: Piper 
porphyrophyllum; Tradescantia pallida; Schismatoglottis 
sp.; Alocasia reginula; Scindapsus pictus; Eugenia 
sp., Ledebouria socialis; Ledebouria petiolata and 
Peperomia sp. A second aim was to examine whether 
removal rate of any species correlated with any plant or 
potting-mix attribute. The plants were selected because 
they are commonly available, very often used as indoor 
houseplants and are hardy. The plants were purchased 
locally from several different vendors, and re-potted in 
plastic planter pots using a planting medium made up of 
a 50% peat moss and 50% vermiculite mix.

Figure 1. Native ornamental potted plant species tested for 
VOC gas absorption capacity 

Treatment Systems

 Plants in 200 mm diameter pots were used. Isobutylene 
gas [22,24] was employed as the test VOC in four replicate 
glass test chambers (33 cm width x 35 cm height x 64 
cm length). The plants were first watered till the medium 
reached to saturation, the pots were drained for 20 minutes 
and then placed in the test chambers. An initial dose up 
to 4 or 5 ppm of the isobutylene was injected into the 
test chambers. Leak tests had been carried out before the 
experiments to ensure that the isobutylene removed [22] 
was solely due to the potted plant microcosm. Each plant 
was placed for 7 days in the test chambers, equipped with 
a gas detector (model Aeroqual S500, Figures 2 and 3). 
This experiment was carried out using a method developed 
by Kwang Jin Kim [25,26]. Four replicates (chambers) of 
each plant species were tested. Before commencing the 
experiment, control chambers without plants were tested 
to determine any gas losses not resulting from the plants 
(e,g., due to leakage, absorption, chemical reactions). 
The chambers were placed indoors (at the Horticulture 
laboratory) at a controlled temperature between 22 and 
24 °C. After the 7th day, the plants of each of the indoor 
species were measured for their leaf area and the total 
number of leaves.

Chemicals 

 The VOC most commonly identified in indoor air 
monitoring surveys [22,24] was selected for the laboratory 
study; this was isobutylene gas.
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Experimental Design and Statistical Analysis 

 The experimental design was a completely randomised 
design (CRD) with four replications. Analysis of variance 
(ANOVA) was performed using the procedure of the 
Statistical Analysis System [27]. The Least Significant 
Difference (LSD) was used as the test of significance.

Results and Discussion 

Screening of Native Ornamental Potted Plant 
Species for Absorption of a Volatile Organic 
Compound Gas Over a Duration of 7 Days Using 
Glass Chambers 

 Isobutylene removal rates by the nine indoor plant 
species are shown in Figure 4. Overall, these indoor plant 
species were analysed and screened for 160 hours. After 
8 hours of screening, all the species showed a response 
and started absorbing the VOC gas from the inside of the 
glass test chamber. The results showed that Ledebouria 
socialis absorbed the most isobutylene gas.

Leaf Area of the Native Ornamental Potted Plant 
Species 

 The lowest and highest leaf areas of the native plant 
species tested were recorded on Eugenia sp. and on 
Schismato glottis with values of 182.50 and 1623.27 cm2, 
respectively, as shown in Figure 5

Figure 2. Gas detector (model Aeroqual S500)

Figure 3. Glass test chamber with a detector for 
screening the plants

Figure 4. Screening of native ornamental potted plant species 
for absorption of volatile organic compound gas 
over a duration of 7 days using glass chamber

Figure 5. Total leaf area (cm2) of native ornamental potted 
plant species. Means followed by the same letter 
were not significantly different from one another 
at p ≤0.05 by the least significant difference (LSD) 
test

Determination of Total Amount of Volatile Organic 
Compound Gas Absorbed by the Native Ornamental 
Potted Plant Species in Relation to Their Total 
Leaf Area Over a Duration of 7 Days Using Glass 
Chambers 

 The total amount of volatile organic compound gas 
absorbed by the total leaf area (cm2) of the indoor plants 
was lowest for Eugenia sp., S. pictus and Peperomia sp. 
(2.17, 2.35 and 2.42 ppm, respectively). The maximum and 
significant absorption was recorded on L. socialis plants 
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(19.47 ppm), followed by P. porphyrophyllum (3.69 ppm). 
However, there were no significant differences between 
P. porphyrophyllum and T. pallida, Schismatoglottis sp., 
L. petiolata and A. reginula (Figure 6).

Total Amount of Volatile Organic Compound Gas 
Absorbed in Relation to Total Leaf Area by Native 
Ornamental Potted Plant Species Over 7 Days in 
Glass Chambers 

 The results in Figure 7 showed that even though 
Schismatoglottis sp. (1623.27 cm2) had the biggest total 
leaf area of all the species tested, but it was not effective 
in absorbing VOC gas when compared to L. socialis 
(402.17 cm2). 

Total Amount of Volatile Organic Compound Gas 
Absorbed Compared By Every 1 Cm2 of Leaf Area 
of the Native Ornamental Potted Plant Species Over 
7 Days in Glass Chamber 

 Results showed that L. socialis (0.0484 ppm) absorbed 
the most amount (highly significant) of volatile organic 
compound gas per cm2 of leaf area over 7 days (Figure 8). 
Meanwhile, the amount of VOC gas absorbed by Eugenia 
sp. (0.0119 ppm) was not significantly different from the 
amounts absorbed by P. porphyrophyllum (0.0110 ppm) 
and Peperomia sp. (0.0097 ppm).

Screening of Native Plant Species for Effectiveness 
in Absorbing Volatile Organic Compound Gas Over 
7 Days in Glass Chamber 

 Figure 9 shows in more detail and accuracy the 
effectiveness of the native indoor plant species in 
absorbing VOC gas based on per cm2 of leaf area. 
L. socialis (0.0484 ppm) was most effective in absorbing 
the VOC gas of all the native ornamental potted plant 
species tested. Schismatoglottis sp. (0.0018 ppm) was 
the least effective in absorbing the VOC gas.

Effect of Native Ornamental Potted Plant Species 
in Improving Indoor Air Quality

 The results of all these studies, summarised below, 
demonstrate the ability of indoor potted plants to eliminate 
indoor VOCs. The absorption capacity involving a parallel 
relationship between leaf area and concentration of 
VOCs in the air [22,24] within a residence illustrates the 
potential for using leaves as real-time air samplers. From 
the screening result on the selected potted plant species, 
the effectiveness in absorbing VOCs gas per total leaf 
area (cm2) was sequentially (in decreasing order) shown 

Figure 7. Total amount of volatile organic compound gas 
absorbed compared with total leaf area of native 
ornamental potted plant species over 7 days in glass 
chambers. Means followed by the same letter were 
not significantly different from one another at p 
≤0.05 by the least significant difference (LSD) test

Figure 6. Total amount of volatile organic compound gas 
absorbed by native ornamental potted plant species 
in relation to their total leaf area over 7 days in 
glass chambers. Means followed by the same letter 
were not significantly different from one another at 
p ≤0.05 by the least significant difference (LSD) test

Figure 8. Total amount of volatile organic compound gas 
absorbed by native indoors plant species by every 
1 cm2 of leaf area over 7 days in glass chambers. 
Means followed by the same letter were not 
significantly different from one another at p ≤0.05 
by the least significant difference (LSD) test
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by the values of 0.0484; 0.0119; 0.0110; 0.0097; 0.0075; 
0.0063; 0.0048; 0.0041 and 0.0018 ppm recorded by L. 
socialis, P. porphyrophyllum; T. pallida; Schismatoglottis 
sp.; L. petiolata; A. reginula; Peperomia sp.; S. pictus and 
Eugenia sp., respectively. Converting VOC gas absorption 
to amount per cm2 leaf area, the values worked out to 
19.47; 3.69; 3.09; 2.98; 2.88; 2.67; 2.42; 2.35 and 2.17 
ppm/cm2 for the respective species (Figure 6). However, in 
terms of the total leaf area of the native ornamental potted 
plant species shown in Figure 5, it may be seen that the 
values in descending order were 1623.27; 645.71; 596.93; 
489.81; 402.17; 335.63; 315.01; 250.62 and 182.50 cm2 for 
Schismatoglottis sp., A. reginula, L. petiolata, T. pallida, 
L. socialis, P. porphyrophyllum, S. pictus, Peperomia sp., 
and Eugenia sp., respectively. However, a more realistic 
picture of the performance of the native ornamental potted 
plant species tested in their effectiveness in absorbing 
VOC gas can be achieved by considering the amount of 
VOC gas absorbed by per cm2 of leaf area. Using this 
criterion, the effectiveness of VOC gas absorption by 
the indoor plant species are ranked (in descending order) 
as follows: Ledebouria socialis > Eugenia sp. > Piper 
porphyrophyllum > Peperomia sp. > Scindapsus pictus > 
Tradescantia pallida > Ledebouria petiolata > Alocasia 
reginula > Schismatoglottis (Figure 8).

Conclusion 

 This study has led us to scientific understanding of the 
great air purifying potential of Ledebouria socialis which 
as showed a high degree of effectivensess in absorbing 
VOC gas. Eugenia sp., Piper porphyrophyllum and 
Peperomia sp. also showed potential for absorbing VOC 
gas. There are many other native as well as exotic indoor 
and outdoor plant species which can be investigated in 
similar studies to gauge their air purifying activities and 

so on. The bioactivities of promising species could lead 
to further evaluation to identify possible compounds in 
them which have therapeutic properties, thus adding more 
value to them other than for absorbing VOCs. Significant 
contributions can therefore be made to global health with 
such plant resources.
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Abstract

 Rice straw activated carbon (RSAC) was produced and used to discolour palm oil mill effluent (POME) via adsorption 
processes. Rice straw was carbonised and activated using potassium hydroxide (KOH) and sodium hydroxide (NaOH) 
to produce activated carbon. The properties of this activated carbon (AC) were studied by surface analysis. Regeneration 
of the adsorbents by adsorption/desorption processes showed that AC can be regenerated up to five cycles while still 
providing a maximum of 67.26% of adsorption capacity at first regeneration, and as low as 2.72% of adsorption 
capacity at the fifth regeneration. RSAC was also used for the treatment of POME for discoloration and reduction of 
total organic carbon (TOC) and chemical oxygen demand (COD). The results of this study suggested that RSAC has 
potential to be used as an adsorbent for the removal of colour in POME from aqueous solution. The research aimed 
to study AC derived from rice straw as an adsorbent to discolour POME, and its effectiveness was proved using TOC, 
COD and discoloration analyses.

Keywords: Adsorption, rice straw, POME, COD and TOC, discoloration
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Introduction

 The common practice in POME (palm oil milling 
effluent) treatment is through the use of pond systems, 
which require large soil areas and long exposure times 
[1]. In addition, treated POME still contains high levels 
of contaminants due to the low efficacy of such treatment 
methods. Therefore, adsorption is often used on the 
treated POME before its discharge into rivers to meet 
wastewater discharge standards. There are limited studies 
on the use of activated carbon (AC) adsorbents derived 
from biomass in treating POME. AC tends to interact 
with non-polar particles on the adsorbed material in a 
hydrophobic solution. Hydrophobic particles tend to 
interact with similar particles, rather than oil droplets. 
This process results in the breaking of hydrogen bonds 
between water particles. Similarly, hydrophilic adsorbents 
can be effective for the reduction of polar solutions in 
wastewater. Combinations of hydrophilic particles have 
better thermodynamic interactions than interactions 
with hydrophobic particles such as oil. The level of 
hydrophobic or hydrophilic particles is determined by 
the surface tension of the materials in the aqueous phase, 
and the combination of adsorbent materials can be very 
effective for the reduction of high-strength wastewater 
containing both polar and non-polar solutions [2]. POME 

was also analysed for total organic carbon (TOC) and 
chemical oxygen demand (COD). TOC aims to determine 
the amount of carbon present in the organic matter. TOC 
is a non-specific determinant of water quality, while COD 
can determine the amount of oxygen consumed by the 
reaction in the solution under study. The research aimed 
to study AC derived from rice straw as an adsorbent to 
dicolour POME and its effectiveness was proved using 
TOC, COD and discoloration analyses.

Materials and Methods 

Discoloration of POME with AC using the 
Adsorption Method

 Rice straw was pyrolysed at 400 °C for 4 h to produce 
rice straw charcoal (RSC). RSC was then immersed in 
13M KOH solution at a ratio of 1: 4 (RSC: KOH solution) 
for 24 h. The activation process was done in a tube furnace 
with nitrogen gas flow (100 mL/min) for 2 h at 850 °C 
to produce AC. The above procedure was also adopted 
when activation was carried out using NaOH instead of 
KOH. The surface area was studied using N2 adsorption-
desorption analysis (Micromeritics ASAP, 2010). Analysis 
was carried out with 100 mL of POME stirred with AC 
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in varying amounts of 0.1, 0.4 and 0.6 g, and the Pt-Co 
values of POME were measured at set intervals until 
the equilibrium point of POME colour adsorption was 
reached. COD and TOC were analysed with the HACH 
DRB 200 instrument (Hach Company, USA).

 Discoloration percentage was calculated following 
equatin (1) below:

Discoloration (%) = ((Co – Ce))/(Co) x 100 (1)

where Co and Ce are the initial and final discoloration 
values of POME, respectively.

Results and Discussion

Surface Area of AC, TOC, COD, and Discoloration 
of POME 

 Table 1 shows the results of the rice straw activated 
with KOH (RSACK) and rice straw activated with NaOH 
(RSACNa). Both samples had high surface areas of 
1048.3 and 332.81 m²/g, respectively, compared to RSC 
which was 1.16 m²/g. Increased temperature helped to 
increase pore formation on the carbon structures. These 
results may be caused by the effects of internal heating 
and pore opening [4]. The increase in surface area may 
be due to the release of volatile components during 
the activation process. Table 2 shows the results of the 

analyses for COD and TOC in POME samples before 
and after the adsorption experiment which involved the 
addition of 0.4 g of the adsorbent materials, samples of 
RSACK and RSACNa. All four AC samples successfully 
lowered COD from 47.88 to 72.82%. This was probably 
because AC can adsorb organic contaminants on active 
surfaces. The TOC test results also showed a decrease 
in TOC after the adsorption process in POME with AC. 
The percentage loss in TOC ranged from 73.33% to 
95.24%. Thus, AC was able reduce the content of organic 
contaminants by reducing the carbon and oxygen content 
in POME. COD of POME was reduced to 89.60% when 
AC was used as an adsorbent [2]. Reduction of COD and 
TOC occurred during the adsorption process where the 
main area for adsorption took place on the outer surface 
of AC. If adsorption occurred on the inner surface of 
the pores, then the adsorption process would take longer 
[3]. Figure 1(a) shows the effect of RSACK dose on the 
percentage of POME colour. Increasing the dose of the 
adsorbent reduced the percentage of POME colour. A total 
of 75.73% of POME colour was reduced by 75.73% when 
an adsorption dose of 1 g/L was used. The percentage of 
POME discoloration continued to increase to 89.33 and 
99.62% as the dose of RSACK adsorbent was increased 
to 4 and 6 g/L, respectively as shown in Figure 1(a). 
Likewise, increasing the dose of RSACNa resulted in 
an increase in the percentage of POME discoloration by 
87.62% at 4 g/L, 96.79% at 6 g/L, and 98.90% at 10 g/L 
as shown in Figure 1(b). 

Figure 1. Result of palm oil milling effuent (POME) discoloration using (a) RSACK and (b) RSACNa

Table 1. Results of surface analysis

Sample Surface area 
(m²/g) 

Pore volume 
(cm³/g) 

Average of pore size 
(nm) 

RSC 1.16 0.0028 9.72 
RSACK 1048.30 0.64 2.46 
RSACNa 332.81 0.23 2.82 
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Conclusion

 Increasing the dose of the AC adsorbent increased 
the percentage of POME discoloration. In general, 
an adsorbent dose of 0.4 g for 60 min was able to 
dicolour POME. AC-KOH showed a better discoloration 
percentage than AC-NaOH due to its greater pore surface 
area. AC samples were able lower COD as AC was able 
to reduce the presence of C and O in the organic matter 
content of POME.
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Abstract

 The livelihoods of many Malaysian banana farmers have been threatened by devastating banana diseases. Bacterial 
wilt caused by Ralstonia syzygii is one the most important, widespread and lethal bacterial diseases of the banana 
plant. The discovery of R. syzygii in Malaysia and neighbouring countries has aroused widespread concern because it 
may lead to severe destruction of the banana industry. To date, there is no effective chemical control option for this 
disease. The need to find tolerant and resistant varieties is very important to replace susceptible commercial cultivars, 
and also for further breeding purposes. 128 banana accessions from MARDI’s germplasm collection were evaluated 
for tolerance to R. syzygii at a hotspot field in MARDI Sintok. Observations were made for two crop cycles. In total, 
10 accessions were found to be highly tolerant to R. syzygii; these are the accessions Pisang Masam, THU GIA KUL 
609, JariBuaya IMTP3, Putar, CV Rose, GCTGV-215, Pisang Hijau, FHIA 01, Balbisiana KUL and Peninjau. Another 
13 accessions were found to be tolerant to R. syzygii, namely, BURO-CEMSA, Lilin Malaysia, KRA 7730, KRA 7732, 
FHIA 17, Berlin IMTP3, Other Sarawak, KapalBentong, Pindek, Ceylan IMTP3, Pisang Keladi, Pisang Serindik and 
BDI UM Wild. The remaining accessions were susceptible to the bacteria. The 23 tolerant accessions were grown 
under a controlled environment, and then inoculated with R. syzygii. Seven accessions were confirmed to be resistant 
to Banana Bacterial Disease. They were Berlin IMTP3, Pisang Masam, KapalBentong, Other Sarawak, KRA 7730, 
KRA 7732 and BDI UM Wild. Four of these accessions have good or acceptable eating quality while the other three 
are wild.
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Introduction

 Banana (Musa spp.) is a principal fruit in many tropical 
and subtropical diets [1]. Currently, banana production 
is greatly hindered by Banana Bacterial Disease (BBD) 
caused by Ralstonia syzygii. R. syzygii is a soil-borne 
bacterium that enters the plant roots, invades the xylem 
vessels, and then spreads rapidly to aerial parts of the 
plant through the vascular system, and because of its high 
level of multiplication leads to wilting symptoms and, 
ultimately, plant death [2]. Pathogens evolve rapidly in 
crop systems because of selective pressure, but there is 
genetic resistance to most pathogens in the germplasm of 
most species [3]. Developing resistant banana cultivars 
would be a long-term and cost-effective solution. The 
objective of this study was to assess the banana accessions 
in the germplasm for resistance to bacterial wilt; this report 
is the first in Malaysia provide information on banana 
accessions which are tolerant to R. syzygii.

Materials and Methods

 Two experiments were carried out for the screening 
purpose. The first experiment was carried out in a hotspot 
where there was natural disease occurrence, and the 
second experiment was in a glasshouse using artificial 
inoculation of the pathogen.

Disease Screening at Hotspot

Plant Materials

 For disease screening at the hotspot, a total of 128 
BDB banana accessions, comprising local accessions, 
accessions acquired from neighboring countries and 
from international breeding centres, were used for 
this experiment. These accessions include commercial 
cooking and dessert types, ornamental banana, hybrid 
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lines and also wild types. The accessions were planted 
in a randomised block design. For each accession, five 
plants were planted.

Hotspot Pathogenicity Confirmation

 Blood disease bacterium (BDB) was consistently 
isolated from the bacterial oozes obtained from infected 
plant tissues in the hotspot field. Opaque and white 
colonies with diffusible red pigmentation in their centres 
were isolated on TZC agar to produce similar colonies; 
however, colonies with diffusible purple pigmentation in 
their centres were isolated on SMSA medium (Figure 1a). 
Molecular characterisation using primers 759 and 760 
further confirmed and supported the assumption that the 
strains were blood disease bacteria. An approximately 
282-bp amplified fragment of the ubiquitous primers was 
obtained when the BDB strains were tested. A previous 
report showed that the primers 759 and 760 could amplify 
a 282-bp fragment from the DNA of BDB strains which 
affected bananas and strains from closely related bacteria 
species, namely, R. solanacearum and P. syzygii strains 
[6]. This analysis further confirmed the presence of the 
bacterial wilt pathogen in the investigation plot.

Data collection

 Data were collected for two crop cycles. Evaluation 
of disease intensity (incidence and severity) in the field 
was performed every 30 days when the symptoms were 
observed. When the plants showed symptoms or died, the 
incidence of disease (ID %) was calculated (Figure 1b) 
as follows:

ID = [Diseased plant/ (diseased plants + non-diseased 
plants)] x 100

Disease Screening in a Glasshouse

Plant Materials

 For glasshouse screening, plantlets of 23 tolerant 
banana accessions selected from the hotspot screening 
were used with 3 replications for each accession. The 
accessions were arranged in randomised complete block 
design.

Preparation of BDB Inoculum 

 The bacteria (pathogen) used as inoculums was Blood 
disease bacterium (BDB). The bacterial strains were 
grown on CPG agar at 29 °C for 36 to 48 hrs. Colony 
suspensions in CPG Broth (29 °C for 48 h) were prepared 
to obtain approximately 108 CFU/ml bacterial suspensions 
(Figure 2a). The concentration was confirmed by optical 
density measured by a spectrophotometer.

Inoculation with Bacterium Suspension 

 The banana plants were inoculated by injection of 
1 ml bacterial suspension into the middle part of the 
pseudostem, using a syringe, immediately after the 
bacterial suspension had been prepared and was ready 
for use (Figure 2b).

Figure 1. (a) Bacterial isolate of BDB on SMSA medium; (b) Susceptible accession Pisang Raja in the hotspot; (c) Highly tolerant 
accession, Pisang CV Rose, in the hotspot
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Data Collection

 Disease severity data were recorded over 8 weeks. 
Symptom severity were recorded, based on a scale of 0 
to 4 (Figure 3):

Scale Symptom
0 No symptom
1 One leaf wilted
2 2 – 3 leaves wilted
3 4 or more leaves wilted/sign of lesion
4 Whole plant wilted/collapsed/dead

Disease Severity Index (DSI) was calculated as below: 

  DSI = ∑ (Number on scale x number of seedlings in that scale)
  –––––––––––––––––––––––––––––––––––––––––––––––––
  ∑ Number of treated seedlings

Translation of DSI scale: 

DSI Scale Translation
0 Resistant

0.1 – 1 Highly tolerant
1.1 – 2 Tolerant
2.1 – 3 Susceptible
3.1 – 4 Highly susceptible

Results and Discussion

 A total of 128 accessions from different genome groups 
were observed for resistance against BDB (Table 1). In 
the field observation, 10 accessions were found to be 
highly tolerant (HT) to R. syzygii; these included Pisang 
Masam, THU GIA KUL 609, JariBuaya IMTP3, Putar, CV 
Rose, GCTGV-215, Pisang Hijau, FHIA 01, Balbisiana 
KUL and Peninjau. 13 other accessions scored tolerant 
to R. syzygii, namely, BURO-CEMSA, Lilin Malaysia, 
KRA 7730, KRA 7732, FHIA 17, Berlin IMTP3, Other 
Sarawak, KapalBentong, Pindek, Ceylan IMTP3, Pisang 
Keladi, Pisang Serindik and BDI UM Wild. The remaining 
105 accessions were susceptible to R. syzygii (Table 2). 
The observed tolerant and highly tolerant accessions 
were from different banana types, ranging from wild 
to landraces and improved cultivars. Baharuddin [4] 
claimed that none of a wide range of Musa cultivars, 
which included commercial AAA cultivars, plantains 
(AAB) and wild Musa, appeared to be resistant to BDB 
following stem inoculations. This is in line with Gaumann 
[5] who did not find resistance in 100 cultivars tested 
against the BDB pathogen. However, under normal 
farmer’s field conditions, there is a significant difference 
in “susceptibility” among varieties. Disease incidence 
and severity percentage under glasshouse conditions 
narrowed down those 23 tolerant banana accessions to 
only 7 accessions which still survived even at eight weeks 
post-inoculation (Figure 4). These accessions were 3 wild 
accessions (BDI UM Wild, KRA 7730 and KRA 7732) and 
4 accessions with eating quality (Berlin IMTP3, Pisang 
Masam, KapalBentong and Other Sarawak)

Figure 2. (a) CPG broth for inoculum preparation; (b) Inoculation of bacterial suspension into the plant
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Figure 3. Post inoculation observations on disease incidence and severity in the glasshouse

Table 1. Accessions tolerant and highly tolerant to Ralstonia syzygii from MARDI’s banana germplasm collection

Accession Genome Type ID (%)
Highly tolerant accessions

Pisang Masam AA Landrace 25.75
THU GIA KUL 609 AA Landrace 28.15
JariBuaya IMTP3 AA Improved cultivar 7.53
Putar AA Landrace 38.4
CV Rose AA Landrace 0
GCTGV-215 AAA Improved cultivar 11.78
Pisang Hijau AAA Landrace 18.46
FHIA 01 AAAB Improved cultivar 13.54
Balbisiana KUL BBB Landrace 10.52
Peninjau Unknown Landrace 25

Tolerant accessions
KRA 7730 AA Wild 51.23
KRA 7732 AA Wild 56.73
Lilin Malaysia AA Landrace 43.45
Berlin IMTP3 AA Improved cultivar 42.67
Pisang Keladi AA Landrace 55.6
Pisang Serindik AA Landrace 52.5
Ceylan IMTP3 AAB Improved cultivar 41.55
BURO-CEMSA ABB Landrace 49.86
FHIA 17 AAAA Improved cultivar 45.39
BDI UM wild Unknown Wild 48.97
Pindek Unknown Landrace 52.44
KapalBentong Unknown Landrace 58.82
Other Sarawak Unknown Landrace 52.76
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Conclusion

 Most of the commercial banana cultivars are 
susceptible to BDB. 14 landraces, 3 wild types and 
6 improved cultivars were found to be tolerant in the 
hotspot. Seven of these banana accessions were shortlisted 
when found to be resistant to banana bacterial disease 
when inoculated under glasshouse conditions. Screening 
for escape cultivars may offer environmentally friendly 
and less labour-intensive options to control bacterial 
diseases. The tolerant accessions could be used for future 
breeding purposes to develop new resistant hybrids by 
using their resistant genes. Besides that, these varieties 
should also be preserved for use in case of total wipe-out 
of commercial banana varieties as a result of disease, as 
was the case with Gros Michel.
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Abstract

 Mealybugs (Hemiptera: Pseudococcidae) are economically important pests in fruit production areas, causing severe 
economic losses of up to 35%. One of those species is the pineapple mealybug which is considered a dangerous alien 
species and listed as a quarantine pest. There is a symbiotic relationship between ants and mealybugs; hence, one 
effort to control infestation by mealybugs is often directed at controlling the ants. To minimise the use of chemical 
insecticides, low-toxicity baits may offer a more effective and eco-friendly approach for controlling ants on the farm. 
Thus, this study was initiated to develop a new simple and low toxicity farm ant bait. The objective of the study was to 
control ant colonies for the management of mealybugs in pineapple-growing areas. Several survey methods, including 
capture and handling, and food baits, were used to sample ants in a pineapple-growing area. For the food preference 
study, choice test arenas with nine bait matrices were placed in insect tube collectors (randomly assigned to positions 
on the perimeter of the test arenas); all bait treatments were replicated thrice. From the surveys, Pheidologeton sp. 
and Solenopsis sp. were identified as the major ant species associated with the pineapple mealybug. In the choice 
feeding tests, the major ant species demonstrated the significantly highest preference (124 individuals) for solid foods 
with high protein content (fish meal) among the proteinaceous food candidates, but less preference (0.7 individuals) 
for candidates of carbohydrate. A toxicity test of the new ant-bait mixed with 7 and 10% boric acid in the laboratory 
showed that it was effective in killing and controlling the ants when compared to the control. Applying this slow-acting 
and low-toxicity bait could be an effective and potential way to eliminate whole ant colonies, and subsequently to 
control the infestation of mealybugs in pineapple-growing areas and in other fruit farms.
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Introduction

 In Malaysia, pineapple was the first fruit crop grown 
as a commodity or an industrial crop with high export 
potential [1]. Mealybugs (Hemiptera: Pseudococcidae) are 
economically important pests in fruit production areas, 
causing severe economic losses for growers amounting to 
as much as 35%, and compromising fruit yield and quality 
[2, 3]. The pineapple mealybug is considered a dangerous 
alien species with a high risk of invasion into China, and 
has been listed for quarantine restrictions in USA [4, 5]. 
The presence of ants can assist in the establishment of 
mealybug colonies, while the ants consume the honeydew 
produced by the mealybugs [6]. These social insects are 
also known to transport and protect mealybugs from 
natural enemies and biological control agents [7]. Efforts 
to control infestations of mealybugs are often directed 
at controlling the ants. To minimise the use of chemical 

insecticides, low-toxicity baits may offer a more effective 
and eco-friendly approach for controlling ants on the 
farm [8]. Thus, to overcome this problem, this study 
was initiated to develop a new, simple and low-toxicity 
farm ant bait. The objective of the study was to control 
ant colonies for management of mealybugs in pineapple-
growing areas. 

Materials and Methods

 The diversity and abundance of ant species were 
surveyed in selected pineapple plantations in Peninsular 
Malaysia; the plantation areas were divided into four 
regions, namely, northern, central, east-coast and southern 
regions. Four sampling methods which included capture 
and handling, food bait, pitfall trap and leaf litter sifting 
were used to sample ants in the pineapple-growing 
areas. Keys for the ants’ identification were based on 
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[9] and [10]. Studies on the food preference of the ants 
were conducted in a pineapple R&D plot in MARDI 
Klang Station, Selangor. Choice tests were conducted 
using foods from the classes of carbohydrate (sucrose 
sugar), protein (peanut, dry fish, oily fish), pineapple 
juice, and commercial ant bait (Brand: Sofri Thru Kien, 
Vietnam) as the control. Choice test arenas were used in 
3 replications, and nine bait matrices (sucrose, protein 
1, protein 2, protein 3, mix 1, mix 2, mix 3 and fruit 
juice) were placed in insect tube collectors which were 
randomly assigned to positions on the perimeter of the 
test arenas. For the acute toxicity test, five concentrations 
of boric acid (1, 3, 5, 7 and 10%) in new ant baits and a 
non-treated control were tested. The experimental design 
was a completely randomised block (CRB), with five 
replications. Monitoring was conducted at 1, 2, 3, 4, 5, 6 
and 7 days after treatment (DAT). The data were analysed 
using analysis of variance (ANOVA), and the means were 
compared by Duncan’s new multiple range test (DNMRT) 
for significant differences at p = 0.01 using Statistical 
Analysis Software (SAS) version 9.3 for Windows.

Results and Discussion

 A total of 16 morphospecies of ant (Hymenoptera: 
Formicidae) were collected. From the collected samples, 
no significant difference in ant species diversity was 
detected among the selected pineapple-growing areas. 
From the surveys, Pheidologeton sp. was determined to 
be the most abundant ant species, and was found in all 
the surveyed areas (Figure 1). Pheidologeton sp. and 
Solenopsis sp. were the major species of ants identified 
which were associated with pineapple mealybugs. In the 
choice feeding tests, the major ant species demonstrated 
the significantly highest preference (average 124 
individuals) for solid foods with high protein content 
(fish meal) among the proteinaceous food candidates, 
but showed less preference (average 0.7 individuals) for 
candidates of carbohydrate foods (Figure 2). The results 
revealed that the ants were also attracted to lipid foods. 
The toxicity test in the laboratory found that the new 
ant-bait mixed with 7 and 10% boric acid achieved 100% 
mortality of the ants within 6 and 5 DAT, respectively, 
compared to the other treatments (1, 3 and 5% boric acid). 
The worker ants still survived after 1 week of observation 
for those treatments.

Figure 1. Abundance of various ant species recorded in pineapple-growing areas of different regions 
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Conclusion

 The information on ant species diversity, composition 
and food preference obtained from this project will be very 
useful for developing a new bait formulation to control 
ant species, and subsequently to reduce the population 
of pineapple mealybugs in the field. We would like to 
conclude that applying this slow-acting and low-toxicity 
bait, could be an effective and potential way to allow 
the worker ants to carry the bait to the nest and queen, 
and thus eliminate whole ant colonies, particularly in 
pineapple-growing areas and in other fruit farms.
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Abstract

 Anthracnose is a serious fungal disease of mango, and is caused by Colletotrichum gloeosporioides. It causes 
severe blossom blight, which can destroy inflorescences and prevent fruit set. Chemical control remains the most 
common method to control the disease. However, chemical control has undesirable environmental side effects and may 
negatively affect pollination and fruit formation. Isolates of Trichoderma spp. are known for their ability to control plant 
pathogens. Trichoderma asperellum in particular was discovered to be capable of suppressing anthracnose infection 
and development. Efficacy of biological control requires frequent application which is costly and labour-intensive. 
An alternative method is the continuous dissemination of T. asperellum to mango flowers by using a carrier such as 
blowflies which also act as pollinators of mango flowers. Hence, this study was aimed at determining the practical ways 
of using blowflies as a carrier or delivery technique of Trichoderma spores for biological control of mango blossom 
blight. From the study, results showed that the number of viable colonies of T. asperellum on the bodies of blowflies 
remained at 108 CFU for up to 5 days. The growth of T. asperellum on PDA after being directly transferred from 
mango flowers showed that the spores had been successfully delivered by blowflies to the mango flowers, and had 
stayed for up to 8 days on the flowers. Based on observations on T. asperellum growth on PDA, the flowers visited by 
blowflies treated with T. asperellum spores appeared to show the same density of T. asperellum as those flowers which 
had direct spray application of T. asperellum. This delivery technique of using blowflies as a carrier of T. asperellum 
may be recommended over conventional methods as it is cost-effective, less hazardous to the environment, and is 
acceptable to various agricultural systems, such as IPM, GAP, organic farming (SOM) and SALM. 
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Introduction

 Mango (Mangifera indica Linn.) is a commercially 
important fruit in several tropical and subtropical 
countries. Mango is the seventh most cultivated fruit 
crop in Malaysia, accounting for approximately 83 
percent of total production, with most of the production 
concentrated in Perlis, Perak, Sabah and Sarawak [5]. 
Apart from banana, watermelon, papaya and starfruit, 
mango has been highlighted by the National Agrofood 
Policy (2011 – 2020) as one of the fruits with potential to 
be developed for Malaysia’s export markets [6]. However, 
like many other crops, mango is also subjected to attacks 
of fungal pathogens. One of the main disease problems 
threatening the mango industry today is anthracnose.
 Anthracnose caused by Colletotrichum gloeosporioides 
is a major fungal disease of mango. Infection typically 
begins on young twigs and leaves, and spreads to 

the flowers, causing blossom blight and destroying 
inflorescences, as well as preventing fruit set. The 
infection can cover up to 50% of the trees in the field. 
Chemical control remains the most common method 
to control the disease. However, chemical control 
has undesirable environmental side-effects, and may 
negatively affect pollination and fruit formation as well. 
Isolates of Trichoderma spp. are known for their ability 
to control plant pathogens. Trichoderma asperellum in 
particular was discovered to be capable of suppressing 
anthracnose infection and development [1]. For biological 
control to be effective, frequent application is necessary. 
Frequent application of a biocontrol agent, especially in 
the field, is costly and labour-intensive.
 An efficient alternative to continuous dissemination 
of T. asperellum to mango in the field might be by the 
utilisation of blowflies (Chrysomya megacephala) which 
normally act as pollinators of mango flowers. A recent 
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Malaysian study discovered that large flies in the genera 
Chrysomya (Calliphoridae) and Eristalinus (Syrphidae) 
are the most abundant and effective pollinators of mango 
[2]. Thus, dissemination of T. asperellum by blowflies can 
become a good additional technique to biological control 
methods. The blowflies visit the flowers for nectar, and 
in the process will inadvertently transfer Trichoderma 
from their bodies onto the flowers for subsequent disease 
control. Blowflies are equipped with structures that 
facilitate efficient transport and carrying of small particles.
 A survey in a mango orchard at various times discovered 
that blowflies acting as pollinators in mango orchards 
resulted in higher fruit yields than the unpollinated trees 
[4]. In comparison to other pollinators, such as honeybees 
and syrphid flies, which are expensive to rear, blowflies 
are the least expensive agent of pollination [7]. As mango 
trees produce fruit from a small number of flowers, 
treating the entire plant to keep the flowers healthy 
is essential for optimum fruit production. Hence, this 
study was aimed at determining practical ways of using 
blowflies as a carrier or delivery technique of Trichoderma 
spores for biological control of mango blossom blight at 
the earliest stage of flowering.

Materials and Methods 

Isolation of Trichoderma asperellum T9

 T. asperellum T9 isolate was cultured on Potato 
Dextrose Agar (PDA). The PDA plates were incubated 
at 25 °C for 5 to 7 days for subsequent experiments. 

Blowfly Culture 

 Adult blowflies (Chrysomya megacephala) (Diptera) 
were captured from mango fields using a bait trap, and 
subsequently reared in the laboratory at room temperature. 
500 g of fresh fish were put on a pail and placed in the 
mango fields as a bait trap. The eggs from the blowflies 
were then randomly collected from the bait and reared 
until the pupal stage. Later, the pupae were collected for 
continuous rearing until the adult stage for further studies. 
The emerged adult flies were kept in a small cage with 
sugar cubes and water as food sources.

Viability of T. asperellum on Blowflies

 A 7-day-old culture of Trichoderma asperellum T9 on 
PDA agar plates was harvested by adding 15 ml of sterile 
distilled water, and gently scraping the culture surface 
with a glass rod. The cell suspension was filtered through 
double-layered cheesecloth to remove mycelial remains. 
The spore suspension was adjusted to 108 spore/ml with 
sterile distilled water, using a haemocytometer. 20 g of 
talc powder was autoclaved and mixed with 10 ml of 
T. asperellum T9 spore suspension under laminar flow. 
The flies would be able to easily pick up the resultant 
dry powder when they passed over it. Blowfly pupae 
were coated with the mixed powder (T. asperellum + talc 

powder) until they emerged, and the adult blowflies while 
still in a chill coma were directly transferred onto the 
PDA media. The viability of T. asperellum on the bodies 
of the blowflies was assessed daily in five replicates for 
up to day 5, based on their growth on PDA.

Dissemination by Blowflies and Detection of T. 
asperellum in Mango Flowers

 This study was conducted in the mango fields at 
MARDI Sintok, Kedah. Three treatments were established: 
(1) blowflies treated with T. asperellum; (2) direct spray 
application of T. asperellum (positive control); and (3) 
blowflies without T. asperellum (negative control). The 
pupae were kept in a container with the mixed powder 
which was placed together with netted mango plants until 
the adults emerged. Dissemination of T. asperellum carried 
by the blowflies to the mango flowers was evaluated on 
alternate days up to day 8. Mango flowers were sampled 
from the plants, transferred directly onto PDA, and 
incubated at room temperature until visible growth of T. 
asperellum mycelia was observed.

Results and Discussion

 The viability of T. asperellum on the bodies of the 
blowflies was studied under laboratory conditions. The 
results showed that the number of viable colonies of T. 
asperellum on the bodies of the blowflies remained at 108 

CFU for up to 5 days (Table 1). In the field, each fly that 
emerged from the container carried approximately 108 

colony-forming units of T. asperellum. The growth of T. 
asperellum on PDA after being directly transferred from 
the mango flowers showed that the spores of T. asperellum 
had been successfully delivered by the blowflies. Based 
on observations on T. asperellum growth on PDA, the 
flowers visited by the blowflies that were treated with 
T. asperellum spores appeared to show the same density 
of T. asperellum as those flowers which had received 
direct spray application of T. asperellum (Figure 1). This 
dissemination technique using honeybees and bumblebees 
had also been reported to be as effective in controlling 
Botrytis as the spray application of T. harzianum [3]. Thus, 
blowflies can be a reliable and novel delivery agent of 
T. asperellum to control anthracnose in mango, based on 
the results obtained in these studies which correspond to 
several reports. Honeybees and bumblebees successfully 
transported T. harzianum from their hives into the flowers 
to control Botrytis cinerea in strawberry [3]. Similarly, 
using the fungus Gliocladium roseum to control B. cinerea 
in raspberry also gave comparable results [9]. The spread 
of biological control agents by blowflies can help to 
reduce mango blossom blight caused by Colletotrichum 
gloeosporioides.
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Table 1. Viability of T. asperellumfrom day 1 to day 
5 from their growth on PDA

Day Conidia
1 3.0 x 108

2 1.5 x 108

3 1.3 x 108

4 1.6 x 108

5 1.5 x 108

T1 T2

T3

Figure 1. Effectiveness of blowflies as a delivery agent of T. asperellum based on plating on PDA

Conclusion

 From the studies conducted, it appears that blowflies 
can successfully deliver T. asperellum T9 to mango flowers 
for biological control of blossom blight. Using blowflies 
treated with T. asperellum T9 is a viable option for mango 
growers who are interested in maintaining good blossom 
blight control while reducing fungicide use. However, the 
success of biological control by Trichoderma depends on 
nutrient availability, pH, temperature and other factors. 
Thus, the effectiveness of T. asperellum as a biological 
control agent to control mango blossom blight after being 
disseminated by blowflies in the field will be determined 
in future studies. 
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Abstract

 The genus Baccaurea (Phyllanthaceae), or locally known as rambai family, consists of underutilised fruit species.  
There are 29 Baccaurea species reported to be found in Malaysia. These species are customarily identified based on 
their morphological characters. However, the taxonomy of two wild species, viz., B. parviflora (setambun) and B. 
scortechinii (wild rambai) is still confusing due to disagreements over their identification based on morphological 
characters. A comparative leaf anatomical study of five species, namely, B. macrocarpa, B. motleyana, B. parviflora, 
B. pyriformis and B. scortechinii, was undertaken to determine whether anatomical characters could contribute to the 
identification of the species using vegetative characters. The methods used involved leaf sectioning using a sliding 
microtome, as well as epidermal peels. The results showed that some anatomical variations could be used as diagnostic 
characters to identify the five species.  The key anatomical characters that contributed to identification were leaf midrib 
and petiole outline, pattern of petiole vascular bundles, and pattern of anticlinal walls on the adaxial and abaxial 
leaf surfaces. These anatomical characters were helpful in the classification and identification of the species. Hence, 
leaf anatomical characteristics can contribute as complementary taxonomic evidence that is important in identifying 
Baccaurea species.
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Introduction 

 Baccaurea Lour. is a flowering plant genus belonging 
to the Family Phyllanthaceae (rambai family). The 
genus consists of underutilised fruit trees. There are 29 
Baccaurea species to be found in Malaysia. [1,2]; they 
divide this genus into two groups based on their fruit 
characters: rambai with thin-skinned fruits, and tampoi 
with thick-skinned fruits. Some cultivated species such 
as rambai (B. motleyana), tampoi (B. macrocarpa) and 
jentik-jentik (B. polyneura) possess fruits that can be 
commercialised. These species are customarily identified 
based on their morphological characters. However, 
the taxonomy of two wild species, viz., B. parviflora 
(setambun) and B. scortechinii (wild rambai) is still 
confusing due to disagreements over identification based 
on their morphological characteristics. The inability to 
distinguish between the two species may have been caused 
by the poor choice of morphological characters to identify 
them [3]. 

 Recent leaf anatomical studies involving 43 species of 
Baccaurea [4] found that B. scortechinii is a synonym 
of B. parviflora, while three species of Distichirops and 
two species of Nothobaccaurea from Asia, New Guinea 
and the Pacific islands proved that leaf anatomical 
characters provided much taxonomic evidence. Similarly, 
an anatomical study on the Tribe Dipterocarpeae showed 
that anatomical characteristics such as petiole vascular 
bundles have taxonomic value, especially in identifying 
some species, and possibly are applicable in classification 
[5]. This study aimed to investigate the possibility of 
using anatomical characters in species differentiation and 
identification.

Materials and Methods

 Dried and fresh leaf specimens of B. macrocarpa, B. 
motleyana, B. parviflora, B. pyriformis and B. scortechinii 
were used in the study. Fresh leaf specimens were 
collected from the Malaysian Agriculture Research and 
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Development Institute (MARDI)’s arboretum in Serdang 
and Jelebu, while dried specimens were obtained from 
the MDI Herbarium at MARDI, Serdang.

Anatomical Studies

 The techniques for leaf sectioning and epidermal 
peel that were used followed that of [6,7] with some 
modifications. All leaf specimens were fixed in a 3: 1 A.A. 
solution (70% alcohol: 30% acetic acid). Photographs 
of the sections were taken using an Olympus SZH40 
microscope and a digital camera. Images were processed 
using Image Analysis and ADOBE Photoshop Software.

Results and Discussion

 Five anatomical characters may be used to distinguish 
between the five Baccaurea species. These characters 
are: the pattern of the vascular bundles in the petiole, 
the petiole and midrib outlines, and the pattern of the 
anticlinal walls of the adaxial and abaxial epidermis 
(Table 1). 
 Baccaurea pyriformis is distinct from the other four 
species by having vascular bundles in the leaf petiole with 
many vascular rings. B. motleyana can be differentiated 
from the other Baccaurea species by having medullary 
vascular bundles. In contrast, B. macrocarpa has no 
continuous O-shaped ring of one vascular bundle. 
However, the taxonomic status of B. parviflora and B. 
scortechinii can be differentiated using the intraxylary 
phloem, which is present in B. parviflora and absent in 
B. scortechinii. 

 Another diagnostic character for the identification of 
the species is the petiole outline. B. parviflora and B. 
scortechinii can be differentiated by the overall shape 
of being nearly circular with the presence of protruding 
structures (wings) found in B. parviflora. B. scortechinii 
has an oblong petiole outline with the presence of a half-
circle and protruding structures (wings). B. motleyana has 
a circular shaped petiole outline, whereas B. macrocarpa 
and B. pyriformis have an oval shaped petiole outline. 
 The leaf midrib outline can also be used as a diagnostic 
character. B. parvifora is different from B. scortechinii 
by having a midrib outline on the adaxial side which is 
convex and humped, while on the abaxial side it is arc-
shaped; B. scortechinii has an adaxial side humped midrib 
outline and an abaxial side U-shaped midrib outline. Both 
B. motleyana and B. pyriformis have concave midrib 
outline on the adaxial side, but ¾ circle outline on the 
abaxial side is found in B. motleyana while a U-shaped 
outline on the abaxial side is found in B. pyriformis. 
Convex midrib outline on the adaxial side and U-shaped 
outline on the abaxial side are found in B. macrocarpa. 
 The pattern of the anticlinal walls of the adaxial and 
abaxial epidermis are also important characters for all 
the five species. B. parviflora can be distinguished by a 
sinuous anticlinal wall on the adaxial epidermis, and a 
sinuous to curvy anticlinal wall on the abaxial epidermis, 
while in B. scortechinii the anticlinal wall on the adaxial 
epidermis is straight to curvy, and on abaxial epidermis 
the anticlinal wall is curvy to sinuous. 

Table 1. Variations and diagnostic characters

Character B. macrocarpa B. motleyana B. parviflora B. pyriformis B. scortechinii
Vascular bundles in 
petiole O-shaped

O-shaped, 
medullary,

vascular bundles
O-shaped Many vascular 

rings
O-shaped

Not continuous Continuous Continuous Not continuous Continuous
One additional 
vascular bundle

Two additional 
vascular bundles

Two additional 
vascular bundles

Two additional 
vascular bundles

Two additional 
vascular bundles

Intraxylary 
phloem absent

Intraxylary 
phloem absent

Intraxylary 
phloem present

Intraxylary 
phloem absent

Intraxylary 
phloem absent

Petiole outline Oval Circular Circularwith 
wings, protruding 
structures (wings)

Oval Oblongwith 
wings, ½ circle 

protruding 
structures

Midrib outline Adaxial convex Adaxial concave Adaxial convex 
and humped

Adaxial concave Adaxial humped

Abaxial U-shaped Abaxial ¾ circle Abaxial arc-
shaped

Abaxial side 
U-shaped

Abaxial U-shaped

Anticlinal wall 
pattern on adaxial 
epidermis

Straight to curvy Straight to curvy Sinuous Straight to curvy Straight to curvy

Anticlinal wall 
pattern on abaxial 
epidermis

Straight to wavy Sinuous Sinuous to curvy Sinuous Curvy to sinuous
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 The leaf anatomical characters for the synonym 
species, viz., B. scortechinii and B. parviflora, showed 
that they are different species based on the anatomical 
characters of pattern of vascular bundles of the petiole, 
petiole and midrib outlines and epidermal anticlinal wall 
pattern. These results support the classification by [3] that 
B. parviflora is a different species from B. scortechinii.

Conclusion

 Leaf anatomical characters can be used as 
complementary information to morphological characters 
in classifying and identifying the five Baccaurea species. 
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Abstract

 For decades, the agriculture sector has been dependent on fertiliser inputs to fulfil food demand and needs. In To 
reduce the impact of excessive fertilisation and to increase nutrient release efficiency, controlled release mixed fertilisers 
(CRF) have been innovated and used in Korea. This study investigates the efficiency of CRF on crop growth in maize 
production. CRF at three different rates (3, 4, and 5 g/plant) was compared with the conventional compound fertiliser 
package at two different plots, MARDI and DOA Cameron Highlands. Results showed that CRF at 4 g/plant gave a 
higher yield than the conventional compound fertiliser at both locations. Plant growth analysis, involving plant height, 
stem size, and chlorophyll content, did not differ significantly between CRF and the conventional compound fertiliser. 
We can conclude that CRF gave a higher yield than the conventional compound fertiliser, which required applications 
at three critical crop stages, whereas CRF only needed a single application. Further studies to assess the return on 
investment (ROI) of this practice need to be done to analyse the cost-benefit ratio of using CRF.
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Introduction

 For decades, the agriculture sector has been 
dependent on fertiliser inputs to produce high yield to 
fulfil food demand and needs. To reduce the impact of 
excessive fertilisation and to increase nutrient release 
efficiency, controlled release mixed fertiliser (CRF) has 
been innovated and used in Korea. CRF is a fertiliser 
formulated and designed to supply nutrients gradually into 
the soil within a given period to meet crop needs. CRF is 
a mixed fertiliser coated with a polymer that will release 
a specific nutrient, and so may lengthen its availability 
to the plant over time unlike conventional compound 
fertiliser. This approach is beneficial to reduce production 
costs and unintended pollution, and to enhance yield and 
nutrient use efficiency. There are products available in 
the international market that claim to supply complete 
nutrients for crop needs by controlling the nutrient release. 
Conventional compound fertilisers usually encounter high 
nutrient leaching, and need to be applied from time to 
time to ensure that the nutrients supplied are sufficient 
for optimum yield production. However, most farmers 
in Malaysia still use conventional compound fertiliser 
because of a lack of experience with other types of 

fertiliser and are discouraged by the relatively high cost 
of CRF [2].
 A few studies have been conducted in the field to 
evaluate crop growth performance using CRF. There 
are reports from foreign countries of CRF used as plant 
input for nursery stock [4]. There is undoubtedly a need 
to examine the efficiency of CRF in the Malaysian 
environment. Therefore, the objective of this study was 
to check the efficiency of CRF on crop growth in maize 
production.

Materials and Methods

 The controlled release mixed fertiliser (CRF) used in 
this study was manufactured in Korea; it has a nutrient 
content of 29% N, 6% P2O5 and 8% K2O. The experiment 
was conducted in the field, using the RCBD design with 
five treatments and four replicates, for one cropping cycle 
in two locations (Table 1). For the treatments involving 
CRF fertiliser, application of fertiliser was carried out 
once during transplanting at three different rates: 3, 4, and 
5 g/plant. Conventional compound fertiliser was applied 
as the control, and no fertiliser was applied in the blank. 
The test crop, maize, was transplanted and grown on 
3 m x 1 m raised beds.
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Soil Analysis

 Soil fertility status is a primary factor affecting 
the response of crops to fertiliser. Besides having the 
correct amounts in nutrient balance, soil organic matter 
content plays a significant role in the availability of the 
nutrients to the plants and in their response to the applied 
fertiliser. Therefore, the soil’s chemical characteristics 
were among the parameters monitored in this project. 
After the application of chicken manure (at 3 t/ha), 
the soil at a depth of 0 – 20 cm was sampled before 
fertiliser application to record the soil properties of the 
experimental plot. Table 2 shows the soil fertility status 
at the initial stage at the MARDI and DOA Cameron 
Highlands experimental plots.
 The collected soil samples were air-dried (at room 
temperature in the laboratory) and ground to pass through 
a 2-mm (10 mesh) sieve, then and stored in a clean plastic 
container for chemical analysis. pH, total N (%), total P 
(ppm), exchangeable K (meq/100 g soil), cation exchange 
capacity, CEC (cmol+/kg soil), and organic matter (%) 
were analysed for the initial soil samples and the results 
are presented in Table 4. Analyses of the parameters 
mentioned followed by the standard methods of Jackson 
(1973); Nelsons and Sommers (1982); Black (1965); 
Olsen and Sommers (1982); and Thomas (1982). 

Statistical Analysis

 All data were statistically analysed using ANOVA. 
Treatment means were compared using Duncan’s multiple 
range and LSD tests at p <0.05 using SAS version 9.3.

Results and Discussion

Experimental Plot at MARDI Cameron Highlands

 In Table 3, applying CRF did not result in significant 
differences in plant height, stem size and chlorophyll 

content from applying the conventional compound 
fertiliser. At 60 DAT, CRF showed the highest number of 
leaves (8.40) at 3 and 4 g, which was significantly higher 
than the conventional compound fertiliser (7.40). 
 The dry weights of leaf and root, and the leaf area 
increased as plant age advanced (Table 4). All the 
treatments had no statistical difference in the parameters 
measured either with or without fertiliser input. This 
could be due to the effect of the chicken dung (which was 
applied during the land preparation as a soil amendment) 
on the nutrients supplied.

Experimental Plot at DOA Cameron Highlands

 Table 5 shows significant differences in plant height at 
all growth stages of maize. The maximum plant height was 
from T5, CRF 5 g (132.4 cm), while the minimum plant 
height was from T2, conventional compound fertiliser 
(119.2 cm) at 60 DAT. Stem size was significantly affected 
by the treatments only at 30 DAT, when the biggest stem 
girth was observed in T5 (2.4 cm), while the smallest 
was from T1, no fertiliser (1.8 cm). Number of leaves 
was significant at the early vegetative stage of maize 
growth compared to the other stages of growth. However, 
a significant difference was recorded at 30 and 60 DAT, 
when T4, CRF 4 g, produced the maximum number of 
leaves, viz., 21.6 and 13.6, respectively. Chlorophyll 
content was significantly affected by the treatments at all 
the growth stages of maize. At 45 and 60 DAT, T5 showed 
the highest chlorophyll contents (51.4 and 54.9 SPAD 
units, respectively), and these values were significantly 
different from those of T1. Meanwhile, T1 recorded the 
lowest chlorophyll content at 45 and 60 DAT.
 Leaf dry weight was only significantly different at an 
early stage of vegetative growth (Table 6). At this stage, 
the maximum leaf dry weight (1.0 g) was obtained in T3, 
CRF 3 g, followed by T4 and T5, while the minimum 
leaf fresh weight (0.5 g) was from T5. All the treatments 
were not significantly different from one another in the 

Table 1. Details of treatments used in the study

Treatment Application
T1 Blank No fertiliser
T2 Control (Conventional/ 

compound fertiliser)
15 DAT - NPK green 25g/plant 
30 DAT - NPK green 25g/plant 
45 DAT - NPK blue 25g/plant

T3 CRF 3g 3g/plant one time
T4 CRF 4g 4g/plant one time
T5 CRF 5g 5g/plant one time

(Fertiliser formulation for *NPK green: 15:15:15, NPK blue: 12:12:17:2 MgO)
Note: DAT = days after transplanting

Table 2. Initial soil properties for MARDI Cameron Highlands experimental site

Experimental plot pH N P K CEC Organic matter 
(%)(%) (ppm) (meq/kg soil) (cmol+/kg soil)

MARDI Cameron Highland 7.1 0.52 1847 0.85 4.3 2.70
DOA Cameron Highland 6.59 0.18 683.27 0.16 9.41 2.32
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Table 3. Effect of treatments on plant height, stem size, number of leaves and chlorophyll content at different days after transplanting 
at MARDI Cameron Highlands

Treatment Plant height
(cm)

Stem size
(cm)

Number of leaves Chlorophyll content
(SPAD units)

30 DAT 60 DAT 30 DAT 60 DAT 30 DAT 60 DAT 30 DAT 60 DAT
T1 54.53a 73.8a 0.53a 1.36b 5.80b 7.00c 22.65b 30.14b

T2 45.93a 84.47a 0.62a 1.66a 6.53ab 7.40bc 30.09a 38.79ab

T3 47.80a 98.33a 0.73a 2.06ab 7.73a 8.40a 36.23a 43.49ab

T4 48.20a 97.89a 0.72a 2.09a 7.47ab 8.40a 32.61a 46.14a

T5 40.73a 84.93a 0.57a 1.79a 7.20ab 8.33ab 30.77a 45.90a

Table 4. Effect of treatments on leaf and root dry weights and leaf area at different days after transplanting at 
MARDI Cameron Highlands

Treatment Leaf dry weight
(g)

Root dry weight
(g)

Leaf area
(cm²)

30 DAT 60 DAT 30 DAT 60 DAT 30 DAT 60 DAT
T1 0.57a 13.05a 0.30a 6.90a 96.9a 889.81b

T2 1.13a 22.06a 0.37a 6.13a 172.0a 1134.05a

T3 1.50a 15.72a 0.93a 6.50a 229.6a 1079.79a

T4 1.57a 18.23a 0.40a 11.17a 225.5a 1169.85a

T5 1.73a 18.95a 0.43a 9.10a 207.0a 1013.15ab

Means within columns with the same letter(s) are not significantly different from one another by Duncan’s multiple range test 
(DMRT) at p ≥0.05.

Table 5. Effect of treatments on plant height, stem size, number of leaves and chlorophyll content at different days after transplanting 
at DOA Cameron Highlands

Tr
ea

tm
en

t Plant height
(cm)

Stem size
(cm)

Number of leaves Chlorophyll content
(SPAD unit)

15 
DAT

30 
DAT

45
 DAT

60 
DAT

15 
DAT

30 
DAT

45
 DAT

60 
DAT

15 
DAT

30 
DAT

45
DAT

60 
DAT

15 
DAT

30 
DAT

45
DAT

60 
DAT

T1 38.6ab 66.0a 120.1a 122.3a 0.3b 1.8b 18.5bc 18.0a 5.7a 10.2c 9.7 c 9.7c 30.7b 41.0b 40.6b 41.8c

T2 36.0b 65.5a 118.1a 119.2a 0.3ab 2.1ab 17.4c 18.1a 6.1a 16.4b 11.8ab 11.4ab 29.2b 46.9ab 52.0a 50.6ab

T3 43.8a 77.9a 129.2a 131.4a 0.4a 2.2ab 22.2a 20.7a 6.4a 20.0ab 10.1bc 11.3bc 37.7a 49.1a 47.9a 47.4bc

T4 42.3ab 81.8a 130.6a 129.1a 0.4ab 2.3a 20.7ab 20.7a 6.4a 21.6a 12.2ab 13.6a 36.5a 50.4a 48.5a 50.7ab

T5 43.8a 76.8a 131.7a 132.4a 0.4ab 2.4a 21.2ab 20.9a 6.3a 20.9ab 12.5a 12.6ab 37.1a 48.7a 51.4a 54.9a

other parameters from 30 to 60 DAT. Thus, the treatments 
did not have a favourable effect on the leaf dry weight 
of maize. No significant difference was observed on root 
dry weight among the treatments at all the crop growth 
stages. However, the dry weight of the roots increased 
in tandem with plant age. Leaf area was found to be 
significantly different among the treatments at the early 
stage of vegetative growth. At 15 DAT, the maximum 
leaf area (145.7 cm²) was obtained in T5, followed 
by T3<T4<T2<T1. The other parameters evaluated in 
this study were not significantly different between the 
treatments from 30 to 60 DAT. Hence, the treatments did 
not have sufficient capacity to produce the optimum leaf 
size, which further led to lower photosynthetic activity 
in the crop.

Yield Data Collection

 Figure 1 presents the cob length and diameter to 
compare the performance of CRF with the conventional 
compound fertiliser and no fertiliser (blank). No 
significant difference in cob length and diameter was 
found between using CRF and the conventional compound 
fertiliser. The longest cob (19.7 cm) was recorded from 
T1, and the shortest cob (19.3 cm) was from T3 and T4. 
The biggest cob diameter (4.8 cm) was recorded in T4 
and T5, while the smallest cob diameter (4.5 cm) was 
from T1.
 Significant variations in maize yield (p ≤0.05) were 
observed among the treatments. T4 (CRF 4 g) produced 
the highest yield per hectare (10.45 t/ha), while the 
treatment without fertiliser (T1) produced the lowest yield 
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(7.8 t/ha). Treatments with CRF 5 g (T5) and 3 g (T3) 
showed no significant difference from the conventional 
compound fertiliser. Controlled release mixed fertiliser 
(CRF) with complete nutrients is usually covered in a 
coating that limits the solubility of the fertiliser. The 
release of nutrients from CRF depends on availability of 
irrigation water to provide the plants with the essential 
nutrients. This scenario is different from the conventional 
compound fertiliser, which has no coating to control/
slow down the nutrient release. Thus, the conventional 
fertiliser will show a faster release of the nutrients in 
the compound whenever moisture or water exists in 
the soil. In both MARDI Cameron Highlands and DOA 
Cameron Highlands plots, CRF 4 g (T4) produced the 
highest maize yield, which was significantly higher than 
from the conventional compound fertiliser treatment. 
With enough water and an adequate amount of sunlight, 
CRF performed better with a higher yield than with 
conventional compound fertiliser, even though the former 
was applied only once during transplanting.

Conclusion

 Application of CRF gave a promising result with 
a better yield than using the conventional compound 
fertiliser. Similar yield patterns were observed in MARDI 
and DOA Cameron Highlands, which indicated that the 
nutrient supply from CRF seemed to be much better 
than from the conventional fertiliser. This was despite 
CRF being applied once only while the conventional 
compound fertiliser was applied three times, i.e., at every 
critical crop stage. Further studies to assess the return on 
investment (ROI) need to be done to analyse the cost-
benefit ratio of using CRF instead of the conventional 
compound fertiliser. This information is essential to 
change the farmers’ perspective if they still have doubts 
about investing in CRF because of its higher price than 
the conventional fertiliser. The information will also 
encourage farmers to use more environmentally friendly 
fertilisers for sustainable agriculture. 

Table 6. Effect of treatments on leaf and root dry weights and leaf area at different days after transplanting at DOA Cameron Highlands

Treatment Leaf dry weight
(g)

Root dry weight
(g)

Leaf area
(cm²)

15 
DAT

30 
DAT

45
DAT

60 
DAT

15 
DAT

30 
DAT

45
DAT

60 
DAT

15 
DAT

30 
DAT

45
 DAT

60 
DAT

T1 0.1c 12.9a 46.4a 52.8a 0.1a 2.9a 11.2a 11.1a 40.1b 1311.0a 1428.0a 827.7a

T2 0.5b 14.7a 68.2a 59.7a 0.1a 2.5a 19.9a 10.9a 93.5ab 1623.7a 1671.3a 1244.1a

T3 1.0a 12.1a 52.6a 48.6a 0.5a 2.9a 24.7a 14.5a 141.5a 1305.7a 1530.6a 837.5a

T4 0.9a 12.1a 52.6a 55.6a 0.3a 3.7a 30.2a 17.6a 118.5a 1309.5a 1572.0a 986.6a

T5 0.8a 12.7a 42.0a 53.5a 0.4a 5.3a 20.3a 30.9a 145.7a 1307.6a 1191.3a 957.2a

Means within columns with the same letter(s) are not significantly different from one another by Duncan’s multiple range test at p ≥0.05.
DAT = days after transplanting

Figure 1. Effect of treatments on cob length and diameter 
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Abstract

 Paddy is the most economically assisted crop in Malaysia. In 2020, the government allocated RM460 million for 
the Paddy Production Incentive Scheme (SIPP), RM620 million for the Paddy Price Subsidy Scheme (SSHP), RM395 
million for the Paddy Fertiliser Subsidy Scheme (SBPKP) and RM75 million for the Certified Paddy Seed Incentive 
(IBPS). A total of RM1.7 billion was allocated in the form of subsidies, assistance and incentives to farmers and 
fishermen under the 2021 Budget. Biofertiliser with beneficial indigenous microorganisms (BMTB) has been subsidised 
in SIPP scheme, with the aid amounting to RM 156 million for 2 years (2020 to 2021). The objective of BMTB is to 
increase soil fertility and paddy yield by increasing the efficiency of nutrient uptake from the soil in parallel with the 
status of soil profile investigation and site-specific nutrient management (SSNM) and Sustainable Green Procurement 
by the government. MARDI has been tasked to ensure that what BMTB supplies meets the specifications set by the 
Ministry of Agriculture and Food Industry (MAFI). Therefore, a BMTB quality determination manual was created 
to be used as a reference for BMTB quality monitoring. A total of 102 BMTB samples received from MAFI were 
evaluated by MARDI. Only 4.90% of the samples met all the technical criteria (specifications) set down by MAFI. All 
the samples were found to be free from the pathogens listed (Escherichia coli, Salmonella, Pseudomonas aeruginosa, 
Staphylococcus aureus). A total of 25.46% of the BMTB samples were found to contain populations of the three 
mandatory functional microbes (nitrogen-fixing bacteria, phosphate-solubilising bacteria and potassium-solubilising 
bacteria). At the same time, 49.02% of the samples had a functional microbial population exceeding the minimum 
limit amount (TPC) of 108cfu/ml. A total of 93.14% of the BMTB samples complied with the pH range of between 
3 and 7, while 93.14% of the samples complied with the total dissolved solids (TDS) criterion Thereafter, a BMTB 
quality determination manual was created to be used as a reference for BMTB quality monitoring.

Keywords: Beneficial indigenous microorganisms (BMTB), biofertiliser, microbes, Paddy Production Incentive Scheme (SIPP), 
quality
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Introduction

 Paddy is the most economically assisted crop in 
Malaysia. The government assists in the production of 
the crop in the form of guaranteed minimum prices, a 
price subsidy scheme, a fertiliser subsidy scheme, credit 
facilities, research and development (R&D), irrigation, as 
well as management and extension services [1]. In 2020, 
the government allocated RM460 million for the Paddy 
Production Incentive Scheme (SIPP), RM620 million for 
the Paddy Price Subsidy Scheme (SSHP); RM395 million 
for the Paddy Fertiliser Subsidy Scheme (SBPKP) and 
RM75 million for the Certified Paddy Seed Incentive 
(IBPS). A total of RM1.7 billion was allocated in the 

form of subsidies, assistance and incentives to farmers 
and fishermen under the 2021 Budget. Biofertiliser with 
beneficial indigenous microorganisms (BMTB) has been 
subsidised in the SIPP scheme, with the aid amounting 
to RM340 million for 2 years (2020 to 2021).
 Biofertiliser is a type of material that contains 
beneficial living microorganisms which have specific 
functions. Biofertilisers are applied to seeds, plant 
surfaces or the soil, and BMTB they contain form 
colonies on roots or inside the plants to promote the 
plants’ growth by increasing the supply or availability 
of key nutrients to plants. Biofertilisers add nutrients 
through the binding of nitrogen in a biological process, or 
dissolve phosphorus in the soil, or stimulate plant growth 
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through the synthesis of growth-promoting substances 
such as hormones. Biofertilisers can reduce the use of 
synthetic fertilisers and pesticides by up to 30% if used 
consistently. Microorganisms in the biofertilisers restore 
the natural nutrient cycle of the soil and soil organic 
matter. The use of biofertilisers with minimal chemical 
fertiliser input can increase productivity and yield. The 
effect of the application of biofertilisers to the soil, among 
others, will indirectly enhance the growth of the root 
system, thus improving the water and nutrient absorption 
ability of the plants, prolonging root life, neutralising 
and reducing harmful substances accumulated in the soil, 
promoting seed survival efficiency after transplanting, and 
achieving a shorter time for pollination [2]. The success 
of biofertilisers depends on several factors, namely, 
the selection of the most effective microbes, producing 
optimal conditions for microbial growth, inoculum 
formulation, and effective application methods [3].
 MARDI has been tasked by the Ministry of Agriculture 
and Food Industry (MAFI) to ensure that BMTB from the 
suppliers meet the specifications set by MAFI. Therefore, 
a BMTB quality determination manual was created to be 
used as a reference for BMTB quality monitoring.

Materials and Methods 

 The development of the biofertiliser quality manual 
is based on the technical specifications procurement 
that had been developed by the BMTB Technical 
Specifications Committee, which consists of experts from 
MARDI, the Department of Agriculture Malaysia (DOA), 
Universiti Putra Malaysia (UPM), the Board of Farmers’ 
Organisations (LPP) and the Department of Paddy and 
Rice (IPB) appointed by the Secretary General of MAFI, 
Malaysia.

Specifications of BMTB

I. Description
 Biofertiliser is a substance that containsbeneficial 

and functional microbes, identity of which has been 
locally confirmed and to be used as a basal application 
(during soil preparation)

II. Function of BMTB
a. Biofertilisers with beneficial indigenous microbes 

must functions in the soil, according to the pH 
range of paddy soils in Malaysia

b. Porcine and human-based carbon sources are not 
permitted in media formulations

c. BMTB must meet the definition of a biofertiliser, 
namely:
i. The production of the biofertiliser must be 

sterile and controlled.
ii. Only identified microbial species are used
iii. In terms of quality compliance; the biofertiliser 

must contain a population that complies 
with the same specifications and microbial 
consortium for each production batch

d. Nutrients are supplied (nitrogen-fixing microbes)
e. Nutrients bound in the soil are solubilised and 

released (phosphate and potassium-solubilising 
microbes)

f. The efficiency of nutrient uptake from the soil is 
increased

III. Objective 
 To increase soil fertility and paddy yield through 

increasing the efficiency of nutrient uptake from 
the soil in parallel with the status of the soil profile 
investigation and site-specific nutrient management 
(SSNM) in line with Sustainable Green Procurement 
by the government. 

IV. Special specifications for BMTB (Table 1)

Table 1. Special specifications for BMTB

No Specification Description
1 Sources of microbes Identified indigenous microbes
2 Type of functional microbes Must contain all types of functional microbes in the soil:

Nitrogen-fixing bacteria
Phosphate solubilising bacteria (PSB)
Potassium solubilising bacteria (KSB)

3 pH range 3 to 7
4 Total plate count (TPC) of 

beneficial bacteria
Minimum of 108cfu/ml

5 Free from pathogens
(human, animals, plants and 

aquatics)

1. Escherichia coli
2. Salmonella
3. Pseudomonas aeruginosa
4. Staphylococcus aureus

6 Survival rate of microbes in 
biofertiliser

Total Plate Count (TPC) of beneficial bacteria in the 
biofertiliser must comply with the minimum microbial 
count requirement of 108cfu/ml (6 months from the date of 
manufacture)
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Quality Assessment of BMTB
I. Flowchart assessment procedure (Figure 1)

Methods of analysis 

pH and TDS

 pH and TDS were measured using Waterproof ExStik® 
II pH/Conductivity Meter by Extech

Nitrogen-fixing Bacteria

 The presence of nitrogen-fixing bacteria was verified 
by using Jensen’s Medium from HiMedia. A sample from 
the liquid biofertiliser was plated and the plate culture 
was observed after incubation at 30 °C for 8 days.

Phosphate-solubilising Bacteria

 The presence of phosphate-solubilising bacteria was 
verified by using Pikovskayas Agar from HiMedia. A 
sample from the liquid biofertiliser was plated and 
observed after incubation at 35 – 37 °C for 48 hours.

Potassium-solubilising Bacteria

 The presence of potassium solubilising bacteria was 
verified by using Aleksandrow Agar from HiMedia.  
A sample from the liquid biofertiliser was plated and 
observed after incubation at 35 – 37 °C for 24 – 48 hours.

Total Plate Count of Bacteria (TPC)

 Total plate count of bacteria was determined by using 
Plate Count Agar (PCA) from Merck.  A biofertiliser 
sample was diluted to 10-5, 10-6 and 10-7, and plated in 
triplicate. The culture media were incubated aerobically 
for 24 – 48 hours at 29 – 31 °C.

Detection of Pathogens (Escherichia coli, 
Salmonella, Pseudomonas aeruginosa, 
Staphylococcus aureus)

 Samples of liquid biofertiliser were sent to an 
accredited laboratory (outsourced) for detection of the 
listed pathogens. The laboratory used the following 
standard methods for pathogen detection: E. coli (APHA 
9221G.2), Salmonella (IHM EWI-MB22), P. aeruginosa 
(APHA 9213 E) and S. aureus (APHA 9213 B.6).

Results and Discussion

 For BMTB procurement, a total of 102 samples of 
liquid biofertiliser were received for evaluation. Five of 
the samples met all the criteria for the tender (4.9% of total 
applications). Table 2 shows the statistics of compliance 
based on criteria.
 All the samples are found to be free from the pathogens 
listed (E. coli, Salmonella, P. aeruginosa and S. aureus). 
25.46% of the BMTB samples contained populations of 
the three mandatory functional microbes (nitrogen-fixing 
bacteria, phosphate-solubilising bacteria and potassium-
solubilising bacteria). Meanwhile, 49.02% of the samples 
had a functional microbial population exceeding the 
minimum limit amount (TPC) of 108cfu/ml. A total of 
93.14% of the BMTB samples complied with the pH 
range of between 3 and 7, and 93.14% of the samples 
complied with the total dissolved solids (TDS) criterion 
of less than 2 ppt.
 The reason for choosing the presence of functional 
microbes (N-fix, P-sol and K-sol) for this SIPP Tender as 
a mandatory criterion to fulfil is the N element has a vital 
role to play in rice crops, i.e., it encourages faster crop 
growth, improves grain yield and quality by increasing 
tiller number, leaf area development, grain formation, 
grain filling, and protein synthesis [4].
 The P element is highly required by rice, especially at 
the beginning of the plant’s growth, because it supports 
root formation and accelerates flowering and grain 
maturity [5]. The K element is the third most essential 
nutrient after N and P. Crops absorb K from the soil in the 
form of K+ ions. This element performs as an activator 
of many enzymes involved in several crop metabolic 
processes, including photosynthesis. If K deficiency 
occurs, it will cause a decline in photosynthesis and 
an increase in respiratory disorders. Such occurrences 
eventually hinder carbohydrate production, thus lowering 
the grain yield.
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Figure 1. Flowchart of the assessment procedure

Table 2. Statistics for the number of samples which complied with the set criteria

Criterion No. of samples which complied Percentage (%)
Product pH 3-7 95 93.14
TDS < 2 ppt 99 97.06
TPC > 108cfu/ml 50 49.02
Absence of pathogen 102 100.00
Presence of functional microbes 26 25.49

Conclusion 

 The quality assurance manual developed for BMTB 
under the SIPP Fertiliser Subsidy Scheme can be used 
as guidelines for shortlisting the best candidates of liquid 
biofertilisers that fit the needs of paddy production in 
Malaysia. This manual can also be used as a quality 
guideline to the government, policymakers, enforcement 
departments or agencies, and biofertiliser manufacturers 
in Malaysia. Nevertheless, as any crop including paddy 
is dynamic, further improvements can always be made to 
the manual to suit the prevailing needs of paddy planted 
in the country.
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Abstract 

 Agricultural activities are regarded as one of the non-point sources of nutrient pollution around the world, causing 
ecosystem destruction, leading to biodiversity loss often with irreversible consequences. Non-point source (NPS) 
pollution usually occurs on an expansive field, which makes it difficult to identify the source/s due to the complex 
pollutant movement processes and their interactions with the environment, farm management and time of monitoring. 
Therefore, it is crucial to develop innovative approaches to solve global water scarcity and quality issues because 
traditional solutions and technologies have proven to be inadequate in addressing these challenges. Fortunately, the 
remarkable technological advances that have been thrust into the limelight by the Fourth Industrial Revolution (4IR), 
such as IoT, have provided new tools to accelerate the progress towards more efficient and sustainable agricultural 
systems. This study highlighted one NPS pollution mitigation at source (precision farming variable rate fertiliser) and 
methods for determining water pollution levels in the field. Water quality in Block L3A FELCRA Seberang Perak was 
monitored over four seasons of paddy cultivation from October 2018 to January 2021. Several approaches, namely, 
the use of IoT (for weather monitoring), in situ water quality sampling, analytical laboratory measurements, geospatial 
and statistical analyses, and water quality index (WQI), were used to generate information on pollutant behaviour in 
the field. Accurate assessments of NPS pollution and mitigation strategies are needed to effectively monitor the level 
of water pollution. The information generated on pollutant behaviour using spatial data will be better understood by 
agricultural managers, stakeholders and decision makers. The data monitored is a valuable contributor in reducing the 
risk of negative environmental impact when implementing best management practices, such as precision farming, on 
a larger scale.

Keywords: GIS, nutrient management, pollutant pathway, surface runoff, wireless network
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Introduction 

 Agriculture intensification can result in negative 
environmental consequences, such as non-point source 
(NPS) pollution. The development and occurrence of 
NPS pollution involve the transport and transformation 
of pollutants (i.e., nitrogen and phosphorus) between 
soil and water [1, 2]. In intensive agricultural systems, 
excessive fertiliser inputs contribute directly to the 
emission of nitrogen and phosphorus into surface water 
via surface runoff. Fertiliser inputs consist of phosphorus 
and nitrogen fertilisers, including manures; when applied 
to paddies they will contribute to both short-term and 
long-term nutrient losses to the water environment [7]. 
Over application of fertiliser should be avoided due to 
the direct correlation between increased nutrient losses 

with higher fertiliser application rates. The challenge 
to minimise the impact of nutrient losses in paddies on 
the water environment in the country is becoming more 
crucial as water scarcity and quality are becoming a 
concern due to climate change. Therefore, in mitigating 
NPS pollution, it is important to take into consideration 
factors influencing nutrient transport processes, such as 
water and fertiliser management, precipitation, gradient, 
and other environmental factors [7].
 This study only highlighted one instance of NPS 
pollution control, which is adopted a source reduction 
strategy using precision farming variable nutrient 
management. Reduced fertiliser application rate is one of 
the mitigation options to improve water quality in paddy 
fields. Variable rate of fertilisation is a precision farming 
technology made possible by using high-speed computers, 
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accurate global positioning system (GPS) receivers, 
geographic information systems (GIS), remote sensing, 
yield or soil maps, actuators, and electronic sensors 
capable of measuring crop properties in real-time [6]. In 
the variable rate application technology (VR), the crop 
production input rate changes within a field in response to 
spatially variable factors. Previous research has considered 
different research elements in precision farming, such as 
soil fertility, seed and fertiliser application technology, 
field levelness, pests and diseases; however, water quality 
research in paddy precision farming has not been well 
documented and needs to be explored. In this study, we 
used several environmental monitoring methods, namely, 
IoT (for weather monitoring), in situ water quality 
sampling, analytical laboratory measurements, geospatial 
and statistical analyses, and water quality index (WQI), to 
generate information on pollutant behaviour in the field. 
The relationships between various environmental elements 
and nutrient management affecting water quality were 
also evaluated to determine the level of water pollution.

Materials and Methods

Study Area

 A rice field in Seberang Perak Federal Land 
Consolidation and Rehabilitation Authority (Felcra), 
located at 407’N and 1010 4’E, was used for the study. 
The cultivated area in Felcra is about 4000 ha, and the 
rice plantation was divided into several blocks for ease of 
management. Block L3A, comprising 60 ha of cultivated 
area, and divided into plots of about one hectare each, 
was chosen for this research. The study was carried 
out over four rice cropping seasons in Block L3A, viz., 
September-December 2018 (Season 2/2018), March-
June 2019 (Season 1/2019), October 2019-January 2020 
(Season 2/2019) and October 2020-January 2021 (Season 
2/2020). The rice variety MR 220 CL2 was cropped for 

100-110 days in each season. Field nutrient management 
was divided into two practices, using, namely, uniformed 
rate fertiliser (UR) and variable rate fertiliser (VR). 
Several plots were selected for both nutrient management 
practices. Figure 1 shows the location of the study area. 
The UR plots were managed by the pre-determined rate 
of fertiliser, while the VR plots were managed by using 
several rates of fertiliser based on the nutrient levels 
measured in the crop canopy throughout the rice planting 
seasons. The rates of N fertiliser used are shown in 
Figure 2.

Water Quality Sampling and Analysis

 Sampling was conducted 5 – 7 days after fertiliser 
application in the paddy field. There were ten sampling 
points located in the field (Figure 1). In situ physical water 
quality parameters were measured using a Multiparameter 
(YSI 6820, USA). Before conducting field sampling, all 
sensors were calibrated relative to their corresponding 
standards. Water samples for laboratory analysis were 
collected manually in HDPE bottles which had been 
rinsed with deionised water. Surface water samples 
were collected directly using the bottles. Samples were 
taken in triplicate for every sampling point. The water 
samples were kept in a cooler box filled with ice during 
transportation, and on arrival were immediately stored in 
a 4 °C chiller in the laboratory before they were analysed 
within 48 hours. Before analysis, the water samples had to 
be removed from the chiller, and left for two hours at room 
temperature for conditioning. All analytical methods were 
based on the Standard Methods [1]. Statistical analyses 
using ANOVA (on sampling time, sampling point, season, 
rate of fertiliser with water quality) were performed 
using SPSS software (version 23, USA). Water pollution 
levels in the field were classified using the water quality 
index (WQI) and the National Water Quality Standards 
(NWQS) [3].

Figure 1. Location map of Felcra Seberang Perak and sampling points
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Weather Data Analysis

 A weather station (iMetos 3.3, PESSL Instruments, 
Austria) was installed in the field, and the accumulated 
data were uploaded into the cloud server which provides 
easy access to the website and to smartphones. Correlations 
between weather and water quality parameters were 
analysed using SPSS.

Geostatistical Analysis

 This study used the geographic information system 
(GIS) interpolation spatial technique as a mapping 
technique. The inverse distance weighted (IDW) technique 
was selected to measure spatial water quality trends in the 
study area. Detailed in situ water quality measurements 
at 64 sampling points were taken in season 2/2020 to 
capture the spatial trend of water pollution in the field.  

Results and Discussion 

 Ammoniacal nitrogen concentrations at different 
locations at the study area in Figure 3 show the temporal 
trend of water quality over the four seasons of paddy 
cultivation. The spatial variation in ammoniacal nitrogen 
concentration in season 2/2020 is shown in Figure 4.
 Results from a study period of two years showed 
that the ammonia concentration in the water ranged 
between 0.01 and 5.9 mg/L. 93% of the water samples 
had NH3-N of less than 2.7 mg/L. The average ammonia 
concentration over all the samples was classified in 
Class II-IV NWQS. The rate of N fertiliser in both the 
VR and UR sampling plots was significantly different at 
different sampling times. The concentrations decreased 
gradually and peaked again at the end of the cropping 
season, but the concentrations were less than the highest 
concentration found at the first and second samplings. 

This trend is similar to the findings by [2], who found that 
concentrations of nitrogen were high in the early stage 
of basal fertiliser application but subsequently decreased 
until fertiliser applications at the tillering and panicle 
formation stages.
 The different rates of N applied in the field also resulted 
in significant differences in ammonia concentration in the 
water. N fertiliser input in the VR plots was 9% lower 
compared with that in the UR plots. Average ammonia 
concentration in the VR plots (0.54 mg/L) was lower 
than in the UR plots (0.76 mg/L). It was also found that 
precipitation was highly correlated with water quality in 
the study area. This correlation indicated that changes in 
precipitation will affect the water quality in the paddy 
field. Lower precipitation results in lower surface runoffs 
into water bodies and less dilution, causing higher 
concentrations of pollution discharges downstream [5].
 The spatial water quality trend shows that the ammonia 
concentrations in the study area were significantly 
different for sampling time and sampling location. 
Specific spatial patterns and similar locations containing 
a high concentration of ammonia were identified in both 
sampling times.
 WQI for the study area varied from 65.1-83.58, and 
was categorised as slightly polluted-clean (Table 1). 
Similar results were also found by [4]. Subindex 
ammoniacal nitrogen (SIAN) is one of the six parameters 
used to calculate WQI [3]. SIAN was highly affected by 
fertilisation activity in the paddy field. A slight increase 
in value of ammoniacal nitrogen concentration reduced 
SIAN and so caused a decrease WQI. SIAN in the study 
area was categorised as slightly polluted. Average SIAN 
and WQI in the VR plots were better than in the UR plots 
due to a slightly lower amount of fertiliser used in VR 
plots compared with the UR plots.

*F1-F4: Four times of fertiliser input in every season of rice cultivation
*M2/2018-M2/2020: Different seasons of rice cultivation

Figure 2. Amount of nutrient input (kg/ha) for the different fertiliser management practices in four seasons of 
rice cultivation
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Table 1. Water Quality Index (WQI) and SubIndex Ammoniacal Nitrogen (SIAN) in the 
study area

SIAN WQI
VR Plot UR Plot VR Plot UR Plot 

Season 2/2018 60.00 37.47 83.58 73.27
Season 1/2019 76.35 64.16 68.64 65.72
Season 2/2019 58.02 78.45 65.1 68.39
Season 2/2020 56.44 52.29 67.54 67.57
Average 61.68 54.91 68.49 67.31

*S1-S4: Four times of water sampling in every season of rice cultivation
*M2/2018-M2/2020: Different seasons of rice cultivation

Figure 3. Average ammoniacal nitrogen concentrations over four rice seasons in the study area

Figure 4. Spatial variation in ammoniacal nitrogen concentration in one rice season in the 
study area
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Conclusion 

 Results showed that the rate of N fertiliser application 
contributed significantly to the ammonia concentration 
in the surface water. N fertiliser input in the VR plots 
was 9% lower than in the UR plots, resulting in lower 
ammonia concentration in water sampled in the VR plots.  
Average ammonia concentration in all the water samples 
was classified in Class II-IV NWQS. WQI and SIAN 
values in the VR plots were better than in the UR plots 
due to the lower amount of fertiliser applied to the VR 
plots. This showed that controlling pollution from the 
source has a possible positive effect on the environment. 
 The spatial water quality trend showed ammonia 
concentrations in the study area differed significantly for 
sampling time and sampling location. The combination 
of monitoring methods used in this study was able to 
identify the relationships between water quality and 
the environmental parameters, trend, location and level 
of water pollution in the field. Future challenges are to 
widen the practice of water quality monitoring on the farm 
using a comprehensive IoT platform, and to encourage 
the adoption of best agriculture management practices to 
reduce environmental pollution.
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Abstract

 Energy consumption and waste management have been identified as critical issues in the local agricultural industry, 
especially in rural areas with extensive agricultural activities. Converting agro-waste into bio-energy can help improve 
agricultural productivity and reduce environmental impacts. Cameron Highlands is an extensive agricultural operational 
area in Malaysia, consisting of 4,000 ha of tea plantations, 2,000 ha of vegetable farms, 1,000 ha of flower farms 
and 20 ha of strawberry farms. MARDI Cameron Highlands has been selected for a pilot study involving bio-energy 
production from green waste as large amounts of horticultural wastes and vegetable wastes are produced there on daily 
basis. The aim of the study was to promote sustainable development and utilisation of bio-energy for the agriculture 
sector, and to strengthen and review national and regional policies for sustainable renewable energy production and 
consumption. A biogas prototype system consisting of a shredder, a main digester, a desulphuriser, a clean gas collector 
and a generator was assembled in MARDI Cameron Highlands. The system can accommodate up to 500 kg of mixed 
agricultural wastes, and converts biogas into electrical energy through the appropriate formulation of C/N ratio and 
inoculums for utilisation in the farm, such as for lighting and irrigation. Mixed wastes that were to used included soft 
vegetable plant stems, e.g., from cauliflower, cabbage, tomato, chrysanthemum, strawberry and broccoli, and animal 
manure, such as cow dung and chicken manure. The semi-solid waste was digested in the main digester sealed with 
a high-density polyethylene sheet for an anaerobic process which leads to the formation of biogas, using a selected 
formulation. The digester of dimensions 2 m x 2 m x 2 m is made of stainless steel. The biogas generated was filtered 
using the desulphuriser before collection in a clean gas collector for storage. Installation of the clean gas collector is 
needed to sustain constant gas pressure and supply to the biogas generator, together with the installation of appropriate 
valves and gas meters along the gas pipeline. The biogas generator used in the study had an engine capacity of 10 kW. 
The current designed capacity was able produce 10 kW of electrical energy from biogas, for use in a target farm for 
lighting (that only required 7-9 kW). 

Keywords: Agriculture, biogas, energy, fruit waste, vegetable waste
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Introduction

 Energy consumption and waste management have 
been identified as critical issues in the local agricultural 
industry, especially in rural areas with extensive 
agricultural activities [1]. Converting agro-waste into 
bio-energy can help improve agricultural productivity and 
reduce environmental impacts [2, 3]. Cameron Highlands 
is an extensive agricultural operational area in Malaysia, 
consisting of 4,000 ha of tea plantations, 2,000 ha of 
vegetable farms, 1,000 ha of flower farms and 20 ha of 
strawberry farms [4]. Fruit and vegetable wastes are an 
important category of agro-residues produced in large 
amounts from agricultural activities. Fruit and vegetable 
wastes contain a high level of moisture and are rich in 

biodegradable organic compounds, thus are suitable for 
processing in an anaerobic digester for conversion into 
biogas [8] and energy, while reducing environmental 
impact. Some studies have successfully shown this 
relationship by building mathematical regression models 
that compare the organic matter and methane produced 
[8]; however, in the local arena, data are scanty. An 
appropriate model or prototype was needed to be installed 
to conduct a study. MARDI Cameron Highlands was 
selected for a pilot study involving bio-energy production 
from agro-waste, because it produces fruit, vegetable and 
horticultural wastes in large amounts on daily basis. The 
aim of the study was to promote sustainable development 
and utilisation of bio-energy for the agriculture sector, 
and to strengthen and review national and regional 
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policies for sustainable renewable energy production and 
consumption.

Materials and Methods 

 A prototype biogas system consisting of a shredder, a 
main digester, a desulphuriser, a clean gas collector and a 
generator was assembled in MARDI Cameron Highlands 
from December 2020 – February 2021 (Figure 1). For this 
purpose, a site was selected and an appropriate shed was 
built to accommodate the biogas system and green wastes 
collected from within MARDI Cameron Highlands. A 
shredder with sharp blades was built using a stainless-
steel body and equipped with a 2-hp motor to function. 
Wastes in the form of semi-solid waste were digested in 
the stainless teel main digester, of dimensions 2 m x 2 
m x 2 m, sealed with a high-density polyethylene sheet 
for the anaerobic process that produces biogas to take 
place, using a selected formulation. The biogas generated 
was desulphurised before collection in the clean gas 
collector for storage, and subsequently channelled to the 
gas generator. PVC pipelines measuring 4 – 6 inches 
were used to connect the shredder, main digester and 
post-treatment tank. The entire process of production of 
biogas from wastes is shown in Figure 3. 

Results and Discussion

 The biogas system installed in MARDI Cameron 
Highlands to convert fruit and vegetable wastes into 
bio-energy is shown in Figure 2. The system was custom-
made for the station which produces 200-300 kg/day of 
green wastes. The shredder installed with the system 
was tested, and was found to be able to shred wastes 
of cabbage and broccoli crops, including the leaves and 
roots. The shredded residues were sucked into the main 
digester using a 2-hp pump along PVC pipelines for the 
production of gas. The biogas produced was desulphurised 
to eliminate sulphur compounds that may erode the 
system, and to reduce its obnoxious odour before being 
stored in the clean gas collector. The clean gas storage tank 
is required to ensure constant gas pressure and supply to 
the biogas generator for conversion to electricity [8, 9]. 
The biogas generator used for the study had an engine 
capacity of 10 kW, that produceds electrical energy from 
the biogas for use in the farm. The semi-solids left in the 
main digester were removed using suction, and these 
residues can be used as a bio-fertiliser [5, 6, 7].

Figure 2. Biogas system installed at MARDI Cameron Highlands

Figure 1. Diagram of the biogas system installed at MARDI 
Cameron Highlands
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Conclusion

 A prototype biogas system was assembled, and tested.  
It functioned successfully at the selected site. Further 
activities to study the capacity of biogas production, 
and efficiency of conversion of available fruit and 
vegetable wastes to bio-energy are required. These studies 
should include the use of alternative media containing 
microorganisms with potential in assisting the degradation 
of organic matter and increasing biogas production.
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Abstract

 101 isolates of Trichoderma spp. were identified for study, and T. asperellum 1614 was found to have reliable 
performance in terms of stability in culture. It is thus considered morphologically stable. This means the fungus 
can easily mass-produced using different types of substrates, such as broken rice, broken corn, wheat bran, wheat 
grain, rejected half-filled rice grain, rice straw, and brown leaves. The results showed that the isolate T. asperellum 
1614 was able to increase the rate of rice straw degradation by 50%, while reducing total methane emission by 8.5% 
during the planting season. As a result of applying the fungus, there was a consistent reduction in terms of carbon (%) 
composition in the soil, and a reduction in nitrogen (%), which was possibly taken up by the plant; this was because 
the chlorophyll content was higher in the plants from the plot where the rice straw had been treated with the fungus. 
Plant yield was also slightly better, although the difference was only 3%. The fungus showed the ability to parasitise, 
compete and secrete metabolites as a mechanism to fight against plant pathogens. All the information collated from 
this study will contribute to the development of numerous products with a strong scientific basis, and with a wide 
range of applications, which are economically and environmentally viable. The fungus can be used as a degrader, to 
mitigate methane emissions, to improve plant growth, and to suppress certain pathogens. The potential users who will 
benefit from the findings of this study are the researchers, agricultural product companies and farmers.

Keywords: Biological agent, degraders, methane emission, Trichoderma asperellum, waste management
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Introduction 

 Agriculture remains an important economic sector in 
Malaysia but faces many challenges. These include the 
improper handling of farm residues, the effects of global 
warming, the increasing prices of inputs, the excessive 
use of pesticides, and many others. Many microorganisms 
have been studied to find solutions to these problems. 
Trichoderma spp. is one of them. The fungus has long 
been recognised for its ability to degrade, colonise quickly, 
be invasive, opportunistic, avirulent, and have a symbiotic 
relationship with plants, by not only improving plant 
growth but also inhibiting pathogens through a variety 
of antagonistic mechanisms [1,2].
 To date, most studies on Trichoderma spp. have 
been only tied to specific problems, largely ignoring the 
wide range of its potential. Nonetheless, from another 
perspective, microorganism-based products with multiple 
applications will receive increasing attention in the 
future because they will reduce costs while making the 
most impact. The idea is also in line with the concept of 

using plant probiotics, currently in the spotlight. Hence, 
the Trichoderma spp. isolated from naturally composted 
wood chips in Tasek Kenyir, and from rice straw from 8 
locations in Barat Laut Selangor were screened for the 
best candidate/s to be used for the study.
 This study revealed the diverse potential of the 
indigenous Trichoderma asperellum 1614 isolate, 
including its ability to improve the composting of 
landscape waste, mitigate methane emission in rice fields, 
have an indirect effect on rice yield, and to suppress 
selected plant pathogens, such as bacteria and fungi. The 
techniques for mass production are also revealed.

Materials and Methods 

 Several substrates, such as broken rice, wheat grain, 
wheat bran, and broken corn, were evaluated for mass 
production of T. asperellum. The fungus was tested for 
its ability to enhance the degradation process during 
composting of landscape waste. The compost heap 
temperature was taken every day and selected parameters 
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such as pH, salinity (EC), seed toxicity and the carbon 
(C) - nitrogen (N) ratio were evaluated. The untreated 
compost was used as a comparison.
 The ability of T. asperellum 1614 to compost rice straw 
in damp environments was tested in a glasshouse, with the 
amount of water and straw mimicking the real situation 
in the rice field. This was followed by evaluating the 
performance of the fungus in mitigating methane emission 
in rice fields by applying the fungus at different rates as 
a rice straw composter during land preparation for wet 
season planting (February – April). The indirect effect of 
the fungus on rice plant performance was assessed using 
chlorophyll uptake as a parameter at different growth 
stages, and also rice yield from the experimental plot. 
 The fungus was also challenged with a variety of 
plant pathogens to assess its potential as a biological 
control agent. Antagonistic tests were performed using 
the dual culture method on agar media. The percentage 
of inhibition was calculated using the formula:

((R1 - R2)/R1) x 100%

where R1 = radial growth of pathogen without antagonist 
(control),
R2 = radial growth of pathogen inhibited by an antagonist

Results and Discussion

Mass Production

 The fungus can easily be mass-produced using all the 
tested substrates (i.e., broken rice, broken corn, wheat 
bran, wheat grain, rejected half-filled rice grain, rice straw, 
and brown leaves) in plastic bags, plastic containers, or 
trays (Figure 1). However, the fungus showed a different 
rate of colonisation on each substrate. and this might be 
influenced by the nutrient composition of the substrate 
[3,4,5]. 

Enhanced Degradation

 The study demonstrated that the compost heap treated 
with T. asperellum 1614 showed a faster reduction of heat 
(Figure 2), which suggests that maturity took place earlier 
than in the control. Other characteristics studied, such as 
C/N ratio, pH, salinity (EC), toxicity and the presence of 
pathogens, were almost equivalent for both composts – 
with T. asperellum 1614 and without (the control) [4].

Figure 1. Mass production of T. asperellum 1614 using various substrates in plastic bags, plastic containers, and trays.

Figure 2. Temperature fluctuations in the compost heaps, with and without T. asperellum 1614 treatment



378

 When applied to the damp rice straws, the cumulative 
reducing sugar obtained from the T. asperellum 1614 
treated samples was higher throughout the study compared 
to the control and other microbe being tested, but there 
was no significant difference between the treatments 
(Figure 3). Higher reducing sugar hypothetically showed 
better degradation. Other parameters, such as total C, 
total N, and the C/N did not significantly differ among 
the treatments [1]. The degradation enhancement studies 
showed that the fungus can accelerate composting, 
but it did not contribute to the improvement of the 
compost produced.

Mitigation of Methane Emission

 The study showed that applying T. asperellum 1614 can 
enhance in situ degradation of rice straw in the glasshouse 
when applied at the rates of 40, 80, and 120 kg/ha. At the 
rate of 80 kg/ha applied in the rice field, the cumulative 
methane amount collected was lower throughout the 
study (Figure 4), translating into 8.5% mitigation of a 
total methane emission during the planting season [1]. 
The amount of substrate containing the T. asperellum 
1614 applied was the same as the amount of organic 
fertiliser currently used by the farmers in the area. This 
implies the possibility of using the substrate containing 

T. asperellum 1614 as an enriched organic fertiliser in the 
rice field, besides exploiting its ability to reduce methane 
emission in the rice field. 

Effect on Plant Growth

 The application of T. asperellum 1614 influenced C and 
N in the soil. There was a consistent reduction in terms 
of C (%) composition in the soil, and also a reduction 
in N (%) which was possibly taken up by the plants, 
because the chlorophyll content was higher in the plants 
from the plot where the rice straw was treated with the 
fungus. There was also a slight improvement in the rice 
yield (3% increment). However, it is premature to make 
any conclusion whether the fungus can increase rice yield 
as the repeat study is currently on-going.

Biological Control Agent 

 The fungus suppressed the growth of the tested plant 
pathogens, Colletotrichum gleosporoides, Lasiodiplodia 
theobromae and Phytophthora palmivora with 46, 72, 
and 48% inhibition, respectively. The fungus showed 
the ability to parasitise, compete and secrete metabolites 
(Figure 5) as the mechanism to fight against the plant 
pathogens [4,6].

Figure 3. Cumulative reducing sugars obtained from T. asperellum 1614 (T2), 
cellulosic degrader bacteria (T1) and non-treated damp rice straw (T3)

Figure 4. Comparison of methane emission from treatment with T. asperellum 1614 and from 
the control
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Conclusion

 T. asperellum 1614 has the potential to be developed 
as a biological product with multipurpose functions due 
to its various capabilities. The fungus can be used directly 
in the field to control disease, enhance composting (in 
situ and ex situ), and mitigate methane emission when 
used in rice fields during the wet season. The resulting 
compost can be used as a soil conditioner and, at the 
same time, because it contains the fungus will have the 
function of a biological control agent. All the information 
collated from these studies will help to generate ideas 
for future research on how the fungus can be developed 
into numerous products with a strong scientific basis 
and proven effective in a wide range of applications, 
which are economically and environmentally viable. 
The potential users that will benefit from the findings 
from this study are the researchers, agricultural product 
companies, and farmers. The study may also attract certain 
groups of people, such as enthusiasts of organic produce 
and environmentalists, because the products containing 
T. asperellum 1614 can be labelled as “green” products.
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Abstract

 Endophytic fungi, especially those isolated from medicinal plants, are well-known as important reservoirs of 
therapeutically active compounds. The composition of the metabolites and other chemicals synthesised by the 
endophytic fungi will strengthen the resistance of their host plant, and prevent it from being colonised by plant pests 
and pathogens; this demonstrates the potential of endophytic fungi as biocontrol agents. However, to identify and 
explore the potential of new endophyte species as sources of biological control agents, a better understanding of the 
antagonistic or protective mechanism of these beneficial fungi is crucial. Therefore, in this study, two endophytic 
species from the genus Pestalotiopsis (named Pestalotiopsis AEP22 and Pestalotiopsis AEP25), and two from the 
genus Neopestalotiopsis (named Neopestalotiopsis AEN03 and Neopestalotiopsis AEN04) were evaluated for their 
antagonistic interaction against several pathogenic bacteria species, namely, Bacillus subtilis, Staphylococcus aureus, 
Escherichia coli and Salmonella enteric, as well as against the plant pathogenic fungi, Colletotrichum sp. and Penicillium 
sp., using the Dual Culture Assay. In the fungi-fungi dual culture assay, a competition mode, as demonstrated by equal 
growth of the tested pathogen and the endophytic fungi, was observed in the interaction against Colletrotrichum sp. 
The assay with Penicillium sp. showed two modes of interaction, which were antibiosis and mycoparasitism. In the 
fungi-bacteria dual culture assay, Pestalotiopsis AEP25 showed a mycoparasitism mode against S. aureus, but against B. 
subtilis, the competition model was shown. Some endophytes, however, showed the same interaction mode against the 
different species of the pathogenic bacteria. Neopestalotiopsis AEN04 and Pestalotiopsis AEP22 showed competition 
and mycoparasitism modes, respectively, against all the four tested pathogenic bacteria. Based on these findings, it 
can be concluded that mycoparasitism and competition were the most common antagonistic interactions among the 
species of Pestalotiopsis and Neopestalotiopsis, not only in the fungi-fungi interaction but also in the fungi-bacteria 
interaction, indicating their great potential as new sources of biological control agents.

Keywords: Antagonistic effect, dual culture, endophytic fungi, Neopestalotiopsissp, Pestalotiopsis spp.
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Introduction

 Endophytic fungi are defined as fungi which spend 
the whole or part of their life cycle colonising healthy 
plant tissues, either intercellularly or intracellularly, 
without causing any harm to or producing any 
symptom of infection to the host plant [1]. Checklists 
of endophytic fungi from the tropical region (in 2012) 
list about 202 endophytic species from 108 genera that 
have been isolated from 49 Families of host plants. 
These endophytic fungi include species from the genus 
Pestalotiopsis, while their host plants include plants 
from the Families Musaceae, Araceae, Sapotaceae, 
Poaceae, Rutaceae, Solanaceae, Cistaceae, Fabaceae, 

Cannabaceae, Meliaceae, Athyriaceae, Marattiaceae, 
Rubiaceae, Thelypteridaceae, Arecaceae, Combretaceae, 
Loranthaceae and Apiaceae [2]. Based on morphological 
characteristics, Pestalotiopsis is recognised by having 
four-celled spores, pigmented median cells with two 
to four apical appendages arising as tubular extensions 
from the apical cell, and a centric basal appendage; 
the genus is differentiated from Neopestalotiopsis and 
Pseudopestalotiopsis by the pigmentation of their conidia 
[3]. In the symbiotic plant-fungi relationship, it is believed 
that endophytes function as a biological defence system 
for the plant, warding off biotic and abiotic stresses, as 
well as foreign phytopathogens, in return for the nutrition 
and shelter provided by the host plant [4]. The protection 
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mechanism of the endophytes occurs either directly 
through the production of bioactive substances, mainly 
secondary metabolites [5], or indirectly by inducing the 
host defence mechanisms, or promoting growth of the host 
plant [4]. The composition of the metabolites and other 
chemicals synthesised by the endophytes strengthens the 
resistance of the host plant, and prevents it from being 
colonised by plant pathogens, as well as by the nematodes 
and insects, thus giving evidence of their potential as 
biocontrol agents [6]. To identify and explore the potential 
of new endophytes species as a source for biological 
control agents, a better understanding of the mechanism 
of antagonistic or protective effect of these beneficial 
fungi is urgently needed. Thus, this study was conducted 
with the objective of investigating and understanding 
the antagonistic effect of selected endophytic fungi 
species, namely, of the genera Pestalotiopsis and 
Neopestalotiopsis, which had been isolated from the 
medicinal plant, Alphitonia excelsa (Fenzl.) Reiss ex Endl.

Materials and Methods 

 Two species of Gram-positive bacteria, Bacillus 
subtilis ATCC6633 and Staphylococcus aureus ATCC 
4330, as well as two species of Gram-negative bacteria, 
Escherichia coli ATCC 11229 and Salmonella enterica 
ATCC 14028, were used for fungi-bacterial test in this 
study. Two plant pathogenic fungi, Colletotrichum sp. 
and Penicillium sp., were used for fungi-fungi test. The 
Pestalotiopsis and Neopestalotiopsis endophytes species 
used in the study had been isolated from the medicinal 
plant, Alphitoniadexcelsa (Fenzl.) Reiss ex Endl, and were 
identified based on their morphological characteristics and 
genetic sequencing of the ITS region.
 The antagonistic effect of the endophyte isolates 
of Pestalotiopsis spp. (Pestalotiopsis AEP22 and 
Pestalotiopsis AEP25) and Neopestalotiopsis spp. 
(Neopestalotiopsis AEN03 and Neopestalotiopsis AEN04) 
were evaluated through an antagonism assay using the 
dual culture method [7]. For the antifungal antagonistic 
assay, cultures of the endophytic fungi and the test fungi 
were grown separately on Malt Extract Agar (MEA) 

and incubated at 25 °C for five days. Following this, the 
growing mycelia of both the endophyte isolate and test 
fungi were cut to a size of 5 mm using sterile blades, and 
placed 6 cm from each other on MEA medium in the same 
petri dish. The paired culture was then incubated at 25 °C 
for seven days. For the antibacterial antagonistic assay, the 
growing mycelia of endophyte isolate were also cut to a 
size of 5 mm using sterile blades, and placed on one side 
of the MEA medium and incubated at 25 °C for 48 hours.  
After that, a loopful of the test bacteria was streaked 3 cm 
away from the agar plug of the endophyte isolate on the 
same petri dish. The paired culture was then incubated 
at 25 °C for five days. Medium inoculated with only the 
test microorganisms (bacteria and fungi) were prepared 
as controls. Growth was determined by the radial growth 
of the phytopathogens, and the percentage of inhibition 
was calculated by the following formula:

Percentage of inhibition = [(R1-R2)/R1] × 100
 Where;

R1 = radial growth of fungal phytopathogen in the control 
plate,
R2 = radial growth of fungal phytopathogen in test 
sample plate.

 The percentage of inhibition was categorised by the 
appropriate growth inhibition category level, i.e., from low 
to high antifungal or antibacterial activity, where (+): ˂ 
20% = low antifungal or antibacterial activity; (++): 20 
- ˂ 50% = moderate antifungal or antibacterial activity; 
(+++): 50 – ˂ 70% = high antifungal or antibacterial 
activity; and (-): no antifungal or antibacterial activity.

Results and Discussion

 The two species of Pestalotiopsis and two species 
of Neopestalotiopsis endophytes in this study were 
successfully tested in the dual culture assays. All of the 
endophytes had a moderate to high antagonistic effect 
against the test pathogens (Table 1). 

Table 1. Growth inhibition percentage (%) of the test pathogens due to Pestalotiopsis and Neopestalotiopsis 
endophyte species through dual culture assays

Test pathogens Pestalotiopsis 
AEP22

Pestalotiopsis 
AEP25

Neopestalotiopsis 
AEN03

Neopestalotiopsis 
AEN04

B. subtilis 45.16 40.00 34.16 33.66
S. aureus 52.00 51.83 48.33 35.00
E. coli 49.66 52.00 50.00 32.15
S. enterica 50.00 44.66 40.83 33.66
Colletotrichum sp. 48.33 49.16 50.66 55.33
Penicillium sp. 44.66 49.66 71.00 60.33
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 Generally, three modes of interaction are shown by the 
endophytic fungi against pathogens. In the fungi-fungi dual 
culture assays, a competition mode as demonstrated by 
equal growth of the test pathogen and the endophytic fungi 
was observed in the interaction against Colletrotrichum 
sp. (Figure 1-A, C, E, G). Meanwhile, the assay with 
Penicillium sp. showed two modes of interaction, which 
are antibiosis (Figure 1-B, D) and mycoparasitism 
(Figure 1-F, H). The antibiosis mode, which is illustrated 
by the formation of distinct inhibition zones between 
the endophyte and the pathogen, is usually associated 
with antibiotic production to suppress or increase the 
growth of the pathogen [8]. In contrast to antibiosis, 
the mycoparasitism interaction mode is characterised 
by the formation of overgrowth mycelia, direct contact 
and penetration of the endophytic hyphae along with the 
pathogen cells which favour the activities of cell wall-
degrading enzymes such as lipase and protease [9].
 It has been reported that secretion of cell wall-
degrading enzymes is the most essential process that 
enables the endophytic fungi to penetrate and colonise 
the host plant tissue, as well as the cells of bacteria and 
other fungi [9]. Therefore, secretion of this cell wall-

degrading enzyme is believed to play an important role 
in the defence mechanism of the endophytic fungi to in 
protecting their host plants from pests and pathogens 
in symbiotic relationships; such a mechanism promotes 
the potential of endophytic fungi for use as biological 
control agents. The use of beneficial fungi, including the 
endophytes, to control plant disease has gathered more 
attention due to this significant antagonistic ability [10]. 
Based on the findings of this study, both Pestalotiopsis 
and Neopestalotiopsis have shown potential for use as 
biocontrol agents to control plant diseases caused by 
Colletotricum and Penicillium. Plant diseases caused 
by Collectotrichum, especially anthracnose, has been 
reported to infect a large number of economic crops, 
producing lesions on leaves, fruit and other parts of the 
plant [11]. In the fungi-bacteria dual culture assays, the 
endophytes showed different interaction modes against 
the different species of pathogenic bacteria. As shown 
in Figure 2-H, Pestalotiopsis AEP25 demonstrated the 
mycoparasitism mode against S. aureus, but against 
B. subtilis, the competition model was shown. Some of 
the endophytes, however, showed the same interaction 
mode against the different species of the pathogenic 

Figure 1. Antagonistic effect of endophytic fungi against 
pathogenic fungi, picture was taken after seven 
days of incubation. A-B; Neopestalotiopsis AEN04, 
C-D; Neopestalotiopsis AEN03, E-F; Pestalotiopsis 
AEP22, G-H; Pestalotiopsis AEP25 against (1) 
Colletotrichum sp. (2) Penicillium sp.

Figure 2. Antagonistic effect of endophytic fungi against 
pathogenic bacteria, picture was taken after four 
days of incubation. A-B; Neopestalotiopsis AEN03, 
C-D; Neopestalotiopsis AEN04, E-F; Pestalotiopsis 
AEP22, G-H; Pestalotiopsis AEP25 against (1) S. 
enterica (2) E. coli (3) S. aureus (4) B. subtilis
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bacteria. Neopestalotiopsis AEN04 and Pestalotiopsis 
AEP22 showed the competition and mycoparasitism 
modes, respectively, against all the four test pathogenic 
bacteria, S. enterica, E. coli, S. aureus and B. subtilis. 
Therefore, a better understanding of the mechanism of 
the antagonistic or protective effect of the beneficial fungi 
is important, not only to allow for the identification of 
endophytic species with potential, but also to help in 
developing bio-control strategies.

Conclusion

 From the study conducted, we can conclude that 
mycoparasitism and competition are the most common 
antagonistic interactions between the Pestalotiopsis and 
Neopestalotiopsis species against pathogenic fungi and 
bacteria, not only in fungi-fungi interactions but also 
in fungi-bacteria interactions. These findings in turn 
demonstrated the potential of these species to be used 
as a new source of biological control agents. Therefore, 
further studies need to be conducted, especially on the 
effect of different physiological environments to on their 
antagonistic interactions. The beneficial compound/s 
produced by the endophytes during the antagonistic 
interactions should also be studied for further exploration 
and exploitation of their potential.
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Abstract

 Umai is a popular traditional raw fish delicacy of Sarawak. It is basically thinly sliced raw fish cured in sour fruit 
juice mixed with onions, chillies and shallots, salt and other spices. There is great prospect for umai to be introduced 
as a convenient delicacy through a ready-to-use umai marinating sauce. Thus, umai can be ready in less time by mixing 
the sliced fish directly with this marinating sauce. The formulation of the ready-to-use umai marinating sauce was 
developed through a series of sensory evaluations. Fish muscle tissue contains approximately 15 – 24% protein, with 
myosin being the major protein. When a protein is heated, it goes through a chemical process called denaturation, 
and the protein loses its native structure. Acid as a protein denaturant will also affect proteins in a similar way. In the 
case of umai preparation, the acidic marinating sauce denatures the structure of the fish muscle proteins, turning them 
thick and dense with an opaque appearance and firm texture, almost as if they have been cooked. However, fish meat 
is never “cooked” in the traditional sense because the change is purely structural. Acid-induced denaturation of fish 
muscle tissue often occurs between pH 2 and 5. The ready-to-use umai sauce developed with a fixed pH value of 3.3 
meets the conditions for the denaturation process and sensory attribute, as well as the FDA requirements for limiting 
the growth of bacterial pathogens that are of greatest concern in seafood processing. The use of preservatives is not 
required for short-term storage in a chilled condition, owing to the low pH of the sauce. Umai sauce has a significantly 
lower calorie and carbohydrate content than commercial chilli sauce, i.e., 49.7 kcal vs. 113 kcal, and 8.7% vs. 24.5%, 
respectively. Wide-scale utilisation of umai sauce can be promoted by improving on the packaging techniques for 
commercialization, along with other ready-to-use sauces.

Keywords: Acid-induced denaturation, convenient delicacy, fish muscle tissue, ready-to-use, umai marinating sauce

Introduction

 Umai, or also known as Sarawak raw fish salad 
(Figure 1), is a popular traditional raw fish delicacy or 
appetizer originating from the Melanau community in 
the Mukah region of Sarawak. While recipes may vary, 
in essence, it is thinly sliced raw fish cured in sour fruit 
juice or an acidic marinade mixed with onions, chillies 
and shallots, with seasonings of salt and other spices [1]. 
Sashimi of Japan and ceviche of Latin America, two well-
known raw fish dishes, are the nearest equivalent to umai. 
However, both differ from umai in terms of preparation 
and serving method [2].
 As society looks for easy and instant methods of 
preparing food, there exists a prospect for umai to be 
introduced as a convenient delicacy through a ready-to-
use umai marinating sauce, formulated as a condiment for 
immediate consumption with the sliced fresh fish. This 
will provide an attractive alternative for umai consumers, 

as the dish can be ready in less time, having only to mix 
the sliced fish with this ready-to-use marinating sauce 
[3].

Materials and Methods

 The processing of the ready-to-use umai marinating 
sauce was carried out using a formulation developed 
through a series of sensory evaluations during the 
preliminary studies. The fresh ingredients used in 
the preparation of umai sauce are shown in Table 1. 
Processing procedures are outlined in Figure 2. As a 
shelf-stable sauce, preservatives such as sodium benzoate 
may be added at a dosage not exceeding 750 mg/kg. 
Nonetheless, the use of preservatives is not required for 
short-term storage in a chilled condition, owing to the 
low pH of the sauce.
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 The sauce was analysed for its moisture, protein, fat, 
crude fibre and ash contents. The analyses were carried 
out in duplicate by the standard methods of AOAC [4]. 
Other characteristics evaluated for the umai sauce were pH 
(Cyberscan 500 pH Meter), water activity (AquaLab Water 
Activity Meter, Decagon), percent titratable acid (titration 
method), soluble solids (Atago Hand Refractometer) and 
viscosity (Brookfield Digital Viscometer, Model DVII, 
spindle No.5, speed 20 rpm, 28 °C). Colour was measured 
by the Minolta Chroma Meter CR 200, and expressed in 
the L*, a*, b* notational system.

Results and Discussion

Processing Principle

 Fish muscle tissue contains approximately 70 – 84% 
water and 15 – 24% protein, with myosin being the major 
protein in fish muscle. Proteins are complex biological 
molecules made up of long chains of amino acids that twist 
around them selves in three-dimensional structures. When 
a protein is heated, it goes through a chemical process 
called denaturation, during which the weak hydrogen 
bonds break and the protein loses its native structure [5]. 
 Besides heat treatment, acid as a protein denaturant 
will also affect the proteins in a similar way. In the case 
of umai preparation, the acidic marinating sauce denatures 
the fish muscle proteins, turning them thick and dense 
with an opaque appearance and firm texture, almost as 

if they have been cooked. However, fish meat is never 
“cooked” in the traditional sense. The change is purely 
structural and does not involve the chemical process as 
in heat induced cooking [2].

Characteristics

 The physical and chemical characteristics of the 
ready-to-use umai marinating sauce are shown in Table 2. 
Acid-induced denaturation of fish muscle tissue often 
occurs between pH 2 and 5 [5]. The ready-to-use umai 
sauce developed with a fixed pH value of 3.3 meets 
the conditions for the denaturation process and sensory 
attribute, as well as the FDA requirements [6] for the 
limiting the growth of bacterial pathogens that are of 
greatest concern in seafood processing as listed in Table 3.
 A comparison of the proximate composition of umai 
sauce and common chilli sauce is shown in Table 4. Umai 
sauce has a significantly lower calorie and carbohydrate 
content than commercial chilli sauce, i.e., 49.7 kcal vs. 
113 kcal and 8.7% vs. 24.5%, respectively.

Table 1. Ready-to-use umai sauce formulation

Ingredients (%)(w/w)
Onion
Chilli
Shallot
Ginger
Lime peel
Lime juice
Acetic acid 4%
Salt
Monosodium glutamate
Preservative (Sodium benzoate)

24
14
14
8

1.2
17.6
17.6
2.7
0.9

750 mg/kg

Figure 1. Umai: Sarawak raw fish salad

Figure 2. Processing of ready-to-use umai marinating sauce
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Table 2. Physical and chemical characteristics of umai 
marinating sauce

Parameter Value
pH 3.37
Water activity (aw) 0.98
Titratable acidity (%, as acetic acid) 1.83
Total soluble solids (°Brix, 30°C) 11.5
Viscosity (cps) 1.84 x 104

Colour L* 41.54
a* +15.27
b* +16.45

Table 3. Limiting pH conditions for bacterial pathogen growth

Bacterial pathogens Mnimum pH
Bacillus cereus 4.3
Campylobactorjejuni 4.9
Clostridium botulinum type A and proteolitic types B dan F 4.6
Clostridium botulinum type E and non-proteolitic types B and F 5
Clostridium perfringens 5
Escherichia coli pathogenic strains 4
Salmonella spp. 3.7
Shigella spp. 4.8
Staphylococcus aureus - growth 4
Staphylococcus aureus - toxin formation 4
Vibrio cholera 5
Vibrio parahaemolyticus 4.8
Vibrio vulnificus 5
Yersinia enterocolitica 4.2
Listeria monocytogenes 4.4

Source: FDA 2021 [6]

Table 4. Proximate composition of umai sauce in comparison to common chilli sauce

Sample Energy
(kcal)

Moisture
(%)

Protein
(%)

Fat
(%)

Ash
(%)

Crude fibre
(%)

Carbohydrate
(%)

Ready-to-use umai sauce 49.7 84.6 1.7 0.9 3.3 0.8 8.7
Commercial chilli sauce 113.0 68.0 2.8 0.4 3.6 0.7 24.5

Figure 3. Ready-to-use umai sauce.
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Conclusion

 While the processing technique of umai sauce is 
relatively simple, strict control is needed along the 
processing line to maintain the quality of the sauce. 
Wide-scale utilisation of umai sauce can be promoted 
by improving on the packaging techniques for 
commercialisation along with other ready-to-use sauces.

References

Chua HP and Saniah K. Effects of frozen storage and organic acid 
solution dipping treatment on the quality of Sarawak raw fish 
salad (umai) from red tilapia. Journal of Tropical Agriculture 
and Food Science. 2004. 32(1): 57 – 65

Claire L. Savor the science: Denatured proteins edition with ceviche 
recipe. Render. 2014 July

Chua HP. Umai. In Faridah H, Syahida M, Chua HP and Saiful BS. 
Makanan Warisan Malaysia. Serdang: Penerbitan MARDI. 
2021. 100 – 101

AOAC (2005). Official Methods of Analysis of AOAC International. 
18th edition. 2005. USA: Association of Official Analytical 
Chemists Inc

Strzelczak A, Balejko J, Szymczak M and Witczak A. Effect of 
protein denaturation temperature on rheological properties 
of baltic herring (Clupea harengusmembras) muscle tissue. 
Foods. 2021 April. 10(4): 829 – 840

FDA. Fish and fisheries products hazards and controls guidance. 
4th Edition. US Food & Drug Administration Center for 
Food Safety & Applied Nutrition. 2021 June



388

Unlocking the health potential of fermented kuini and ceri Terengganu beverages: 
Insulinotropic activities for diabetes control

Hadijah Hassan1*, Musaalbakri Abdul Manan1, Syahida Maarof1, Rosliza Jajuli2 and Mohd Shukri Mat 
Ali@Ibrahim2

1Food Technology Research Centre, 2Agrobiodiversity and Environment Research Centre, Malaysian Agricultural Research and Development 
Institute (MARDI), Persiaran MARDI-UPM, 43400 Serdang, Selangor

*E-mail: hadijah@mardi.gov.my

Abstract 

 Kuini (Mangifera odorata) and ceri Terengganu (Lepisanthes fruticosa) are well-known indigenous fruit-bearing 
plants in our country. Recently, the use of these fruits is gaining attention because of their high nutrient values. In this 
study, the antidiabetic activity of two formulations of fermented kuini and ceri Terengganu juices was evaluated.  The 
study was conducted using an in vitro assay of pancreatic cells (BRIN BD11). The c cells were seeded at a concentration 
of 2.5 x 105 cells/well in a 12-well plate, and incubated at 37 °C overnight to allow for attachment prior to testing. 
The next day, the cells were washed three times with Kreb’s-Ringer bicarbonate buffer (KRB), and pre-incubated 
with this KRB for 40 min at 37 °C. The cells were further incubated for 1 h with KRB (negative control), or KRB 
containing test agents (10 – 1000 µg/mL), or KRB containing glibenclamide (10 – 1000 µg/mL). Insulin concentration 
was determined using Rat INS (Insulin) ELISA Kit. The results showed that both fermented kuini and ceri Terengganu 
beverages were able to increase insulin secretion in the BRIN BD11 cells compared to the control. The highest insulin 
secretion was observed at a concentration of 1000 µg/mL (an increase of 3.51 times) and 500 µg/mL (an increase of 
3.38 times) for fermented ceri Terengganu and kuini beverages, respectively. In conclusion, both fermented beverages 
have the potential to enhance insulin secretion in pancreatic β cells. This is the first finding ever reported on the 
insulinotropic activities in these beverages. This conclusion is based on in vitro conditions; nevertheless, the data will 
be very useful for future in vivo studies. In addition, this knowledge will add value by promoting fermented kuini and 
ceri Terengganu beverages as health foods in the food market.

Keywords: Antidiabetic, fermented beverages, insulinotropic, Mangifera odorata, Lepisanthesfruticosa

Introduction

 Diabetes mellitus is a metabolic disorder, and it is 
characterised by persistent high blood glucose levels [1]. 
Antidiabetic drugs such as metformin and glibenclamide 
are the most commonly used medicine to treat diabetic 
patients. The antidiabetic activity of these drugs are 
categorised according to their effect on insulin secretion 
and extra pancreatic insulin release [2]. However, many 
people are still searching for an alternative medicine 
from plants that have hypoglycemic properties. One 
of the underutilised fruits that is gaining attraction is 
ceri Terengganu (Lepisanthes fruticosa). Based on 
ethnobotanical studies, ceri Terengganu is usually 
consumed as a food source, and also used in traditional 
medicine [3]. Another rare fruit is kuini (Mangifera 
odorata) which belongs to the mango family. 

 Previous studies have shown that Mangifera species are 
high in antioxidants and nutrients, including total phenolic 
and total flavonoid contents [4]. Both fruits are suitable 
raw materials for the development of fermented beverages. 
Fermented beverages are known for their health-
promoting properties, and contribute to the nutrition of 
many societies worldwide [5]. To date, information on 
the health benefit effect of fermented ceri Terengganu 
as well as kuini beverages is still lacking, especially in 
relation to antidiabetic potential. Therefore, the present 
study was performed to find possible antidiabetic activities 
in fermented kuini and ceri Terengganu beverages, by 
evaluating the potential of these products in stimulating 
insulin secretion from pancreatic β cells (insulinotropic 
activity).

Proceedings of MARDI Science and Technology Exhibition (2021): 388 – 391



389

Materials and Methods

Sample Preparation

 Kuini and ceri Terengganu juices supplemented with 
15% (w/v) granulated sugar were prepared and pasteurised 
(90 °C/ 10 min). The juices were then inoculated with a 
10% culture containing a consortium of kombucha strains. 
The inoculated juices were fermented under static and 
aerobic conditions (28 °C/21 days). Finally, the juices 
were filtered using an ultra-filter (0.22 um) to obtain the 
final products which were free from microorganisms. The 
measured pH of the fermented kuini and ceri Terengganu 
juices was 2.50 and 3.25, respectively. The juices were 
kept frozen until further analysis. 

Cell Culture and Insulin Assay 

 The BRIN BD11 cell line was obtained from Universiti 
Putra Malaysia. The cells were maintained in a 75-cm3 
cell culture flask and cultured in RPMI-1640 media 
supplemented with 10% FBS and an antibiotics solution 
(50,000 IU/L penicillin-streptomycin) at 37 °C humidified 
with 5% CO2. Insulin secretion assay was conducted 
according to the method of [6]. Confluence BRIN-
BD11 cells were seeded onto a sterile 12-well plate at a 
concentration of 2.5 x 105 cell per well, and left overnight 
at 37 °C. The next day, the cells were washed with Kreb’s-
Ringer bicarbonate buffer (KRB) and pre-incubated with 
this KRB for 40 minutes (37 °C). The cells were further 
incubated for 1 hour with 1 mL of KRB containing various 
concentrations of the fermented juice samples (0-1000 mg/
mL). All evaluations were performed at 2 mM glucose. 
Following incubation, 1 mL of aliquots from each well 
were transferred into 1.5-mL tubes, and stored at –20 °C 
for determination of insulin concentration. Glibenclamide 
was used as a positive control. 
 Insulin release was determined using rat insulin ELISA 
kits (Elabscience®). 100 µL of samples and standard 
were added into the particular well of the coated plates 
of a 96-well plate, and incubated (90 min/37 °C). 100 
µL of Biotinylated Detection Ab working solution were 
added and incubated (1h/37 °C). After that, 350 µL of the 
washing buffer were added before drying the plate. 100 
µL of the HRP conjugate working solution were added 
into each well and incubated (30 min/37 °C). Then, the 
liquid was removed from each well and washed with 
350 µL of the washing buffer. 90 µL of the substrate 
reagent were added to each well and incubated (15 
min/37 °C). After that, 90 µL of the stop solution were 
added. Lastly, absorbance was read at 450 nm using the 
Enspire®Multimode Plate Reader (Perkin Elmer).

Statistical Analysis 

 Results are expressed as means ± standard deviation 
for a given number of observations (n = 6). Statistical 
analyses were performed using Student’s T-test comparing 
treatments with the control. The group means were 
considered significantly different at the levels of p <0.05, 
0.01 and 0.001.

Results and Discussion 

Insulin Secretion Analysis of Fermented Ceri 
Terengganu Beverage (FCT)

 The effects of FCT on insulin secretion by the BRIN 
BD11 cells are shown in Figure 1. FCT exhibited 
a stepwise stimulatory effect on insulin secretion at 
2 mM glucose. Significant stimulation was observed at 
concentrations of 50, 100, 500, and 1000 μg/mL which 
evoked an increased in stimulation by 2.07 (p <0.01), 
2.09 (p <0.001), 2.20 (p <0.05) and 3.51 (p <0.001) times 
respectively, more than the control. The highest insulin 
secretion was observed at the concentration of 1000 µg/
ml (3.5-fold increment).

Insulin Secretion Analysis of Fermented Kuini 
Beverage (FK)

 The effects of FK on insulin secretion by the BRIN 
BD11 cells are presented in Figure 2. Significant 
stimulation was observed at concentrations of 50, 
100, 500, and 1000 μg/mL which evoked an increase 
of stimulation by 2.69 (p <0.01), 2.37 (p <0.05), 3.38 
(p <0.01) and 2.88 (p <0.01) times, respectively, more than 
the control. However, FK exhibited a fluctuating trend 
in the insulin secretions. The highest insulin secretion 
observed was a 3.4-fold increment at the concentration of 
500 µg/ml, whereas at the highest concentration of 1000 
µg/ml, the insulin secretion dropped to only a 2.9-fold 
increment.

Figure 1. Insulinotropic effects of FCT on glucose-stimulated 
insulin secretion by BRIN-BD11 cells (2 mM 
glucose). Values are expressed as means ± standard 
deviation (n = 6). The numbers in brackets is the 
fold increment value in relation to the control. *, 
**,*** superscript for p ≤0.05, ≤0.01 and ≤0.001, 
respectively
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 Fermented foods became are an important part of the 
diet in many cultures, and have been associated with 
many health benefits such as antioxidant, antimicrobial, 
anti-inflammatory, antidiabetic and antiatherosclerotic 
activities [7]. Recent studies showed that both the 
fermented beverages contain bioactive phenolic 
compounds such as gallic, syringic, caffeic, benzoic, 
ellagic and ferulic acids, and rutin [8, 9]. Hence, these 
compounds probably contributed to their insulinotropic 
effects.

Insulin Secretion Analysis of Reference Drug 
(Glibenclamide)

 The effects of glibenclamide on insulin secretion by the 
BRIN BD11 cells are presented in Figure 3. Significant 
stimulation was observed at concentrations 50, 100, 500 
and 1000 μg/mL which evoked an increased stimulation by 
2.43 (p <0.01), 2.57 (p <0.05), 6.77 (p <0.001) and 2.37 
(p <0.001) times, respectively, more than the control. The 
highest insulin secretion was observed at teh concentration 
of 500 µg/ml (6.8-fold increment). This proves that the 

Figure 2. Insulinotropic effects of FK on glucose-stimulated insulin secretion 
by BRIN-BD11 cells (2 mM glucose). Values are expressed as 
means ± standard deviation (n = 6). The numbers in brackets 
is the fold increment value in relation to the control. *, **,*** 
superscript for p ≤0.05, ≤0.01 and ≤0.001, respectively.

Figure 3. Insulinotropic effects of glibenclamide on glucose-stimulated 
insulin secretion by BRIN-BD11 cells (2 mM glucose). Values are 
expressed as means ± standard deviation (n = 6). The numbers 
in brackets is the fold increment value in relation to the control. 
*, **,*** superscript for p ≤0.05, ≤0.01 and ≤0.001, respectively
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efficacy of glibenclamide in enhancing insulin secretion 
was much better than the beverages. However, the insulin 
secretion fell significantly at the highest concentration 
(1000 μg/mL) to only a 2.4-fold increment. Our results 
are in agreement with a previous study which suggested 
that the insulinotropic effect of glibenclamide was better 
at a certain dosage, and that the highest dose did not 
improve glycemic control [10].

Conclusion 

 The present investigation provides novel evidence that 
fermented kuini and ceri Terengganu juices exhibited 
antidiabetic activity. Finally, we described for the first 
time, the insulinotropic effect of fermented kuini and 
ceri Terengganu beverages, with particular focus on the 
mechanism of stimulating insulin secretion in pancreatic 
β cells.
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Abstract

 Salmonella infection, or salmonellosis, is a public endemic health risk in Malaysia that causes foodborne illness with 
long-term morbidity and mortality effects. Despite the numerous preventive mechanisms available to date, outbreaks of 
food poisoning have continued to occur and cause many problems. A number of natural plant products are well-known 
for their antimicrobial activity, and their role in treating multiple diseases. As the healing property of kuini (Mangifera 
odorata) is associated with its bioactive compounds, it is crucial to explore this bioactivity. Besides that, studies 
related to anti-Salmonella activity of kuini are scarce. Hence, this present study investigated the inhibitory activity of 
kuini extracts (from flesh, peel and seed kernel) against susceptibility to pathogenic Salmonella species. The activity 
was evaluated using a stepwise separation process called bioassay-guided fractionation, using a disc-diffusion based 
assay. The findings revealed that the seed kernel (83 – 90% inhibition) produced the most potent extract, followed 
by the peel (61 – 67% inhibition) and the flesh (53 – 69% inhibition). The inhibitory activity had a correlation with 
total phenolic content (TPC), ferric reducing antioxidant power (FRAP), and 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
scavenging activity of those extracts. Additionally, five active fractions were identified against both S. typhimurium and 
S. enteritidis. The method used in this study effectively and successfully separated cocktail compounds of kuini into 
their specific groups that signify their respective bioactivity. This study revealed that kuini contains anti-Salmonella 
properties. Further purification and isolation of those active fractions led to the identification of active compounds. 
Hence, kuini fruit is good for one’s health and wellness, especially in relation to intestinal microflora. Farmers, as well 
as the food-based and health product industries, may benefit from the findings reported in this present study. Kuini is 
a viable ingredient to use in antibacterial products and in functional food products, particularly for people vulnerable 
to salmonellosis.

Keywords: Antioxidant, bioactive compounds, bioassay-guided, Mangifera odorata, Salmonella spp. 

Introduction

 In Malaysia, foodborne illness has been a major 
concern in the light of food safety issues, especially 
amongst the most vulnerable groups, such as children, 
the elderly, pregnant women, and immune-compromised 
people. Salmonella infection, or salmonellosis, that 
causes food poisoning is a common food-related illness 
suffered by the public in Malaysia [1]. For instance, the 
Salmonellosis outbreak that was reported to be due to 
contaminated bubble pudding [2], and the contaminated 
net pancake (roti jala) case [3]. The food poisoning rate 
in Malaysia has escalated from 2005 to 2018, according 
to a report by the Ministry of Health in 2019, mainly 
due to Salmonella contamination in eggs, chicken, 
pork and beef. Using drugs, steroids and antibiotics to 

treat salmonellosis may weaken the immune system, 
and further affect the good bacteria in the body. Kuini, 
which belongs to the Mangifera genus, is a good source 
of natural products such as polyphenols, phenolic acids, 
terpenoids, and carotenoids. These natural products may 
contribute to the healing activity of kuini in treating 
diarrhoea, ulcers, pneumonia, and bowel disorders [4]. 
The anti-salmonellosis property in kuini has not yet 
been reported elsewhere. Phytochemical analyses of 
wild Mangifera species (which included kuini) revealed 
that kuini contains considerable amounts of antioxidants 
and total phenolic content (TPC) [5], signifying possible 
bioactivities in kuini. Therefore, kuini was the best choice 
for exploring inhibitory activity against pathogenic 
Salmonella typhimurium and S. enteritidis. 

Proceedings of MARDI Science and Technology Exhibition (2021): 392 – 394
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Materials and Methods

Susceptibility Test of Pathogenic Bacteria

 The inhibitory activity of each sample was determined 
by using a method described in [6] against two pathogenic 
bacteria, Salmonella typhimurium (ATTC 53648) and 
S. enteritidis (MDC15). The extracts were derived 
from the peel, the flesh, and the seed kernel of mature 
kuini fruit, which were heat-treated (treated) or not 
(the control). Each extract was fractionated using the 
stepwise bioassay-guided method, which generated 18 
fractions. Salmonella-inhibitory activity was expressed 
as percentage of inhibition, with fractions that had less 
than 50% inhibition reported as inactive.

Total Phenolic Content and Antioxidant Activity

 Total phenolic content (TPC) was determined following 
the Folin–Ciocalteau assay method [7], using gallic acid 
(Sigma, Germany) as the standard phenolic compound. 
Antioxidant activity or free radical scavenging ability was 
measured using a modified method prescribed in [8], with 
the aid of spectrophotometric assay and 2,2-diphenyl-1-
picrylhydrazyl (DPPH) as the stable radical reagent. The 
other method using ferric reducing antioxidant power 
(FRAP) assay was also employed as described in [9]. 
 All data were analysed using the one-way ANOVA 
statistical method. A schematic layout of the whole 
experimental design is illustrated in Figure 1.

Results and Discussion

Inhibitory Activity of Kuini Fractions

 Table 1 shows the inhibition (%) of S. typhimurium 
and S. enteritidis by kuini active fractions, as well as the 
phytochemical activities of each fraction. The highest 
inhibitory activity was derived from fractions of the 
seed kernel, followed by fractions of the peel and the 
flesh. Out of the 18 fractions, five were active against 
both pathogenic bacteria species; these fractions were 
methanol-treated seed kernel (KTM), methanol-control 
peel (PCM), hexane-treated flesh (FTH), hexane-treated 
peel (PTH) and ethyl acetate-treated seed kernel (KTE). 
The inhibitory activity of the methanolic fractions (KTM 
and PCM) was very potent, and high values were recorded 
for TPC, FRAP and DPPH scavenging activity unlike 
the other fractions. The potent activity indicated that the 
fractions contained strong polar compounds, likely to 
be polyphenols, with lower molecular weight [10]; this 
signifies that the active phenolic compounds were non-
polar in nature [11]. The inhibitory activity of the hexanal 
fractions (FTH and PTH) was mainly contributed by the 
DPPH scavenging activity, which was independent and 
uncorrelated to TPC and FRAP value for those fractions. 
These compounds were present in kuini flesh [12] and 
were soluble in hexanal fractions. Thus, this study led 
to the discovery of five fractions of kuini with anti-
salmonellosis property against both S. typhimurium and 
S. enteritidis bacteria. The inhibition activity correlated 
with phenolic content, antioxidant activity, and DPPH 
scavenging activity, as exhibited by the fractions. 

Figure 1. A schematic diagram of the inhibitory activity of kuini (Mangifera odorata) against Salmonella spp.
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Conclusion

 First and foremost, this study revealed the potent 
inhibitory activity of kuini fractions against S. typhimurium 
and S. enteritidis. Kuini displayed anti-Salmonella 
property with the most potent fraction derived from the 
seed kernel (KTM and KTE), followed by the peel (PCM 
and PTH) and the flesh (FTH). Essentially, this study 
highlights the health benefits of kuini and its importance 
in inhibiting foodborne pathogens.
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Table 1. Inhibitory activity of kuini active fractions against S. typhimurium and S. enteritidis through their 
phytochemical activities

Sample Fraction Inhibition 
(%)

TPC
(g GAE/g extract)

FRAP
(g Fe2+/g extract)

Scavenging activity
(% DPPH inhibition)

Seed kernel KTM 83 – 87 8.38 ± 0.05b 17.90 ± 0.05b 89.53 ± 0.05ab

KTE 53 – 61 0.04 ± 0.003j 0.08 ± 0.003j 44.78 ± 3.11h

Peel PCM 64 – 67 2.73 ± 0.08c 4.37 ± 0.11c 88.87 ± 0.57ab

PTH 53 0.24 ± 0.01gh 0.34 ± 0.004i 70.83 ± 0.98e

Flesh FTH 58 – 59 0.29 ± 0.02g 0.58 ± 0.02h 89.41 ± 0.09ab
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Abstract

 Foods with improved functionality and nutritional quality have gained global attention among food designers 
to capture the niche market segment for consumers with health concerns. Virgin coconut oil (VCO) has been well 
reported as being a healthy oil which offers multi-functional benefits to humans, and with no side effects; it has been 
safely consumed by millions of people for thousands of years. Despite the therapeutic value exhibited by VCO, most 
consumers, particularly among the younger generation, dislike direct consumption of VCO because of its oily taste 
and strong coconut aroma. Moreover, VCO easily solidifies at temperatures below 24 °C, causing inconvenience in 
consumption temperate countries. A VCO spread product was specifically designed to ensure sufficient daily intake 
of VCO as recommended through eating the spread, instead of the oil itself. The presence of small- and medium-
chain saturated fatty acids in VCO contribute to the soft creamy texture of the spread, which offers a more palatable 
way to enjoy the health benefits of VCO, predominantly among the younger generation. The unique solid fat content 
was specifically formulated based on various VCO blends to provide an instant melt effect, and allowing it to remain 
spreadable at sub-ambient temperatures and making this spread more convenient to consume whenever it is needed. A 
recent market validation study on the VCO spread which involved 393 respondents from the general public revealed 
good positive impact on the acceptability of the VCO spread. Interestingly, most of the respondents were willing to 
pay a premium price for this product. Further sensory evaluation on the product after 3 and 8 months’ storage of the 
VCO spread samples showed that a high acceptability level remained, indicating good product stability. Pilot plant 
production of VCO spread has been tested successfully in preparation of future commercialisation purposes. Introducing 
VCO spread offers a more convenient way to encourage more people to consume, and enjoy, VCO, which indirectly 
will support the growth of our local VCO industry.

Keywords: Creamy texture, market validation, solid fat content, spreadable, virgin coconut oil
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Introduction 

 Globally, the functional foods related to diet and 
health, aging, prevention of specific health conditions and 
weight management are of main interest to consumers 
now. Foods with improved functionality and nutritional 
quality have gained global attention among food designers 
keen to capture this niche market demand. Virgin coconut 
oil (VCO), a healthy functional oil, has captured public 
attention because of its multi-functional benefits to human 
health. VCO naturally contains a mixture of medium-chain 
fatty acids (MCFA) and long-chain fatty acids (LCFA) in a 
ratio of 3: 1 [1]. Among the saturated fatty acids found in 
VCO, lauric acid (saturated carbon 12 MCFA) is present 
in the highest quantity, followed by considerable amounts 
of capric, caproic and caprylic acids [2]. Therefore, VCO 
is useful to be consumed in a long-term dietary therapy. 

The presence of medium-chain triglycerides (MCT) in 
VCO results in different metabolic rates, which show 
different effects in postprandial thermogenesis [3]. The 
higher content of MCFA in VCO indicates a greater 
proportion of fatty acids are metabolised in liver via the 
portal blood system, leading to a higher rate of hepatic 
oxidation fatty acids. Therefore, less fat is available to be 
stored as adipose tissue, which is a valuable advantage 
of MCT oil in anti-obesity therapy [4]. MCT oil can be 
used in weight management therapy as it induces early 
satiety to reduce food intake, and suppresses fat deposition 
in adipose tissue through down-regulation of adipogenic 
genes, thus leading to weight loss [3, 5]. An open-label 
pilot study on 20 obese but healthy volunteers on a 
4-week diet on VCO concluded that VCO is efficacious 
in reducing visceral adiposity without causing any 
deleterious effects on biochemical and organ functions 
[1]. 
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 The presence of small- and medium-chain saturated 
fatty acids in VCO contributes to the soft creamy texture 
of the VCO spread. Through specific blends of VCO with 
other vegetables oil, a unique solid fat content profile 
was attained for the development of a healthy VCO 
spread for fresh consumption. A consumer acceptability 
study was conducted to assess the potential market for 
this functional VCO spread. Transforming VCO into the 
form of a spread will hopefully encourage more people, 
particularly the younger generation, to enjoy the health 
benefits of VCO, which indirectly will support our local 
VCO industry.

Materials and Methods

Preparation of VCO Spread

 A total of 80 kg VCO spread was produced using the 
pilot-scale margarine plant at the FGV Innovation Centre 
(Nilai, Negeri Sembilan). The VCO spread was tempered 
overnight after production to stabilise the oil emulsion 
droplets in order to achieve a smooth texture in the spread. 
The solid fat content of the VCO spread was determined 
at specific temperatures ranging from 5 to 50 °C, using 
nuclear magnetic resonance (NMR) spectroscopy (Bruker, 
Malaysia).

Consumer Acceptability Sudy of VCO Spread

 The consumer acceptability study was carried out 
during MARDI’s 50th anniversary open day celebrations 
in 2019. This event provided a good opportunity to recruit 
all kinds of people to perfom market validation for the 
VCO spread. A total of 393 respondents from the public, 
coming from different educational backgrounds, were 
involved in this survey. A 5-point hedonic scale was used 
to assess the consumer’s liking preferences, in terms of 
taste, colour, aroma, texture, physical appearance and 
overall acceptability.

Storage Stability Study of VCO Spread

 A sensory evaluation study was conducted on the 
VCO spread after storage at room temperature for a 
duration of 3 and 8 months to monitor the post-storage 
quality of the VCO spread. A total of 50 panellists were 
involved in this study. A 5-point hedonic scale based on 
the sensory attributes of taste, colour, aroma, texture, 
physical appearance and overall acceptability was used 
to assess the storage stability of VCO spread.

Results and Discussion 

Preparation of VCO Spread

 The VCO spread product was developed to overcome 
the problem of low VCO intake among the younger 
generation who do not like the greasy taste of VCO 
and its strong coconut aroma. The VCO spread was 
specifically formulated for convenient consumption, 
so that it can be eaten at any time anywhere as a meal 
spread on bread or biscuits. Most importantly, the VCO 
spread was aimed at solving the solidification problem 
of VCO as it is easily solidifies at temperatures below 24 
°C, causing inconvenience for consumption. A sharp drop 
in solid fat content of the VCO spread occurred at the 
temperature range of 5 to 20 °C; thereafter a low solid fat 
content remained at the temperature range of 20 to 50 °C, 
indicating a smooth texture with spreadable stability of 
for the spread (Figure 1). The VCO content in the spread 
product was formulated to ensure sufficient VCO intake 
according to recommendations on daily consumption.  
The formulated VCO spread also took into account the 
food satisfaction factors, such as fine texture, spreadable, 
“instant melt” in the mouth, and remaining stable at room 
temperature and at cold temperatures (4 °C); thus, the 
solid fat content profile of the VCO spread was designed 
to maintain the stability of the spread.

Figure 1. Solid fat content profile of VCO spread
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Consumer Acceptability Study of VCO Spread

 The market validation study on consumer acceptance 
of the VCO spread was conducted with the respondents 
given the opportunity to taste the spread personally and 
comment publicly. More than 89% of the respondents gave 
positive response to the VCO spread, with high scoring 
points for the sensory attributes of taste, colour, texture, 
aroma, physical appearance and overall acceptability 
(Figure 2).

Storage Stability Study of VCO Spread

 No significant differences were found in the sensory 
scores between 3 months and 8 months of storage. 
This finding reflects the good stability of the VCO 
spread (Figure 3). All the sensory scores for colour, 
aroma, texture, taste, physical appearance and overall 
acceptability were more than 4.2, indicating all the 
panellists showed a highly liking preference to eating the 
VCO spread even though the samples had been stored 
for 8 months.

Figure 2. Market validation study of VCO spread

Figure 3. Storage stability study on VCO spread
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Conclusion

 The VCO spread product was found to be well-
accepted by consumers based on data collected from the 
public market validation study. The smooth and spreadable 
texture of the spread was designed with a specific solid fat 
content profile to create an instant melt characteristic and 
good stability for long storage periods. By transforming 
VCO into a spread product, it is more convenient for 
people of all ages of people to consume it whenever it is 
needed. The VCO spread is expected to encourage the 
younger generation to consume VCO in the form of a 
spread as it is more palatable than drinking VCO. 
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Abstract

 Protein hydrolysates are specific protein fragments produced during the enzymatic hydrolysis of proteins, and they 
can exert various biological functions. In addition to acting as sources of nitrogen and amino acids, these peptides have 
numerous potential physiological functions within the body, including anti-hypertensive activity. Protein hydrolysates 
were produced from black tilapia protein isolate through enzymatic hydrolysis using papain. In vitro and in vivo analyses 
were performed to determine the anti-hypertensive activity of the protein hydrolysates. In vitro, anti-hypertensive 
activity of the protein hydrolysates was performed via angiotensin-converting enzyme (ACE) inhibitory activities. At 
an optimum degree of hydrolysis (after 4 h of hydrolysis), ACE inhibitory activity reached 81%. In vivo, the effects of 
administering protein hydrolysates to hypertensive-induced mice were studied. The hypertensive mice (systolic blood 
pressure; 161 mm/Hg ± 3) were fed with pellets consisting of protein hydrolysates at different concentrations, as well 
as with carvedilol, and combinations of carvedilol and protein hydrolysates. Systolic blood pressure was monitored. 
After 28 days, there were significant reductions in blood pressure between the groups receiving carvedilol (107 mm/Hg 
± 4), 5% protein hydrolysate (119 mm/Hg ± 1), 10% protein hydrolysate (123 mm/Hg ± 1), 20% protein hydrolysate 
(115 mm/Hg ± 2), and 10% protein hydrolysate in combination with carvedilol (103 mm/Hg ± 2). Studies on changes 
in liver enzyme levels, kidney function levels and ACE activity in blood serum were carried out. The results showed 
that treatment with protein hydrolysates on the hypertensive-induced mice reduced liver enzyme levels (ALP, ALT and 
GGT) and kidney function levels (Na+, K+ and Cl-) to normal. ACE activity in the serum of the hypertensive-induced 
mice was also reduced, as in the control mice after being treated with protein hydrolysates. The results showed the 
protein hydrolysates from black tilapia exhibited similar properties to carvedilol in reducing blood pressure.

Keywords: Antihypertensive, black tilapia, in vitro, in vivo, protein hydrolysate
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Introduction

 Hypertension, also known as high or raised blood 
pressure, is a condition in which the blood vessels show 
persistently raised pressure. Blood pressure is created 
by the force of blood pushing against the walls of blood 
vessels (arteries) as it is pumped around the body by 
the heart. An estimated 1.13 billion people worldwide 
have hypertension, and two-thirds live in low- and middle-
income countries [1]. In Malaysia, the National Health 
and Morbidity Survey (NHMS) 2019 reported that the 
overall prevalence of hypertension among adults aged 
18 years and above involved in this survey was 30.0% 
(28.57 – 31.50%) [2].

 Among the processes associated with hypertension, 
angiotensin I converting enzyme (ACE) plays an important 
role in the regulation of blood pressure. ACE inhibitors 
have been shown to be effective anti-hypertensive agents. 
Therefore, in addition to blood pressure control, ACE 
inhibitors have been shown to intensify the antioxidant 
defence system in animals and humans by inhibiting 
angiotensin II [3]. Many synthetic ACE inhibitors, 
including captopril, enalapril and lisinopril among others, 
are available for clinical use; however, some undesirable 
side effects may occur, such as cough, loss of taste, renal 
impairment and angioneurotic oedema [4]. Thus, other 
sources of ACE inhibitors as anti-hypertensive agents 
are needed to replace these synthetic ACE inhibitors.
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 The objective of the study was to investigate the anti-
hypertensive activity of protein hydrolysates derived from 
black tilapia (Oreochromis placidus) in vitro and in vivo.

Materials and Methods 

 Black tilapia was supplied by a retailer. All chemicals 
used in the study were of analytical grade. The proteins 
were extracted by suspending ground black tilapia flesh 
in water at a 1:10 ratio (w/v, minced muscle: water), 
and adjusting the pH to 9 with 0.5N NaOH. Soluble 
proteins present in the solution were separated out by 
centrifugation at 12,000 x g for 30 min at 4 °C, and the 
proteins were precipitated by adjusting the pH to 5.2 
with 2N HCl. The precipitate was washed with water 
and re-solubilised in deionised water, and the final pH 
was adjusted to 7.0 with 2N NaOH; the suspension was 
freeze-dried and stored at -20 °C until further use. The 
proteins were hydrolysed with a 2% papain substrate, i.e., 
enzyme: substrate ratio of 2:100 on a w/w basis, at pH 
6 and temperature of 60 °C for 4 h. The solutions were 
heated at 95 °C for 10 min to inactivate the enzyme.  
The hydrolysates were then centrifuged at 7800 x g, and 
the filtrates were then freeze-dried and stored at –20 °C 
until further use. The ability of the peptides produced 
enzymatically from black tilapia protein isolate to inhibit 
the activity of ACE in vitro was measured according to 
the spectrophotometric method of [5].
 The mice were fed with cookies containing 6% 
NaCl (w/w) for two weeks. The hypertension state was 
confirmed by measuring their blood pressure (CODA, 
Kent Scientifics). The control and hypertensive mice 
were divided into seven groups consisting of six animals 
each. Within 28 days of treatment, the mice were orally 
administrated with 1% NaCl (w/v) followed by the 
treatments:

 Group I – Control; Group II – Hypertensive mice; 
Group III – Hypertensive mice administered with 
carvedilol (CV, 0.15 mg/kg); Group IV – Hypertensive 
mice fed with 5% protein hydrolysates; Group V – 
Hypertensive mice fed with 10% protein hydrolysates; 
Group VI – Hypertensive mice fed with 20% protein 
hydrolysates; Group VII – Hypertensive mice fed with 
10% protein hydrolysates in combination with CV 
(0.15 mg/kg).
 Blood samples were collected at the end of the 
experiment followed by centrifugation at 2000 rpm to 
obtain the serum. The serum was then used to measure 
angiotensin-converting enzyme (ACE) activity. 

Results and Discussion

In vitro Angiotensin-converting Enzyme (ACE) 
Inhibitory Activity of Black Tilapia Protein 
Hydrolysates

 ACE inhibitory activity was reported as a percentage 
of ACE inhibition by the treatments. Figure 1 shows 
the ACE inhibitory activity of the peptides produced 
from black tilapia protein hydrolysates, using papain as 
a function of hydrolysis time from 0 to 24 hours. The 
results revealed that the optimum ACE inhibitory activity 
was 81% which was reached after 4 hours of hydrolysis. 
As the hydrolysis time was increased further, the ACE 
inhibitory activity decreased because the proteins were 
hydrolysed into smaller molecular weight. The ability of 
the low molecular weight peptides to inhibit ACE activity 
has also been reported for peptides derived from a variety 
of fish species such as yellowfin sole [6].

Figure 1. ACE inhibitory activity of black tilapia protein hydrolysates after 
different hydrolysis times. The results represent the means ± SD of three 
independent experiments
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Effect of Black Tilapia Protein Hydrolysates on 
Blood Pressure

 The effect of black tilapia protein hydrolysates on 
blood pressure is shown in Figure 2. The hypertensive 
mice (systolic blood pressure; 161 mm/Hg ± 3) were 
fed with pellets consisting of protein hydrolysates at 
different concentrations, as well as with carvedilol only, 
or a combination of carvedilol and protein hydrolysates, 
and were compared with the control group (of non-
hypertensive mice). In comparison to week 1, there was 
a significant reduction in blood pressure in the groups 
receiving carvedilol (107 mm/Hg ± 4, p = 0.001), 5% 
protein hydrolysates (119 mm/Hg ± 1, p = 0.000), 
10% protein hydrolysates (123 mm/Hg ± 1, p = 0.008), 
20% protein hydrolysates (115 mm/Hg ± 2, p = 0.002), 
and the combination of 10% protein hydrolysates and 
carvedilol (103 mm/Hg ± 2, p = 0.000) in week 4. 
No significant differences were observed between the 
hypertensive groups treated with protein hydrolysates 
or the combination with carvedilol compared to the 
control group. The results showed protein hydrolysates 
exhibited similar properties as carvedilol, a commercial 
drug for reducing blood pressure. Treatment with other 
anti-hypertensive proteins and peptides isolated from 
fish products has revealed a reduction in systolic blood 
pressure in spontaneously hypertensive rats (SHR) [6]. 

Effect of Black Tilapia Protein Hydrolysates on 
ACE Activity in Serum of Hypertension-Induced 
Mice 

 Figure 3 shows the effect of the black tilapia protein 
hydrolysates on ACE activity the in serum of hypertension-
induced mice. The effect of anti-hypertension was 
measured based on the ability of the protein hydrolysates 

to inhibit ACE activity in the serum. After 28 days of the 
experiment, it was observed that in comparison to the 
control (41% ± 0.577), there was a significant increase 
in ACE activity in the hypertension group (79% ± 0.882, 
p = 0.000). However, administration of carvedilol, or 5, 10 
and 20% of the protein hydrolysates, or the combination 
of carvedilol and 10% protein hydrolysates reduced the 
ACE activity. The reductions in the ACE activity of 
these groups were significant when compared to that 
of the hypertension group. The results showed that the 
protein hydrolysates were able to inhibit ACE activity 
at a rate comparable to carvedilol. A few studies have 
reported that ACE activity in serum was increased in 
the hypertension condition [7]. Foxtail millet protein 
hydrolysates has been reported to lower blood pressure 
in spontaneously hypertensive rats, while the serum ACE 
activity and angiotensin II levels in the treatment groups 
were significantly lower than that of the control [8].

Conclusion 

 In vitro, the bioactivity of the protein hydrolysates from 
black tilapia showed anti-hypertension activity (through 
an 81% angiotensin-converting enzyme inhibitory 
activity). In vivo, hypertensive mice fed with pellets 
containing the protein hydrolysates showed a significant 
reduction in blood pressure that was comparable to that of 
carvedilol, a commercial drug for reducing blood pressure. 
Thus, the effect of black tilapia protein hydrolysates 
on angiotensin-converting enzyme (ACE) activity in 
hypertension-induced mice was comparable to that of 
carvedilol. 

Figure 2. Systolic blood pressure of hypertension-induced mice treated with carvedilol, protein 
hydrolysates and a combination of carvedilol and protein hydrolysates over 4 weeks 
compared to the control and the untreated hypertensive mice. Results represent 
means ± SD of three independent experiments
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Figure 3. ACE activity in the serum of hypertension-induced mice after treatment 
with carvedilol, protein hydrolysates (PH) and a combination of 
carvedilol and protein hydrolysates after 28 days in comparison with 
the control and hypertensive mice. Results represent means ± SD of 
three independent experiments
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Abstract

 Okara is a by-product from the soybean industry that has a low value and is underutilised. This insoluble residue of 
the soybean is often used as an ingredient in animal feed or discarded. However, being rich in nutrients, this substrate 
not only can serve as a good medium for microbial growth such as lactic acid bacteria (LAB), but also can give added 
value to the food being developed. The novelty in this research was the development of a yogurt formulation involving 
okara, and the determination of its chemical composition and physicochemical properties derived from the fermentation 
process. Different formulations were used in this experiment. The microbial and the physicochemical properties, such 
as pH, Brix, titratable acid and protein content, of the final okara yogurt were determined. Based on this experiment, 
it was shown that when okara was used as an additional ingredient in the manufacture of yogurt, the number of live 
cultures was found to be higher than that of regular milk yogurt. Not only that, the chemical composition, such as 
protein, carbohydrate, and fibre contents, also showed a higher amount in these okara samples when compared to other 
test yogurt formulations without okara. Furthermore, the higher fibre content in the okara yogurt enhanced the growth of 
microbiota during fermentation, and also provided added value to the product which is very beneficial for people with 
digestive problems. The development of okara yogurt from a soy by-product is a valuable approach because it is not 
only beneficial to the environment, but can turn the low-value material into a high value product with health benefits.

Keywords: Okara, physicochemical properties, proximate parameters, starter culture, yogurt

Introduction

 Soybean curd residue (SCR), also known as okara, is 
a soy by-product generated during soymilk and soybean 
curd (tofu) manufacture. It consists of insoluble parts 
of the soybean seed that remain after the extraction of 
the aqueous fraction during the production of soymilk 
and soybean curd [1]. Okara is rich in dietary fibre and 
other nutritious substances, such as mineral elements and 
phytochemicals (isoflavone, saponin, and phytosterols). 
It has great potential as a functional ingredient in human 
food. However, okara’s high moisture content (70 – 80) 
has made it susceptible to spoilage as well as difficult 
to handle. Therefore, it is often used as an animal feed 
resource, or biofertiliser, or is discarded or dumped in 
landfills, causing environmental and economic problems. 
 Many types of research have shown that okara is a 
potential prebiotic substrate that can support probiotic 
growth and survive under simulated gastrointestinal 
conditions [2,3]. The dietary fibre in okara, which 
comprises polysaccharides, can pass through enzymatic 
digestion and acts essentially as a substrate to the 

intestinal microbiota. Thus, it is believed that consuming 
okara can impact the host’s microbial community and 
immunity [1]. In this research, an attempt was made 
to incorporate okara as an additional ingredient during 
yogurt production through lactic fermentation because 
of its nutritional properties that could lead to health 
enhancement. Therefore, the objective of this study was 
to evaluate the feasibility of incorporating okara into 
yogurt formulation, and to determine its physicochemical 
properties and proximate parameters.

Materials and Methods

Preparation of Okara

 The soybean curd residue (okara) was obtained 
from a small manufacturing plant of soymilk and tofu 
production in Seri Kembangan, Serdang, Selangor. 
The okara collected was immediately dried using oven 
drying at 40 – 50 °C for 12 – 16 hours until it reached 
4% moisture content. It was then ground using a grinder, 
vacuum-packed and stored at 4 °C for future usage.
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Fermentation

 Plain milk and okara yogurt were prepared using 
the ingredients listed in Table 1. The Dutch Lady full 
cream milk was used as Cow UHT milk, while Drinho 
Homesoy Original was used to represent soymilk. The 
commercial Yogourmet starter culture containing 5 types 
of lactic acid bacteria, namely, Streptococcus thermophile, 
Lactobacillus delbrueckii subsp. bulgaricus, L. casei, L. 
acidophilus and Bifidobacterium longum, was used as 
inoculum in the preparation of yogurt.
 The yogurt preparation was mixed and homogenised 
using a homogeniser at 7500 rpm for 10 minutes to ensure 
that the mixture is homogenised prior to the pasteurisation 
process which was conducted at 90 °C for 20 minutes. 
Both plain milk and okara yogurt fermentation was 
conducted by adding 3% of the inoculum preparation 
into each yogurt mixture, and then incubated at different 
temperatures (due to the dissimilar fermentation rate 
of the two substrates). Okara yogurt was fermented at 
30 °C while plain yogurt was fermented at 37 °C. The 
fermentations were stopped after 16 hours (when the pH 
reached 4.5)

Physicochemical, Microbiological and Proximate 
Analyses 

 All the samples were subjected to physicochemical 
and microbiological analyses (pH, Brix, titratable acid 
and enumeration of total cell count) before fermentation. 
These analyses were repeated and recorded after 
fermentation for comparison purposes. For proximate 
analysis, the okara yogurt sample was subjected to 
moisture, ash, crude protein, fat content and dietary fibre 
analyses after fermentation. The results were compared 
to the typical chemical composition of milk yogurt. All 
analyses followed the standard methods recommended 
by the Association of Official Analytical Chemists 
(AOAC) [4].

Results and Discussion

Physicochemical Properties of Yogurt

 Table 2 shows the physicochemical parameters of 
the various yogurt products. All the parameters were 
determined before and after fermentation. All the samples 
managed to reach pH 4.5 after different incubation times. 
The samples with soymilk reached pH 4.5 faster than the 
samples with skimmed milk. The metabolic reaction of 
lactic acid bacteria not only produces lactic acid, but also 
acetaldehyde that causes the lowering of pH to between 
3.6 and 4.5. The lowered pH subsequently causes the 
casein (milk protein) to coagulate and precipitate, forming 
a solid, thick curd that makes up the yogurt [5].
 Titratable acidity (TTA) which indicates the amount 
of lactic acid produced also increased after 16 hours of 
incubation during yogurt preparation. The increase in 
titratable acidity is caused by the activity of the lactic 

acid bacteria (LAB) that breaks down lactose and other 
sugars into lactic acid. The highest amount of titratable 
acidity was observed in the milk yogurt at 1.08 ± 0.42%, 
followed by the okara yogurt at 0.97 ± 0.05%, and soy 
yogurt without the addition of skimmed milk (at 0.5 
± 0.16%) (Table 2); however, there was no significant 
difference in the values of titratable acidity observed 
among the yogurt samples.
 Total soluble solids or sugar content is measured in 
°Brix. It was observed that the sugar content was reduced 
with an increase of incubation time, as indicated by the 
decrease in Brix value in the yogurt samples. This suggests 
that the sugars present had been consumed by LAB for 
growth during the lactic acid fermentation.

Total Viable Cell Count

 Total viable cell count in the yogurt samples was 
determined after fermentation. Total viable cell count 
was comparable in both okara yogurts (with and without 
skimmed milk), and was higher than that found in milk 
yogurt. The highest total viable cell count was attained 
in okara yogurt incorporated with skimmed milk at (4.3 
± 0.19) x 109CFU/mL, followed by okara yogurt without 
skimmed milk (1.83 ± 0.21) x 109 CFU/mL) and cow 
milk yogurt (1.43 ± 0.22) x 109 CFU/mL). In this study, 
the higher total viable cell count was observed in the 
okara yogurts than in the other yogurt types; this was 
probably due to the presence of dietary fibre in the okara 
that enhanced probiotic growth and viability.

Proximate Analysis of Okara Yogurt

 In this study, due to some limitations, the proximate 
analysis was only performed on the okara yogurt sample 
(in the one with addition of skimmed milk) to determine 
its chemical composition. The results of the proximate 
composition analysis of the okara yogurt and the typical 
proximate composition of cow milk yogurt are presented 
in Table 4. It is clear that overall, the okara yogurt 
contained higher protein and carbohydrate contents than 
the milk yogurt. Besides that, the okara yogurt also 
contained a lower fat content but was higher in energy 
and dietary fibrer than milk yogurt. The protein content of 
the okara yogurt was slightly higher than cow milk yogurt 
at 4.46 ± 0.042%. The fat content of the okara yogurt 
was slightly lower than cow milk yogurt as it is known 
that plant milk (soymilk) generally contains less fat than 
animal milk (cow milk). In addition, the carbohydrate 
content of the okara yogurt was (16.15 ± 0%) which was 
more than 3 times higher than in the milk yogurt. Besides 
the carbohydrate content, the okara yogurt also had a 
higher energy content than the milk yogurt. In addition, 
a substantial amount of dietary fibre was also detected in 
the okara yogurt (4.43 ± 0%) as okara itself consists of 
insoluble fibre, while no fibre was detected in the milk 
yogurt.
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Table 1. Formulation and ingredients employed in the production of plain milk and okara yogurt

Ingredient Milk yogurt Okara yogurt
(without skimmed milk)

Okara Yogurt
(with skimmed milk)

Cow UHT milk (L)  1 - -
Soy milk (L) - 1  1
Skimmed milk (g/L)  60 -  60
Sugar (g/L) 120 120 120
Okara (g/L) -  30  30

Table 2. Physicochemical properties of the milk and okara yogurts before and after fermentation

Before fermentation
Physicochemical 
properties

Milk yogurt Okara yogurt 
(without skimmed milk)

Okara yogurt
(with skimmed milk)

p-value

Brix (°) 26.36 ± 0.07c 20.60 ± 0.14a 24.00 ± 0.57b <0.05
pH  6.36 ± 0.01a  6.42 ± 0.00a  6.64 ± 0.03b <0.05
TTA (%)  1.08 ± 0.42a 0.495 ± 0.16a  0.97 ± 0.05a  0.05

After fermentation
Physicochemical 
properties

Milk yogurt Okara yogurt 
(without skimmed milk)

Okara yogurt 
(without skimmed milk)

p-value

Brix (°) 20.45 ± 0.07b 17.95 ± 0.07a 20.50 ± 0.99c <0.05
pH  4.54 ± 0.05b  4.33 ± 0.01a  4.41 ± 0.04ab <0.05
TTA (%)  1.04 ± 0.33a  0.63 ± 0.16a  1.16 ± 0.21a  0.08

All values are expressed as mean ± standard deviation. Values with different superscript within the row are significantly different 
(p <0.05)

Table 3. Total viable counts of lactic acid bacteria

Parameters
Mean total viable count (CFU/mL)

Before fermentation
(x 107 CFU/mL)±SD

After fermentation
(x 109 CFU/mL)±SD

Milk yogurt 2.06 ± 0.19a 1.43 ± 0.22a

Okara yogurt (without skimmed milk) 2.06 ± 0.25a 1.83 ± 0.21a

Okara yogurt (with skimmed milk) 2.36 ± 0.10a  4.3 ± 0.19b

a,b Mean values within a column with unlike superscript letters were significantly different (p <0·05)

Table 4. Chemical composition of okara yogurt in comparison with typical composition of 
milk yogurt

Chemical composition
(per 100g)

Milk yogurt* Okara yogurt
(with skimmed milk)

Protein (g) 3.47  4.46 ± 0.04
Total fat (g) 3.25  2.02 ± 0.03
Total carbohydrate (g) 4.66 16.15 ± 0
Ash (g) -  0.7 ± 0.14
Moisture content (%) 87.90 76.67 ± 0.13
Energy (kcal) 61 101 (424 kj) ± 0
Dietary fiber (g) 0  4.43 ± 0

*Note-Typical chemical composition of milk yogurt (Chandan, 2017)
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Conclusion

 Microbial fermentation of okara plays an important 
role in decreasing the insoluble fibre content, increasing 
the contents of protein, soluble fibre, isoflavones, 
and amino acids, and decomposing phytic acid, thus, 
resulting in upgrading the processing properties as 
well as nutritional value of okara yogurt. Incorporating 
okara in yogurt preparation, fortified with the skimmed 
milk, resulted in a better taste, a higher total viable cell 
count, and comparable and acceptable physicochemical 
characteristics and chemical composition with the milk 
yogurt as a reference; these parameters also comply with 
the Codex standard for yogurt. It would appear that the 
addition of okara as an ingredient in the development 
of okara yogurt enhances the yogurt’s nutritional 
composition. Through the microbial fermentation process, 
the protein and dietary fibre are converted into more 
valuable bioactive metabolites, such as peptides, amino 
acids, insoluble dietary fibre, which could enhance 
probiotic growth (through the prebiotic and cell adhesion 
effects of okara), providing extra health beneficial effects 
which promise potential for the development of functional 
ingredients for human consumption.
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Abstract

 Bubuk, Mamut and Bali are three well-known local rice varieties planted in Sarawak. Besides normal consumption, 
it is also important to diversify the usage of local rice varieties, in particular for the processing of value-added food 
products. Rice is both versatile and economical, therefore suitable to be used for the production of food products such 
as puffed rice bars. It is a complex carbohydrate, and free from fat, cholesterol, and sodium. As modern lifestyles 
require more time away from home, there is a need for a nutritious and pleasing method of food portability. Three 
puffed rice bars were produced by using the same formulation based on a fruit granola bar formulation from literature. 
Each developed puffed rice bar was made by using a different variety of rice; Bubuk, Mamut and Bali. Visually, the 
developed chocolate-coated puffed rice bars (RB Bubuk, RB Mamut and RB Bali) did not differ when compared to 
the cereal and energy bars available in the market. Texture analysis showed RB Bubuk and RB Mamut had a tender 
chewy texture when compared with the commercial chocolate bar. The Bubuk puffed rice bar was the most preferred, 
getting the highest score in all the sensory attributes. Proximate analysis showed no significant difference in protein and 
crude fibre contents between the three puffed rice bars. Overall, the Bubuk puffed rice bar was the most recommended 
for having a higher energy content, yet remaining low in carbohydrate. The product can be named “Ricenola Bar”, 
like the famous granola bar. The development of this puffed rice bar can contribute to the local industry, especially to 
the farmers, local people and the small and medium industries. The use of local rice as an ingredient in food products 
will also increase the demand for more large-scale cultivation of local rice varieties.

Keywords: Sarawak traditional rice, ricenola bar, puffed rice bar, puffed rice
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Introduction

 Bubuk, Mamut and Bali are three well-known local 
rice varieties planted in Sarawak, mostly in the central 
region of Batang Lupar, Sri Aman and Betong. Besides 
normal consumption, it is also important to diversify the 
usage of local rice varieties, particularly in the processing 
of value-added food products. Rice is both versatile 
and economical, therefore is suitable to be used for the 
production of varied food products, such as puffed rice 
bars [4]. Rice is a complex carbohydrate, and free from 
fat, cholesterol and sodium. It is also non-allergenic, 
which is good for people with Celiac Spruce Disease.
 As modern lifestyles require more time away from the 
home, there is a need for a nutritious and pleasing method 
of food portability. Energy bars, granola and rice bars are 
well-known snacks that may fill this need. Granola and 
rice bars are designed to be snack foods, and not much 
more. Some are good whole grain supplements for meals, 
but on their own, these bars lack essential nutrients. It is 

better to look for those with whole oats or other grains, 
dried fruit, and nuts. To make a more complete meal out 
of granola and rice bars, some fresh fruits or vegetables, 
and lean protein may be added [3]. To meet these needs, 
Sarawak’s traditional rice has good potential to be used 
in the production of a puffed rice bar, as it is planted 
widely which promises a stable supply, is a low cost of 
raw material, and the traditional rice itself is believed to 
be nutritious. The objective of this study was to evaluate 
the viability of using Sarawak’s traditional rice as an 
ingredient in the production of puffed rice bars.

Materials and Methods

Puffed Rice

 Freshly cleaned and sun-dried (± 12% moisture 
content) Sarawak local paddy of Bubuk, Mamut and Bali 
varieties were used in this study. The paddy were then 
puffed in a heated wok without using cooking oil. The 



408

puffed rice was allowed to cool before separating the husk 
from the puffed kernel by using a sieve or by hand.

Processing of Puffed Rice Bar

 Three puffed rice bars were produced using the same 
formulation based on the fruit granola bar formulation 
developed by Sharifah and Norazizah [7] but with some 
modification. Table 1 shows the formulations of the puffed 
rice bars made from Bubuk rice (RB Bubuk), Mamut rice 
(RB Mamut) and Bali rice (RB Bali).
 The puffed rice was mixed with oatmeal on a tray 
and flattened. The mixture was then baked in an oven 
at 180 °C for 30 minutes. Once completed, the mixture 
of puffed rice and oatmeal was left to cool to until a 
temperature of 80 – 90 °C. Maltose syrup, glucose syrup 
and vegetable oil were mixed together in a heating pan and 
cooked slowly at 70 – 80 °C while continuously stirring. 
Once the mixture was well blended, honey and skimmed 
milk powder were added while stirring to form a syrup. 
The syrup was then heated to a temperature of 104 °C.
 The mixture of puffed rice and oatmeal that had 
been baked and left to cool earlier was then mixed with 
small pieces of raisin. The syrup while it was still at 
a temperature of 80 – 90 °C was then poured into the 
mixture of puffed rice, oatmeal and raisin and stirred 
well. After that, condensed milk and vanilla flavouring 
were then added for the final mixing. The mixture was 
then placed in a baking tray, followed by slowly pressing 
and flattening the surface with a rolling pin. The mixture 
was finally baked at 180 °C for 20 minutes to form a 
solid yet a little spongy puffed rice mixture. The puffed 
rice mixture was cut into bars (Figure 1) before being 
coated with melted chocolate and left in a refrigerator to 
freeze (Figure 2). Figure 3 shows the processing flow of 
the puffed rice bars.

Texture Analysis

 Texture analyses of the puffed rice bars and a 
commercial chocolate bar were done by using TA.XTplus 
Texture Analyser, a method suggested by Chen [5]. 

Table 1. Formulations of puffed rice bars using three different rice varieties, Bubuk, Mamut and Bali

Ingredient Puffed rice bar
Bubuk rice

[RB Bubuk] (%)

Puffed rice bar
Mamut rice

[RB Mamut] (%)

Puffed rice bar
Bali rice

[RB Bali] (%)
Puffed rice 18.5 18.5 18.5
Maltose syrup 12 12 12
Glucose syrup 9 9 9
Oatmeal 10 10 10
Condensed milk 17 17 17
Raisin 15 15 15

Figure 1. Puffed rice bar

Figure 2. Puffed rice bar with chocolate coating

Sensory Acceptance

 Twenty panellists were involved in this study. Each 
sample was rated on the standard sensory attributes 
(aroma, colour, stickiness, tenderness and taste) by using 
the 7-point hedonic scale with 1 = disliked very much, 2 
= disliked moderately, 3 = disliked slightly, 4 = neither 
liked nor disliked, 5 = liked slightly, 6 = liked moderately, 
and 7 = liked very much. The scores were collected and 
analysed statistically.
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Figure 3. Processing flow of puffed rice bar

Proximate Analysis of Puffed Rice Bars

 Analyses of puffed rice bar sample were done in 
duplicate. Moisture, ash, crude fibre, carbohydrate and 
energy were determined by using the standard AOAC 
methods [1, 2]. Moisture was determined by the difference 
in sample weight after heating in a vacuum oven at 105 °C 
until constant weight. Ash was determined by calculating 
the net weight of the sample after heating in a furnace at 
550 °C to constant weight. The crude fibre was determined 
as the resulting dry residue after treating a 2g sample with 
200 ml of 0.225N H2SO4, and with 100 ml of 2.5% NaOH 
solution. Protein and fat were determined according to an 
in-house method 0506 and 0511, respectively, based on 
Pearson’s Chemical Analysis of Food [6]. Carbohydrate 
was calculated according to in-house method 0512 based 
on the method of analysis for Nutritional Labelling [2] by 
subtracting the values of moisture, protein, crude fibre, 
fat and ash from 100.

Statistical Analysis

 Statistical analysis was performed using SPSS. The 
data were statistically analysed by analysis of variance. 
The Duncan Multiple Range Test was used to detect the 
significant difference between the samples.

Results and Discussion 

Texture and Visual Appearance 

 Visually, the developed chocolate-coated puffed 
rice bars did not differ from the cereal and energy bars 
available in the market. Texture analyses showed that 
the texture readings for the Bubuk puffed rice bar (RB 
Bubuk) was 5.462 kg Force 1, Mamut puffed rice bar (RB 
Mamut) was 5.545 kg Force 1, and Bali puffed rice bar 
(RB Bali) was 7.145 kg Force 1. Lower readings indicate 
a puffed rice bar with a softer texture. In comparison, a 
commercial chocolate bar (Cloud 9) showed a texture 
reading of 3.576 kg Force 1 (Table 2). 

Sensory Acceptability of Puffed Rice Bars

 Sensory scores for the developed puffed rice bars are 
shown in Table 3. Although analysis of texture showed 
some difference between the three puffed rice bar samples, 
the results of the sensory analysis showed no significant 
difference (p <0.05) between the three samples for the 
attributes of aroma, colour, stickiness, tenderness and 
taste. However, RB Bubuk score the highest in every 
attribute, with 6.10 for aroma, 5.80 for colour, 5.45 for 
stickiness, 5.25 for tenderness, and sharing the same 
high score of 5.85 with RB Bali for taste. Sensory scores 
ranging from 6.10 to 5.25 for all the sensory attributes of 
RB Bubuk indicated good consumer acceptance for this 
puffed rice bar.
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Table 2. Texture of puffed rice bars compared to a commercial chocolate bar

Attribute RB Bubuk RB Mamut RB Bali Commercial chocolate bar
Average Hardness
(Kg Force 1)

5.462 ± 0.68 5.545 ± 1.16 7.145 ± 1.16 3.576 ± 0.59

Table 4. Proximate analyses of the developed puffed rice bars

RB Bubuk RB Mamut RB Bali
Energy/Calorie (Kcal) 488.00 ± 7.07a 469.00 ± 1.41ab 452.00 ± 8.48b
Protein (%)  5.80 ± 0.28a  5.45 ± 0.35a  4.85 ± 0.21a
Carbohydrate (%)  60.60 ± 0.14c  67.60 ± 0.98b  70.65 ± 0.35a
Fat (%)  24.75 ± 0.91a  19.65 ± 0.77b  16.70 ± 0.98b
Crude Fibre (%)  0.85 ± 007a  0.65 ± 0.07a  0.85 ± 0.07a
Ash (%)  1.60 ± 0.14a  1.70 ± 0.00a  1.80 ± 0.14a
Moisture (%)  6.45 ± 0.63a  4.85 ± 0.49a  5.15 ± 0.49a

Mean values in the same row with different letters are significantly different with p <0.05

Table 3. Mean scores of sensory attributes for the developed 
puffed rice bars

Paramaters RB Bubuk RB Mamut RB Bali
Aroma 6.10 ± 0.78a 5.50 ± 1.31a 5.70 ± 1.12a
Colour (filling) 5.80 ± 1.15a 5.75 ± 1.01a 5.60 ± 0.94a
Stickiness 5.45 ± 1.19a 5.20 ± 1.36a 5.00 ± 1.16a
Tenderness 5.25 ± 1.40a 4.95 ± 1.60a 4.90 ± 1.07a
Taste 5.85 ± 0.98a 5.50 ± 1.14a 5.85 ± 0.98a

Mean values in the same row with different letters are significantly 
different with p <0.05

Proximate and Nutritional Values

 The developed puffed rice bars provided nutritional 
value without sacrificing taste and flavour, as well as 
possessed a reasonable shelf life, during which the 
texture remained chewy without becoming sticky, hard, 
or crumbly. In this study, the traditional rice varieties 
from Sarawak’s were used, as it was believed that they 
have a unique taste and are high in nutritional properties, 
having come from fields where the farming methods used 
are more traditional and organic in approach.
 Nutritional values of the developed puffed rice bars 
are shown in Table 4. The results show no significant 
difference in moisture, ash, protein and crude fibre 
between the three puffed rice bars. However, there were 
significant differences in energy, carbohydrate and fat. 
RB Bubuk is the most recommended for having higher 
energy content, yet remaining low in carbohydrate. Low 
or reduced carbohydrate content in energy bars is vital to 
reduce the risk of diabetes resulting from a high glycaemic 
index [8].

Conclusion

 The best and more preferred puffed rice bars, based 
on sensory attributes, were those formulated by using 
either Bubuk or Mamut rice varieties. The rice from these 
varieties produced a puffed rice bar with a soft and tender 

chewy texture. Overall, the Bubuk puffed rice bar is the 
most recommended for having higher energy content, 
yet is low in carbohydrate. The product can be named 
“Ricenola Bar”, like the famous granola bar (consisting 
of rolled oats, other cereals and nuts). On a bigger scope, 
the development of puffed rice bars can contribute to the 
local industry, especially benefitting the farmers, local 
people and the small and medium industries. The use of 
local rice as an ingredient in food products will increase 
the demand for more large-scale cultivation of local rice 
varieties.
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Abstract

 The village chicken farming industry is growing due to the desirable characteristics of the chicken, such as resistance 
to some diseases, outstanding meat flavour and taste. MARDI has developed a village chicken breed named Ayam 
Saga. To evaluate the quality of Ayam Saga MARDI, a sensory evaluation study needs to be done. One of the most 
important quality criteria of chicken meat for the consumer is sensory quality, which is characterised by colour, aroma, 
texture and flavour. The Quantitative Descriptive Analysis (QDA) methodology is one of the most used descriptive 
approaches. Therefore, the main objective of this work was to develop a list of suitable sensory attributes for Ayam 
Saga MARDI, and to compare its quality with that of hybrid village chicken and broiler chicken. The breast meat of 
all samples was cut into cubes (2 cm x 2 cm x 2 cm) and steamed for 4 minutes before being evaluated by 8 selected 
assessors. The results were used to develop a sensory lexicon for further quantitative assessment of chicken meat by 
30 experienced panellists using that lexicon and 15-cm line scales indicating the intensity of a given attribute. From 
the study, nine sensory attributes were successfully generated specifically for Ayam Saga MARDI. The analysis of 
the sensory attributes showed that there were great differences between village chicken and broiler chicken in terms 
of tenderness and firmness.  In conclusion, Ayam Saga MARDI and hybrid village chicken were not much different 
from one another. However, in terms of overall acceptability, Ayam Saga MARDI was more preferred than the hybrid 
village chicken.

Keywords: Ayam Saga MARDI, broiler chicken, hybrid village chicken, sensory evaluation, Quantitative Descriptive Analysis
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Introduction

 The demand for village chicken has increased among 
the local communities in Malaysia, especially in the urban 
areas, due to the desirable characteristics of the chicken, 
such as resistance to some diseases, and outstanding 
meat flavour and taste. This phenomenon has led to the 
hybrid village chicken farming industry growing fast 
nowadays. The Animal Production System Programme 
of the Livestock Science Research Centre MARDI has 
developed a village chicken breed named Ayam Saga. 
With the presence of various types of hybrid village 
chicken in the market, it is very important to evaluate 
the sensorial quality of Ayam Saga of MARDI. 

 One of the most important quality criteria of chicken 
meat to the consumer is sensory quality, which is 
characterised by the appearance (colour), aroma, texture 
and flavor of the meat. The Quantitative Descriptive 
Analysis (QDA) methodology [1] is a valuable tool that 
is widely used in food research. Therefore, the main 
objective of this work was to develop a list of suitable 
sensory attributes for Ayam Saga MARDI, and to compare 
its quality with that of hybrid village chicken and broiler 
chicken, using a descriptive analysis test. A trained panel 
consisting of 8 selected assessors was used to develop a 
sensory lexicon for further quantitative assessment by 30 
experienced panellists of chicken meat using that lexicon 
and 15-cm line scales to indicate the intensity of a given 
attribute. Two products may contain the same qualitative 
descriptors, but they may differ in the intensity of each, 
which will result in different sensory profiles.  
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Materials and Methods

Chicken Preparation

 Carcasses of Ayam Saga (AKM) chicken from MARDI, 
hybrid village chicken (AKN) from Semenyih, and broiler 
chicken (AKB) from Kuala Selangor were processed at 
the Animal Science Research Centre, MARDI. All the 
chicken were 20 weeks old at the time of slaughter. Breast 
fillets were removed from the carcasses, weighed, placed 
in zip-lock freezer bags and then in a cooler, before being 
transported to the Sensory Analysis Laboratory in the 
Food Science and Technology Research Centre within 
15 min (the temperature of the carcasses was around 
3 – 4 °C on arrival). Upon arrival, the breast fillets were 
immediately stored frozen overnight. Sensorial evaluation 
was carried out on the next day after thawing out the 
frozen fillets for 4 hours prior to analysis. 

Steaming Process for Sensory Evaluation

 The thawed breast fillets were washed and rinsed before 
being cut into cubes of size 2 cm x 2 cm x 2 cm. The 
samples were then steamed for 4 min using an electric 
steamer (Figure 1), and kept in a thermal insulated box 
before being placed in plastic cups marked with different 
codes, according to a master sheet form prepared earlier. 

Sensory Analysis

Development of Descriptive Terminology

 A group of eight panellists was selected for developing 
the descriptive analysis; they were selected based on their 
experience in evaluating chicken meat and their ability to 
discriminate between sensory differences. The selected 
panellists met for an open discussion lasting about 3 – 4 
hours to develop the sensory descriptive terms to be 
used in the definitive tests. Samples of steamed breast 
meat of AKM were then evaluated to generate possible 
attributes which were to be reported in a form. After 
generating of the descriptive terms, an evaluation form 
composed of non-structured 15-cm scales, one for each 
descriptive sensory term, was drawn up. Nine sensory 
attributes were chosen and defined, viz; colour, poultry 
odour, tenderness, firmness, juiciness, sweetness and taste 
during chewing, poultry taste during eating (aftertaste), 
and overall acceptability (Table 1). Through general 
consensus, the group defined reference materials to help 
in the identification of all the sensory characteristics of 
the village chicken, and to anchor the extreme points of 
the intensity scales. 

Figure 1. Steaming process of chicken fillets

Washing and rinsing process

Chicken samples put in the 
steamer rack

Steamer for 4 minutes using an 
electric steamer

Steamer chicken ready to be tested

Breast chicken fillet 2 cm x 2cm cube of breast fillet
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Table 1. Sensory attributes and definitions used by the descriptive analysis panel to evaluate test samples

Attribute Description terms Definition
Colour
(appearance)

White Intensity of the white colour of the meat 
Yellowish-white Intensity of the yellowish-white colour of the meat

Aroma/Odour Poultry smell Extent of the poultry smell when sniffed at 
Texture Tenderness Intensity of the tenderness of the chicken meat

Firmness Degree of resistance of the chicken meat to pressure from the 
teeth

Juiciness Ability of the chicken meat to produce juice in the mouth
Taste
(flavour)

Sweetness Intensity of sweet taste on the tongue 
Poultry taste during chewing Poultry taste remaining in the mouth after chewing the meat 

Poultry taste during eating (aftertaste) Poultry taste remaining in the mouth after swallowing the meat 

Figure 2. Sensory panel evaluating the samples in individual booths

Descriptive Sensory Tests

 Sensory analysis was conducted according to standard 
procedures [2]. Quantitative descriptive analyses 
were performed using an experienced sensory panel 
comprising 30 members, aged 27 to 45, who frequently 
eat village chicken meat. Each panellist assessed the 9 
attributes (which had been chosen and defined during the 
preliminary tasting sessions by the 8 trained panellists) of 
the chicken samples according to an unstructured 15-cm 
linear intensity scale for each attribute. The scale ranged 
from “very weak” to “very strong”, except for colour 
which ranged from “white” to “yellowish-white”, and the 
sensory data were recorded as distances (cm) from the 
origin. The panellists were seated in individual booths, 
free from noise and odours, and suitably illuminated 
with natural light (Figure 2). The samples were served 
in plastic cups coded with 3 digits using a permutation 
table. A bottle of drinking water was provided to cleanse 
the palate in between samples. 

Statistical Analysis

 All the data were recorded in an Excel spreadsheet 
before being statistically analysed using the Statistical 
Analysis Software (SAS) package version 9.4 of SAS 
Institute, Inc. Cary, NC, 2008 [3]. Statistically significant 
differences (p <0.05) in the sensorial attributes of the 
samples were determined by one-way analysis of variance 
(ANOVA). Duncan Multiple Range Test (DMRT) 
was used to determine significant differences between 
the means. 

Results and Discussion

Descriptive Sensory Analysis

 The mean scores of the 9 sensory attributes of AKM, 
AKN and AKB from the sensory panel are displayed in 
Table 2. The results showed that the colour attribute for 
the hybrid village chicken was more yellowish-white than 
Ayam Saga MARDI and broiler chicken, which were 
more white in colour. It is well-known that the texture 
of village chicken is firmer than that of broiler chicken. 
This fact was proven from this study which showed that 
village chicken (AKM and AKN) were less tender and 
firmer than the broiler chicken (p <0.05), which means 
that MARDI’s breed of village chicken was more or less 
the same as the commercial village chicken. In addition, 
results from ANOVA showed that the attributes of poultry 
smell, juiciness, sweetness, poultry taste during eating and 
after eating were not significantly different among AKM, 
AKN and AKB (p >0.05).
 Furthermore, a comparison of the sensory analysis 
in a spiderweb chart was created to provide a graphic 
representation of the quantitative descriptive analysis 
(Figure 3). From the figure, it is clear that the broiler 
chicken was more tender and less firm compared to 
AKM and AKN. Moreover, the broiler chicken gave the 
highest score for overall acceptability, followed by Ayam 
Saga MARDI and the hybrid village chicken, although 
the scores were not significantly different among the 
three samples, according to Duncan multiple range 
test (p >0.05).
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Conclusion

 Nine sensory attributes were successfully generated, 
specifically for Ayam Saga breed of MARDI. The sensory 
attribute analysis showed that there were large differences 
between the village chicken and the broiler chicken in 
terms of tenderness and firmness. However, the main 
objective of the study was to compare the characteristics 
of the village chicken breed from MARDI and the hybrid 
breed. In conclusion, Ayam Saga MARDI and the hybrid 
village chicken were not much different. However, from 
the results on overall acceptability, Ayam Saga MARDI 
was preferred more than the hybrid village chicken.
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Table 2. Mean scores for the sensory attributes of the three chicken samples

Sensory attribute AKM AKN AKB
Colour 6.78 ± 3.23b 10.65 ± 2.18a 5.99 ± 3.33b

Poultry smell 7.52 ± 3.81a 8.73 ± 3.44a 9.48 ± 3.68a

Tenderness 9.15 ± 3.62b 8.52 ± 2.94b 11.08 ± 2.72a

Firmness 7.45 ± 3.80a 7.13 ± 3.01a 5.28 ± 3.61b

Juiciness 8.52 ± 2.31ab 7.47 ± 3.18b 9.67 ± 3.24a

Sweetness 8.23 ± 2.93a 8.43 ± 3.32a 8.70 ± 3.14a

Poultry taste during chewing 6.53 ± 3.04a 7.12 ± 3.39a 7.40 ± 3.77a

Poultry taste during eating (aftertaste) 6.52 ± 3.48a 6.72 ± 3.41a 6.98 ± 3.51a

Overall acceptability 9.52 ± 2.69ab 8.47 ± 3.36b 10.70 ± 2.60a

Means within a row with the same superscript letter (a-b) are not significantly different from one another, 
depending on the results of Duncan Multiple Range Test (DMRT). AKM = Ayam Saga MARDI, AKN = 
commercial village chicken, AKB = broiler chicken

Figure 3. Spiderweb chart of sensory analysis represented by 9 attributes
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Abstract

 Bee bread, the hive’s primary source of protein and nutrition, has earned the moniker “food of the gods”. It is a 
mixture of flower pollen, honey and bee salivary enzymes. This study was to evaluate different commercial proteolytic 
enzymes such as Alcalase, Bromelain, Flavourzyme, Papain and Pepsin in enhancing the yield of soluble protein 
concentration, and free amino acids, which include total amino acids (TAA) and essential amino acids (EAA), of bee 
bread. Bromelain was found to be the most suitable proteolytic enzyme for the hydrolysis process on bee bread.  Bee 
bread extraction using Bromelain resulted in a higher yield of soluble protein concentration (SPC), proline content and 
free amino acids, with the optimal hydrolysis conditions set at 1% enzyme dosage and a short hydrolysis time (1 h). 
Among the amino acid constituents, proline emerged as the predominant amino acid detected in all the hydrolysed bee 
bread samples. Moreover, high detection of proline was attained at 1.0% Bromelain used in the bee bread extraction, 
giving a value of 1.73 ± 0.04 g/100 g dried bee bread, which was approximately a three-fold increment compared 
to the initial extraction. Proline plays a crucial role in protein synthesis, possesses therapeutic properties in wound 
healing, as well as anti-oxidative activities, and stimulates immune responses. Enrichment with proline and free amino 
acids in hydrolysed bee bread extract is one of the value-added features that bring potential benefits to human health 
and wellness. This finding may provide additional economic contributions to the apiculturist, and promote sustainable 
management for the beekeeping industry.

Keywords: Essential amino acids (EAA), proline, total amino acids (TAA)
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Introduction

 Bee bread, one of the by-products stored in beehives, 
is a mixture of pollen, honey and bee salivary enzymes 
collected by forager bees and packed in propolis cerumen 
pots, where it undergoes lactic acid fermentation [1]. Bee 
bread is rich in protein, and acts as a protein food source 
for the development of bee larvae and the colony itself 
[2]. To date, the researcher’s interest in the nutritional 
properties of bee bread keeps increasing as it also possesses 
therapeutic values, such as antioxidant, anti-inflammatory, 
antimicrobial and hepatoprotective properties, as well as 
anti-atherosclerotic, anti-hypertensive and anti-tumour 
activities [3]. The enzymatic extraction technique is one 
of the most common methods used for recovering macro 
and micro molecules from plant and natural matrixes. 
The enzyme is used to disrupt the substrate materials to 
improve extraction yield [4]. The utilisation of specific 
enzymes to react with a given substrate has given the 
protein degradation process an advantage. Generally, 

large quantities of enzymes are not required, and they 
can degrade proteins under mild conditions. Due to its 
amiable extraction conditions and low environmental 
impact, enzyme-assisted protein extraction can be a viable 
alternative. This technique can therefore be applied in the 
enzyme-assisted extraction of bee bread to increase its 
soluble protein and free amino acid content. Proline is 
one of the vital amino acids which play an essential role 
in protein structure synthesis, metabolism of other amino 
acids, catalyse collagen production, have nutritional, 
wound-healing and anti-oxidative activities, and stimulate 
immune system responses [5]. However, to the best of our 
knowledge, this methodology has never been applied to 
extract protein and free amino acids from stingless bee 
bread. This work aimed to investigate the possible use of 
proteolytic enzymes to assist in the extraction of soluble 
protein and free amino acids from bee bread. 
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Materials and Methods 

Enzyme-assisted Extraction of Bee Bread 

 The effects of different enzymes, their dosage and 
duration of the enzymatic hydrolysis were determined. 
Soluble protein concentration was measured using the 
Bradford protein assay method, while total amino acids 
(TAA) and essential amino acids (EAA) were quantified 
using Ultra Performance Liquid Chromatography (UPLC). 
Additionally, the content of proline, the predominant 
amino acid in bee bread, was also determined. Three 
single-factor experiments were conducted in the present 
study. First, the enzymatic hydrolysis of bee bread from 
Heterotrigona itama was carried out using five proteolytic 
enzymes: Alcalase, Bromelain, Flavourzyme, Papain, and 
Pepsin. Bee bread of H. itama was collected in from a 
stingless bee plot in Serdang, Selangor. Approximately 
two grams of bee bread were diluted in 50 ml of distilled 
water and 0.5% of the enzyme was added. Water extraction 
of the bee bread was used as the control. The optimum pH 
and temperature were selected according to the specific 
enzyme used. The mixture was vigorously shaken at 160 
rpm (by Innova 4000, New Brunswick Scientific, Canada). 
The enzyme was deactivated by heating at 90 °C for 10 
mins before the mixture was filtered using Whatman no. 
1 filter paper. The total soluble protein concentration 
(SPC) was measured using the colorimetric Bradford 
protein assay method 1976, with Bovine Serum Albumin 
solution used as a standard. Subsequently, TAA, EAA and 
proline contents were quantified. All extractions were 
carried out in triplicate. Another two experiments were 
carried out in a similar manner to determine the effects 
of hydrolysis time (½, 1, 2, 4, 6, 8 and 12 h) and dosage 
of the Bromelain enzyme (0.1, 0.5, 1, 1.5, 2 and 3%). 
The data collected were analysed using Minitab Software 
Version 18. Differences between the different extracts 
were represented as mean values ± standard deviation, 
and compared using the one-way analysis of variance 
(ANOVA), followed by Tukey’s test at a significance 
level of p <0.05.

Results and Discussion

Effect of Enzymatic Extraction of Bee Bread 
on Protein Modification and Free Amino Acid 
Properties

 Proteolytic enzymes cleave the peptide bonds that 
link amino acids in polypeptide chains, and thus break 
down proteins into smaller molecules of peptides, free 
amino acids and peptones [6]. Among various enzymes 
investigated, extraction with papain revealed the highest 
SPC and TAA at 273.44 ± 6.20 mg/g and 2.16 ± 0.42 g/100 
g dried bee bread, respectively (Table 1 and Figure 1). 
Proline was the major amino acid obtained in all the 
extracts, with the highest yield at 0.48 ± 0.06 g/100 g dried 
bee bread. However, EAA was highest in the Bromelain-
hydrolysed bee bread extract at 1.00 ± 0.15 g/100 g bee 
bread. Thus, the Bromelain enzyme was chosen for the 
study on the effect of enzymatic hydrolysis time because 
of the high EAA produced by using Bromelain. SPC, 
TAA and EAA were numerically highest at 6 h at 148.10 
± 12.80, 2.75 ± 0.15 and 0.65 ± 0.07 g/100 g of dried 
bee bread, respectively (Table 2 and Figure 2). After one 
hour of hydrolysis, high proline content was obtained 
at 1.84 ± 0.16 g/100 g dried bee bread (Figure 2). For 
further improvement, the one-hour enzymatic hydrolysis 
was chosen because it would be more cost-effective and 
yielded a high proline content at this hydrolysis time 
duration. The study revealed that increasing enzyme 
dosage speeded up the enzyme reactions, and the highest 
SPC, TAA and EAA were produced at 3% Bromelain 
(at 166.85 ± 6.66 mg/g, 2.90 ± 0.14 g/100 g, and 0.67 
± 0.04 g/100 g dried bee bread, respectively) (Table 3 
and Figure 3). In contrast, proline achieved its highest 
concentration at 1.0% of enzyme concentration, giving a 
value of 1.73 ± 0.04 g/100 g dried bee bread (Figure 3). 
However, the increment in proline yield was about 
524.24%, or three-fold, compared to that obtained in the 
initial extraction. This finding is consistent with results 
of the extraction of bovine skin gelatin using bromelain 
enzyme, which produced high proline and hydroxyproline 
content [7].

Table 1. Effects of different enzymes on soluble protein concentration (SPC) of hydrolysed H. itama bee bread

Control Alcalase Bromelain Flavourzyme Papain Pepsin
Soluble protein 
concentration 
(SPC) (mg/g)

89.86 ± 2.67d 133.75 ± 
4.20b,c

140.59 ± 2.34b 134.99 ± 4.25b,c 273.44 ± 6.20a 128.31 ± 5.45c

Note: Hydrolysis conditions - 0.5% enzyme concentration and 30 min hydrolysis time. Data are reported as means ± standard deviation 
of triplicates. Means bearing different letters in the same row indicate significant difference between the extracts (p <0.05)
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Table 2. Effects of duration of enzymatic hydrolysis time on soluble protein concentration (SPC) of hydrolysed H. itama bee bread

½ h 1 h 2 h 4 h 6 h 8 h 12 h

Soluble protein 
concentration
(SPC) (mg/g)

98. 31 ± 11.33d 105.31 ± 13.64c,d 123.00 ± 22.60a,b,c,d 119.04 ± 0.04a,b,c,d 148.10 ± 12.80a 145. 90 ± 0.09a,b 114.76 ± 1.75b,c,d

Note: Hydrolysis conditions - 0.5% Bromelain enzyme concentration and various durations of hydrolysis time. Data are reported as means ± 
standard deviation of triplicates. Means bearing different letters in the same row indicate significant difference between the extracts (p <0.05)

Table 3. Effects of enzyme dosage in hydrolysis on soluble protein concentration (SPC) of hydrolysed H. itama bee bread

0.1 % 0.5 % 1.0 % 1.5 % 2.0 % 3.0 %

Soluble protein concentration
(SPC) (mg/g) 94.29 ± 6.67d 105.55 ± 0.78c,d 118.82 ± 12.44c 139.04 ± 4.53b 145.59 ± 6.66b 166.85 ± 6.66a

Note: Hydrolysis conditions – various Bromelain enzyme concentrations and 1 h hydrolysis time. Data are reported as means 
± standard deviation of triplicates. Means bearing different letters in the same row indicate significant difference between the 
extracts (p <0.05)

Figure 1. Effects of different enzymes on total amino acid (TAA), essential amino acid (EAA) and 
proline content of hydrolysed H. itama bee bread

Figure 2. Effects of duration of enzymatic hydrolysis time on total amino acid (TAA), essential amino acid 
(EAA) and proline contents of hydrolysed H. itama bee bread

Figure 3. Effects of enzyme dosage in hydrolysis on total amino acid (TAA), essential amino acid (EAA) and 
proline contents of hydrolysed H. itama bee bread
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Conclusion

 The enzyme-assisted extraction method was proven 
to be able to enhance SPC, TAA, EAA and proline 
contents of bee bread. The significant increment in proline 
content and EAA are important as they possess multiple 
therapeutic values. Hydrolysed bee bread has potential 
as a functional bio-ingredient as it contains higher free 
essential amino acids, which is important for strengthening 
the immune system. These findings provide valuable 
information to the beekeeper on how to value-add their 
beehive products to enjoy higher revenue and develop 
sustainable agricultural practices.
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Abstract

 Nowadays, juice drinks are not only consumed as a thirst quencher, but also to improve human health and reduce 
the risk of chronic diseases. Juice blending is one of the best methods for enhancing the nutritional quality of the juice. 
Red cabbage and roselle are sources of health-promoting compounds such as anthocyanins. However, anthocyanins 
are unstable and vulnerable to degradation during processing and storage. Packaging materials play an important role 
in protecting the pigment stability of juices. The aim of this study was to investigate the effects of different packaging 
materials on the stability of anthocyanins in a red cabbage-roselle mixed juice drink during 6-month storage. The mixed 
juice drink was pasteurised and hot-filled into three different packaging materials, i.e., transparent glass bottles, metal 
cans and polypropylene (PP) bottles, and stored at ambient temperature (29 ± 2 °C). During storage, it was found 
that the packaging materials significantly affected the total anthocyanin content, colour density, polymeric colour and 
polymeric colour percentage of the mixed juice drink. The polymeric colour percentage and degradation index of the 
mixed juice drink were found to increase significantly during storage, whereas total anthocyanin content and colour 
density decreased significantly, irrespective of the packaging materials used. The mixed drink packed in glass bottles 
had significantly (p <0.05) the highest retention of anthocyanin content, followed by those packed in cans and PP 
bottles. This result is undoubtedly attributed to the features of glass bottles, namely, they are impermeable to oxygen 
and vapours, and are inert to chemical, biological and physical impacts. Therefore, glass bottles are the most suitable 
packaging material to store the mixed drink, followed by cans and PP bottles, as glass bottles provided better stability 
of the anthocyanins in the red cabbage-roselle mixed drink.

Keywords: Ambient storage, anthocyanin, packaging materials, polymeric colour, red cabbage-roselle mixed juice drink
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Introduction 

 Nowadays, changes in lifestyle and awareness 
regarding a healthy and balanced diet have directed 
the growth of the world juice market. Juice produced 
using more than one kind of fruit or vegetable is also 
known as a juice blend. A juice blend is one of the best 
methods to improve the juice’s nutritional quality. A 
combination of fruits and vegetables can provide essential 
nutrients, and give better quality juice, both nutritionally 
and organoleptically.
 Anthocyanins are water-soluble plant pigments 
frequently found in numerous fruits and vegetables. 
Anthocyanins impart beautiful colouration on food 
products, and exhibit antioxidant properties and health 
benefits, such as improving sight acuteness, antioxidant 

capacity, control of Type II diabetes, reduction of 
coronary heart disease, and prevention of cancer. Hibiscus 
sabdariffa, also known as roselle, is widely grown in 
Malaysia and other countries such as Indonesia, and in 
Africa and America. The calyces of roselle are bright 
red due to the presence of anthocyanin compounds. 
On the other hand, red cabbage (Brassica oleracea) 
belongs to Brassicaceae Family, is a native vegetable of 
the Mediterranean region and in southwestern Europe. 
Its anthocyanins are unique, in being able to exhibit 
colour over remarkably broad pH range. However, 
anthocyanins are unstable and degrade during processing 
and storage, resulting in colourless or brown-coloured 
products, and, not to mention, losing the most beneficial 
health properties. Anthocyanin stability is affected by 
many factors, including light, pH, temperature, oxygen, 
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ingredient interactions, and co-pigmentation. Packaging 
materials also have a role in preserving the stability of 
the pigment in the juice drink. In Malaysia, the common 
packaging materials for fruit juices are polypropylene 
(PP), a glass bottle, a beverage can, and a laminated 
beverage pouch. Each packaging material has various 
impacts on the stability of anthocyanin in the juice drink. 
Therefore, this study aimed to investigate the influence 
of packaging materials on the stability of anthocyanin 
in a red cabbage-roselle mixed drink over six months of 
storage at ambient temperature. 

Materials and Methods 

Extraction of Roselle and Red Cabbage Juices

Extraction of roselle juice was done according to the 
method described by [1]. Dried roselle calyxes were 
soaked in filtered tap water at a ratio of 1: 10, and 
heated at an extraction temperature of 50 °C for 30 min. 
The roselle extract was filtered through a muslin cloth. 
Red cabbage juice was extracted using a juice extractor 
(Santos, France), and filtered through a muslin cloth. 
Both the roselle and red cabbage extracts were stored 
in high-density polyethene (HDPE) bottles, which were 
kept frozen (–18 °C) before preparing the mixed drink.

Preparation of Mixed Drink of Red Cabbage and 
Roselle Extracts

The mixed drink was prepared according to [2] by 
mixing and pasteurising the red cabbage and roselle 
extracts (70%), together with other ingredients, namely, 
honey (1%), sugar (5%), arabic gum (0.5%), citric acid 
(0.1%), water (23.40%), and sodium benzoate (0.03%), 
at a pasteurisation temperature of 70 °C and 284.07 s of 
pasteurisation time. The pasteurised mixed drink was then 
hot-filled into three different packaging materials, namely, 
transparent glass bottles (250 ml), metal cans (250 ml), 
and polypropylene (PP) (250 ml) bottles. The packaging 
materials containing the mixed drink were then cooled 
rapidly to room temperature by immersing the bottles/
cans in the chilled water (8 ± 2 °C). The bottles/cans 
were then stored in a dark place at ambient temperature 
(29 ± 2 °C) for analysis. Three samples of each packaging 
material were withdrawn for monthly evaluation for up 
to six months.

Determination of Total Anthocyanin Content

 Total anthocyanin content was determined by the pH-
differential method [3], using potassium chloride buffer 
(pH 1.0) and sodium acetate buffer (pH 4.5). Absorbance 
was recorded using a UV-Vis spectrophotometer 
(Perkin Elmer, United Kingdom) at 520 nm and 700 
nm, against water as a blank. Anthocyanin pigment 
concentration was calculated and expressed as cyanidin-
3-glucoside equivalents.

Determination of Colour Density and Polymeric 
Colour Percentage 

Colour density and percentage of polymeric colour 
were determined using the method described by [4]. 
Sample extracts were diluted with water to achieve an 
absorbance reading between 0.5 and 1.0 at 512 nm when 
evaluated by a UV-Vis spectrophotometer (Perkin Elmer, 
United Kingdom). 

Determination of Degradation Index

Degradation index (DI) was determined using the method 
by [5]. Degradation index is the ratio between total 
anthocyanin and monomeric anthocyanin contents in the 
sample, calculated at absorption 520 nm and 700 nm.

Statistical Analysis

All analyses were done in triplicate. Experimental data 
were subjected to the analysis of variance (ANOVA), 
and the significant differences among the means were 
determined by the Least Significant Difference (LSD) test 
at p ≤0.05, using SAS software (Ver. 9.4., SAS Institute, 
Cary, NC, USA). 

Results and Discussion

Influence of Packaging Materials and Time of 
Storage on Total Anthocyanin Content

 During storage, anthocyanin degradation was 
significant (p <0.05), irrespective of the packaging 
materials used. The total anthocyanin content (TAC) of 
the mixed drink in different packaging materials declined 
significantly from the first month onwards (Table 1). At 1 
month of storage, more than 50% of the total anthocyanin 
content was lost from all the mixed drinks in the different 
packaging materials. At 2 months’ storage, TAC of 
the mixed drinks in glass bottles, cans and PP bottles 
decreased by 67, 64 and 66%, respectively. At 3 months’ 
storage, TAC of the mixed drinks in glass bottles, cans 
and PP bottles decreased by 72, 73 and 85%, respectively. 
The mixed drink stored in cans showed the significantly 
lowest TAC value among all the packaging materials used. 
There were significant differences (p <0.05) among all 
the mixed drinks stored in different packaging materials 
with 4-, 5- and 6-month storage, as the mixed drink stored 
in glass bottles recorded the highest remaining TAC, 
followed by the mixed drinks stored in cans and in PP 
bottles for the same periods of storage.
 These observations may be explained by the 
characteristics of the packaging materials used. Among the 
three types of packaging materials, PP bottles are neither 
oxygen- nor light-proof. The major disadvantage of plastic 
is its variable permeability to light, gases (oxygen) and 
vapours [6]. Therefore, the total anthocyanin content of 
the mixed drink in PP bottles was the lowest compared to 
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those packed in cans and glass bottles. Even though cans 
are light and oxygen-proof, the drop in total anthocyanin 
content may be due to the reaction between the coating 
of the cans and the compounds inside the mixed drink 
[7]. After six months of storage, the mixed drink stored 
in the glass bottles showed the highest remaining total 
anthocyanin content value.

Influence of Packaging Materials and Time of 
Storage on Colour Density

 Colour density considers the contribution of the 
compounds in determining the colour of the juice 
drink, such as melanoidin (brown) and anthocyanins 
(red). Therefore, a low or high colour density of the 
red cabbage-roselle mixed drink could be related to its 
total anthocyanin content, as colour density also faced 
a decreasing trend as in did total anthocyanin content. 
Table 2 shows a significant difference (p <0.05) in colour 
density of the mixed drinks stored in different packaging 
materials over six months of storage. During storage, the 
sample’s colour density decreased by 36% when packed in 
glass bottles, by 37% in cans, and by 49% in PP bottles. 
These results indicated that the mixed drink packed in PP 
bottles had the lowest colour density compared to those 
packed in glass bottles and cans.
 Means within a column with the same superscript 
lower-case letters are not significantly different from one 
another at p >0.05

Table 1. Total anthocyanin content (mg cyd-3-glu/L) of red cabbage-roselle mixed drink in different 
packaging materials

Storage time
(months)

Total anthocyanin content (mg cyd-3-glu/ L)
Glass bottle Can PP bottle 

0 263.40 ± 1.67Aa 262.66 ± 0.87Aa 262.17 ± 1.04Aa

1 132.10 ± 3.60Ab 113.20 ± 3.96Bb 96.88 ± 0.71Cb
2 87.75 ± 16.60Ac 94.54 ± 23.17Ac 88.21 ± 18.55Ab

3 74.38 ± 2.21Ad 71.80 ± 7.35Ad 40.42 ± 0.49Bc

4 55.60 ± 0.87Ae 49.27 ± 1.93Be 21.09 ± 1.31Cd

5 48.29 ± 0.96Ae 39.85 ± 0.85Bef 14.38 ± 0.17Ce

6 34.36 ± 1.83Af 30.50 ± 0.17Bf 10.44 ±1 .42Ce

Notes: Means within a row with the same upper-case letters are not significantly different from one another at 
p >0.05 Means within a column with the same superscript lower-case letters are not significantly different from 
one another at p >0.05

Influence of Packaging Materials and Time of Storage 
on Polymeric Colour Percentage

 The polymeric colour percentage showed a significant 
increase (p <0.05) throughout the storage period of 
the mixed drink samples stored in the three packaging 
materials (Table 3). A higher percentage of polymeric 
colour illustrates a higher degradation rate and a decline 
in colour intensity. At six months of storage, the polymeric 
colour percentage increased by 55, 58, and 78% for the 
mixed drinks packed in glass bottles, cans and PP bottles, 
respectively. The mixed drink stored in glass bottles had 
the lowest percentage of polymeric colour, while that in 
PP bottles had the highest percentage of polymeric colour. 
These results clearly showed that PP bottles should not be 
chosen as a packaging material to store the red cabbage-
roselle mixed drink. 

Conclusion

 The mixed drink packed in glass bottles had significantly 
(p <0.05) the highest retention of anthocyanins content, 
followed by packing in cans and PP bottles. Additionally, 
the mixed drink in glass bottles exhibited the lowest 
polymeric colour percentage and anthocyanin degradation 
index. Therefore, glass bottles were the most appropriate 
packaging material for storing the red cabbage-roselle 
mixed drink, followed by cans and polypropylene bottles.
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Abstract

 The consumption of colourful fruits is recommended because of the presence of various beneficial phytochemicals 
that have convincing evidence of for their ability to prevent certain diseases, such as cardiovascular illnesses, cancer 
and eye disorders. Ceri Terengganu (CT) (Lepisanthes fruticosa) has fruit that turn red when mature, and are arranged 
closely in a bunch of about 20 fruits. It is found growing naturally in the forests, and is now also being cultivated. 
Research on CT has grown due to interest in its strong antioxidant activity as compared to a number of other rare fruits 
as well as commercial fruits. Thus, processing of CT as a food ingredient, such as into fruit pulp, is good effort in 
trying to meet the different requirements of the food industry, and also to preserve the benefits of this plant material. 
Steam blanching improved colour stability and viscosity, while reducing the microbial counts in CT pulp. Steaming 
significantly increased the total anthocyanin content and antioxidant activity of the pulp. Moderate steaming time and 
proper handling of the pulp were found to be important steps to retain the nutritional composition and the stability 
of CT pulp. The attractive colour was possibly retained when a suitable treatment was given to the fruit. Continuing 
investigations into natural ingredients are important for nutrient substitution of existing foods. CT pulp which is 
available throughout the year can be a potential functional ingredient for various types of food products. 

Keywords: Ceri Terengganu, anthocyanin, antioxidant activity, functional ingredient, steaming
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Introduction

 Ceri Terengganu (CT), or its scientific name 
Lepisanthes fruticosa, is a non-seasonal plant that 
produces fruit throughout the year [1]. The fruit are red 
in colour when mature, and are closely arranged in a 
bunch of about 20 fruits. The species is found growing 
naturally in the forests, although it is now being cultivated 
as well. Previous research stated that CT possesses the 
highest free radical scavenging activity and the best 
source of total polyphenol content when compared with 
other commercial and underutilised fruits [1]. However, 
CT has a short shelf life and very perishable. Therefore, 
it was suggested that the fruit should be processed into 
an intermediate food product, such as fruit pulp, to keep 
the fruit available and for long storage.
 Thermal processing has been shown to affect the final 
quality of fruit pulp. The most common technique for 
heating fruits is by using hot water. However, the use of 
hot water results in the leaching of water-soluble nutrients 

[2]. The special characteristics of ceri Terengganu are 
its anthocyanin content and antioxidant activity, both 
of which need to be retained during processing of CT 
[3]. Thus, specific techniques must be given emphasis 
when producing CT pulp. To date, available information 
in literature is very scarce regarding the processing 
parameters, proximate composition and physical 
characteristics of CT pulp. Therefore, the findings from 
this study on the heating stability of CT pulp can provide 
useful information to assist the food industry in ensuring 
that suitable heating conditions are in place for better 
production. CT pulp which is available throughout the 
year can be utilised as a functional ingredient in various 
types of food products, such as fruit juice, ice cream, 
pudding, fruit concentrate and many other products with 
potential. Therefore, the problem regarding an insufficient 
supply of raw materials can be solved, which will further 
promote the cultivation of this fruit tree.
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Materials and Methods
 
Source of materials

 Ceri Terengganu (CT) fruit were collected from Tasik 
MARDI, Serdang. CT fruit at the commercial maturity 
stage, having a red outer skin with no presence of injury, 
were selected for the study.  The fruit were stored at 
room temperature for 24 h on arrival at the Food Science 
and Technology Research Centre, MARDI, before being 
processed.

Sample Preparation

 Upon arrival to in the laboratory, the fruit were cleaned 
and washed using a washer (ATIR, Nilma, Italy) for 
15 min. All the fruit were then steamed in a retort machine 
without pressure to undergo four treatments namely, A) 
3 min steam-blanching, hot filling and frozen at –18 °C 
(3SP), B) 7 min steam-blanching, hot filling and frozen at 
–18 °C (7SP), C) 3 min steam-blanching, acidified with 
ascorbic acid, hot filling and kept at room temperature 
(3SRT), and D) 7 min steaming, acidified with ascorbic 
acid, hot filling and kept at room temperature (7SRT). 
Raw CT (the control) was also prepared the same way as 
described above, but without steam-blanching, hot filling 
and kept frozen at –18 °C.

pH, Total Soluble Solid, Colour, Viscosity and 
Proximate Composition 

 The pH of the treatments was determined using a 
bench top pH meter (Metrohm Model,744, Herisau, 
Switzerland). The colour of the samples was measured 
using a reflectance colorimeter (Minolta, CM 3500d, 
Minolta, Osaka, Japan). The viscosity of the CT samples 
from the four treatments was determined using a vibro 
viscometer at 25 °C (Model SV-10, A&D Company 
Limited, Japan). All measurements were done in triplicate. 
Proximate analysis was conducted using the methods of 
AOAC (2000) for moisture (air-oven method), total ash, 
crude protein by the nitrogen conversion factor of 6.25 
(Kjeldahl method), and crude fat content using semi-
continuous extraction (Soxhlet method). Total dietary fibre 
was determined by the enzymatic gravimetric method, 
based on AOAC (2000). All measurements were carried 
out in triplicate (n = 3).

Total Anthocyanin Content, Total Phenolic Content 
and Antioxidant Activity 
 
 Total anthocyanin content (TAC) was determined 
spectrophotometrically by the method of Ribereau-
Gayon (1972). The principle of this method is that the 
decreasing pH of the extract causes all the anthocyanins 
to transform to flavylium cations, which are coloured red. 
Total phenolic content in all samples was determined by 
the Folin-Ciocalteau assay, The ferric reducing antioxidant 

power (FRAP) assay was performed as previously 
described by Benzie and Strain (1996). The DPPH free 
radical scavenging assay by the method of Lu and Yeap 
Foo (2000) was employed with slight modification.

Statistical Analysis 

 The results were expressed as means ± standard 
deviation. The data were statistically analysed using 
analysis of variance (ANOVA) and the Duncan Multiple 
range test of SPSS Predictive Analytics Software Statistics 
(PASW) version 19.0 (SPSS Inc, Chicago, Illinois) 
(SPSS Inc., 2009). All the measurements were carried 
out in triplicate (n = 3). Significant level was established 
at p ≤0.05.

Results and Discussion

pH, Total Soluble Solids, Colour and Viscosity 

 pH, total soluble solids (TSS), viscosity and colour 
characteristics of the CT pulp treated with steam blanching 
(SB) are presented in Table 1. The CT pulp showed a slight 
decrease in pH after 3- and 7-min of steam blanching. For 
the acidified CT pulp, as expected, pH was 3.82 and 3.83 
for the two samples. As required by food regulations, fruit 
pulp can be added with food additives which can preserve 
the product during storage (preservative to extend the shelf 
life). Total soluble solids increased in parallel with the 
steaming time. The viscosity of the Control sample was 
not determined because the mixture was not in a semi solid 
form. The highest lightness was recorded in the acidified 
fruit pulp, followed by the frozen, steamed-blanched pulp. 
The untreated product showed the lowest product lightness 
(34.69 ± 0.88). The dominant colour in the CT pulp was 
red, and hence was best represented by the Hunter colour 
a (redness) to distinguish any colour difference in the 
resulting CT pulp as a result of the different durations 
of steam blanching and the two storage temperatures.

Proximate Composition

 Moisture content was less affected by the steam 
blanching treatments for frozen samples as shown in 
Table 2. It ranged from 84.38 to 83.21%. However, for 
the acidified samples, the moisture content was 80.88 
and 80.56% for 3SRT and 7SRT, respectively. No fat 
was detected in the CT pulp. Total sugars were positively 
correlated with total soluble solids, and also to the duration 
of steam-blanching the pulp. Total dietary fibre content 
remained largely unchanged in all the treated samples.

Total Anthocyanin Content, Total Phenolic Content 
and Antioxidant Activity 

 Anthocyanins are water-soluble pigments which 
make up the most important group, after chlorophyll, 
that are visible to the human eye. Anthocyanin pigments 
relate to the colour of fruits and plants. The colour 
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Table 3. Total anthocyanin content, total phenolic content and antioxidant activity of CT pulp

Sample code Total anthocyanin content
(mg/l)

TPC
(mg GAE/g dw)

DPPH
(% inhibition at 2 mg/mL)

FRAP
(mg GAE/g dw)

Control 130.08 ± 3.16c  20.36 ± 0.17e 35.96 ± 1.69d  57.36 ± 0.34e

3SP 201.46 ± 2.59b  41.77 ± 0.72d 77.87 ± 1.03c 149.48 ± 2.73d

7SP 229.67 ± 2.24a  48.38 ± 0.95c 82.84 ± 1.08b 164.86 ± 0.38c

3SRT  88.95 ± 3.73d 189.89 ± 1.76b 89.50 ± 0.03a 575.91 ± 4.82b

7SRT  40.58 ± 2.21e 212.92 ± 3.69a 89.74 ± 0.05a 632.79 ± 5.86a

Means in the same column bearing different letters indicate significant difference among them at the level of p <0.05

Table 2. Proximate composition, total dietary fibre and total sugars and vitamin C of CT pulp

Sample code Control 3SP 7SP 3SRT 7SRT
Moisture(g/100g) 84.38 ± 0.81a 83.34 ± 0.50a 83.21 ± 0.13a 80.88 ± 0.21b 80.56 ± 0.04b

Ash(g/100g) 0.91 ± 0.03a 0.86 ± 0.06b 0.77 ± 0.01d 0.80 ± 0.06c 0.92 ± 0.04a

Fat (g/100g) 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a

Protein (g/100g) 1.06 ± 0.01e 1.08 ± 0.03d 1.10 ± 0.08c 1.12 ± 0.06b 1.14 ± 0.02a

Carbohydrate(g/100g) 13.51 ± 0.89b 14.64 ± 0.43b 14.92 ± 0.14b 17.92 ± 0.20a 17.31 ± 0.10a

Total dietary fibre 
(g/100g)

6.80 ± 0.25a 6.33 ± 0.84d 6.27 ± 0.53c 6.52.91 ± 0.91b 6.93 ± 0.89a

Total sugars (g/100g) 3.75 ± 0.03e 3.86 ± 0.08d 4.39 ± 0.12c 4.69 ± 0.08b 5.51 ± 0.28a

Vitamin C (mg/100g) 240.33 ± 11.28b 228.41 ± 14.09b 132.57 ± 12.60c 2050.69 ± 13.71a 2111.25 ± 10.89a

Means in the same row bearing different letters indicate significant difference among them at the level of p <0.05

Table 1. Physical characteristics of CT pulp

Sample code pH Total soluble solids 
(Brix)

Viscosity 
(milipascal/sec)

Colour
(L)

Colour
(a)

Colour
(b)

Control 5.78 ± 0.02a  9.00 ± 0.01d Not detected 34.69 ± 0.88c  7.09 ± 0.07e  4.65 ± 0.17c

3SP 5.65 ± 0.01b 10.33 ± 0.51c 5.67 ± 0.51b 41.62 ± 0.04b 12.12 ± 0.06c  7.20 ± 0.03b

7SP 5.63 ± 0.01b 10.66 ± 0.53c 3.19 ± 0.65c 42.34 ± 0.02b 10.83 ± 0.03d  7.11 ± 0.11b

3SRT 3.82 ± 0.05c 17.00 ± 0.01b 8.64 ± 0.74a 45.46 ± 0.07a 14.14 ± 0.16a 16.96 ± 0.11a

7SRT 3.83 ± 0.05c 18.00 ± 0.01a 5.48 ± 0.26b 44.73 ± 0.11a 13.07 ± 0.09b 17.10 ± 0.32a

Means in the same column and bearing different letters indicate significant difference among them at the level of p <0.05

stability of anthocyanins is strongly affected by pH, 
solvents, temperature, anthocyanin concentration and 
structure, oxygen, light, enzymes, water activity and 
other accompanying substances [4,5]. Anthocyanins are 
highly unstable molecules in the food matrix. Interestingly, 
increased anthocyanin concentration promotes higher 
colour stability. The findings showed that anthocyanin 
was stable in frozen storage as shown in the 3SP and 7SP 
samples.

Conclusion

 The study showed that 7 minutes of steam blanching 
the CT pulp, followed by freezing (7SP), resulted in better 
nutritional composition compared to the other treatments; 
this treatment recorded the highest anthocyanin content 
but the lowest contents of vitamin C and dietary fibre. 
The treatment might actually increase the availability of 
the naturally occurring nutrient and mineral components, 
besides improving the physical characteristics of the pulp.
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Abstract

 Kuini (Mangifera odorata) is an underutilised fruit that is high in nutrients like fibre and vitamins. However, the 
fruit’s short shelf life at ambient temperature limits its availability and applications. Thermal processing has been shown 
to have an impact on pulp quality. However, no information on the physicochemical properties of kuini pulp after 
processing is currently available in the literature. Hot water is the most common technique used for heating fruit pulp, 
but the use of water results in the leaching of water-soluble nutrients into the water. Steaming is an alternative, but a 
suitable duration is required to achieve a nutritious kuini pulp product. Steam blanching improves colour stability and 
viscosity while decreasing microbial counts in the kuini pulp. Steaming significantly increased total phenolic content 
and antioxidant activity of the pulp. A moderate steaming time and proper handling of the pulp are important steps 
to be considered to retain the nutritional composition and stability of the pulp. The findings from this study provides 
information which may be useful to the food industry in developing promising products containing kuini as a functional 
ingredient, such as prebiotic juice, kombucha drink, jelly, dessert sauce and ice cream. In addition, information on the 
heating stability of frozen kuini pulp could provide some basis to assist the food industry in monitoring suitable heating 
conditions for better production. The attractive appearance and nutritional value of kuini pulp could be a starting point 
for the food industry to invest in kuini pulp processing, as well as for farmers in cultivating the fruit. Production of 
high quality frozen kuini pulp may fulfil the increasing worldwide demand for more natural mango based-flavoured 
beverages, either singly flavoured or in multi-flavoured products, and meet the high demand for natural fruit pulp by 
the food manufacturers.

Keywords: Kuini, antioxidant activity, functional ingredients, physicochemical characteristics, steam blanching

Proceedings of MARDI Science and Technology Exhibition (2021): 426 – 428

Introduction

 Kuini (Mangifera odorata) is a rare fruit that is 
highly nutritious, but is considered an underutilised crop. 
This fruit tree grows wild in the rainforests, but is also 
commonly seen in orchards, fruit gardens and around 
housing areas [1].
  In modern food technology, various food preservation 
techniques are available to achieve the main goal of food 
preservation. For instance, fresh mangoes are perishable 
and may deteriorate in a short period of time, resulting 
in much physical damage and quality loss, which can 
range from 5 to 87% if improperly handled or when there 
is a lack of storage facilities [2]. Hot water is the most 
common technique for heating fruit pulp, but the use of 
water results in the leaching of water-soluble nutrients 

into the water. Steam blanching sometimes takes a longer 
time than the hot water method, but helps to retain water-
soluble nutrients, such as some vitamins and minerals [3].
 The advantages of kuini have yet to be explored. 
The short shelf life of fresh kuini also contributes to 
the importance of processing the fresh fruit into frozen 
kuini pulp. Kuini contains a variety of micro- and macro- 
nutrients. The special characteristics of kuini pulp enable 
its use to be diversified and for it to be commercially 
processed into various types of promising products. 
The findings from this study provide information on the 
heating stability of frozen kuini pulp which will give some 
basis to assist the food industry in monitoring suitable 
heating conditions for better production.
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Materials and Methods 

Source of Materials

 Fresh kuini fruit were collected from MARDI Sintok, 
Kedah. Fruit at the commercial maturity stage, having a 
green outer skin with no sign of injury, were selected for 
the study. The fruit were stored at room temperature upon 
arrival at the Food Science and Technology Research 
Centre, MARDI, before being processed.

Sample Preparation

 Upon arrival at the laboratory, the fruit were cleaned 
and washed for 15 min using a washer. All the fruit were 
then steamed in a retort machine without pressure for 
varying durations, giving rise to the three treatments: A) 
5 min (S5), B) 10 min (S10) and C) 15 min (S15). After 
steam blanching, the fruit were taken out and allowed 
to cool in freezing water before being pulped. Next, 
the pulp was pasteurised for 3 min at 90 °C before hot 
filling The fruit pulp was kept in metalised aluminum 
containers, and immediately blast frozen before being 
kept in a freezer (–18 °C) prior to analysis. Raw kuini 
(S0) was also prepared the same way as described above, 
but without steam blanching, hot filling and being kept 
in the freezer.

pH, Total Soluble Solids, Colour, Viscosity and 
Proximate Compositions 

 The pH of the treatments was determined using a 
bench top pH meter (Metrohm Model 744, Herisau, 
Switzerland). Colour of the samples was measured using 
a reflectance colorimeter (Minolta, CM 3500d, Minolta, 
Osaka, Japan). Viscosity was determined using vibro 
viscometer at 25 °C (Model SV-10, A&D Company 
Limited, Japan). All measurements were done in triplicate. 
Proximate analysis was conducted using AOAC (2000) 
methods for moisture (air-oven method), total ash, crude 
protein by using the nitrogen conversion factor of 6.25 
(Kjeldahl method), and crude fat content, using the semi-
continuous extraction (Soxhlet method). Total dietary fibre 
was determined by the enzymatic gravimetric method, 
based on AOAC (2000). All measurements were carried 
out in triplicate (n = 3).

Total Phenolic Content and Antioxidant Activity 

 Total phenolics in all the samples was determined by 
the Folin-Ciocalteau assay, The ferric reducing antioxidant 
power (FRAP) assay was performed as previously 
described by Benzie and Strain (1996). The DPPH free 
radical scavenging assay was by the method of Lu and 
Yeap Foo (2000) with slight modification.

Statistical Analysis

 Results were expressed as means ± standard deviation. 
The data were statistically analysed using analysis of 
variance (ANOVA) and Duncan Multiple range test of 
SPSS Predictive Analytics Software Statistics (PASW) 
version 19.0 (SPSS Inc, Chicago, Illinois) (SPSS Inc., 
2009). Significant level was established at p ≤0.05.

Results and Discussion

pH, Total Soluble Solids, Colour and Viscosity 

 Data on pH, total soluble solids (TSS), colour 
characteristics and viscosity of the kuini pulp treated 
with steam blanching (SB) and then frozen are presented 
in Table 1. The kuini pulp showed a slight increase 
in TSS for after 5 min steam blanching: however, the 
difference it was not significant (p >0.05) among all 
the treatments. There was not much variation in pH and 
TSS for all the treatments when compared to the control 
(S0). This phenomenon might be due to steam blanching 
which deactivated enzymes in the pulp. Viscosity of 
the treated kuini pulp decreased slightly among the 
treatments, which could be due to the breakdown of the 
cells during the steam blanching. The control S0 (no 
heat treatment) showed the highest viscosity which was 
significantly different (p <0.05) from other treatments. 
Lightness increased in the frozen fruit pulp in parallel 
to the duration of steam blanching, in increasing order 
of S15> S10>S5>Control. Prevention of colour changes 
during storage may be associated with the inhibition of 
PPO (polyphenol oxidase) activity in steam blanched 
samples, as the PPO enzyme is responsible for the 
browning of fruits (4)(5). The dominant colour in kuini 
pulp is yellow, hence can be best represented by Hunter 
colour b (yellowness) to distinguish any colour difference 
in the resulting frozen kuini pulp after undergoing different 
durations of steam blanching.

Proximate Composition

 Moisture content was not affected much by the 
steam blanching treatments. It ranged from 81.26 to 
82.76%. However, there were significant differences 
(p <0.05) except between the control and S5, which 
may be due to the shorter steam blanching duration. 
Total sugars was positive correlated with total soluble 
solids (TSS), with total sugars increasing from 13.21 
g/100 g in the control sample to 19.86 g/100 g in the 
5 min steam blanching treatment, and then decreasing 
when the duration of steam blanching was extended to 
at 10 min and 15 min (16.63 g/100 g and 10.29 g/100 g, 
respectively). For the untreated sample, it was possible 
that browning and some biochemical reactions affected 
its total sugar content.
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Total Phenolic Content and Antioxidant Activity 

 S10 had the highest total phenolic content, followed by 
S15, S5 and S0 as shown in Table 3. The phenolic content 
of S10 was 265.20 GAE/100 g dw. The highest FRAP 
value was also observed for S10, at 204.55 mg TE/100 
g dw. Interestingly, S10 was also found to possess the 
highest scavenging activity, giving a percentage inhibition 
of 72.37%.

Conclusion

 The study showed that 10 min of steam blanching 
followed by freezing kuini pulp (S10) gave a better 
nutritional composition than the other treatments. 
Furthermore, this treatment increased the availability of 
the naturally occurring nutrient and mineral components, 
besides improving the physical characteristics of the pulp.

Table 3. Total polyphenol content and antioxidant activity of kuini pulp

Sample code TPC
(mg GAE/100g dw)

FRAP
(mg TE/100g dw)

DPPH % inhibition at
50 mg/mL

S0 195.62 ± 2.51c 5 9.68 ± 1.20d 34.61 ± 1.21d

S5 239.45 ± 4.99b 144.68 ± 2.97c 66.69 ± 0.78c

S10 265.20 ± 1.04a 204.55 ± 5.47a 72.37 ± 0.51a

S15 262.67 ± 0.69a 182.43 ± 2.30b 70.60 ± 0.44b

Means in the same column bearing different letters indicate significant difference among them at the 
level of p <0.05

Table 2. Proximate composition, total dietary fibre and total sugars and vitamins of kuini pulp

Parameter S0 S5 S10 S15
Moisture (g/100g) 81.26 ± 0.13c 81.22 ± 0.03c 81.61 ± 0.06b 82.76 ± 0.03a

Ash (g/100g) 0.65 ± 0.00b 0.68 ± 0.04a 0.77 ± 0.05a 0.63 ± 0.03b

Fat (g/100g) ND ND ND ND
Protein (g/100g) 1.07 ± 0.04a 0.88 ± 0.02b 0.98 ± 0.04a 0.81 ± 0.03b

Carbohydrate (g/100g) 17.12 ± 0.15a 16.85 ± 0.09b 16.96 ± 0.05ab 15.81 ± 0.04c

Energy (kcal/100g) 78.0 ± 0.00a 74.0 ± 0.00b 77.5 ± 0.70a 70.0 ± 0.00c

Total dietary fibre(g/100g) 2.87 ± 0.01 a 2.53 ± 0.02b 2.71 ± 0.03a 2.67 ± 0.02b

Total sugar (g/100g) 13.212 ± 0.19c 19.86 ± 0.16a 16.63 ± 0.13b 10.29 ± 0.01d

Vitamin A 
(beta-carotene)(mg/100g) 

29.98 ± 0.03a 21.84 ± 0.17b 33.61 ± 3.84a 29.43 ± 0.87a

Vitamin C (mg/100g) 49.7 ± 0.6a 46.1 ± 0.2b 45.6 ± 0.3b 43.4 ± 1.8 c

Means in the same row bearing different letters indicate significant difference among them at the level of p <0.05
ND: Not determined

Table 1. Physical characteristics of kuini pulp

Parameter S0 S5 S10 S15
pH 4.78 ± 0.01a 4.72 ± 0.02 a 4.85 ± 0.02 a 4.79 ± 0.01 a

Total soluble solids (Brix)  16.9 ± 0.40a 18.0 ± 0.60 a  17.7 ± 0.30 a   17.5 ± 0.10 a

Colour (L*) 39.95 ± 0.01 d 47.99 ± 0.03 c 51.08 ± 0.02 a 51.72 ± 0.01 a

Colour (a*) –3.25 ± 0.01 c –1.25 ± 0.01 a –1.26 ± 0.01 a –1.74 ± 0.02 b

Colour (b*) 23.84 ± 0.02 a 17.27 ± 0.01 c 23.87 ± 0.03 a 22.33 ± 0.04 b

Viscosity (milipascal/sec) 8.2 8± 0.42 a 7.05 ± 0.37b 6.96 ± 0.79c 6.71 ± 0.26c

Means within the same row bearing different letters indicate significant difference among them at the level of p <0.05
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Abstract 

 Smoking technology has been used traditionally to preserve the quality and extend the shelf life of fish. At present, 
the smoking process also diversifies and adds value to fish products. However, the storage life of these smoked products 
is relatively short due to the growth of microorganisms. Microbial contamination of food occurs mainly on the surface 
due to negligence during handling. This problem can be solved by using a coating method. Following Regulation 159 
of Malaysia’s Food Regulations 1985, no preservatives are allowed for use in smoked fish products. Nevertheless, 
referring to the General Standard for Food Additives, Codex Stan 192 – 1995, potassium sorbate and sodium benzoate 
are preservatives which are allowed for use in smoked fish provided that they are used only for surface treatment. Thus, 
a coating is a way of extending the shelf life of smoked fish that meets this requirement. An antimicrobial coating 
is a promising form of active packaging that inhibits the growth of microbes, especially on the surface of the food. 
For the packaging to possess antimicrobial properties, antimicrobial agents may be used to coat, incorporated into, 
immobilised, or surface-modified onto the package materials. A coating solution covering the outer layer of the food 
will dry out and form a layer of thin film to protect the food from spoilage for some time. Antimicrobial agents from 
the coating material itself is then slowly absorbed onto the food surface, allowing these agents to inhibit the growth 
of microorganisms. Through the antimicrobial coating method, the storage life of smoked fish, kept at 2 ± 2 °C, can 
be extended by up to two times longer, i.e., from four to eight weeks. This antimicrobial coating technology can be 
introduced for use by smoked fish entrepreneurs because the coating is easy to prepare and use.

Keywords: Active packaging, antimicrobial coating, edible, longer shelf life, smoked products
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Introduction 

 Fish products are highly perishable due to their natural 
high susceptibility to microbial spoilage, autolysis, 
oxidation and hydrolysis of fats. Methods such as drying, 
salting, freezing, smoking and fermentation are the most 
commonly applied preservation techniques. Smoking 
technology has been traditionally used to extend shelf 
life, and it also diversifies and adds value to fish. The 
application of heat in smoking removes water, inhibits 
bacterial action, and reduces postharvest losses. Under 
hygienic processing and proper storage conditions, these 
smoked products could be stored for up to 4 weeks [1]. 
The storage life of these smoked products could be 
further extended by using an active antimicrobial coating 
method. The antimicrobial coating is a promising form of 
active packaging that inhibits the growth of microbials, 
especially on the surface of food. For the packaging to 

possess antimicrobial properties, antimicrobial agents 
may be used to coat, incorporated into, immobilised, or 
surface-modified onto the package materials [2].
 Following Regulation 159 of Malaysia’s Food 
Regulations 1985, no preservatives are allowed for use 
in smoked fish products [3]. Nevertheless, referring to 
the General Standard for Food Additives, Codex Stan 
192 – 1995, potassium sorbate and sodium benzoate are 
preservatives that are allowed for use in smoked fish, 
provided that they are used for surface treatment [4]. Thus, 
coating is a way of extending the shelf life of smoked fish 
that meets this requirement. The objective of this study 
was to investigate the effect of an antimicrobial coating 
on the storage qualities of smoked fish.



430

Materials and Methods 

 The chemicals used were sodium alginate, potassium 
sorbate, sodium benzoate and glycerol, with the brand 
name of R&M Chemicals.  The media used were plate 
count agar, malt extract agar, Baird Parker Agar and 
Ringers tablet from Oxoid, UK, and Petrifilm (3M, 
USA). The antimicrobial coating solution was prepared 
by mixing sodium alginate (SA, 0.6%), potassium sorbate 
(PS, 0.8%), sodium benzoate (SB, 0.2%) with glycerol 
and filtered water. The mixed solution was subsequently 
heated to 80 °C and bottled for future use. Plain SA 
coating solution was prepared following the same method 
but without adding of PS and SB.
 Catfish (Clarias batrachus) were eviscerated and 
washed with tamarind and salt water to remove the 
muddy flavour and slime. Subsequently, the fish was 
smoked for 1 hour at 75 ± 5 °C in the smoke house. 
Partially smoked fish was soaked in the coating solution 
for 3 minutes, followed by smoking for another 1 hour 
at the same temperature. The smoked fish was cooled in 
a cabinet before being packaged in a vacuum Oriented 
Nylon/Polyethylene bag, and stored at 2 ± 2 °C.
 Two treatments were tested: i) the samples were 
coated with antimicrobial solution (DPA), and ii) the 
samples were coated with a plain solution without an 
antimicrobial agent (PC). The storage quality of both 
treatments was compared with samples without coating 
(K). The samples underwent microbiology analysis (total 
plate count, yeast and mould count, coliform, Escherichia 
coli and Staphylococcus aureus) following the methods 
of Wallace and Thomas [5]. Sensory evaluations were 
conducted using a 7-point hedonics scale [6]. The 
sorbic and benzoic acid levels in the products were also 
determined [7]. Data were presented as means ± SD for 
at least three separate determinations for each treatment. 
The data were analysed by two-way Analysis of Variance 
(ANOVA) and any significant differences among the 
means were determined by Duncan Multiple Range Test 
(DMRT) at p <0.05, using the Statistical Analysis System 
computing programme.

Results and Discussion 

 The results of the microbiological analysis carried out 
on the smoked fish samples over 12 weeks are presented 
in Table 1. The smoked fish coated with the antimicrobial 
coating (DPA) recorded the longest shelf life of 8 weeks 
at the storage temperature of 2 ± 2 °C, whilst the samples 
without coating (K) and the samples coated without an 
antimicrobial agent (PC) could only be stored for 4 weeks 

under the same storage conditions. This was proven by 
the data on total plate count and yeast and mould count 
that were still satisfactory until week 8 for DPA, but only 
until week 4 for K and PC. The range for the mean total 
aerobic bacteria and yeast and mould counts is important 
because microbial spoilage may lead to food damage and 
shorten shelf life. For Coliform analysis, DPA showed 
satisfactory results until week 8, while the other two 
samples (K and PC) showed satisfactory results until 
week 4. Coliforms are generally used as an indicator for 
compliance with hygiene and sanitary rules. E. coli, on 
the other hand, is a pathogen that is able to grow rapidly 
in food if provided with the ideal time and temperature, 
and may cause gastroenteritis, is consequently a public 
health hazard. However, in this study, all the samples 
showed no sign of E. coli from week 0 until week 12. 
Similarly, no S. aureus was detected during the whole 
period of storage for DPA. However, the K and P samples 
were proven to contain S. aureus, starting from week 6 
onwards, with the magnitude of increase being greater 
in the K rather than the PC samples (Table 1). S. aureus 
is known as an opportunistic pathogen that can cause 
skin infections and food poisoning. Its growth may be 
promoted following improper handling leading to cross 
contamination by food handlers. With these findings, we 
can conclude that the K and PC samples were only safe 
from S. aureus bacteria until week 4, whereas the DPA 
sample was ascertained to be safe until week 12.
 Overall, DPA showed very promising results in 
increasing the quality and shelf life of smoked fish. This 
might be due to the synergistic effect of sodium benzoate 
and potassium sorbate in the antimicrobial coating. The 
antimicrobial coating formulation, in combination with 
the smoking effect, as well as a good post-processing 
environment in the food premises and low temperature 
storage gave a positive impact on the quality and shelf 
life of the smoked fish. 
From the results obtained from the sensory evaluation 
as shown in Table 2, the K and PC samples were still 
acceptable after 4 weeks, while the DPA sample was 
acceptable until 8 weeks.  The scores for all the attributes 
exceeded the minimum acceptance level of 4 for the 
mentioned period of storage.
 Table 3 shows the concentrations of sorbic and benzoic 
acid that remained in the smoked fish. Benzoic and sorbic 
acids and their salts are permitted food preservatives 
by international laws for processing but with restrictive 
amounts; hence, their contents must be declared and must 
not exceed the limits established by legislation. Our results 
showed that both sorbic and benzoic acid levels did not 
exceed the permitted maximum levels.



431

Table 1. Microbiological evaluation of various smoked fish treatements over 12 weeks of storage at 2 °C

Analysis Storage time (week) Treatment
K PC DPA

Total plate count
(log cfu/g)

Yeast and mould count
(log cfu/g)

Coliform/Escherichia coli
(log cfu/g)

Staphylococcus aureus
(log cfu/g)

0
2
4
6
8
10
12

0
2
4
6
8
10
12

0
2
4
6
8
10
12

0
2
4
6
8
10
12

1.33 ± 0.21gA

2.33 ± 0.10fA

3.45 ± 0.75eA

4.46 ± 0.40dA

6.02 ± 0.17cA

7.33 ± 0.04bA

8.63 ± 0.22aA

1.00 ± 0.00gA

2.76 ± 0.03fA

3.51 ± 0.02eA

4.30 ± 0.42dA

5.63 ± 0.37cA

7.02 ± 0.13bA

8.34 ± 0.54aA

0.50 ± 0.00eA

0.50 ± 0.00eA

0.75 ± 0.35deA

1.11 ± 0.10dA

2.46 ± 0.23cA

2.95 ± 0.06bA

3.94 ± 0.02aA

1.00 ± 0.00fA

1.00 ± 0.00fA

1.66 ± 0.05eA

2.67 ± 0.31dA

3.79 ± 0.04cA

4.72 ± 0.37bA

5.72 ± 0.28aA

0.50 ± 0.00dA

0.50 ± 0.00dA

0.50 ± 0.00dA

1.17 ± 0.12cA

2.41 ± 0.33bA

3.10 ± 0.07aA

3.33 ± 0.18baA

1.00 ± 0.00gA

1.94 ± 0.07fB

3.34 ± 0.03eB

4.35 ± 0.14dA

5.60 ± 0.08cA

6.24 ± 0.28bB

6.97 ± 0.03aB

0.50 ± 0.00dA

0.50 ± 0.00dA

0.50 ± 0.00dA

1.17 ± 0.12cA

2.41 ± 0.33bA

3.10 ± 0.07aA

3.33 ± 0.18baA

1.00 ± 0.00eA

1.00 ± 0.00eA

1.00 ± 0.00eB

2.02 ± 0.03dB

2.85 ± 0.02cB

3.36 ± 0.12bB

4.30 ± 0.09aB

0.75 ± 0.35eA

1.00 ± 0.00eB

1.46 ± 0.40eB

2.41 ± 0.52dB

3.40 ± 0.11cB

4.44 ± 0.28bB

5.53 ± 0.23aC

1.00 ± 0.00eA

1.00 ± 0.00eC

1.00 ± 0.00eC

2.35 ± 0.43dB

3.50 ± 0.29cB

4.63 ± 0.22bC

5.36 ± 0.35aC

0.50 ± 0.00cA

0.50 ± 0.00cA

0.50 ± 0.00cA

0.50 ± 0.00cB

0.75 ± 0.35cB

1.36 ± 0.15bB

2.69 ± 0.37aA

1.00 ± 0.00aA

1.00 ± 0.00aA

1.00 ± 0.00aB

1.00 ± 0.00aC

1.00 ± 0.00aC

1.00 ± 0.00aC

1.00 ± 0.00aC

Note: Means followed by the superscript of the same lower case letter in the same column or same upper case letter in the same 
row were not significantly different from each other (p >0.05), K = Control sample without coating, PC = Sample coated without 
antimicrobial agent, DPA = Sample coated with antimicrobial agent, Bold = Not safe to eat (exceeding microbiological limits based 
on MRCFF Australia)

Conclusion 

 This work demonstrates that the application of the 
antimicrobial coating (named Edicoat) on smoked fish can 
extend its shelf life to 8 weeks at a storage temperature 
of 2 ± 2 oC. Smoked fish without the antimicrobial 
coating lasted only 4 weeks at the same temperature. This 
antimicrobial coating technology may be introduced to 
smoked fish entrepreneurs because the coating is easy to 
prepare and use.

Acknowledgement 

 This study was funded and monitored by EPU 
(Economic Planning Unit) under the Prime Minister’s 
Office for Projek RMK-11 (Pembangunan Usahawan 
Tekno Moden yang Kompetitif di Pasaran Domestik dan 
Global).



432

References

Raja Nasharuddin RAD, Moey SW, Mohamad A. and Amran 
A. Penilaian mikrobiologi daging salai bersalut salutan 
antimikrob. Buletin Teknologi MARDI. 2019. 17: 67 – 74

Suppakul P, Miltz J, Sonneveld K. and Bigger SW. Active packaging 
technologies with an emphasis on antimicrobial packaging 
and its applications. Journal of Food Science. 2003. 68: 
408 – 420

Anonymous. Akta Makanan 1983 dan Peraturan-Peraturan 
Makanan 1985. Kuala Lumpur: MDC Publishers Sdn Bhd. 
2009. 399.

Codex Alimentarius. General Standard for Food Additives. Food 
and Agriculture Organization. World Health Organization; 
2016.

Table 3. Level of preservatives in smoked fish samples

Type of Preservative Concentration
(mg/kg)

Allowable Maximum Limit (mg/kg) 
(CODEX STAN 192-1995)

Sorbic acid 898.66 1000

Benzoic acid 83.6 200

Table 2. Sensory evaluation of smoked fish over 8 weeks storage at 2 °C

Attribute Storage time (week) Treatment
K PC DPA

Colour

Aroma

Taste

Texture

Overall 
Acceptability

0
2
4
6
8

0
2
4
6
8

0
2
4
6
8

0
2
4
6
8

0
2
4
6
8

6.03 ± 0.98aA

5.97 ± 1.07aA

5.30 ± 0.92bA

-
-

6.00 ± 0.95aA

5.27 ± 1.08bB

5.07 ± 1.05bB

-
-

5.90 ± 0.93aA

5.43 ± 1.17abB

5.13 ± 0.73bcB

-
-

5.87 ± 1.01aA

5.50 ± 1.04abA

5.13 ± 0.86bcB

-
-

5.93 ± 0.87aA

5.47 ± 1.20abB

5.07 ± 0.69bcB

-
-

5.93 ± 1.11aA

5.97 ± 1.07aA

5.30 ± 0.92bA

-
-

6.07 ± 0.83aA

5.67 ± 1.12abAB

5.30 ± 0.84bcAB

-
-

6.20 ± 0.89aA

6.03 ± 0.89aAB

5.50 ± 0.85bAB

-
-

6.10 ± 0.93aA

5.93 ± 1.08aA

5.23 ± 0.77bB

-
-

6.06 ± 1.21aA

6.00 ± 1.05aA

5.30 ± 1.06bB

-
-

 6.0 ± 0.91aA

5.90 ± 0.99abA

5.67 ± 0.80abA

5.50 ± 0.78abcA

5.43 ± 0.97bc

6.10 ± 0.96aA

5.90 ± 1.03abA

5.73 ± 0.91abA

5.87 ± 1.17abA

5.73 ± 0.91ab

6.17 ± 0.95aA

5.73 ± 0.83abA

5.87 ± 0.57abA

5.70 ± 0.99abA

5.57 ± 0.90b

6.10 ± 0.92aA

5.70 ± 0.99abA

5.87 ± 0.86abA

5.77 ± 1.22abA

5.53 ± 0.82b

6.13 ± 0.90aA

5.93 ± 0.58abAB

5.90 ± 0.92abA

5.73 ± 0.98abcA

5.53 ± 1.22bc

Note: Means followed by the superscript of the same lower case letter in the same column or same upper case letter 
in the same row were not significantly different from each other (p >0.05), K = Control sample without coating, PC = 
Sample coated without antimicrobial agent, DPA = Sample coated with antimicrobial agent

Wallace HA. and Thomas HA. Food sampling/preparation of 
sample homogenate. In: Bacteriological Analytical Manual. 
Lois AT. and Dorothy HH. (Eds.). Edition 8, USA: US Food 
and Drug Administration; 1998

Aminah A. Prinsip Penilaian Sensori. Bangi: Penerbit Universiti 
Kebangsaan Malaysia. 2000. 163

AOAC. In: Horwitz W. (Eds.) Official Methods of Analysis. 
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Abstract

 Lepisanthes fruticosa (Roxb.) Leenh. or locally known as ceri Terengganu is an underutilised fruit species from 
the family Sapindaceae. It was previously identified as a potent antioxidant source, but scientific information on the 
fruit species is still lacking and limited to in vitro data. Therefore, the present study focused on both in vitro and in 
vivo evaluations of the antioxidant and antidiabetic activities of L. fruticosa fruit extracts along with phytochemical 
profiling using the liquid chromatography mass spectrometry (LC-MS/MS) approach. Among the various extracts, 
ethanolic seed crude extract was the most potent because of its strongest radical scavenging, β-carotene bleaching, 
α-glucosidase inhibition and the highest total phenolic content. To investigate the in vivo antidiabetic effect of L. 
fruticosa ethanolic seed extract (LFSE) in Sprague Dawley rats, a combination of a high fat diet (HFD) and low 
dose of streptozotocin (STZ) (35 mg/kg body weight) was used. After 8 weeks of obesity induction, the STZ-induced 
diabetic rats were orally supplemented with 300 and 600 mg/kg body weight of LFSE for 4 weeks. The higher dosage 
(600 mg/kg body weight) showed a more pronounced activity in reducing hyperglycaemia, enhancing antioxidant 
status and improving some lipid and blood toxicity parameters. Further LC-MS/MS analysis of LFSE showed the 
presence of putative phytochemicals from various classes. Among the dominant compounds with notable antioxidant 
and antidiabetic properties were soyacerebroside II, α-kojibiose and genistein-7,4’-di-O-β-D-glucoside, which were 
detected in the negative mode interface. The findings indicated that L. fruticosa seed extract has potential protective 
effects in alleviating hyperglycaemia-mediated-oxidative stress in HFD/STZ-induced diabetic rats. Although the 
underlying mechanisms remain elusive, the presence of various compounds could possibly be the key to the synergistic 
effects. Therefore, it can be concluded that L. fruticosa has the potential to be a therapeutic agent for the management 
of diabetes and its related complications.

Keywords: Ceri Terengganu (Lepisanthes fruticosa), seed extract, diabetis mellitus, antidiabetic, liquid chromatography mass 
spectrometry (LC-MS/MS)

Proceedings of MARDI Science and Technology Exhibition (2021): 433 – 438

Introduction

 Malaysia has been reported to have the highest 
prevalence of type 2 diabetes mellitus (DM) in Southeast 
Asia [1], with a total of 2.48 million diabetics predicted by 
2030 [2]. Type 2 DM (T2DM) which accounts for nearly 
95% of all DM cases, typically occurs when the body 
produces enough insulin but fails to utilise it effectively 
due to insulin resistance, and/or a deficiency in insulin 
secretion [3]. Among the prominent features of T2DM is 
oxidative stress, which produces excessive free radicals 
that play a major role in the development of diabetic 
complications [4]. 

 Antioxidant-rich fruits have demonstrated significant 
antidiabetic potential and have been widely used in 
the prevention and treatment of DM and its associated 
complications [5]. According to the World Health 
Organisation (WHO), natural sources are excellent 
candidates for oral antidiabetic therapy as they are 
effective, non-toxic, and have few or no side effects [6]. 
Lepisanthes fruticosa (Roxb) Leenh, locally known as ceri 
Terengganu, is an underutilised fruit species that has long 
been used as a food source and as a traditional remedy 
by rural folks. Scientific investigations have revealed 
that the fruit possesses strong antioxidant potential in 
comparison to a number of other underutilised fruits and 
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some popular fruits such as guava, mango and orange [7]. 
In vitro antidiabetic evaluation of the unripe fruit pulp has 
indicated that L. fruticosa exhibited strong α-glucosidase 
inhibition and insulin secretion activity [8]. Previous 
research involved only in vitro studies, with the edible 
portion (pulp) being the most commonly investigated. To 
date, no information is available on its seed with regard 
to health effects or active compounds. Therefore, the aim 
of the study was to evaluate the ameliorative potential 
of L. fruticosa ethanolic seed extract on type 2 diabetic 
animal models – information of which is reported for the 
first time.

Materials and Methods

Preparation of Extracts

 The unripe fruit (stage 1) of Lepisanthes fruticosa were 
collected from MARDI’s fruit germplasm collection at 
Serdang, Selangor [7]. The lyophilised seed samples were 
extracted with ethanol using the successive extraction 
technique. L. fruticosa ethanolic seed extracts (LFSE) 
was prepared at two different dosages: 300 and 600 mg/kg 
body weight using 0.03% (w/v) carboxy methyl cellulose 
(CMC), thus, representing the low dosage treatment (LT) 
and high dosage treatment (HT), respectively.

Experimental Animals

 Ethical approval for the animal studies was obtained 
from the Institutional Animal Care and Use Committee 
(IACUC), Universiti Putra Malaysia (UPM/IACUC/
AUP-R091/2018). Thirty healthy male Sprague Dawley 
rats (n = 30), 4 weeks of age and weighing between 100 
and 150 g each, were housed in individual ventilated 
cages, and maintained under controlled environmental 
conditions (12 h light and 12 h dark cycle, 25 ± 30 °C, 
35 – 60% humidity). Following a 1-week acclimatisation 
period, the rats were randomly divided into five groups 
of six rats per group (n = 6).

Induction of Obesity

 Four groups were given a high fat diet (HFD) for 8 
weeks to induce obesity. HFD contained a total caloric 
value of 439 kcal/100 g. The normal control (NC) group 
was given a standard rat diet which contained 368 kcal/100 
g. Body weight (BW) was measured weekly to ensure the 
development of obesity.

Induction of Diabetes

 At week 9, the HFD-fed rats were injected 
intraperitoneally (i.p) with a fresh solution of low-dose 
streptozotocin (STZ) (35 mg/kg BW) prepared in a 0.05 M 
cold citrate buffer (pH 4.5). After 1 week, fasting blood 
glucose level was measured to confirm the development 
of diabetes. 

Experimental Design

 The experimental animals were randomly divided into 
five groups of six rats each (n = 6) and treated once daily 
for 4 weeks by gastric intubation. Fasting blood glucose 
level and body weight were measured weekly.

Group I 
(Normal Control)

: Normal rats administered 0.03%
 (w/v) CMC (10 mL/kg BW)

Group II 
(Diabetic Control)

: Diabetic rats administered 0.03%
 (w/v) CMC (10 mL/kg BW)

Group III 
(Positive Control)

: Diabetic rats administered 10 mg/kg
 BW metformin (10 mg/kg BW)

Group IV 
(Low Treatment)

: Diabetic rats administered 300 mg/kg 
BW LFSE

Group V 
(High Treatment)

: Diabetic rats administered 600 mg/kg 
BW LFSE

Biochemical Analysis

 Blood was collected at week 9 (baseline) and after 
4 weeks of treatment, on week 13 (final). Biochemical 
parameters such as insulin, superoxide dismutase 
(SOD), catalase (CAT), glutathione peroxidase (GPx) 
and thiobarbituric acid reactive substances (TBARS) 
were analysed using commercially available kits. 
Total cholesterol (TC), triglyceride (TG), low density 
lipoprotein-cholesterol (LDL-c), high density lipoprotein-
cholesterol (HDL-c), aspartate aminotransferase (AST), 
alanine transaminase (ALT), alkaline phosphatase (ALP), 
urea and creatinine were determined by an automated 
chemistry analyser. 

Identification of Phytochemical Compounds Using 
LC-MS/MS

 Ultra-high pressure liquid chromatography (UHPLC) 
was performed on an ACQUITY UPLC I-Class system 
from Waters (Milford, USA). For MS/MS characterisation, 
the UHPLC system was coupled to a Vion IMS quadrupole 
time-of-flight (QTOF) hybrid mass spectrometer (Waters). 
The analysis was conducted following a previously 
described method [9].

Statistical Analysis

 All the experiments were carried out in triplicate and 
presented as means ± standard error (SE). The data were 
statistically analysed by analysis of variance (ANOVA) 
and Tukey’s posthoc test using SPSS software, version 
20 (SPSS Inc; Chicago, IL, USA). A value of p <0.05 
was considered to be statistically significant.

Results and Discussion

 Based on the significantly higher body weight gain 
relative to the negative control, it can be inferred that 
HFD-induced obesity was successfully achieved in 
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the rats (Figure 1). The combination of HFD and STZ 
model is a valid experimentally-induced animal model 
of T2DM to mimic human diabetes syndrome. As 
previously described, prolonged feeding with HFD may 
lead to mildly hyperglycaemic or pre-diabetic condition, 
which refers only to the early stage of T2DM pathology 
[10]. Therefore, the incorporation of STZ is important to 
reduce the capacity of the pancreatic β-cells and develop 
significant hyperglycaemia [11].
 Management of T2DM focuses mostly on keeping 
blood glucose levels as normal as possible. The marked 
elevation in FBG levels after STZ injection was notably 
reduced by the high dosage of LFSE (HT), a reduction 
which was comparable to that achieved by the standard 
antidiabetic agent, metformin (Table 1). Interestingly, the 
treatment exhibited anti-hyperglycaemic effects in both 
the sub-chronic (4 weeks) and acute (2 h) studies, as 
assessed by the oral glucose tolerance test. In addition, 
the treatment with LFSE showed a potential improvement 
in the levels of insulin, based on the increasing trends 
observed in this study (Table 1).
 The protective effect of LFSE in diabetic rats was 
evaluated as a function of SOD, CAT and GPx enzymes 
which represent the front line of the body’s endogenous 

antioxidant defence system [5]. From Table 2, both the 
LFSE treatments produced a significant improvement in 
the SOD levels which may be attributed to their strong 
antioxidant potential in preventing the generation of 
superoxide radicals. The HT treatment group, in particular, 
HT also showed potential protective ability against 
hydroxyl radicals as indicated by the increasing trends of 
CAT and GPx activities, when compared to DC. Moreover, 
HT prevented membrane damage by decreasing lipid 
peroxidation, reported as the malondialdehyde (MDA) 
level (Table 2). The presence of various antioxidant 
phytochemicals may largely contribute to the antioxidant 
capacity of the seed extract.
 Dyslipidaemia or abnormalities in lipid metabolism is 
one of the most common complications of diabetes [5]. 
Results on the serum lipid profile are presented in Table 3. 
The most affected group was that of the untreated diabetic 
control, DC. In contrast, the LFSE treatments caused a 
significant promotion in HDL-c level especially. HDL-c 
is the advantageous lipoprotein which protects the arterial 
walls from cholesterol deposition, thereby preventing 
atherosclerosis and other cardiovascular diseases [5].

Week 0: initial body weight before HFD feeding; Week 8: after HFD feeding except for the NC 
group; Week 9: after STZ injection to the HFD groups, before treatment; and Week 13: after 
treatment. Values are expressed as means ± standard errors. Means with different letters are 
significantly different between groups at the level of p <0.05

Figure. 1. Body weight changes of HFD/STZ-induced diabetic rats

Table 1. Fasting blood glucose and insulin levels of the experimental groups of rats

Group
Blood glucose

(mmol/L)
Serum insulin

(pmol/L)
Baseline Final Baseline Final

NC  5.2 ± 0.2b  6.0 ± 0.4b 413.75 ± 12.97a 392.27 ± 30.08a

DC 21.9 ± 1.0a 21.7 ± 5.3a 165.56 ± 21.37b 138.70 ± 30.41b

PC 22.3 ± 1.6a 13.8 ± 0.3ab* 174.98 ± 6.93b 249.97 ± 49.93b

LT 22.1 ± 2.3a 19.2 ± 3.3a 168.42 ± 24.39b 186.96 ± 20.44b

HT 22.2 ± 1.8a 14.0 ± 3.0ab* 150.83 ± 24.82b 204.47 ± 27.49b

Values are expressed as means ± standard errors. Means with different letters in the same column (between 
groups) are significantly different from one another at the level of p <0.05. Asterisk (*) in the same row 
indicates that the values are significantly different at the level of p <0.05 as compared to baseline
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 Persistent hyperglycaemia may also lead to organ 
damage, dysfunction and failure, which are often 
associated with various chronic diseases [13]. Results 
on serum liver and kidney functions are presented in 
Tables 4 and 5, respectively. The common established 
markers for acute liver damage are AST, ALT and ALP 
levels (Table 4). Meanwhile, urea and creatinine are the 
specific markers for kidney failure (Table 5). From Tables 
4 and 5, it may be seen that the HT treatment with LFSE 
showed no significant differences when compared to NC. 
This is an indication that LFSE may not only be safe for 
the liver and kidney, but also offers protection against 
diabetic injury. The protective role of antioxidants in 
LFSE may contribute to the safety of the treatments to 
the animal organs.
 On the basis of its potential antidiabetic effects, 
LFSE was further analysed using LC-MS/MS to identify 
phytochemical compounds that may be responsible for 
the effects. A total of 21 compounds were proposed 
from various classes. Among these, soyacerebroside 
II, α-kojibiose and genistein-7,4’-di-O-β-D-glucoside 
were the predominant compounds found with notable 
antidiabetic and antioxidant properties. Soyacerebroside 
II was a sphingolipid previously detected in the seed 
extract of longan fruit, Dimocarpus longan, that possesses 
antioxidative and hypoglycaemic effects [14]. Kojibiose 
is a non-digestible isomaltooligosaccharide that inhibits 
α-glucosidase I, the key enzyme that plays an important 
role in carbohydrate metabolism [15]. Genistein-7,4’-di-
O-β-D-glucoside found in Morus alba (mulberry) was 
previously reported to show a glucose-lowering effect 
[16]. Aglycone has been described to exert its antidiabetic 
activities through enhancing β-cell proliferation, glucose-
stimulated insulin secretion and protection against 
apoptosis [17].

Conclusion

 The present study has revealed, for the first time, the 
antidiabetic potential of L. fruticosa ethanolic seed extract 
which may be attributed to its anti-hyperglycaemic effect, 
enhanced antioxidant status and organ-protective potential 
in HFD/STZ-induced diabetic rats. The antidiabetic and 
antioxidant properties of various putative phytochemicals 
present in the extract could synergistically contribute to 

Table 5. Kidney functions of the experimental groups of rats

Group
Kidney function

Urea (mmol/L) Creatinine (μmol/L)
Baseline Final Baseline Final

NC 5.99 ± 0.33 a 6.04 ± 0.40 a 20.00 ± 1.00 a 20.33 ± 1.20 a

DC 7.21 ± 0.23 ab 8.51 ± 0.14 b 20.38 ± 1.07 a 21.33 ± 0.67 a

PC 8.57 ± 0.48 b 9.17 ± 0.48 b 19.50 ± 2.22 a 18.83 ± 1.11 a

LT 7.65 ± 0.17 ab 9.20 ± 1.19 b 20.00 ± 1.15 a 22.50 ± 1.50 a

HT 8.30 ± 0.32 ab 7.45 ± 0.01 ab 20.71 ± 1.32 a 20.17 ± 2.58 a

Values are expressed as means ± standard errors. Means with different letters within the same 
column are significantly different from one another at the level of p <0.05

the amelioration of the biochemical anomalies. Therefore, 
it can be concluded that L. fruticosa fruit species may be 
recommended as a potential therapeutic agent for T2DM 
and its related complications.
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Abstract

 Expert system architecture was introduced for the development of the MyCIN System in 1984. Since then, this 
architecture has been referenced to portray the architecture of the expert system. At the same time, the Model-View-
Controller (MVC) framework was a widely used software design pattern since it was introduced in 1988. The expert 
system architecture consists of four interrelated components: the knowledge acquisition facility, the inference engine, 
the working memory, and the explanation facility. The MVC framework in turn is divided into three interrelated 
components, namely, the model, controller and view. In the development of an expert system, the architecture and 
framework can be used together. This study presents an architecture called Model-View-Controller for Expert System 
(MoViCES) for the development of stingless beekeeping or meliponiculture diagnostic applications. After carrying out 
a literature review, the study continued with developing MoViCES architecture. The study ended with the development 
of a meliponiculture diagnostic application based on the MoViCES architecture to verify the utility of the architecture. 
The study found that the components in the expert system architecture can be merged with the MVC framework to 
become a new architecture. In conclusion, MoViCES architecture is suitable to be used when an expert system is 
developed in the MVC framework. With MoViCES architecture, the expert system architecture can be presented in a 
single diagram, instead of two different diagrams.

Keywords: MoViCES, Expert System Architecture, Model-View-Controller (MVC), MVC framework, stingless beekeeping 
diagnostic application

Introduction

 Expert system architecture as shown in Figure 1 was 
introduced for the development of the MyCIN System 
in 1984. The expert system architecture consists of four 
interrelated components: the knowledge acquisition 
facility, the inference engine, the working memory, and 
the explanation facility. Three actors are involved in the 
architecture: the user, the knowledge engineer, and the 
domain expert [1]. Since then, this architecture has been 
referenced to portray the architecture of the expert system.
 In 1988, a software design pattern, named the Model-
View-Controller or MVC, was introduced. MVC is 
divided into three interrelated components: the model, 
the controller, and the view, as shown in Figure 2[2]. In 
the development of an expert system, such as a stingless 
beekeeping or meliponiculture diagnostic application, 
the architecture and framework can be used together. 

However, with fast ICT growth, there is a question to 
be answered. Is the architecture still relevant, and did 
it not evolve when the expert system was developed by 
using the MVC framework? This study tried to propose 
a new expert system architecture for the development of 
meliponiculture diagnostic applications.

Materials and Methods 

Literature Review

 The study began by conducting a literature review. 
Before the literature review started, the research question 
was developed by using PICo mnemonic [3]. PICo is 
short-form for population (P), phenomena of interest (I) 
and context (Co). The research question plotted in the 
PICo mnemonic was:
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• Population: the researchers who were researching 
and developing the expert system 

• Interest: the evolution of expert system architecture 
may be modified by the researchers when they studied 
the expert system and developed it.

• Context: the expert system was developed using a 
popular software development pattern, namely, the 
Model-View-Controller (MVC) framework.

 So, the research question was whether there is an 
evolution of expert system architecture caused by the 
researchers involved in developing expert systems 
using the MVC framework. To perform the literature 
review, a systems approach was followed to conduct an 
effective literature review of information system research 
[4]. Figure 3 provides an overview of the literature 
review process.
 First, in the input stage, a list of quality article resources 
was defined. Articles were searched for in Scopus, 
ScienceDirect, IEEE, ACM and Google Scholar. Expert 
Systems with Applications is the top-ranked journal to 
be focused on. The keywords for the search in this study 
were: expert system architecture, expert system structure, 
expert system framework, expert system model, model-
view-controller and MVC. Searching by keywords was 
just the initial step in the literature search process. At 
the same time, searching for forward references was 
performed to review additional articles that were cited the 
primary articles. The search process ended when no new 
citations were discovered, and articles cited in the newly 
discovered literature had already been reviewed [4].

Figure 3. The three stages of the effective literature 
review process

1. Know the literature
2. Comprehend the literature
3. Apply
4. Analyse
5. Synthesize
6. Evaluate

3. OUTPUT

2. PROCESSING

1. INPUT

 Next, in the processing stage, six steps were performed: 
know the literature; comprehend the literature; apply; 
analyse; synthesise; and evaluate. As this study focused 
on the evolution of expert system architecture in the MVC 
framework, only the analysis and evaluation steps were 
needed. The expert system architecture diagrams in the 
articles were compared with the original diagram. If there 
were any changes, the articles were selected to become 
the output of the process.
 Finally, the articles that showed the evolution of expert 
system architecture were discussed at the output stage. If 
any evolution was found, the latest architecture was then 
to be referenced to develop the new architecture. 

Development of New Expert System Architecture

 After finishing the literature review, the study 
continued with the development of a new expert system 
architecture. The new architecture was based on the 
original expert system architecture, but merged with 
the MVC framework. The interrelated components in 
the MVC framework and the expert system components 
were compared and mapped according to the similarity 
of functions. The relations between the expert system and 
MVC framework components were merged to become a 
relation statement that described the same relationship 
between the components of the expert system and the 
MVC framework. Then, the new architecture was sketched 
on paper before being presented in this article. 

Development of a Diagnostic Expert System for 
Stingless Beekeeping

 The study ended with the development of a diagnostic 
expert system for meliponiculture to verify the new expert 
system architecture. Knowledge transformation into the 
rules and programming of the system both used the new 
architecture developed in this study.

Results and Discussion

 In the literature review, 104 publications were 
scrutinised to look for evaluations of the expert system 
architecture in the MVC framework. Only one publication 
reported the merging of the expert system architecture and 
the MVC framework into what was called the Building 

Figure 1. Expert System Architecture
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Rules System Architecture. However, other components 
were introduced into the architecture, as a result of which 
the relationships between the components disappeared. 
The additional components were divided into two different 
layers, namely, the frontend and the backend [5].
 From the development of the new architecture, this 
paper presents an architecture called a Model-View-
Controller for Expert System (MoViCES) to portray the 
expert system architecture in the MVC framework as 
illustrated in Figure 4.
 First, the knowledge engineer has a dialogue with the 
domain expert to transfer the knowledge. The obtained 
knowledge is transformed into the database in the working 
memory, and into query statements set in the inference 

Table 1. System parts and functions

Part Folder/File/Table Functions
View/Explanation facility View/dia.addform.php Displays form to start. 

View/dia.fire.php Displays diagnosis result. 
View/_diagnose.php Displays a list of the previous diagnosis. 

Controller/Knowledge acquisition 
facility

Controller/ diagnose. controller.php Handles request by action passed to the page.
Gets symptoms_id list posted by the stingless 

beekeeper.
Handles request by action passed to the page:

To open diagnosis form (action: add)
To start diagnosis (action: addData) 

To open diagnosis result (action: view)
To delete diagnosis record (action: delete)

Model/Inference engine Model/ diagnose.model.php Inference Engine:
Diagnosis list (Function: find)

Diagnoses (Function: createDiaData)
Opens diagnosis result (Function: retrieveDia)
Deletes diagnosis record (Function: deleteDia)

Working memory (MySQL database) Table diagnose, symdia StoreS the diagnosis record.
Table symptom, problem, problem 
cat, prevention, treatment, map_

prob_symp, map_prob_prev, map_
prob_treat

Stores the rules.

engine. These working memory and inference engines 
are then programmed into the model component of the 
MVC framework.
 The user uses the knowledge acquisition facility 
to request for an answer from the expert system. The 
knowledge acquisition facility was programmed into 
the controller component of the MVC framework. The 
controller manipulates the inference engine, which was 
programmed into the model component. The inference 
engine infers the rules in the working memory, and sends 
an update to the user by the explanation facility which 
was programmed in the view component of the MVC 
framework. The view component responds with an answer 
to the user.
 The MoViCES Architecture was used in developing 
the diagnostic application system for meliponiculture 
in Malaysia to verify the usefulness. Table 1 shows the 
functions of the programming files in the system part. 
The files were placed in different folders based on their 
role, but are interconnected as mentioned earlier in the 
MoViCES Architecture.

Conclusion

 To conclude, it was found that the components in 
the expert system architecture can be divided into three 
interrelated parts: a model, a controller, and a view. 
Thus, the Model-View-Controller for Expert System 
(MoViCES) Architecture has been presented to describe 
how the expert system was developed in this popular 
software design pattern. The expert system structure can 
be illustrated in just one diagram instead of two different 
diagrams from this architecture. Figure 4. Model-View-Controller for Expert System 

(MoViCES) Architecture
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Abstract

 Red tilapia contributes to approximately 90% of the total tilapia production in Malaysia. The production of red 
tilapia increased from 8,214 tonnes in 1998 to 31,844 tonnes in 2019, i.e., at an expansion rate of 288% over a 20-year 
period. Tilapia is the most farmed freshwater fish in Malaysia followed by freshwater catfish (keli) and river catfish 
(patin). Rearing of red tilapia is preferred by the fish farmers, which accounts for the more than 94% of the total 
tilapia production. The objectives of this study were to: i) determine the feasibility of a feed formulation for red tilapia 
based on local sources of raw materials, and; ii) determine the costs and benefits of MARDI’s feed formulation for 
red tilapia in comparison with commercial feeds. A commercial feeding trial was conducted to compare between the 
effects of MARDI’s feed formulation and a commercial feed.  The results showed that MARDI’s feed formulation gave 
a lower weight gain but cost less than the commercial feed. However, when the monetary benefits and implications 
of MARDI’s red tilapia feed formulation against the commercial feed were analysed using partial budgeting, it was 
found that the total benefits exceeded the implications by a value of RM1,529.87/cycle. The surplus benefit value 
indicated that MARDI’s red tilapia feed formulation had greater advantages compared to the commercial feed. Finally, 
it can be concluded that MARDI’s feed formulation for red tilapia had achieved the objective of reducing the cost of 
aquaculture feed by 15-20%. However, because MARDI’s feed formulation gave a lower final weight gain than the 
commercial feed, it is highly recommended that some adjustment needs to be done to the feed formulation. 

Keywords: Red tilapia fish, MARDI’s feed formulation, partial budgeting analysis
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Introduction

 Red tilapia contributes to approximately 90% of the 
total tilapia production in Malaysia. The production of 
red tilapia increased from 8,214 tonnes in 1998 to 31,844 
tonnes in 2019, i.e., at an expansion rate of 288% over a 
20 year period [1]. Tilapia is the most farmed freshwater 
fish in Malaysia [2], followed by freshwater catfish (keli) 
and river catfish (patin) [3]. Red tilapia is considered to 
be the most preferred fish cultured by the fish farmers, 
which accounts for the more than 94% of the total tilapia 
production [4] (Fig. 1). The species which is Oreochromis 
sp., in general, is widely cultured in ponds, cages, and 
tanks.
 Red tilapia fish farming in Malaysia started many 
years ago but the production is still not very promising. 
According to the Department of Fisheries [5], there was 
a decreasing trend in the production of red tilapia from 
2012 (39,581 t) to 2017 (25,975 t). Currently, the average 
retail price of red tilapia fish is RM13.00/kg. This makes 

the fish is second cheapest fish in the market, after African 
catfish. Therefore, red tilapia fish were is known as “fish 
for the people”.
 Feed accounts for over 50% of the production cost of 
red tilapia fish. Although considerable variation exists, 
cereal grains are the usual sources of carbohydrate in most 
aquafeed, and these cannot be economically substituted 
with other sources. Fishmeal is the single most important 
source of protein. The increased cost of energy (petroleum 
prices), climate change, and increasing demand have 
resulted in a global increase in fishmeal prices. The world 
price for fishmeal ranges between USD500 and USD1,300 
per tonne during the period 2000 – 2021 [5].
 MARDI, through the Livestock Science Research 
Centre, Socio Economic, Market Intelligence, and 
Sociology Research Centre with the support Department 
of Fisheries (DOF) Putrajaya, conducted a study to search 
for local alternative sources of raw materials that can 
replace fishmeal, and which can at least lower the cost of 
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red tilapia fish feed by around 15 – 25%. The objectives 
were to: i) determine the feasibility of a feed formulation 
for red tilapia fish developed by MARDI based on local 
sources of raw materials, and; ii) determine the costs and 
benefits of MARDI’s feed formulation for red tilapia fish 
in comparison with commercial feeds.

Materials and methods

Data Collection

 The study was carried out via qualitative and 
quantitative methods (Fig. 2). The qualitative method was 
based on secondary data and discussions. Secondary data 
pertaining to production, consumption, import, export, and 
self-sufficiency level (SSL) of the aquaculture industry 
in Malaysia were obtained from the Annual Fisheries 
Statistics [5], while primary data were collected through 
a commercial feeding trial on red tilapia fish which was 
conducted to test two types of feed: MARDI’s feed 
formulation and a commercial feed. Comparison data 
based on two types of aquaculture feed were collected. The 
primary data from the commercial feeding trial consisted 
of:

Figure 2. Methodology of MARDI’s feed formulation for red 
tilapia fish

(1) Stocking density (number of fish)
(2) Feed intake (g/fish)
(3) Weight gain (g/fish)
(4) Mortality rate (%)
(5) Feed conversion ratio (FCR)
(6) Final weight (g/fish)
(7) Aquaculture feed cost (RM/kg)

Data Analysis

Analysis of the data consisted of the following:
i) Analysis of the economics of production of 

MARDI’s feed formulation for red tilapia fish. The 
cost of production of MARDI’s feed formulation 
was compared with the cost of the commercial feed; 

ii) Partial budgeting analysis. This analysis measured 
the costs and benefits of MARDI’s feed formulation 
for red tilapia fish compared with commercial feed

Results and Discussion

 Table 1 shows the commercial-scale feeding trial on 
MARDI’s feed formulation for red tilapia fish against 
the commercial feed. At the stocking density of 3000 
fish, the final fish weight and feed cost of MARDI’s 
feed formulation were recorded to be lower than for the 
commercial feed.
 Table 2 shows a partial budgeting analysis for MARDI’s 
red tilapia feed formulation against the commercial feed. 
It may be seen that the total benefits of MARDI’s feed 
formulation exceeded the implications by RM487.67/
cycle. The surplus benefit value means MARDI’s red 
tilapia feed formulation had some advantages over the 
commercial feed. In other words, it was more profitable 
to use than the commercial feed. 

Figure 1. Production of red and black tilapia fish in Malaysia. Source: Department of Fisheries (2019)
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Table 1. Commercial-scale feeding trial for red tilapia fish in 1 cycle

Item MARDI’s Feed Formulation Commercial Feed
1. Stocking density (no. fish) 3000 3000 
2. Final weight (g/fish) 233.3 280.0
3. Feed intake (g/fish) 325.5 408.88
4. Weight gain(g/fish) 223.53 270.2
5. Feed conversion ratio (FCR) 1.46 1.51
6. Mortality rate (%) 1.32 16.26
7. Aquaculture feed cost (RM/kg) 2.64 3.50

Table 2. Partial budgeting analysis for MARDI’s red tilapia feed formulation against 
commercial feed

Technical parameters on Partial Budgeting:
1. Red tilapia stocking density: 3000 fish/commercial red tilapia farm 
2. Number of ponds/cages: 9 (ponds/cages)/commercial red tilapia farm 

A) Benefit (MARDI’s feed formulation) B) Implication (Commercial feed)
Additional revenue (a) Additional cost (c) 

Reduced cost (b) Reduced revenue (d) 
MARDI feed formulation RM638.87 Final weight (46.7g/fish) RM154.20

@RM10/kg (farm price)
Total Benefit (a + b) RM484.67 Total implications (c + d) RM154.20
(+) Benefit  RM484.67/cycle

Conclusion

 Finally, it may be concluded that MARDI’s feed 
formulation for red tilapia fish achieved the objective 
of reducing the cost of aquaculture feed by 15-20% 
when compared with the commercial feed. Therefore, 
because we found that the performance of MARDI’s feed 
formulation for red tilapia fish was lower than that of 
the commercial feed in terms of final fish weight, some 
adjustment to the local raw materials in the formulation, or 
a redefining of new local sources, is highly recommended. 
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Abstract

 Superovulation is one of the most crucial steps in multiple ovulation and embryo transfer (MOET) techniques. It 
influences the quality and quantity of the in vivo embryos that can be harvested from an individual cow. Gonadotrophins 
such as follicle-stimulating hormone (FSH) or equine chorionic gonadotrophins (eCG) are commonly used to induce 
follicular development in order to achieve multiple ovulations in cows. However, a cow’s response to induced 
superovulation is very unpredictable. Therefore, the objective of this study was to compare the superovulatory response 
(SR) in donors, embryo production rate, and quality of embryos collected from Charoke cows treated with either FSH 
or eCG hormones. Four- to five-year-old Charoke cows (n = 33) with body condition scores (BCS) of 3 – 4, and with 
at least one parity (number of previous calving), were used in the study. All donor cows were hormonally treated either 
with FSH ( n= 18) or eCG (n = 15), according to established protocol. The results of the present study, showed no 
significant differences (p >0.05) between all the parameters in the FSH- and eCG-treated groups. However, the number 
of donors with positive SR was higher in cows treated with FSH (56%) compared to those in the eCG group (40%). 
The type and dosage of hormones used for superovulation may contribute to the differences in the results observed. An 
average of three transferable embryos were collected per animal receiving either FSH or eCG hormones. In conclusion, 
this study indicated that both FSH and eCG can be used to superovulate donor cows under local conditions. Apart from 
the administration of gonadotrophins to increase the number of growing follicles in the ovaries, selection of healthy 
and good quality donor cows and skilled technicians are prerequisites to achieving high success rate and efficiency of 
the MOET technologies.

Keywords: Superovulation, Charoke cows, follicle-stimulating hormone (FSH), equine chorionic gonadotrophins (eCG), multiple 
ovulation, embryo production
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Introduction

 Reproductive biotechnologies have the potential 
to contribute towards enhancing the animal breeding 
programmes in Malaysia. Multiple ovulation and embryo 
transfer (MOET) is one of the reproductive biotechnologies 
that has been established to mass-produce in vivo 
embryos from good quality donor cows. In vivo embryo 
production by MOET still accounts for the majority of 
embryos produced worldwide, but it involves high costs 
and the number of embryos produced is often highly 
variable and unpredictable because of donor responses to 
superovulation treatment [1]. The application of MOET 
technologies requires the selection of valuable donors, 

and the administration of a superovulatory hormonal 
treatment to increase the number of growing follicles.
 Superovulation is one of the most crucial steps in the 
MOET technique that can be induced by gonadotrophins 
hormones, such as follicle-stimulating hormone (FSH) 
or equine chorionic gonadotrophins (eCG). Both FSH 
and eCG are commonly used for the superovulation of 
follicles and ovulation in cows. FSH is the hormone that 
is responsible for initiating follicle development, whereas 
eCG, which shows high FSH - and luteinizing hormone 
(LH)-like activities and has a high affinity for both FSH 
and LH receptors in the ovaries, is also widely used in 
the superovulation of mammalian species [2]. However, 
the response to induced superovulation in donor cows is 
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very unpredictable. Therefore, the objective of this study 
was to compare the superovulatory response (SR) in 
donors, embryo production rate, and quality of embryos 
collected from Charoke cows treated with either FSH or 
eCG hormones. 

Materials and Methods 

Animal Treatment 

 In this study, thirty-three Charoke cows were used. 
All the donor cows were hormonally treated according 
to established protocol [3]. Each cow was fitted with 
a controlled internal drug releasing device (CIDR-B; 
pfizer®, Eazy- Breed, New Zealand) containing 1.9 
g progesterone for 12 days. The day CIDR-B was 
inserted was considered as day 0. On day 9 to 12, a total 
of 10 ml ovine FSH (ovine pituitary extract, ICPbio 
limited, Auckland, New Zealand) was administrated 
intramuscularly at a decreasing dose in eighteen cows 
over four consecutive days. In another fifteen cows, 800 
IU of eCG (Folligon, Intervet International B.V.) was 
administrated to individual cows on day 12 following 
the removal of CIDR-B. These were followed with 
2 ml intramuscular injections of Prostaglandin-F2α 
(PGF2: Estrumate, Schering-Plough) on day 13 prior to 
CIDR-B removal. Six hours after detection of standing 
heat, 2 ml of receptal (Schering-Plough) was given and 
artificial insemination (AI) was carried out at 48, 60 
or 72 h after CIDR-B removal. In vivo embryos were 
collected non-surgically from donor cows on day 6 after 
the last insemination. 

Embryo Collection

 Embryo flushing was carried out using boviflush 
solution on day 6. During flushing, a two-way rubber 
catheter was inserted past the cervix and into the uterus. 
A 20-ml balloon was made to hold the catheter in 
place during flushing to collect the flushing media and 
uterine contents. After flushing, the media was brought 
to the laboratory for embryo searching using a stereo 

microscope. The embryos collected were evaluated 
and graded before placing them in bovihold media and 
freezing them for future use.

Results and Discussion

 In this study, no significant differences were observed 
between all the parameters in the FSH- and eCG-treated 
groups of donor cows as shown in Table 1. However, 
the number of donors with positive SR was higher in 
the FSH group compared to the eCG group. The effects 
of superovulation using the FSH treatment were at least 
similar or higher than that of using eCG as reported in 
a previous study [4]. In the present study, 56% of donor 
cows responded to the FSH- compared to 40% in the 
eCG-treated groups. Previous studies showed that 70-
94% of the donor cows were responsive to FSH treatment 
[4,5,6]. The variation in the results may be related to 
the type and dosage of hormones used [7]. Incidence of 
degenerated embryos and unfertilised oocytes was absent 
and high, respectively, in the eCG-treated group compared 
to the FSH-treated group. However, in the present sudy, 
the number of embryos harvested per animal did not 
differ between the FSH- and eCG-treated groups. An 
average of three transferable embryos were collected 
per animal treated with either FSH or eCG hormones. 
In a previous study, the number of transferable quality 
embryos collected ranged between 4.0 and 8.2, which 
was suggested to be associated with the type and dosage 
of superovulation hormones used [7]. The differences 
between our results and those reported earlier may be due 
to the variability in the superovulatory response in the 
donor cows following gonadotrophin treatments, the breed 
of the donor cows, and the local environmental conditions.

Table 1. Effect of gonadotrophins on superovulatory response (SR) and embryo production in Charoke 
cows

Parameter Gonadotrophin treatment
FSH-Ovagen eCG-Folligon

Number of donors 18 15
Positive SR 2.50 + 1.19 a, xy 10 (56%) 1.50 + 0.29 a, xy 6 (40%)
Total ova recovered 6.00 + 1.41 a, y 30 2.75 + 0.75 a, y 19
Viable embryos 4.50 + 2.06 a, xy 18 2.75 + 0.75 a, y 11
Degenerated embryos 1.00 + 0.58 a, x 8 0 a, x 0
Non-fertilised oocytes 2.00 + 0.76 a, xy 4 2.00 + 0.82 a, y 8

Values for recovery of embryos are means + standard error per cow with positive SR
Means bearing the letter (a) within the same row are not significantly different from one another at p >0.05
Means within same column with different superscripts (x, y) are significantly different from one another at p 
<0.05
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Conclusion

This study indicated that both FSH and eCG can be used to 
superovulate donor cows under local conditions producing 
an average of three transferable embryos per donor cow. 
Besides the administration of FSH and eCG hormones to 
increase the number of growing follicles in the ovaries, 
selection of healthy and good quality donor cows, and 
skilled technicians are prerequisites to achieving high 
success rate and efficiency of the MOET technologies.
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Abstract

 The basic principle of optimal wound healing is to minimise tissue damage, and thus restore the anatomical continuity 
and function of the affected part. Many medicinal plants have been shown to possess therapeutic potential as a promoter 
of wound healing, one of which is Centratherum punctatum, also known as Brazilian button flower. At present, no 
scientific data are available on its use in either humans or animals. The present study attempted to investigate the 
wound healing activity of C. punctatum leaf extract on the excisional wound model in rats. Phytochemical screening 
was conducted to determine the major phytochemicals contained in the extract. Simple cream formulations containing 
2.5, 5 and 10% (w/w) ethanolic extract of C. intermedium leaves were prepared by homogenising the leaf extract in 
20% hydrated paraffin. A total of 42 male Sprague Dawley rats were divided into 6 groups to receive the following 
treatments: control; 20% paraffin; 1% silver sulphadiazine; and C. punctatum extract at 2.5, 5 and 10%. Excision 
wounds the size of 500 mm2 were created on the dorsal surface of each rat’s body. The treatments were applied every 
day, and the wounds were measured every 3 days for wound size, contraction and epithelisation time. Phytochemical 
screening revealed the presence of steroids, saponins, terpenoids, flavonoids and tannin in the leaf extract. The results 
of the wound healing study showed that the rats treated with 2.5% extract of C. punctatum exhibited a significant 
decrease in wound size, faster healing time and shorter epithelisation period (by 13%) compared to the control. It is 
concluded that C. punctatum leaf extract has wound-healing properties, which are able to promote the healing process 
by shortening the epithelisation period. Even though the healing time was longer than when using the commercial 
drug silver sulphadiazine, the potential of C. punctatum leaf extract for treatment of wounds still warrants attention.

Keywords: Centratherum punctatum, leaf, epithelisation period, wound
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Introduction

 Wound healing or wound repair is an intricate 
process in which the skin repairs itself after injury. It is 
a complicated and complex process that results in the 
repair and regeneration of injured tissue, which involves 
a multitude of cells and events [1]. The necessity for the 
improvement of wound-healing treatments using natural 
herbs instead of using chemicals has increased. This is 
attributed to the fact that some commercial products for 
wound-healing treatment contain chemicals classified as 
poisons or dangerous preservatives, such as paraben, and 
giving rise to antimicrobial resistance. Screening of herbal 
extracts has gained significant interest among researchers 
worldwide looking for new wound-healing promoters.  

Many medicinal plants have been shown to possess 
therapeutic potential as a promoter of wound-healing, 
one of which is Centratherum punctatum, also known 
as Brazilian button flower. C. punctatum is a perennial 
bushy plant of 45 – 60 cm height, belonging to the Family 
Asteraceae, under the genus Centratherum. Nearly 59 
different phytochemical compounds have been isolated 
from the leaves of this plant [2], including centratherin 
and sesquiterpene lactone; however, its their medicinal 
properties have not been established yet. At present, 
limited scientific data are available for the use of this plant 
in either humans or animals. Therefore, the present study 
was designed to investigate the effects of C. punctatum 
leaf extract on the excisional wound model in rats.
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Materials and Methods

Plants and Processing

 C. punctatum leaves were obtained from Jerantut, 
Pahang. The leaves were chopped, dried and ground into 
a powder form before mixing with ethanol at a ratio of 
0.20 g sample to 400 mL of 100% ethanol. Ethanol was 
removed from the mixture by filtration and evaporation. 
A phytochemistry analysis was conducted according to 
the method of Harborne [3], while the concentration of 
condensed tannin in the extract was measured using the 
modified vanillin assay [4]. An ointment of 10% (w/w) C. 
punctatum leaf extract was formulated by incorporating 
10 g of the extract in 100 g of paraffin. Ointments of 
2.5% and 5.0% (w/w) of the extract were prepared in a 
similar manner.

Animals and Management

 A total of 42 male Sprague Dawley rats were used. 
They were divided into 6 treatment groups based on the 
randomised complete block design (RCBD), namely: 
control (G1), 20% paraffin (G2), 1% silver sulphadiazine 
(G3) and C. punctatum at the concentrations of 2.5% (G4), 
5% (G5) and 10% (G6). All the rats were acclimatised for 
7 days to the laboratory conditions before the experiment 
started, and were fed with commercial rat pellets and 
water ad libitum. Skin preparation was conducted under 
general anaesthesia, and the rats received an intramuscular 
injection (IM) of ketamine at 50 mg/kg and xylazine at 5 
mg/kg body weight. Fur at the dorsal thoracic region of 
each rat was shaved off using a razor blade. An excision 
wound the size of 500 mm2 was created based on the 
method of Morton & Malone [5]. The treatments were 
applied for 24 days, and the wounds were measured every 
3 days for wound size, contraction and epithelisation time. 
The experimental procedure was approved by the Animal 
Ethic Committee (AEC), MARDI, with the approval 
number 20190829/R/MAEC00057. All data obtained 
were analysed by using the SPSS 25 package. Analysis 
of Variance (ANOVA) was deployed to determine any 
significant difference between the treatment groups.

Results and Discussion

Phytochemical Analysis

 Phytochemical screening revealed the presence of 
steroid, terpenoid, saponin, flavonoid and tannin in the leaf 
extract of C. punctatum. All the constituents were present 
at the lowest strength (1 – 4) of the scale, except saponin 
(Table 1). Based on the colour change, the flavonoid 
present was most likely in the form of flavanol.
 The duration of wound healing or period of 
epithelisation in all the treatment groups are shown 
in Table 2. Group G3 showed a significant (p >0.05) 
decrease in wound healing time (17.4 ± 0.24 days), 
followed by group G4 (22.1 ± 0.60 days), compared to 

Table 1. Phytochemical constituents in the 
C. punctatum leaf extract

Constituent Value
Alkaloid -
Steroid +

Terpenoid +
Saponin +4

Flavonoid Flavanol
Tannin 81.4 µg/ml

Table 2. Epithelisation period (days) in rats treated with 
C. punctatum leaf extract at different concentrations 
(n = 7)

Group Treatment Epithelisation period 
(days)

G1 Control 25.6 ± 0.31e

G2 Paraffin 23.9 ± 0.97c

G3 SSD 17.4 ± 0.24a*

G4 C. punctatum (2.5%) 22.1 ± 0.60b

G5 C. punctatum (5.0%) 24.3 ± 0.61c, d

G6 C. punctatum (10.0%) 25.3 ± 0.5d, e

Means with different superscripts were significantly different from 
one another at p > 0.05

the other experimental groups.  There were no significant 
differences between groups G2, G5 and G6 (p >0.05), 
while the control (untreated wound) group showed the 
longest healing time (25.6 ± 0.31 days). 
 The size of the wound in all the treatment groups 
decreased from day 3 to day 25 of applying the treatments, 
including in the control (untreated) group. The usefulness 
of herbs in wound management has been reported by 
many researchers all over the world. Constituents like 
triterpenoids, flavonoids, saponin and tannins that are 
contained in C. punctatum leaf extract may play an 
important role due to the presence of anti-inflammatory 
and antimicrobial properties which accelerate the 
wound healing process [6]. The results of the present 
study showed that rats treated with 2.5% C. punctatum 
extract exhibited a significant decrease in wound size, 
faster healing time and shorter epithelisation period (by 
13%) than the control.  However, the wound-healing 
effects produced by 2.5% C. punctatum extract was not 
comparable to those of the standard drug, 1% silver 
sulphadiazine, which promoted healing faster at 32% 
compared to the control.
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Conclusion

 It is concluded that C. punctatum leaf extract has 
wound healing properties which are able to promote the 
healing process by shortening the epithelisation period. 
Even though the healing time was longer compared to that 
of the commercial drug silver sulphadiazine, the potential 
of C. punctatum leaf extract for treatment of wounds in 
animals and humans warrants more attention.
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Abstract

 Chicken eggs is a functional food that has been validated as a good source of essential fatty acids and other nutrients 
for human consumption. Omega-3 unsaturated fatty acids are beneficial to human health as they assist in lowering 
the risk of chronic diseases, such as heart disease, cancer and arthritis. Enriching eggs with omega-3 is a successful 
strategy to supply sufficient omega-3 to meet human daily dietary requirements. Commercially, omega-3 eggs are 
produced by adding omega-3 sources into a laying hens’ diet, such as flaxseed, fish oil or marine algae, for commercial 
layer breeds. In this study, flaxseed was evaluated for production of omega-3 village chicken eggs using Ayam SAGA 
breed from MARDI. Flaxseed was selected because it is one of the richest plant sources of a-linolenic acid. Ayam 
SAGA, on the other hand, was used because of its ability to produce higher number of eggs than other village chicken 
breeds. A similar study on this topic has not been reported elsewhere. The diets were formulated with different levels 
of flaxseed, ranging from 0 to 13.2 g/100 g diet, equivalent to 0 to 3 g of a-linolenic acid (ALA)/100 g diet; these 
diets were fed to laying hens of Ayam SAGA aged 39 weeks. At the end of the trial, egg samples were collected, and 
egg weight was recorded before being analysed for fatty acids. Different inclusion levels of flaxseed in the layer diets 
did not significantly (p >0.05) affect egg weight, content of total fat and omega-3 fatty acids after 8 weeks of feeding. 
However, increasing trends were observed for total omega-3, ALA and docosahexaenoic acid (DHA) concentrations 
in the eggs as the level of flaxseed in the diets was increased.  These findings showed that Ayam SAGA was able to 
utilise flaxseed for producing omega-3 eggs, but the transfer of omega-3 into the eggs was limited. Therefore, it is 
recommended that further studies be carried out to improve the absorption efficiency of omega-3 from flaxseed into 
the eggs, and to explore alternative sources of omega-3. 
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Introduction

 Chicken eggs is a functional food and is validated as 
a good source of essential fatty acids and other nutrients 
for human consumption. Omega-3 unsaturated fatty acids 
are beneficial to human health as they assist in lowering 
the risk of chronic diseases, such as heart disease, cancer 
and arthritis Enriching eggs with omega-3 is a successful 
strategy for supplying sufficient omega-3 to meet human 
daily dietary requirements. Commercially, omega-3 eggs 
are produced by adding an omega-3 source into laying 
hens’ diet, such as flaxseed, fish oil or marine algae, and 
using commercial layer breeds that lay more than 280 eggs 
per year. The objective of this study was to evaluate the 
effect of different levels of flaxseed inclusion in diets with 
equivalent amounts of omega-3 fatty acids (in particular, 
linolenic acid (ALA) on egg weight and omega-3 fatty 

acid content in the eggs produced by Ayam SAGA breed 
of MARDI. Flaxseed was selected because it is one of the 
richest plant sources of a-linolenic acid. Ayam SAGA, on 
the other hand, was used because of its ability to produce 
higher number of eggs compared to other village chicken 
breeds.

Materials and Methods 

 The care and use of chickens in this study was approved 
by the MARDI Animal Ethics Committee (Approval 
number: 20190829/R/MAEC00051). This experiment 
was conducted in a completely randomised design (CRD) 
with 4 inclusion levels of flaxseed (per 100 g diet), i.e., 
0 g (Control), 4.4 g (Low), 8.8 g (Medium) and 13.2 
g (High), which are equivalent to 0, 1, 2 and 3 g of 
ALA/100 g diet, respectively. A total of 72 hens of Ayam 
SAGA aged 39 weeks were randomly allocated to the 4 
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treatment groups, with 3 replicates a minimum of 6 birds 
per replicate. The experimental diets were formulated 
as isocaloric and isonitrogenous diets, according to the 
recommended nutrient specifications for Ayam SAGA in 
the laying phase. The diets were prepared using common 
feed ingredients in a mash form, and flaxseed was used as 
the source for omega-3 fatty acid supplementation. The 
layers were fed 100 g feed per day per bird for 8 weeks, 
after 2 weeks’ adaptation period, and water was available 
all the time. On the last day of the experiment, egg samples 
were collected and egg weight recorded. The content of 
fatty acids in the yolk was analysed according to the 
method of Wang et al. [1]. Data were tested for normality 
using the Ryan Joiner test (similar to Shapiro Wilk test) 
of Minitab 17, and also tested for outliers, before being 
analysed using one-way ANOVA and Tukey’s test. The 
differences were considered significant at p <0.05.

Results and Discussion

 In the study, different inclusion levels of flaxseed 
in the layer diets did not significantly (p >0.05) affect 
egg weight, and contents of total fat and omega-3 fatty 
acids after 8 weeks of feeding (Table 1). However, 
increasing trends were observed for total omega-3, ALA 
and docosahexaenoic acid (DHA) concentrations in the 
eggs as the level of flaxseed increased. Without flaxseed 
supplementation, total omega-3 content of the Ayam 
Saga eggs were similar to those of normal eggs, that 
is about 70 mg per egg. Total omega-3 content of the 
Ayam Saga eggs reached its maximum (96.3 mg/egg) at 
13.3 g flaxseed/100 g diet. Similarly, the ALA and DHA 
contents in the yolk numerically increased as the amount 
of flaxseed in the diet increased. These findings suggested 
that Ayam Saga was able to utilise flaxseed for producing 
omega-3 eggs, but the transfer of omega-3 from flaxseed 
into the eggs was limited. This was probably due to the 
entrapment of the lipid in the structural components of the 
cell walls [2]. Thus, the omega-3 fatty acids of flaxseed 
became unavailable for absorption and consequently 
reduced the transfer of ALA and DHA into the eggs.

Table 1. Egg weight and the content of fat and omega-3 fatty acids in eggs produced by Ayam SAGA fed on diets with different 
levels of flaxseed

Treatment 
(per 100 g diet)

Egg weight (g) Fat content
(mg per egg)

Total omega-3 
content

(mg per egg)

ALA content
(mg per egg)

DHA content
(mg per egg)

0 g flaxseed 56.65 ± 6.89a 5.87 ± 1.02a 77.38 ± 4.21a 20.84 ± 1.64a 56.55 ± 5.48a

4.4 g flaxseed 56.56 ± 1.17a 4.67 ± 1.27a 82.20 ± 17.4a 19.56 ± 2.86a 62.60 ± 20.30a

8.8 g flaxseed 59.26 ± 2.72a 5.61 ± 0.60a 93.59 ± 8.99a 20.33 ± 3.91a 69.33 ± 7.17a

13.2 g flaxseed 56.17 ± 2.90a 5.95 ± 1.19a  96.3 ± 20.40a 23.53 ± 6.20a 68.20 ± 13.00a

*Mean ± standard error; Means within a column with different superscripts differed significantly from one another (p <0.05)

Conclusion

 The results of this study show that Ayam SAGA 
was able to utilise various levels of flaxseed to produce 
omega-3 eggs although the differences in egg weight 
and omega-3 content were not statistically significant in 
most cases.  Further studies are suggested to improve the 
absorption efficiency of omega-3 from flaxseed into the 
eggs, and to explore alternative sources of omega-3. Cost-
effective diets with locally available omega-3 sources 
could be considered for formulation to produce village 
chicken omega-3 eggs.
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Abstract

 Weaning is a crucial time in the management of ewes and lambs. Weaning age varies depending on the breed 
and feed supply to the animals. Normally, young animals will be weaned at 90 days of age. However, a few studies 
reported that early weaning offers many advantages, such as allowing the ewes to return to breeding condition earlier, 
thus accelerating lambing programmes. Early weaned lambs usually reach market weight faster, and this is directly 
associated with fast maturity. Dorper is a breed of sheep with potential to be reared in Malaysia due to its hardiness and 
adaptability, and is known to be fast-growing, an asset for meat production. In 2006, Dorper sheep from South Africa 
were imported to Malaysia for evaluation as the terminal meat sire breed by crossbreeding to ewes of the local breed 
(Malin). It was reported that the Dorper lambs can be weaned as early as 60 days of age to maximise farm production. 
The carcass is the most important component in farm production. However, the non-carcass components, such as the 
stomach, intestines, lungs, liver, skin and tail, can also be considered as an option for increasing farm profitability. 
Some tasty dishes in Asian countries are made from beef tripe, oxtail and some other non-carcass components. This 
shows that there is potential to market the non-carcass parts of Dorper sheep. Therefore, this study was conducted 
to evaluate the non-carcass parts of Dorper sheep weaned at 30, 60 and 90 days of age. As there was no statistical 
difference in non-carcass parts of Dorper weaned at 30, 60 and 90 days, the non-carcass parts of Dorper weaned as 
early as 60 days can be marketed.

Keywords: accelerating lambing programs, Dorper sheep, farm production, non-carcass component, weaning age
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Introduction

 Weaning is a crucial time in the management of ewes 
and lambs. Weaning age varies depending on the breed 
and feed supply to the animals. Normally, the young 
animal will be weaned at 90 days of age. However, a 
few research papers reported that early weaning offers 
many advantages, such as allowing the ewes to return 
to breeding condition earlier, thus accelerating lambing 
programmes. Early weaned lambs usually reach market 
weight faster, and this is directly associated with fast 
maturity. Dorper is a breed of sheep with potential to be 
reared in Malaysia due to its hardiness and adaptability 
[1], and is known to be fast-growing, an asset for meat 
production. In 2006, Dorper sheep from South Africa 
were imported to Malaysia for evaluation as a terminal 
meat sire breed by crossbreeding to the ewes of the local 
breed (Malin). Dorper lambs can be weaned as early 
as 60 days of age to maximise farm production [2]. 
The carcass is the most important component in farm 

production. However, the non-carcass components, such 
as the stomach, intestines, lungs, liver, skin and tail, 
can also be considered as an option for increasing farm 
profitability. Some tasty dishes in Asian countries are 
made from beef tripe, oxtail and some other non-carcass 
components. This shows that there is potential to market 
the non-carcass parts of Dorper sheep. Therefore, this 
study was conducted to evaluate the non-carcass parts 
of Dorper sheep weaned at 30, 60 and 90 days of age. 

Materials and Methods 

Experimental Animals

 A total of 27 newborn Dorper lambs (average body 
weight, 3.06 ± 0.74kg) were randomly divided into 
three equal (n = 9) experimental groups namely, G1, 
G2 and G3, weaned at 30, 60 and 90 days, respectively. 
Creep and grower feeds were fed at 3.5% of their mean 
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body weight before and after weaning, respectively. The 
analysed nutrient content of both the feeds is shown in 
Table 1. Three animals from each group were slaughtered 
at 9 months of age for carcass analysis. 

Statistical analysis

 The data were analysed using the SPSS statistical 
software programme 16.0 (SPSS Inc., Chicago, IL, 
USA). The groups were compared using ANOVA and 
the differences between means were tested by Turkey’s 
test at p <0.05.

Results and Discussion

 The weights of skin, tail, stomach with its contents, 
intestines with contents, and fat were expressed in 
kilograms due to the large proportion of these non-carcass 
parts in Dorper sheep (Table 2). In general, all the non-
carcass parameters were not significantly different among 
the three treatment groups (Table 2).
 Even though the quantitative carcass characteristics are 
important parameters in farm production, understanding 
the non-carcass components is also relevant. With the 
increasing competitiveness among markets, it has become 
necessary to exploit the by-products generated during the 
production process, among which are the non-carcass 
components, which present an important alternative 

Table 1. Nutrient composition of creep feed and grower feed

Nutritive value Creep feed Grower feed
Metabolizable energy, ME (MJ/kg) 12.00 10.00
Crude protein, CP (%) 18.00 14.00
Crude fibre, CF (%) 5.97 13.50
Ether extract, EE (%) 4.01 3.42
Ash (%) 5.54 5.73
Nitrogen free extract, NFE (%) 58.90 56.90
Total digestible nutrients, TDN (%) 72.00 67.40
Calcium, Ca 0.62 0.85
Phosphorus, P 0.31 0.41
Calcium, Ca : Phosphorus, P 2.0:1 2.1:1

Table 2. Non-carcass parts of Dorper sheep at 9 months of age (Mean ± SD)

Parameter Treatment
G 1 G 2 G 3

Weight of skin (kg) 3.28 ± 0.64ns 3.53 ± 0.57ns 3.65 ± 0.15ns

Weight of tail (kg) 0.14 ± 0.05ns 0.15 ± 0.05ns 0.16 ± 0.01ns

Weight of stomach with contents (kg) 6.68 ± 2.00ns 7.73 ± 1.13ns 7.35 ± 1.39ns

Weight of intestine with contents (kg) 2.18 ± 0.37ns 2.50 ± 0.35ns 1.88 ± 0.33ns

Weight of liver (g) 485.14 ± 111.43ns 503.30 ± 42.10ns 570.00 ± 113.83ns

Weight of lungs and trachea (g) 423.84 ± 70.61ns 465.69 ± 91.76ns 471.55 ± 56.10ns

Weight of heart (g) 131.36 ± 16.25ns 128.36 ± 19.13ns 161.27 ± 21.50ns

Weight of fat (kg) 1.75 ± 0.87ns 1.78 ± 0.62ns 1.85 ± 0.99ns

G1: Group 1 (weaned at 30 days), G2: Group 2 (weaned at 60 days), G3: Group 3 (control - weaned at 90 days). 
ns = not significant at p <0.05

marketable product to increase the profitability of the 
systems [3]. As there was no statistical difference in the 
non-carcass parts of Dorper weaned at 30, 60 and 90 
days, the non-carcass parts of Dorper weaned as early 
as 60 days should be considered for the market.

Conclusion

 As a conclusion, the weaning age does not seem to 
influence the yield of the non-carcass parts of Dorper 
sheep. Therefore, Dorper lambs weaned as earlier as 
60 days can be considered to maximise the capacity of 
lambing so that more animals can be produced yearly. 
Thus, sheep farmers can maximise their farm production 
and income as well.
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Abstract

 In these recent years, the average grain corn yield in farmers’ fields is 3 to 4 t/ha, and sometimes the yield can be as 
low as 1 to 2 t/ha. On the other hand, in large-scale planting in research stations, the harvested average yield can reach 
5 to 6 t/ha and crop cutting test (CCT) yield up of 8 – 9 t/ha. Operation cost in this case is more than RM5,000.00/
ha. Manipulating planting distance is one of the mechanisms for lowering the cost of grain corn production. Planting 
distance also plays an important role in the growth of the corn crop. The objective of this study was to evaluate the 
effects of planting distance on the yield of grain corn. The experiment was conducted at MARDI Seberang Perai, 
Pulau Pinang. A 90-hp tractor attached with a pneumatic row-planting machine was used for the planting operation. 
Five planting distances (13, 16, 19, 22, and 25 cm between plants) were evaluated. The study showed no significant 
differences on growth performance and cob size. For yield, the results showed significant differences at p <0.05, the 
outcome being that corn production at a relatively narrow intra-row spacing (13 cm) or intermediate intra-row spacing 
(19 cm) increased the yield of grain corn; likewise, the 13 cm and 19 cm intra-row spacings were significantly higher 
than the other spacing for the yield components. It can be concluded from these observations that the planting of grain 
corn at 13 cm or 19 cm between plants per row may be suggested for higher grain yield. The planting distance of at 
19 cm was more acceptable because less seed are required while achieving the same yield as the planting distance of 
13 cm.

Keywords: Crop Cutting Test, cultivation, planting spacing, reduce cost
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Introduction

 Mechanisation plays a vital role in saving labour 
and improving grain corn productivity, especially in 
large-scale plantations. Mechanisation makes planting 
operations more efficient with reduced operation time 
and less labour use. The objective of the experiment 
was to investigate the influence of planting distance on 
crop growth, yield components, and grain corn yield in 
Malaysia, using mechanised planting. For each 1 cm 
decrease in standard deviation, Doerge and Hall [1] 
reported yield increases of 101 kg ha-1. On the other hand, 
Johnson and Mulvaney [2] reported a decline in yield due 
to increased distance between plants in a uniformly spaced 
stand. Therefore, the research was conducted to investigate 
the effect of intra-row spacing on the components of crop 
performance and grain corn yield.

Materials and Methods 

 The current recommended planting distance for grain 
corn is 20 cm between plants within a row, with a total crop 
population of 66,000 per hectare. For the planting distance 
study, the inter-row spacing was fixed at 75 cm, with intra-
row spacings of 13, 16, 19, 22 and 25 cm to be tested and 
using a seeding rate in the range of 18 – 20 kg/ha. The 
grain corn variety P 4546 was used in this experiment. The 
experiment was arranged with the five planting distances 
mentioned above laid out in a randomised complete block 
design (RCBD). Theoretically, when implementing these 
planting distances, the plant density for each distance is 
106,666; 93,333; 73,333; 60,000 and 53,333 plants/ha, 
respectively. Data on plant height, growth performance 
and yield components were collected. Crop distance 
adjustments were made by changing the sprocket system 
on a MASCHIO GASPARDO planter that matched the 
adopted nursery plate. To change the planting distance 
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on the planter system, the chain in the planter gearbox 
was pushed loose and then positioned on the located 
gears by referring to the manufacturer’s table on grain 
corn disc plate no. 26 (Figure 2). The chain was twisted 
again with a lever (Figure 1), and the cover was closed. 
The required seed planting distance was attained with 
the pinions (wheel C-D) mounted on the planting unit 
(Figure 2).

Results and Discussion

Plant Height

 The objective of this experiment was to investigate 
the influence of planting distance on grain corn growth 
performance and its yield components. The study found 
that plant height increased in relation to planting distance 
until 60 days after planting. The planting distance of 
19 cm resulted in the tallest plants (200 cm) at 60 days 
after planting. There was no increase in plant height 
from that point up to 105 days after planting for all the 
planting distances.

Fresh Weight of Plants

 The effect of planting distance on fresh plant weight 
showed no significant difference among the treatments. 
After 30 days of planting, fresh plant weight increased 
until 60 days after planting. The plant weight at the 
planting distance of 25 cm was highest at 90 days after 
planting compared to the others. Most of the treatments 
showed decreasing fresh plant weights thereafter. 

Wheel
C-D

Gear box combination
A-B

Planting distance
(cm)

16 – 23 16 – 20 13.0
23 – 23 16 – 17 16.0
23 – 23 16 – 20 19.0
23 – 23 16 – 23 22.0
23 – 16 16 – 19 25.0

Figure 1. Planter gearboxes

Figure 3. Effect of planting distance on yield performance 
(t/ ha). Points with the same letter are not 
significantly different from one another based on 
Duncan multiple range test with 95% confidence 
intervals

Figure 2. Gearbox positioning for the required planting 
distance using seed disc plate no. 26 for grain corn 
(Source: manufacturer’s table from the MASCHIO 
GASPARDO manual)

Cob Length and Diameter

 Differences in cob size at each planting distance were 
studied. There were no significant differences in cob 
length and diameter among the treatments. The maximum 
cob diameter was recorded at planting distances of 19 cm 
and 22 cm. There was little variation in the shape of the 
corn cobs among the planting distances.

Grain Yield

 The effect of intra-row spacing on grain yield per 
hectare was significant. CCT (crop cutting tests) grain 
yields showed significant differences (p <0.05). The 
highest CCT yield of corn was at the planting distances 
of 13 cm and 19 cm (Figure 3).
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Conclusion

 The conclusion drawn from the results is that the 
planting of grain corn at 13 cm and 19 cm between plants 
within a row may be suggested for improved grain yield. 
Nevertheles, the planting distance of 19 cm was the more 
acceptable choice because less seed are required for 
planting, while producing the same yield as the planting 
distance of 13 cm. This preliminary analysis, however, is 
based on two seasons’ data at a single location, and used 
only one variety. Therefore, further studies on various 
other varieties are required for different seasons and in 
more locations for more thorough investigations, leading 
to more sound recommendations. The highest CCT yield 
of corn at the planting distance of 13 cm was 10.78 t/ha, 
followed by that of 19 cm which was 10.65 t/ha, with no 
significant difference between their yield performance. 
In this study, the costs of seed and fertiliser input were 
compared to that of the current planting distance of 20 cm, 
and it was found that 19 cm is the most acceptable planting 
distance for grain corn production.
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Abstract

 Past research has demonstrated that adding limestone to improve soil strength is a common technique in various 
fields, such as geotechnical and agricultural, and for slope stability. In the agriculture sector, limestone is commonly used 
for soil treatment as a fertiliser component and also for reduction of soil acidity. The application of ground magnesium 
limestone on peat soil for agricultura; purposes has not been studied in terms of its effect on soil strength. Therefore, 
this study was conducted to investigate the effect of ground magnesium limestone on peat soil strength under different 
treatments. Most of the research done to determine soil strength had been based on data from laboratory experiments. For 
this study, the data on peat soil strength were obtained using special equipment that can measure soil strength directly 
in the field. All the data obtained from the field were analysed under different treatments and parameters over a period 
of time. The treatments used in these experiments were based on the amount of ground magnesium limestone applied. 
The parameters that were considered were soil strength, moisture content, soil bulk density and pH. The application of 
ground magnesium limestone on peat soil increased soil strength significantly 30 and 60 days after application. Prior 
to the treatments, the soil strength had insignificant variations. The effects of ground magnesium limestone on peat 
soil strength have very important implications on agricultural mechanisation and other related research in the future. 
Machine manufacturers and service providers are some of the important clients who can benefit from this project, 
especially those involved in peat soil utilisation.

Keywords: ground magnesium limestone, improvement, mechanisation, peat soil, soil strength
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Introduction

 Soil strength improvement is a process to upgrade 
the performance of soils by mixing in some materials 
which are used as construction materials or for any other 
related purposes. This process frequently involves the 
use of one or more admixtures to achieve better results, 
and a more reliable end-product/process. The research 
was focused on ground magnesium limestone (GML) as 
an experimental material to improve peat soil strength 
at the study area. The experiment was divided into a 
few treatments, according to the desired parameter that 
was chosen for the research. The equipment used was 
a soil penetrologger. The available experimental site 
was a peat soil area with 1 – 3 meter depth of peat, that 
had been planted with various short-term crops, such as 
sweetpotato, sweet corn and vegetables. The peat soil 
area had been well maintained in terms of water table 
management, controlled by existing water gates built 
for both irrigation and drainage. Peat is well-known 

as for its bad reputation of low soil strength and high 
compressibility compared to other types of soil. Peat 
soil contains more than 75% of organic materials, which 
cause major difficulties in road construction works or any 
other related purposes. This research was based on field 
experiments of selected soil improvement materials to 
determine their effects on soil strength after application. 
The objectives of this study were to determine the effects 
of ground magnesium limestone on peat soil strength, and 
to determine any changes in peat strength under different 
treatments and parameters, using the equipment currently 
available for the experiment.

Materials and Methods 

Peat Soil Treatment and Experiment

 The size of the experimental field was 1 ha 
(100 m x 100 m), and it was divided into 16 small plots 
(1 m x 1 m); the ratio of GML application was 1: 10000. 
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There were 4 replications and 4 treatments (including a 
control) for the experiment. The treatments were:

• Treatment 1 (T1): 300 g of GML
• Treatment 2 (T2): 500 g of GML 
• Treatment 3 (T3): 700 g of GML
• Treatment 4 (Control): No GML

 The amount of GML chosen for the treatments was 
based on standard agricultural practices which considered 
the acidity of the peat soil. The application of 500 g of 
GML per 1 meter square is the recommended practice for 
treating acidic peat soil of pH 3.4 – 4.5. The field was 
near to the main drain, and also had one secondary smaller 
drain in the middle. Several parameters were determined 
from each plot. The parameters were:

• Soil strength (Mpa)
• Soil moisture content (%)
• Soil bulk density (g)
• Soil pH

 All these parameters were monitored and recorded over 
a 3-month duration at the site (resulting in 3 sets of data). 
The GML application technique was by manual spreading 
on top of the peat soil. This is the conventional method in 
agricultural practice because there was no machinery that 
could operate on a deep peat soil surface. Thus, spreading 
uniformity depended on the skill of the human labour, but 
this was not considered in this experiment. A schematic 
layout of the whole experiment is illustrated in Figure 1.

Figure 1. Schematic diagram of soil sampling and data collection at the site. Data analysis was done by statistical analysis 
software (Minitab 19)

Results and Discussion

Preliminary Data and Analysis Summary

 The preliminary data for this project were taken 3 times 
or cycles, each time within 24 hour, and at 1 month apart 
for each set of data. Table 1 shows that data obtained for all 
the 3 cycles. All the samples were collected in the morning 
from 9 am onwards under good weather conditions (no 
rain) at the site. The sampling plots had been applied with 
ground magnesium limestone according to the respective 
treatments s. The sampling plots had already been marked 
and listed according to the layout plan.
 The value of soil strength increased over time, that is 
30 days between each cycle. This was possibly due to the 
peat soil being compacted by grass and weeds growing at 
the sampling plots after 60 days of treatment. Their roots 
can hold the peat soil structure, and thus increase the soil 
strength on top. The possibility of an appropriate amount 
of ground magnesium limestone applied according to the 
treatments of fully reacting with the peat soil structure 
after 60 days could also have contributed to the sudden 
increase in soil strength. The significant differences 
between soil strength and cycle time in the different 
treatments are shown in Figure 2.
 The summary of the relationships between all the 
parameters in this experiment was made using the 
descriptive statistics technique available in the Minitab 19 
software. Figure 3 shows the descriptive statistics of all 
the parameters over cycles. From the figure, we can see 
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Table 1. Data for statistical analysis

Cycle Treatment Replication Soil Strength
(Mpa)

Moisture Content
(%)

Bulk Density
(g)

pH

1.000 A 1.000 0.123 63.700 0.611 4.100
1.000 B 1.000 0.140 54.400 0.496 5.400
1.000 C 1.000 0.137 59.800 0.562 6.300
1.000 D 1.000 0.100 66.700 0.645 6.300
1.000 A 2.000 0.153 49.100 0.395 3.900
1.000 B 2.000 0.220 53.800 0.508 5.800
1.000 C 2.000 0.160 65.100 0.639 6.300
1.000 D 2.000 0.110 44.900 0.364 6.400
1.000 A 3.000 0.173 56.900 0.520 4.500
1.000 B 3.000 0.110 59.400 0.565 5.800
1.000 C 3.000 0.167 44.200 0.340 6.400
1.000 D 3.000 0.123 66.300 0.627 6.400
1.000 A 4.000 0.123 66.700 0.638 4.800
1.000 B 4.000 0.117 56.200 0.502 6.100
1.000 C 4.000 0.143 51.900 0.424 6.200
1.000 D 4.000 0.243 65.500 0.607 6.400
2.000 A 1.000 0.207 40.000 0.289 4.900
2.000 B 1.000 0.143 48.700 0.451 5.100
2.000 C 1.000 0.160 49.500 0.387 5.000
2.000 D 1.000 0.103 32.900 0.231 6.200
2.000 A 2.000 0.177 33.400 0.241 5.400
2.000 B 2.000 0.233 49.300 0.464 5.000
2.000 C 2.000 0.097 42.000 0.347 6.300
2.000 D 2.000 0.127 44.200 0.385 6.100
2.000 A 3.000 0.123 43.200 0.312 5.400
2.000 B 3.000 0.130 61.800 0.605 6.100
2.000 C 3.000 0.153 20.400 0.136 5.000
2.000 D 3.000 0.200 60.800 0.629 5.400
2.000 A 4.000 0.140 58.900 0.580 5.100
2.000 B 4.000 0.127 47.000 0.371 6.000
2.000 C 4.000 0.187 52.500 0.449 5.000
2.000 D 4.000 0.207 41.200 0.295 5.400
3.000 A 1.000 0.207 38.200 0.250 4.800
3.000 B 1.000 0.287 44.700 0.322 5.200
3.000 C 1.000 0.197 49.700 0.372 5.300
3.000 D 1.000 0.227 42.900 0.315 6.100
3.000 A 2.000 0.203 33.400 0.207 5.000
3.000 B 2.000 0.240 47.300 0.352 5.100
3.000 C 2.000 0.163 43.000 0.285 6.200
3.000 D 2.000 0.177 44.500 0.312 6.300
3.000 A 3.000 0.167 45.200 0.323 5.100
3.000 B 3.000 0.203 60.500 0.527 5.700
3.000 C 3.000 0.283 40.400 0.276 5.600
3.000 D 3.000 0.157 50.800 0.386 6.100
3.000 A 4.000 0.197 38.900 0.253 5.100
3.000 B 4.000 0.250 47.100 0.353 5.800
3.000 C 4.000 0.270 42.500 0.304 5.800
3.000 D 4.000 0.177 48.200 0.361 6.100



462

that soil strength (PL) increased significantly with time 
(with a mean value of 0.2127 Mpa). The other parameters 
also had significant differences but were mostly governed 
by external factors, such as weather conditions and soil 
conditions during sampling at the site. Figure 4 shows 
the descriptive statistics of all the parameters over 
treatments. From the figure, we can see that soil strength 
(PL) was maximum with treatment B (with a mean value 
of 0.1833 Mpa), that is at the application of the minimum 
rate of ground magnesium limestone (300 g/m2). All the 
parameters showed no significant differences among the 
treatments except for soil pH. 

Figure 2. Soil strength vs Cycle time in different treatment

Figure 3. Descriptive statistic for all 
parameters over cycles

Figure 4. Descriptive statistic for all 
parameters over treatments

Conclusion

 The major findings of this project were that the 
application of ground magnesium limestone on peat 
soil increased the soil strength significantly over time. 
However, the soil strength showed inconsistent differences 
in value prior to the treatments. This was because all 
the data were obtained directly from the field over a 
period of time by using field equipment under the natural 
environmental conditions (such as weather conditions 
and peat soil contents/properties). Another finding from 
this project was that the spreading technique for ground 
magnesium limestone application was not very suitable 
for the purpose of improving soil strength. Although this 
technique is widely used in conventional agricultural 
practices, the incorporation of the ground magnesium 
limestone into the peat soil might be constrained by the 
water content in the peat from rain. For future research, 
the long-term effects of ground magnesium limestone 
applied to peat soil with varying peat depths should 
be explored further in order to investigate how long 
these effects can last in terms of increased soil strength. 
Laboratory experiments are also recommended for data 
comparison between controlled conditions versus the 
natural environment.
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Abstract

 A poultry funnel should be constructed from a strong material in order to support the weight of the slaughtered 
chicken during the poultry processing operations. There are various types of available materials that can be used to 
construct the funnel. Amongst these are ceramics, stoneware, wood, stainless steel, glass, plastics, paper, silicone and 
styrofoam. However, many factors influence the choice of funnel material. The Analytic Hierarchy Process (AHP) 
method was used with the Expert Choice (EC) software to help in choosing the right funnel material. This study aimed 
to examine the alternatives when selecting funnel materials for poultry slaughter equipment using the EC software. 
The study began with a brainstorming session with experienced project supervisors and industry players, using the 
Strategic Options Development and Analysis (SODA) technique. The funnels produced consisted of two different sizes 
in order to accommodate the various chicken sizes. The results of the analysis showed that the most suitable funnel 
material was stainless steel, with a suitability level of 64.5%, while the suitability level of the other materials was 25.6 
and 9.9% for silicone and plastics, respectively.

Keywords: Poultry, Analytic Hierarchy Process (AHP), funnel material, Expert Choice (EC), Strategic Options Development and 
Analysis (SODA)
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Introduction

 The construction of poultry aids requires strong and 
safe structures to accommodate the load on it them. 
Funnels on slaughter tools are no less important. Special 
attention should be given to the funnel because the 
poultry will be carried in this part when slaughtered. The 
materials for constructing the funnel are various. Among 
the materials that can be used are ceramics, stoneware, 
wood, stainless steel, glass, plastics, paper and styrofoam 
[1]. The selection of an appropriate material for a poultry 
slaughter funnel takes into account the following factors: 
cost, hygiene, safety, endurance, maintenance, flexibility, 
and environment.
 The selection of funnel material for use in poultry 
slaughter tools involves many factors, so it is very difficult 
to choose a suitable material [1]. Therefore, we need a 
method that can overcome this difficulty. One of the 
methods that can be used is AHP (Analytic Hierarchy 
Process). The AHP method can accommodate both 
qualitative and quantitative data [2]. AHP is a method that 
can help decision-makers deal with complex problems 
[3]. AHP-support software is the Expert Choice (EC). 

Several studies have been successfully implemented 
with EC in various fields [4]. Based on these successes, 
it is hoped that EC can also assist in selecting suitable 
poultry slaughter funnel materials. This study took into 
account the existing poultry slaughtering equipment 
available at the chicken processing shop in Paloh, Johor. 
The existing funnel for the poultry slaughter equipment 
used plastic material. The question was: Is this material 
the most suitable? Therefore, the study aimed to examine 
the alternatives when selecting funnel material for poultry 
slaughter tools using EC (Expert Choice software).
 There are several types of funnel materials that can 
be used for poultry slaughter tools. However, some types 
of materials are considered difficult to use as funnel 
materials. For example, materials such as stonewares, 
wood, glass, styrofoam, paper and ceramics are not 
good choices. Paper and styrofoam type materials are 
considered unsuitable for environmental and practical 
reasons. In addition, paper-type materials are not 
water-resistant and will need to be replaced frequently. 
Stoneware, on the other hand, is a heavy material, and 
difficult to mould. Similarly, ceramics are quite brittle and 
not suitable for bearing various heavy loads of poultry. 
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Therefore, this study focused on stainless steel, plastics 
and silicone type materials. All three materials have an 
equal chance of being used as funnel material for poultry 
slaughter tools. This is because stainless steel is very 
hygienic, easy to mould and is durable, but expensive. 
Meanwhile, plastics are cheap, but not durable, while 
silicone materials are cheap, but are less hygienic.
 The selection of the right material for a poultry 
slaughter funnel will provide work efficiency and 
economic value [1]. The criteria that were used as the 
basis for selecting the materials are as follows: 1. Cost: 
includes initial costs and equipment maintenance costs; 
2. Hygiene: hygienic and complies with the Food Act; 
3. Safety: safe for birds and humans; 4. Endurance: can 
accommodate loads; 5. Maintenance: easy to clean and 
remove; 6. Flexibility; and 7. Environment: pollution and 
vibrations generated during tool operation.
 AHP (Process Hierarchy Analysis) is a theory of 
measurement through paired comparison, and relies on 
expert evaluation to obtain a scale of preference. AHP 
is a decision-making methodology for many natural 
problems and issues. It is also a design decision approach 
to help solve complex criteria problems with a number 
of application areas. This method has been found to be 
an effective and practical approach that can consider 
unstructured and complex results [2, 3, 4]. AHP is a 
comprehensive and very powerful design methodology 
to facilitate decision-making using empirical data as well 
as decision-maker judgment [1]. This approach is suitable 
for making choices between several alternative complex 
systems, and provides a comparison of problem parts in 
hierarchical form. AHP is implemented with EC software, 
with EC facilitating AHP analysis. This research was 
divided into three stages: The first stage was literature 
review and a preliminary survey. The second stage was 
data collection, and the third stage was data analysis and 
conclusions. 

Materials and Methods

 This research used both observation and survey 
methods. These include brainstorming sessions with 
experienced project mentoring officers and industry 
players (small-scale), employing the SODA (Strategic 
Options Development and Analysis) technique, which is 
a method to overcome complex problems [5]. SODA uses 
interviews and cognitive mapping to capture individual 
views on an issue. This research was conducted in Paloh, 
Johor, in the first quarter of 2020. The data collected were: 
size of the existing slaughter equipment, observations at 
the site, and interviews about the implementation of costs. 
The collected data were analysed using Expert Choice 
(EC) software to determine the weight of the criteria and 
alternatives. Thus, the analysis of this study used AHP 
implemented with EC software. The levels that used AHP 
and EC were hierarchical models, comparison of paired 
criteria and alternatives, and sensitivity analysis.

Hierarchical Model

 The structure of the AHP model divided the problem 
into moderate clusters that represent different levels in the 
hierarchical structure. The decomposition was done from 
top to bottom, starting from the objectives, the criteria, to 
the final alternative. The structure of this research model 
was divided into three parts, namely objectives (examining 
the choice of funnel material for poultry slaughterhouses), 
criteria (cost, hygiene, safety, endurance, maintenance, 
flexibility, and environment), and alternatives (stainless 
steel, plastics, silicone). The structure of the AHP model 
of this research is shown in Figure 1. 

Pairwise Comparisons 

Pairwise comparisons gave scores to each group to 
measure the importance of each level in the hierarchy. 
Each single element was evaluated using paired 
comparisons. Comparisons were made on a 9-point scale, 
called the “Saaty fundamental scale” [3].

Sensitivity Analysis 

 The input data were slightly altered to see the effect 
on the results. If the order did not change, then the result 
was said to be strong or strong + [3]. Sensitivity analysis 
was performed with graphical interactive relationships. 
EC provides different sensitivity analyses where the main 
differences represent different graphs.

Results and Discussion

 Data from interviews and observations were used as 
the basis for modelling. The criteria were compiled in 
the EC software and weighted, then the alternatives and 
their weights were entered for each criterion.

Hierarchical Model 

 The hierarchical model was made based on Figure 1 
in the EC software as shown in Figure 2 in this paper. 
The left side shows the criteria and the right side 
shows the alternatives. There were seven criteria (cost, 
hygiene, safety, endurance, maintenance, flexibility, and 
environment) that were used to select the best funnel 
material for the poultry slaughter tool. There were three 
alternatives (stainless steel, plastics and silicone) for 
each criterion. All three alternatives were ranked for each 
criterion until a global alternative ranking was obtained.
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Table 1. Saaty fundamental scale

Value Description
1 Criterion/ Alternative A is just as important as Criterion/ Alternative B
3 A is slightly more important than B
5 A is clearly more important than B
7 A is very clearly more important than B
9 A is absolutely more important than B
2, 4, 6, 8 When in doubt between two adjacent values

Figure 2. Hierarchical model

Figure 3. Model virtues and synthesis results with 
distributive mode

Figure 1. Structure of the AHP model examining the alternatives in selecting funnel materials

Pairwise Comparisons 

 Weighting and paired comparisons between criteria 
and between criteria and alternatives were performed 
using a distributive mode approach. Each criterion had 
the following weights: Cost 5.0%, Hygiene 36.1%, Safety 
20.4%, Endurance 11.3%, Maintenance 10.2%, Flexibility 
8.0%, and Environment 9.0%. These weights indicate the 
magnitude of the influence of the criteria in the selection 
of alternative funnel materials. The results of the overall 
alternative weights are shown in Figure 3. 

Sensitivity Analysis 

 The model results are shown in Figure 4 through 
performance and dynamics graphs. Alternative sequences 
for the funnel materials were stainless steel, silicone, 
and plastics with sequential weights of 64.5, 25.6 and 
9.9%, respectively.

 Sensitivity analysis was performed to examine the 
reliability of the constructed hierarchical model by 
providing slight input changes to the performance graph. 
The results of the input change yielded an unchanged 
alternative sequence as shown in Figure 5. The weights 
of the changes were: stainless steel 58.15%; silicone 
29.8%; and plastics 12.1%. This means that the results 
of the analysis are strong or strong + to indicate that the 
results can be trusted.
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Conclusion

 Based on the above analysis, it can be concluded that 
by using the following criteria: Cost, Hygiene, Safety, 
Endurance, Maintenance, Flexibility, and Environment, 
the alternative sequence of funnel material types were 
stainless steel, silicone, and plastics. The alternative 
weights for the funnel material were stainless steel = 
64.5%, silicone = 25.6%, and plastics = 9.9%. This means 
that stainless steel was a most suitable type of funnel 
material, which having a suitability rate of 64.5%.

Figure 4. Graph of distributive mode analysis: performance and dynamics analysis

Figure 5. Modified mode distributive sensitivity analysis: dynamics analysis
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Abstract

 The removal of the phenyl salicylate ion (PSa-) from the bulk aqueous phase to the pseudo-micellar phase by 
halobenzoate counterion X is responsible for the monotonic increase in kobs (pseudofirst-order rate constants), with 
an increase in the values of [MX] where MX = sodium salts of 2-, and 4-halobenzoic acids. The values of the ion 
exchange constants, KX

Br or RX
Br, for X = 2- and 4-halobenzoate ions in the presence of tetradecyltrimethylammonium 

bromide (TTABr) were calculated from the apparent catalytic rate constant, Xkcat, which represents the catalytic effect 
of CFN. Larger values of KX

Br or RX
Br were observed for X = 4-halobenzoate ions than that for X = 2-halobenzoate 

ions due to isomeric factors. The values of KX
Br or RX

Br determined in the presence of TTABr were compared with 
previously determined KX

Br or RX
Br values in the presence of cetyltrimethylammonium bromide (CTABr). The values 

of KX
Br or RX

Br were nearly 8 ~ 9-fold larger for 4-IBz-, and 4-BrBz- was compared to the respective values of X 
= 2-IBz- and 2-BrBz-. The values of KX

Br or RX
Br for X = 2- and 4-halobenzoates were significantly smaller in the 

presence of TTABr than those in the presence of CTABr nanoparticles. This study is important to technically understand 
the reaction and mechanism of the surfactants and active compounds used in agricultural and food products, such as 
preservatives, fertiliser, herbicides and fungicides.

Keywords: Halobenzoate ions, ion exchange constants, nanoparticle catalysis, phenyl salicylate, piperidine
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Introduction 

 A surfactant was first introduced as flexible 
nanoparticles (CN) in 2015, that is defined as amphiphilic 
(hydrophobic and hydrophilic) molecules that transform 
their structure from a single micelle to a vesicle. Cationic 
flexible nanoparticles (CFN) on the other hand are 
surfactants that have a positive charge on their hydrophilic 
end. It is also remarkable that CFN have found applications 
in the emerging field of agricultural nanotechnology. The 
positive charge makes them useful in carrying anionic 
counterions, such as benzoate derivatives, for improving 
plant rooting systems, and carrying nitrate-nitrogen 
(piperidine), especially in herbicides and fungicides. In 
the present fundamental study, the counterion-induced 
CFN catalytic reaction of piperidinolysis on a plant 
hormone (phenyl salicylate) was investigated. The effect 
of different inert inorganic and organic salts (MX) on 
the pseudo first-order reaction constant (kobs) for the 
nucleophilic reaction between piperidine (Pip) and ionised 
phenyl salicylate (PSa-), in the presence of a constant 
concentration of cationic flexible nanoparticles (CFN), 

was studied and analysed. The method used involved 
the semi-empirical kinetic (SEK) approach developed 
from the classical pseudo-phase micellar model. It was 
shown that the extent of the catalytic effects of CTABr/
MX/H2O can was able to give the value of the ion 
exchange constant, KX

Br. The values of KX
Br for X = 

mono-substituted halobenzoate ions at constant [CTABr]
T (where CTABr represented cetyltrimethylammonium 
bromide) have been determined and listed elsewhere 
[1]. Furthermore, these counterions are known to affect 
the structural features of cationic micelles nanoparticles. 
However, a search of the literature revealed only a few 
studies on the effects of these counterions involving 
the tetradecyltrimethylammonium bromide (TTABr) 
nanoparticles. This study was performed with the aims: (1) 
to determine the TTABr/MX/H2O-nanoparticles catalytic 
constants (Xkcat) for piperidinolysis of ionised phenyl 
salicylate for different counterions (X-), (2) to determine 
the values of the ion exchange constant KX

Br for different 
X- in the presence of TTABr/MX/H2O by the use of the 
catalytic constant, Xkcat, and (3) to compare the values of 
KX

Br for different X- obtained in the presence of TTABr 
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with that in the presence of CTABr, where X- represents 
2- and 4-halobenzoates ions. The effects of TTABr/MX/
H2O-nanoparticles were described for the first time in 
this paper for X- = 2- and 4-halobenzoate ions.

Materials and Methods 

Materials

 A stock solution of 0.01 M phenyl salicylate (Fluka, 
≥ 98%) was prepared in acetonitrile (Merck, A.R. 
Grade). Both piperidine and sodium hydroxide with 
≥ 99%purity were bought from Merck, and the stock 
solutions were prepared using water from Millipore. 
The cationic surfactant TTABr with C99% purity was 
purchased from Sigma. The mono-substituted halobenzoic 
acids; 2-bromobenzoic acid (2-BrBzH), 4-bromobenzoic 
acid (4-BrBzH), 2-iodobenzoic acid (2-IBzH), and 
4-iodobenzoic acid (4-IBzH) were purchased with the 
highest available purity. The y M halobenzoic acids were 
added to (y + 0.05) M NaOH to ensure 100% conversion 
of halobenzoic acids into sodium salts.

Kinetic Measurement

 Piperidinolysis of the ionised phenyl salicylate (PSa- ) 
was studied spectrophotometrically by observing the 
decrease in absorbance at 370 nm and at a temperature 
of 35 °C as a function of reaction time (t). The kinetic 
measurements were performed using a Perkin Elmer 
Double Beam UV–Visible Spectrophotometer Model 
Lambda 25, equipped with an electronically temperature-
controlled cell compartment and thermoregulatory water 
bath to stabilise the temperature. For each kinetic run, 
the concentrations of PSaH, Pip and NaOH were kept 
constant at 0.2 mM, 0.1 M, and 30 mM, respectively. 
The concentration of TTABr and MX (MX = 2- BrBzNa, 
4-BrBzNa, 2-IBzNa or 4-IBzNa) were varied as required. 
The reactions were carried out for a reaction period 
corresponding to ~ 6 to ~ 8 half-lives. By using a nonlinear 
least-squares technique, the observed kinetic data (Aobs vs 
t where Aobs represents the absorbance value at reaction 
time t) were calculated with the following equation:

 Aobs = [R0]δapp e (– kobst) +A∞   (1)

where [R0] is the initial concentration of PSaH; δapp is the 
reaction mixture apparent molar absorptivity; kobs is the 
pseudo first-order rate constant, and A∞ = Aobs at t = ∞. 
Details of the data analysis have been described elsewhere 
[1]. The symbol [X]T represents the total concentration 
of X throughout the text.

Results and Discussion

Effects of [MX] on kobs for the Piperidinolysis of 
PSa- in the Presence of Constant [TTABr]T at 35 °C 
(MX = Sodium Salts of 2- and 4-Halobenzoic Acids)

 The effects of TTABr/MX/H2O-nanoparticles on 
the piperidinolysis of anionic phenyl salicylate were 
determined by carrying out numerous kinetic runs at 
a constant [TTABr]T, using 0.2 mM PSaH, 0.1 M Pip, 
at 35°C, and at varying concentrations of MX. The 
concentration of MX varied from 0.0 to ≤0.3 M for MX = 
2-IBzNa; 0.0 to ≤0.4 M for MX = 2-BrBzNa; and 0.0–≤0.1 
M for MX = 4-BrBzNa and 4-IBzNa. The concentrations 
of TTABr and NaOH varied from 6 to 15 mM and 30 
to 65 mM, respectively. The effects of [MX] on kobs 
calculated from Equation 1 in the presence of different 
concentrations of TTABr nanoparticles are presented 
graphically in Figure 1 for MX = 2-BrBzNa. Graphic 
figures for MX = 2-IBzNa, 4-BrBzNa and 4-IBzNa can 
be found in a paper published elsewhere [2].
 Nearly 8 ~ 9-fold larger values of KX

Br or RX
Br were 

observed for X = 4-IBZ- and 4-BrBz- compared with 
the corresponding values for X = 2-IBz- and 2-BrBz-, 
respectively. From Tables 1 and 2, it is clear that the values 
of KX

Br or RX
Br in the presence of TTABr nanoparticles 

increased going from BrBz- to IBz-. Thus, the values 
of KX

Br or RX
Br for 2- and 4-halobenzoate salts in the 

presence of TTABr nanoparticles can be described by the 
order shown below:

4-IBzNa > 4-BrBzNa > 2-IBzNa > 2-BrBzNa

Figure 1. Plot showing the dependence of kobs upon 
[2-BrBzNa] for piperidinolysis of 0.2 mM PSa-, 
with 0.1 M Pip, 30 mM NaOH, at 35 °C and with 
[TTABr]T/mM = 6 (●), 10 (▲) and 15 (♦). Solid 
lines are drawn through the calculated data points 
with kinetic parameters (k0, θ, KX/S and k0, Xkcat, 
KX/S) listed in Table 1, at = 0.0046 (●), 0.0093 (▲) 
and 0.0131 (♦)
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Table 1. Values of empirical constants θ or FX/S, KX/S and Xkcat for different MX in the presence of TTABr micelles

[TTABr]T
a

(mM)
[MX]0

op

(mM)
103 k0

b

(s-1)
103 Xkcat

c

(M-1 s-1)
KX/S d

(M-1)
103 θe

(s-1)
FX/S

nKX/S KBr or RBr x x

MX = NaBr

6 0 2.39 ± 0.08f 26.6 ± 2.1f 2.77 ± 0.30f 9.62 ± 0.30f 0.30g 0.83h

7 0 2.60 ± 0.06 22.4 ± 2.3 2.29 ± 0.33 9.82 ± 0.42 0.31 0.71
10 0 2.58 ± 0.04 13.3 ± 1.2 1.64 ± 0.20 8.11 ± 0.32 0.26 0.43
15 0 2.44 ± 0.03 11.1 ± 1.0 1.75 ± 0.23 6.34 ± 0.23 0.20 0.35

MX = 2-BrBzNa
6 7.3 (5.0) 2.95 ± 0.02 135.7 ± 2.2 6.7 ± 0.2 20.3 ± 0.2 0.64 4.27 5.1(5.1)
10 11.1 (11.0) 2.70 ± 0.02 76.6 ± 3.2 3.9 ± 0.3 19.8 ± 0.7 0.62 2.42 5.6(5.8)
15 12.0 (11.5) 2.45 ± 0.02 52.9 ± 1.3 3.3 ± 0.2 16.2 ± 0.4 0.51 1.68 4.8(4.8)

MX = 4-BrBzNa
6 4.6 (2.5) 2.88 ± 0.02 1210.0 ± 43.3 43.9 ± 2.2 27.6 ± 0.5 0.88 38.63 46.5(45.9)
10 9.2 (9.2) 2.64 ± 0.01 664.1 ± 21.4 24.8 ± 1.3 26.8 ± 0.6 0.86 21.33 49.6(49.9)
15 14.6 (12.8) 2.42 ± 0.02 497.1 ± 31.8 22.9 ± 2.5 21.7 ± 1.0 0.70 16.03 45.8(44.8)

MX = 2-IBzNa
6 4.2 (2.2) 3.02 ± 0.01 283.2 ± 9.7 12.6 ± 0.4 22.4 ± 0.3 0.71 8.95 10.8(10.6)
10 7.0 (6.9) 2.67 ± 0.01 156.7 ± 2.0 7.1 ± 0.2 22.0 ± 0.2 0.69 4.90 11.4(11.8)
15 11.0 (11.7) 2.56 ± 0.01 97.0 ± 3.4 5.2 ± 0.3 18.8 ± 0.6 0.59 3.07 8.8(8.7)

MX = 4-IBzNa
6 4.6 (2.4) 3.02 ± 0.01 2540.4 ± 77.5 92.4 ± 3.7 27.5 ± 0.3 0.86 79.46 95.7(95.5)
10 8.7 (7.4) 2.71 ± 0.01 1386.3 ± 38.8 51.0 ± 2.1 27.2 ± 0.4 0.85 43.35 100.8(104.2)
15 13.3 (11.2) 2.45 ± 0.01 896.5 ± 32.1 34.5 ± 2.0 26.0 ± 0.6 0.81 27.95 79.9(80.8)

a Total concentration of TTABr. b k0 = kobs at [MX] = 0. c Xkcat values were calculated from the equation found in reference [1]. d KX/S values 
were calculated from the equation found in reference [2].e θ values were calculated from the equation found in reference [1]. f Error limits are 
standard deviations. g FX/S = θ / kw where kw = kobs at [TTABr]T = 0, [Pip]T = 0.1 M and the value of kw, under such conditions is 31.7 × 10-3 
s-1 at 35 ºC. h nKX/S = FX/SKX/S. i [MX]0op was determined via the kinetic iterative technique. j [MX]0op was determined via the Braxton’s 
graphical technique. k KXBr or RXBr was calculated from the equation found in reference [2]. l KXBr or RXBr was calculated from the 
equation found in reference [2]

Table 2. Mean values of or for X = 2- and 4-halobenzoate 
ions obtained in the presence of TTABr and CTABr 
nanoparticles

X- or 
TTABr CTABr

2-BrBz- 5.2a (5.2b) 8.8c

4-BrBz- 47.3 (46.9) 62c

2-IBz- 10.3 (10.4) 11.2d

4-IBz- 92.1 (93.5) 143d

a Mean values of or were calculated from equation found in 
reference [1]
b Mean values of or were calculated from the equation found in 
reference [2]
c Reference [3]
d Reference [4]

Conclusion

 The plausible explanation for the larger value of KX
Br 

or RX
Br for X = 2- and 4-halobenzoates in the presence of 

CTABr nanoparticles than that in the presence of TTABr 
nanoparticles can be ascribed to the larger counterion 
binding constant in the presence of CTABr than that in 
TTABr. This study is useful to comprehend the retention 

of anionic nutrients by CFN such as nitrate-nitrogen and 
phosphorus in a fertiliser system or the application of 
benzoate additives in the food preservation process.
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Abstract

 The management of papaya dieback disease, caused by Erwinia mallotivora (EM), continues to be a challenge 
because of the scarcity of effective treatments and the absence of resistant varieties. In this study, recombinant 
bacterial effector proteins, or also known as systemic acquired resistance (SAR)-inducing recombinant proteins were 
encapsulated in chitosan nanoparticles to enhance the efficacy and stability of the developed protein formulation for 
papaya dieback disease management. Optimisation for the preparation method of chitosan nanoparticles (CNP) loaded 
with the recombinant proteins, HrpS (CNP-P(S)), HrpN (CNP-P(N)) and HrpX (CNP-P(X), was carried out. CNP-Ps 
formed instantly when polyanionic sodium tripolyphosphate (TPP) was added to the readily mixed chitosan-protein 
solution. It was determined that the optimum ratio for chitosan: TPP: protein was 2.4: 1: 1, achieved with 0.5% 
chitosan (pH 5.0), 0.7% TPP (pH 2.0) and a protein concentration of 1.0 mg/ml for protein HrpS and 0.04 mg/ml for 
protein HrpN. For protein HrpX, the optimum ratio was 5: 1: 1 from 0.2 mg/ml protein. The average particle size for 
CNPs and CNP-Ps was less than 90 nm and 135 nm, respectively, with both having a low dispersity index (<0.5). 
SEM images showed that CNP-Ps had a nearly spherical shape and smooth surface. FTIR analysis suggested that the 
formation of chitosan nanoparticles and the incorporation of proteins into the chitosan nanoparticles were successful. 
The developed formulations of CNP and CNP-Ps were further evaluated for their efficiency in inducing the defence 
response in papaya plants by seed priming. Plant samples were collected before and after inoculation with EM to 
investigate the expression of selected defence-related genes by using semi-quantitative RT-PCR. It was found that 
NPR, Osmotin, peroxidase and PR1b showed relatively higher expression in the papaya plants sprayed with CNP-P 
solutions compared to those plants that were sprayed with CNP or protein solution. This approach may lead to a 
potential strategy of using a cost-effective protein formulation against papaya dieback disease.

Keywords: Erwinia mallotivora, ionic gelation, nanoencapsulation, real-time PCR, systemic acquired resistance
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Introduction 

 Papaya dieback disease, caused by Erwinia mallotivora, 
is one of the major limiting factors of in papaya production 
in Malaysia. The disease has destroyed around 1 million 
trees and 200,000 tonnes of papaya, causing an economic 
loss estimated at USD58 million. Since its initial outbreak 
in 2003, local papaya production has declined by up to 
40% whilst its export value has decreased by 70% [1]. 
In the absence of a resistant high-quality variety and a 
scarcity of effective chemicals to control the disease, the 
papaya industry in Malaysia has yet to recover from the 
effects of this devastating disease. In the face of these 
challenges, initiatives towards developing alternative 

strategies to cope with and to overcome the disease 
efficiently are urgently needed.
 Previous studies on assessing recombinant proteins 
as a strategy for dealing with diseases through the 
systemic acquired resistance (SAR) mechanism have 
been successfully implemented at the greenhouse level. 
The findings showed that the disease progresses more 
slowly in treated papaya than in the positive control 
treatment. Despite their applicability and efficiency, 
protein formulations as a novel mode-of-action plant 
protection approach face challenges regarding their in-
field stability and shelf life. Hence, there is a need to 
create a more effective and sustainable delivery system 
of the SAR formulation. Nanoparticles have been 
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shown to augment the performance of plant beneficial 
microorganisms, biological materials and chemicals by 
serving as a promising delivery system that can be applied 
in agriculture. Chitosan nanoparticles were chosen for this 
study for their biocompatibility, biodegradability, high 
permeability, cost-effectiveness and non-toxic properties 
[2], thus, are in line with the motivation to develop nano 
technological formulations that are less harmful to the 
environment. Moreover, compared to bulk chitosan, 
chitosan-based nanoparticles exhibit higher physiological 
and biochemical responses due to their high surface to 
volume ratio and surface charge [3].
 This study aimed to prepare and characterise chitosan 
nanoparticles loaded with selected recombinant proteins, 
and to evaluate the efficiency of the prepared nanoparticles 
in inducing SAR in papaya plants, in comparison to a 
non-encapsulated protein formulation.

Materials and Methods 

Preparation and Characterisation of Chitosan 
Nanoparticles (CNP) and Protein Loaded Chitosan 
Nanoparticles (CNP-P)

 The chitosan nanoparticles (CNP) and protein-loaded 
chitosan nanoparticles (CNP-P) were prepared using the 
ionic gelation method as reported by Masaruddin et al. 
[4].  Briefly, 0.5% chitosan solution (pH 5) and 0.7% 
TPP solution (pH 2) were prepared. Next, 600 µL of the 
0.5% chitosan solution were mixed with 250 uL of the 
0.7% TPP solution. For CNP-P preparation, 250 uL of 
proteins at different concentrations (0.025, 0.04, 0.05, 
0.08, 0.1, 0.2, 0.5, and 1.0 mg/ml) were added to 600 
µL of the 0.5% chitosan solution before adding 250 uL 
of the 0.7% TPP solution to the mix.
 The samples particle size and polydispersity index 
(PDI) were measured using a Nanobrook 90Plus PALS 
Particle Size Analyzer (Brookhaven Instruments Corp., 
Holtsville, NY, USA). Encapsulation efficiency was also 
determined. The chitosan nanoparticles loaded with the 
selected recombinant proteins were separated from the 
solution by ultracentrifugation at 30,000 rpm at 10 oC 
for 30 min. The protein content in the supernatant was 
analysed with a UV spectrophotometer at 690 nm using 
the protein A assay. Protein encapsulation efficiency was 
calculated using Equation (1):

EE (%) = [(theoretical protein amount – free amount of 
protein in supernatant)/theoretical protein amount] x 100%

Equation (1)

 The preparation of the chitosan nanoparticles was 
further characterised with a scanning electron microscope 
(SEM) and by Fourier Transform Infrared Spectroscopy 
(FTIR).

Seed Priming Treatment and Erwinia Mallotivora 
Infection

 The developed formulations of CNP and CNP-P were 
further evaluated for their efficiency in inducing a defence 
response in papaya plants by seed priming, under net 
house conditions. Six priming experiments as indicated 
in Table 1 were conducted. Priming experiments for the 
protein HrpS could not proceed as the amount of protein 
was insufficient, and the protein purification system was 
inoperative.
 Prior to sowing, the papaya seed were soaked with the 
priming treatments for two days (48 hours). The priming 
formulations were prepared by diluting/dissolving the 
purified recombinant proteins, HrpN (liquid form) and 
encapsulated proteins CNP-P(HrpN) and CNP-(0) (powder 
form), in sterile distilled water to a final concentration of 
~1 µg/mL (Final volume ~20 mL). Distilled water treated 
seed were used as the positive control. Only seed that sunk 
in the solutions were sowed in seed trays filled with peat 
soil. After 3 weeks, germinated papaya seedlings were 
transferred into polybags that were filled with clay soil. 
The plants continued to be grown in the greenhouse at 
the MARDI Biotechnology & Nanotechnology Infection 
House under glasshouse conditions. Inoculation of ~1x 
108 Erwinia mallativora (from the culture collection of 
the Biotechnology & Nanotechnology Research Centre, 
MARDI) was carried out on the treated seedlings three 
weeks after the first foliar spraying for a response (in 
the form of disease symptoms) to the inducer treatments. 
Water-treated plants were included as the control.

Tissue Collection, RNA Extraction and Pathogenesis 
Related (PR) Gene Analysis via Semi-Quantitative 
RT PCR

 For the molecular analysis of pathogenesis-related 
genes, leaves were collected before and after inoculation 
with Erwinia mallotivora (EM), frozen in liquid nitrogen, 
and stored at –80 °C until further analysis. The leaf tissue 
was ground to a fine powder, and RNA was extracted 
using a GeneJet (Thermo Scientific) kit, following the 
manufacturer’s instructions. For qPCR, 2 ug of RNA was 
DNAse-treated to remove genomic DNA contamination, 
and transcripted into cDNA using Biorad Reverse 
Transcription in accordance with the manufacturer’s 
protocol. The resulting cDNA was used as the template for 
the semi-quantitative RT-PCR using primers which were 
designed based on known pathogenesis-related protein 

Table 1. Details of priming experiments

No Priming experiment
1
2
3
4
5
6

Sterile distilled water [Water]
HrpN recombinant protein [HrpN]
HrpX recombinant protein [HrpX]

Chitosan nanoparticle without recombinant protein [CNP-(0)]
HrpN encapsulated chitosan nanoparticle [CNP-P(HrpN)]
HrpX encapsulated chitosan nanoparticle [CNP-P(HrpX)]
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genes in papaya, namely, Osmotin, PR1d, peroxidase, 
PR1a, Actin, PR1b, and C4H (cinnamate 4-hydroxylase). 
The image of the ethidium bromide-stained PCR products 
in agarose gels was quantified using the ImageJ software 
against the relative intensity of the housekeeping gene, 
Actin, to obtain the semi-quantified expression level. 

Results and Discussion 

Preparation and Characterisation of CNP and 
CNP-P

 In this study, the protein concentration and the CS: 
TPP: protein volume ratio (only optimised parameters 
are shown) were varied to obtain selected recombinant 
protein-loaded nanoparticles that were homogenous with 
high encapsulation efficiency. CNP was formed through 
ionic cross-linking between the protonated amine groups 
of CS and TPP anions. During this interaction, NH3

+ was 
utilised by the phosphate ions of TPP to form CNP. It was 
thought that the recombinant proteins were encapsulated 
within CNP through initial ionic interaction, by which 
the proteins might have been encapsulated among the 
chitosan-positive hydrophilic chains. The subsequent 
addition of TPP that cross-linked with chitosan allowed 
the selected recombinant proteins to be entrapped within 
the CNP formation. A general increase in particle size 
was recorded in CNP-P(S), CNP-P(N) and CNP-P(X) 
prepared with different protein concentrations. Regardless 
of the protein concentration, this observed expansion in 
particle size only occurred following the addition of the 
protein, and was, therefore, evidence of the successful 
incorporation of the selected recombinant proteins 
into CNP, where all the other parameters used in the 
preparation of CNP and CNP-Ps remained the same. Such 
an observation is consistent with that of a previous study, 
where CNP increased in size following encapsulation of 
amino acids and proteins into the nanoparticles [3,5].
 For the preparation of CNP-P(S) and CNP-P(X), it was 
determined that the optimum volume ratio for chitosan: 
TPP: protein was 2.4: 1: 1, by using 0.5% chitosan (pH 5), 
0.7% TPP (pH 2) and a protein concentration of 1.0 mg/
ml HrpS and 0.2 mg/ml HrpX. Under these conditions, as 
shown in Table 1, the encapsulation efficiency of proteins 
HrpS and HrpX was 70 – 88 and 24 – 30%, respectively. 
These observations, thus, inferred the potential of CNP as 
a carrier matrix for proteins HrpS and HrpX on the basis of 
its capacity to encapsulate the proteins. For protein HrpN, 

although the size of the loaded nanoparticles increased, 
the encapsulation efficiency could not be determined as 
the protein remaining in the supernatant was found to 
be higher than the theoretical amount of protein loaded. 
This could be due to the cloudiness of the solution. 
Moreover, the consequential encapsulation of proteins 
in the chitosan nanoparticle may have been influenced 
by its 3D confirmation, folding at different solutions as 
well as their interaction with the long cationic chitosan 
chains [3]. 
 The polydispersity index (PDI) value for CNP-P(S), 
CNP-P(N) and CNP-P(X) at the different preparation 
parameters was all less than 0.35. PDI value reflects 
the homogeneity of the nanoparticles in the solution, 
with samples containing homogonous and evenly sized 
particles having a smaller PDI value than samples having 
a wider range of particle sizes. Thus, the obtained PDI 
values indicated that the formation of the nanoparticles 
was uniform and homogenous.
 Morphological properties and surface appearance of 
CNP and CNP-P(S) were studied by scanning electron 
microscopy (SEM). The sample images were expected 
to show discrete spherical nanoparticles. However, 
agglomeration appeared in CNP images, as seen in Fig. 
1(a), due to the characteristic of chitosan, an ability to 
easily aggregate in the presence of water. For CNP-P, the 
nanoparticles had nearly spherical shape and a smooth 
surface (Fig. 1 (b)). A similar appearance of CNP loaded 
with protein had been observed in a previous study [5].
 The preparation of CNP and CNP-P(S) was further 
characterised with FTIR. The FTIR spectra of chitosan 
and chitosan nanoparticles are shown in Fig. 2. NH2 
and –OH groups stretching vibration is are presented 
by the peak at 3356 cm-1. The peak at 1657 cm-1 and 
1590 cm-1 are attributed to the CONH2 and NH2 groups, 
respectively. The interaction between NH3+ groups of 
chitosan and the phosphate group of TPP caused these 
peaks to shift hyposochromically to 1627 cm-1 and 
1529 cm-1. The other significant band for the chitosan 
nanoparticles was observed at 1433 cm-1 owing to –
CH2 wagging. Furthermore, from the FTIR spectra of 
chitosan nanoparticles, the characteristic of P=O stretching 
vibration from the phosphate groups can be attributed to 
the peak at 945 cm-1. The formation of CNP with similar 
results had also been reported in previous studies [5].
 The potential of chitosan as a nano carrier of 
recombinant proteins and the protein-loaded nanoparticles 
was also probed by FTIR analysis. The obtained spectra 

Table 2. Particle size and polydispersity index value for parameters producing CNP-Ps with highest encapsulation efficiency (EE)

Protein Chitosan:TPP:
Protein

Encapsulated protein 
concentration

(mg/mL)

Particle size (nm) Polydispersity index EE (%)
Without protein 

loading
Protein loaded 
nanoparticles

Without 
protein 
loading

Protein 
loaded 

nanoparticles
HrpS
HrpN
HrpX

2.4:1:1
2.4:1:1
5:1:1

1
0.04
0.2

74.92
74.88
86.44

110.61
143.81
116.41

0.14
0.18
0.26

0.34
0.18
0.19

70 – 88
ND

24 - 30
a Particle preparation conditions: chitosan concentration of 0.5% (pH 5), TPP concentration of 0.7% (pH 2). ND: not determined.; data shown are 
means (n = 3)
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are presented in Fig. 3; these revealed two shoulders on 
the nanoparticle’s absorption bands in the Amide I (1650 
cm-1) and Amide II (1540 cm-1), which are characteristic 
of protein spectra. The presence of the peaks associated 
with protein and CNP that existed in CNP-P can be used 
to show the occurrence of protein-loading onto CNP.

Semi Quantitative PCR Analysis of Selected 
Defence Genes

 Six different treatments of CNP and CNP-P were 
tested in the seed priming experiments to evaluate their 
efficiency in inducing a response from the defence system 
in papaya plants under net house conditions. Induction 
of pathogenesis-related (PR) genes is often used as an 
indicator of early defence responses as they show both 
local and systemic induction during SAR. Thus, leaf 
samples were collected before and after inoculation to 
determine the induction of selected PR genes, where 
the expression of 4 defence-related genes (NPR, PR1B, 
Osmatin and peroxidase) and a housekeeping gene (Actin) 
were validated using semi-quantitative PCR analysis.
 Increased expression of the selected plant defence 
genes is expected once the plant is infected with the 
pathogen as the plant gets ready to defend itself against 
an incoming attack. As seen in Figure 3, increased PR1B 
expressions were observed in all the applied formulations 
after EM inoculation. Plants treated with CNP and CNP-
Ps had higher expressions when compared to the control 
and to the plants treated with the selected proteins. 
Expression of another defence-related protein gene, 
Osmotin, was also higher after EM inoculation for all the 
treatments. Osmotin or PR-5 protein plays an important 
role in response to biotic and abiotic stresses in plants. 
The signal transduction pathway is used by Osmotin to 
inhibit the progression of the pathogen. The expression of 
the peroxidase gene, which is frequently associated with 
plant defence against pathogens, was also up-regulated 
in the CNP-Ps treated papaya plants.

Figure 1. SEM images of (a) chitosan nanoparticles and (b) protein (HrpS)-loaded chitosan nanoparticles produced with 
chitosan:TPP:protein ratio of 2.4:1:1

 Despite having been used in the field of agriculture, 
chitosan has never been applied in the form of a 
nanoparticle for the delivery of biomolecules to induce 
an innate immune response in plants. Our present study 
demonstrates the unique ability of chitosan nanoparticles 
to be used as a delivery system for protein formulation 
to be applied in plant disease management.

Conclusion

 In this study, recombinant proteins, HrpS, HrpN and 
HrpX, were loaded onto chitosan nanoparticles by the 
simple method of ionic gelation, and the process led to 
an increase in particle size, suggesting the incorporation 
of the protein into the nanoparticles was successful. The 
low PDI indicated the formation of CNP-Ps were uniform. 
These observations were supported with SEM images and 
FTIR analysis. From the semi-quantitative RT-PCR data, 
expression of PR1b, Osmatin and peroxidase genes were 
relatively higher in the papaya plants treated with certain 
CNP-P solutions compared to the plants that were treated 
with CNP or protein only. The seed priming experiments 
should be repeated to not only investigate the effect of 
protein, CNP and CNP-Ps on the up-regulation or down-
regulation of the defence-related genes, but also on the 
levels of phenols and flavonoids, which are considered to 
be among the most important natural defence mediators 
in plants. Overall, this study provides encouraging results 
in applying nanotechnology for developing a potentially 
innovative and cost-effective protein formulation strategy 
against papaya dieback disease.
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Abstract

 Chemical health risk assessment was carried out to identify the chemical hazard rating and risk rating of CLOROX 
(bleaching agent with sodium hypochlorite as an active ingredient) as disinfectants towards MARDI’s staff. It was 
evaluated once the sanitation process is completed and the staffs were allowed to enter the premises after 12 to 24 
hours. Thus, this study was conducted to obtain the side effect rating of the bleaching agent towards workers who 
entered the building after 24 hours. The steps for assessment started with the identification of work unit, determination 
of hazard rating, determination of frequency rating, magnitude rating, exposure rating and lastly risk rating. The 
Chemical Safety Data Sheet (CSDS) used for hazard rating of CLOROX was obtained from The CLOROX Company. 
From the CSDS, CLOROX can be irritant to eyes and skin. Risk rating for CLOROX was determined using the risk 
matrix table. The risk on the use of CLOROX was found to be significant (Category 1) which stated that risk is to be 
controlled to as low as reasonably practicable where no limits are specified and the priority in controlling the risk is 
low. The conclusion is risk is significant but already adequately controlled and could increase in the future. 

Keywords: Health risk assessment, bleaching agent, disinfectant, CLOROX, MARDI workers
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Introduction

 The COVID-19 pandemic situation not only had a huge 
impact on our country and the world but also on MARDI 
in particular. However, the situation of COVID-19 
in MARDI is still under control. As of August 2021, 
the positive case rate in MARDI is 16% with a cure 
rate of 85%. To address the crisis in MARDI, various 
measures have been implemented by the MARDI Crisis 
Management Committee and one of the initiatives taken is 
to create perimeter restrictions on rooms/buildings/blocks 
whose staff have been confirmed positive for COVID-19 
and subsequently carry out disinfection operations.
 The disinfection process in MARDI was carried out 
by either external parties such as BOMBA and certified 
contractors or by MARDI’s Sanitation Team. MARDI’s 
Sanitation Team consists of MARDI’s staff appointed 
by each Centre (PTJ) to carry out disinfection at their 
respective PTJs if there is a confirmed COVID-19 positive 
case reported. There are various types of disinfectants 
recommended by the United States Environmental 
Protection Agency for use on the surface to eliminate 
SARS-CoV-2 (COVID-19) such as sodium hypochlorite, 

hydrogen peroxide, chlorine dioxide, ethanol, hydrogen 
chloride, iodine, and quaternary ammonium [1]. The 
disinfectant recommended for use by MARDI’s Sanitation 
Team is sodium hypochlorite which is the active ingredient 
in bleach. Bleach is used as a disinfecting agent because 
it is easily available and at a low cost. Apart from that, 
BOMBA was also found to use bleach as a disinfectant 
when conducted the sanitation process.
 Although bleach is effective in killing SARS-CoV-2, 
it does have health effects on humans where it can cause 
serious eye damage and skin irritation [2]. Thus, this study 
aims to investigate the potential health risk of bleach to 
occupational safety and health among MARDI’s staff. 
A chemical health risk assessment was carried out to 
identify the chemical hazard rating and risk rating of 
bleach used as disinfectants among MARDI’s staff after 
the completion of the sanitation process. The steps for 
risk assessment started with identification of work unit, 
determination of hazard rating, determination of frequency 
rating, determination of magnitude rating, determination 
of exposure rating and lastly risk rating.
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Materials and Methods

 Risk assessment is an essential approach to evaluate 
potential risks of bleach used as disinfectant towards 
MARDI’s staff after the disinfection process is 
complete. The procedures to perform Chemical Health 
Risk Assessment (CHRA) in Malaysia is based on 
Occupational Safety and Health (Use and Standard of 
Exposure Chemical Hazardous to Health) Regulations 
2000 or known as USECHH Regulations 2000 [3]. 
 In this study, CHRA was performed to protect staff’s 
health that was likely to be exposed to bleach after 
the completion of the sanitation process. It involved 
identification of the hazards from sodium hypochlorite 
and evaluation of the staff’s degree of exposure, the 
sufficiency of current control measures, and health risk 
significance [3]. The basic concepts that need to be taken 
into account when conducting CHRA are the ability of 
the chemical to affect workers’ health at the workplace, 
the route of exposure, the probability that the chemical 
will cause unfavorable health effects, and the rating of 
hazard, exposure, and risk [3]. The methodology and 
step for conducting CHRA for this study are referring 
to the Assessment of the Health Risk Arising from 
the Use of Hazardous Chemicals in the Workplace 
Manual, Department of Occupational Safety and Health, 
Ministry of Human Resources Malaysia [3]. The steps in 
conducting risk assessment are:
1. Work unit identification
2. Hazard rating and exposure rating determination of 

Sodium hypochlorite
3. Risk rating determination
4. Conclusions

Results and Discussions

Work Unit Identification

 One (1) work unit was assessed at a location where 
the disinfection process took place. The working hours 
are from 8 am to 5 pm.

Hazard Rating and Exposure Rating Determination 
of Sodium Hypochlorite

 The brand of bleach used is CLOROX. The CSDS used 
for the hazard rating of CLOROX was obtained from The 
CLOROX Company. For the determination of exposure 
rating as shown in Table 1, firstly, the hazard rating, 
frequency rating and magnitude rating were clarified. 
From the CSDS, CLOROX is an irritant to the eyes and 
skin. The hazard rating of CLOROX for workers is rated 
2 (Refer to Table 2). The frequency rating for CLOROX 
was rated 2 (exposure greater than one time per year) 
(Refer to Table 3). For magnitude rating, the degree of 
chemical release for CLOROX was “Moderate” while for 
a degree of absorption for CLOROX was “Low” (Refer 
to Table 4 and Table 5). Thus, the magnitude rating of 
CLOROX was 3. The exposure rating of CLOROX is 3 
(Refer to Table 6).

Risk Rating for CLOROX

 It was found that the risk on the use of CLOROX 
was significant (Category 1) as shown in Table 7 which 
suggests that the risk is to be controlled to as low as 
reasonably practicable where no limits are specified and 
the priority in controlling the risk is low. Risk rating for 
CLOROX was determined using the risk matrix table 
(Refer to Table 8). While the risk assessment conclusion 
for the use of CLOROX was found at C2 as shown in 
Table 9 where risk is significant but already adequately 
controlled though it could be could increase in future. 
This conclusion applies to conditions where adverse 
health effects could increase in the future, due to control 
measures failure or deterioration.

Table 1. Exposure rating determination

Description Risk phrase Hazard 
Rating

Frequency 
rating (FR)

Magnitude 
rating (MR)

Exposure rating
(FR x MR)

The effect of CLOROX on workers 
after the disinfection process R38/ R36 2 2 3 3
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Table 2. The rating of hazard (HR) referring to risk phrases

Effect Accute/
Chronic

Routes of exposures HR
Inhalation Dermal Ingestion Not specified

Skin Eyes
Very toxic Acute R26 R27 R28 R39 5

Chronic - - - -
Toxic Acute R23 R24 R25 R39 4

Chronic - - - R48, R39
Harmful Acute R20 R21 R22 R40 3

Chronic - - - R48, R40
Corrosive Acute R35 4

R34 3
Irritant Acute R37 - R41 3

- R38 R36 2
Sensitising Acute R42 - 3

- R43 2
Carcinogenic

Chronic
R49(1) R45(1) 5
R49(2) R45(2) 4

- R40(3) 3
Mutagenic R46(1) 5

R46(2) 4
R40(M2) 3

Teragenic R47(1) 5
R47(2) 4

Exposure assessment required Inhalation Skin Eyes Ingestion All routes

Table 3. The rating of frequency

Rating Description Definition
5 Frequent Potential exposure one or more time per shift or per day
4 Probable Exposure greater than one time per week
3 Occoasional Exposure greater than one time per month
2 Remote Exposure greater than one time per year
1 Improbable Exposure less than one time per year

Table 4. Degree of chemical release or presence

Degree Observation
Low • Low or little release into the air

• No contamination of air, clothing and work surfaces with chemicals capable of skin 
absorption or causing irritation or corrosion

Moderate • Moderate release such as:
a) Solvents with medium drying time in uncovered containers or exposed to work 

environment
b) Detectable odour of chemicals with odour thresholds exceeding the PELS 
• Evidence of contamination of air, clothing and work surfaces with chemicals capable of 

skin absorption or causing irritation or corrosion
High • Substantial release such as:

a) Solvents with fast drying time in uncovered containers
b) Spray or dust clouds in poorly ventilated areas
c) Chemicals with high rates of evaporation exposed to work environment
d) Strong odour of chemicals with odour thresholds exceeding the PELS
• Gross contamination of air, clothing and work surface with chemicals capable of skin 

absorption or causing irritation or corrosion
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Table 5. Degree of chemical absorbs or contact

Degree Observation
Low • Low breathing rate (light work)

• Source far from breathing zone
• Contact with chemical other than those described under “Moderate” and “High”
• Small are of contact with chemicals capable of skin absorption-limited to palm 

(intact skin). < 2% or 0.04 m2

• No indication of any skin conditions
• Intact/normal skin
• No contamination of skin or eyes

Moderate • Moderate breathing (moderate work)
• Source close to breathing zone
• Contact with eye or skin irritants, sensitizers or chemicals capable of skin 

penetration, except those described under “High”
• Moderate are of contact one or both hands up to elbow. Skin are > 2% or 0.04 m2

• Skin dryness and detectable skin condition. Dry, red skin
High • High breathing rate (heavy work)

• Source within breathing zone
• Gross contamination of eye or skin with skin or eye irritants, sensitizers or chemicals 

capable of skin absorption – skin soaked or immersed in capable of skin penetration
• Area of contact not only confined to hands but also other parts of body. Skin area > 

5% or 1 m2

• Follicle rich areas
• Skin damage
• Severe drying, peeling and cracking

Table 6. Magnitude rating table

Degree of release Degree of absorption MR
Low Low 1

Moderate 2
High 3

Moderate Low 2
Moderate 3

High 4
High Low 3

Moderate 4
High 5

Table 7. Risk rating determination

Description Risk phrase Hazard Rating
(HR)

Exposure rating
(ER)

Risk rating
(HR x ER)

Risk category

The effect of CLOROX 
to workers after 
disinfection process

R38/ R36 2 3 3 Significant 
(Category 1)
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Conclusion

 In order to reduce the effect of bleach on workers after 
disinfection process, staffs were not allowed to enter the 
building within 12 to 24 hours. Although the risk is found 
significant and adequately controlled, it could increase in 
the future if current control has not been adhered.
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Table 8. Risk matrix
Exposure rating (ER)

1 2 3 4 5
Hazard 
rating 
(HR)

1 1 2 2 2 3
2 2 2 3 3 4
3 2 3 3 4 4
4 2 3 4 4 5
5 3 4 4 5 5

  Risk not significant
Risk significant (Category 1)
Risk significant (Category 2)

Table 9. CHRA conclusion for CLOROX

Description Control sufficiency Conclusion Recommended control 
measure

The effect of CLOROX 
on workers after the 
disinfection process

Yes (workers were not 
allowed to resume works for 

at least 12 – 24 hours)

C2 (Risk significant but already 
adequately controlled could 

increase in future)

Nil
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Abstract 

 Taro (Colocasia esculenta), is a tuber plant and native to tropical Asia. In Malaysia, they are many taro varieties 
cultivated by farmers for their edible corms. A participatory baseline survey among taro farmers has been conducted 
at seven locations in Johor and Selangor. The main objectives of this survey are to record the current production 
practices, farmers’ knowledge, cultivation practices and identify potential farmer communities for model farm and 
farmer trainings. By using different survey tools such as individual questionnaire, focus group discussion, and key 
informant interview, a total of 33 farmers, including four processors, were interviewed. As a result, the survey has 
developed a sociodemographic profile of all respondents. The sociodemographic profile focused on several aspect 
like physical and intellectual, farm management, market and problems of taro farmers. Taro production is considered 
a small-scale industry, where only 28% of farmers fully depends on its cultivation for livelihood. Increase more land 
and farm sanitation were raised by farmers to improve taro cultivation. The survey showed keladi mawar, keladi cina 
and keladi putih were preferred by local farmers. Due to impacts of climate change, such as drought, flood, pest and 
disease may contribute to the selection of these varieties. Keladi mawar and cina also were selected for the downstream 
product, such as chips and ice cream production. This programme successfully utilized survey tools and protocols to 
access the whole value chain of taro production. Besides, different cultural practices in taro cultivation were recorded. 
Further, the result of this survey will help to mainstream taro cultivation by the engagement of farmers community in 
sustainable management of taro genetic resources. Information obtained could be used as a guideline and key indicator 
for agriculture extension agencies to boost the taro industry in Malaysia.

Keywords: Taro (keladi), participatory baseline survey, sociodemographic, utilization

Proceedings of MARDI Science and Technology Exhibition (2021): 480 – 483

Introduction 

 Taro (Colocasia esculenta) is categorized as a cash crop 
in Malaysia. Approximately, 356 ha of land was planted 
with taro to produce 3,268 metrics in 2019 [1]. It is an 
alternative food source and contributes significantly to 
household income for certain smallholder farmers. Taro 
can be considered an alternative crop that can fulfill 
nutritional needs [2] and improve food security issues 
in the midst of climate uncertainties and demand for 
alternative/ future crops. It is very important to introduce 
and conserve taro varieties that are eco-climatically 
matched and develop good agricultural practices (GAP) 
for higher quality production by involving farmers, 
especially in areas vulnerable to climate change. Based 

on socio-economic surveys, taro fits well as a potential 
underutilized crop to be mainstreamed in Malaysia and 
may have great potential to increase farmers’ incomes as 
it is also grown in home gardens and orchards. 
 In order to strengthen the sustainable management of 
the taro genetic resources, engagement of local farmers 
was established. Concurrently, the whole value chain of 
taro is also evaluated in the Philippines and Indonesia as 
they are collaborators of this project. A national strategies 
and action plans will be developed to improve the research 
and capacity building of the taro industry in each country.
 A participatory baseline survey [3] was conducted for 
on-farm conservation to record the current production 
practices, farmers’ knowledge, cultivation practices and 
identify potential farmer communities for model farm and 
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farmer trainings. A similar baseline survey was conducted 
in the Philippines and Indonesia by our project partners. 
Thus, a comparison of the information obtained will 
illustrate the current scenario of the sustainable utilization 
of taro in this region. Participatory activities are aimed 
at maintaining crop diversity in dynamic conditions 
on farmers’ farms [4]. Hence, the outcome from the 
baseline survey will improve on the strengthening and 
sustaining taro conservation on the farm and at the 
community level as well as the use and management of 
taro genetic resources.

Materials and Methods 

Sampling

 A participatory baseline survey was conducted at seven 
locations in Selangor (Sepang, Kuala Langat, Sabak 
Bernam and Hulu Langat) and Johor (Simpang Renggam, 
Batu Pahat and Muar) by a team of enumerators. Data 
collection was carried out using different survey tools, 
i.e., individual questionnaire (Q), focus group discussion 
(FGD) and key informant interview (KII). The surveys 
were conducted from March 2020 until March 2021. 

Data Analysis

 Data was analysed using Statistical Package for the 
Social Science (SPSS). Data analysis included descriptive 
statistics such as mean, percentage and standard deviation.

Results and Discussion 

Sociodemographic of Farmers

 A total of 33 farmers and 4 taro processors were 
involved in the survey consisting of 31 males and 2 
females. The sociodemographic of farmers was focused 
on several aspects like physical and intellectual, farm 
management, market and problems (Table 1). Most of 
the respondents are full-time farmers (75.8%) with the 
average monthly income of RM7,468.00. 40.6% of the 
income are generated from palm oil plantations. Only 
28.1% of farmers are fully dependent on taro cultivation 
for livelihood. Taro cultivation is considered a small-
scale industry in our country. Increase more land and 
farm sanitation were raised by farmers to improve their 
taro cultivation.
 The study also showed that most farmers only have 
an educational background up to secondary school level 
(45.5%), followed by primary school education at 27.3 
% as well as colleges and universities comprising 6.1 % 
and 9.1 % of farmers respectively. Meanwhile, 12.1% did 
not get any formal education. This may be because taro 
cultivation can be learned from informal education.

Table 1. Sociodemographic of farmers

Category Item Percentage Mean Standard deviation
Gender 1: Male 93.8 1.06 0.264

2: Female 6.3
Age 52.11 10.825
No. of household 4.09 1.910
Full time farmers 0: No 3.0 1.73 0.517

1: Part time 21.2
2: Full time 75.8

Level of education 0: Non formal 12.1 1.73 1.037
1: Primary school 27.3
2: Secondary school 45.5
3: College 6.1
4: University 9.1

Taro planted area (ha) 1.83 2.795
Monthly income (RM) 7,468.03 8648.647
Main income 0: Taro 28.1 4.41 3.130

1: Maize 12.5
2: Fruits 12.5
3: Vegetables 6.3
4: Others (oil palm) 40.6
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Utilization of Taro Varieties

 The main varieties grown by farmers are identified as 
keladi mawar and keladi putih (Figure 1). Most of the 
farmers (78.6%) planted mawar variety with the average 
area of almost 2 ha. This was followed by putih (25%) and 
7.1% of cina, taiwan and minyak with the planted area 
of 1.12 ha and 0.3 ha, respectively (Figure 2). Farmer’s 
choice of mawar variety is due to several factors such as 
high demand, easy to plant and suitability for downstream 
product like chips and ice cream. Besides, due to impacts 
of climate change, such as drought, flood, pest and disease 
may contributed to the selection of these varieties [5].

Taro’s Value-Added Product Industry

 In this survey, only four taro processors were identified, 
consisting of two men and two women, respectively. 
Most of them get their raw materials from the farmers 
within their area and only focusing on local demand. The 
popular varieties used for their business are mawar and 
cina, with the pricing of the product depends on their 

grades and quality. Quality control is also applied to 
provide a good quality product with attractive packaging. 
In Malaysia, the processor segment is under Small 
Medium Enterprise (SME). They provide a great range of 
employment opportunities, especially to the low-income 
rural population.

Women Involvement

 The baseline survey also indicated that women only 
participated actively in making chips and not in the farms 
regularly. Usually, the farmer’s wives assist their spouse at 
the farm at certain times. In addition, they are involved as 
a paid workers for weeding activities. Therefore, men have 
dominated the taro cultivation from the earlier planting 
phase until the harvesting process. After that, the women 
may receive the taro for the downstream processes such 
as chips production and ice cream making. The traditional 
culture of our country may cause the limited participation 
of women in the farm. 

Figure 1. Main taro varieties planted in Malaysia

Figure 2. Distribution of taro varieties planted by farmers
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Conclusion 

 Environmental, biological and socio-economic are 
factors that influenced farmers choice of taro cultivars 
selection. On-farm conservation can provide a continuous 
production based on cultivars that can adapt to a particular 
environment. Crop improvement of taro can be done 
continuously and indirectly to meet the needs of farmers. 
Consistency of good supply should also be emphasized 
for the sustainability of the domestic market.
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Abstract 

 This study is sought to discover critical factors that influence the commercialisation of technology in Government 
Research Institutes (GRIs) and the challenges that limit the commercialisation of the technology. Studies have shown 
that, despite its few successes, most of the GRIs are still at the beginning journey of commercialisation. Commercializing 
GRIs’ research and development (R&D) outputs are the major management challenges, and there are limited studies to 
describe this phenomenon from the perspective of companies’ management. In this study, MARDI commercialisation 
partners are chosen to describe the key factors of commercialisation to improve the commercialisation success rate. 
MARDI commercialisation partners are suitable as the case study due to the recommendation by MOSTI that recognized 
MARDI as one of the best models in commercialisation compared to other GRIs. The experiences of ten companies’ 
management’s respondents are gathered through semi-structured interviews. Twelve critical success factors were 
revealed by the respondents, namely R&D product and market readiness, good partnership with GRIs, researcher’s 
motivation and commitment, availability of resources, government support and motivation, control and ownership of 
intellectual property rights, GRIs’ management support, entrepreneurial culture in the GRIs, open communication and 
trusting relationship, researchers’ skills, risk-taking attitude, and existence of performance measures as important to 
commercialize the GRIs’ R&D outputs in Malaysia. The challenges that limit commercialisation are also discussed in 
this study.

Keywords: Challenges of commercialisation, commercialisation of Government Research Institutes’ R&D, commercialisation 
partner, companies’ management perspective, critical success factors
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Introduction 

 The Government has approached new strategies 
to address weaknesses in the eco-innovation system, 
increase innovation and enhance research, development, 
commercialisation and innovation (R&D&C&I) return 
on investment capital. The strategy raised Malaysia to 
ranks eighth in Asia and 33rd in the Global Innovation 
Index (GII) 2020 report released by the World Intellectual 
Property Organisation (WIPO). Malaysia’s position 
jumped two steps to be in 33rd place from its 35th spot 
for two consecutive years supported by high achievement 
in five of the seven pillars of GII, namely Market 
Sophistication, Human Capital and Research, Business 
Diversity, Knowledge and Technology Output, and 
Creative Output [1]. In addition, Malaysia focussed on 
strengthening the cooperation and trust between GRIs and 

the industry. Thus, it can overcome the silo culture and 
reinforce collaboration between GRIs and the industry.
 However, the level of commercialisation or research 
results by GRIs is still low because most of the R&D 
project is based on supply which the technological 
invention is based on technology-market push. The 
intellectual property (IP) generated does not meet the 
needs of the industry. According to the National Research 
and Development Survey 2018 [2], 7,899 IP was filed 
in the year 2017, but the returns of the investment were 
only RM1.6 million. This return is lower than Business 
Enterprises (BE) that only managed to file 464 Ips but 
was able to generate an income of RM15.4 million. In 
general, researchers who perform public R&D projects are 
more likely to publish their findings in scientific journals 
and create IP, while attempts to commercialize the goods 
or services are weak.
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 Studies have shown that, despite its few successes, 
still most of the GRIs are at the beginning journey 
of commercialisation [3]. Commercializing GRIs’ 
research and development (R&D) outputs are major 
management challenges, and there are limited studies 
to describe this phenomenon from the perspective of 
companies’ management [4]. Hence, this study was 
conducted to discover critical factors that influence 
the commercialisation of technology in Government 
Research Institutes (GRIs) and the challenges that limit 
the commercialisation of the technology.

Materials and Methods 

 In this study, the qualitative methodology was used 
to preserve the integrity and significance of real-life 
occurrences by examining the subject in its social 
context [5]. Semi-structured interviews were used to 
collect the perspectives of respondents in specific. 
In online interviews, the elements that would help 
commercialise GRIs’ R&D outputs were understood. 
Semi-structured interview questions elicited respondents’ 
lived experiences, opinions, and expectations [6].
 The interviews were held at various times and locations 
and lasted about an hour apiece. Purposive sampling was 
used to choose respondents [5], and the management 
from ten of MARDI’s commercialisation partners were 
interviewed (see Table 1) online. The interviews were 
audio-taped to be transcribed. The respondents received 
the transcribed interview data through e-mail. Their 
input was then gathered to further validate the data [7]. 
According to Miles et al. (2014) [8], the transcripts were 
examined and evaluated using a comparative analysis. 
Thematic coding was used to analyse the data, and the 
ATLAS.ti 9 software was used as a tool [7].

Results and Discussion 

Critical Success Factors

 Using the information gathered from participant 
interviews, a new conceptual framework of contributing 
variables to the success rate of commercialisation 
in GRIs was established as a consequence of this 
qualitative study. The findings of this study indicate a 
link between the variables and their ability to accelerate 
the commercialisation success rate. This conceptual 
framework offered in this study may be used by GRIs to 
improve the commercialisation process and procedure, as 
well as the implementation techniques. Figure 1 depicts 
the conceptual framework that contributes to the success 
rate of GRIs’ commercialisation in Malaysia.

Challenges That Limit the Commercialisation of 
the Technology 

 While implementing the technology commercialisation 
activities, various issues and challenges arise and need 
to be addressed because each technology commercialized 
has its characteristics, and the approach used is different 
and unique [9]. Among them are:

i. New technology
 New technologies introduced are able to add value 

to customers, or in other words, customers are able 
to generate profits with new technologies. Therefore, 
gaining a positive customer acceptance of new 
technologies is one factor that determines the success 
of the commercialisation of technology.

ii. Best practice
 The next challenge is to practice best practices in the 

process of commercialisation and technology transfer. 
Technology innovation typically requires high capital, 
and resources to capital markets as well as finance 
are critical to the success of the commercialisation 
of technology.

iii. Mode of commercialisation
 The commercialisation method used by most GRIs 

is through consulting services and licensing methods 
to transfer new technology to the company. These 
methods have proven to be very successful as well as 
relatively easy to implement and manage. However, 
for some trade secret technologies, the best method 
is to sell directly to the company. One of the new 
suggestions is to use the fabricator appointment 
method for agricultural and food machinery 
technologies.

iv. Commercialisation strategy
 There are various strategies and approaches in the 

commercialisation of technology. Commercialisation 
strategy is one of the important elements that 
determine whether a technology succeeds or fails to be 
commercialized, and it is very important to understand 
the philosophy related to creation, innovation and 
commercialisation and apply this philosophy into 
administrative policy and develop it into a solid 
strategy. An organization’s commercialisation policies 
and strategies should be parallel and complementary 
to each other to ensure appropriate action towards 
promoting the commercialisation of technology.

v. Relationship between GRIs and industry/company
 Collaboration between government research 

institutions and companies/industries is an effort to 
accelerate the delivery of innovation to end-users. The 
companies/industries, with their network of contacts, 
are expected to help government research institutions 
deliver research results to potential users on a large 
and effective scale.
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Table 1. List of interview participants

Respondent Position Field of business Mode of commercialisation
C1 Manager Agriculture Licensing
C2 CEO Agriculture Licensing
C3 CEO Healthcare Licensing
C4 Managing Director Engineering Licensing
C5 Manager Food Outright sale
C6 Managing Director Food & Beverage Outright sale
C7 Managing Director Healthcare Outright sale
C8 Managing Director Agriculture Outright sale
C9 CEO Landscape Consultation
C10 Managing Director Agriculture Consultation

Figure 1. Conceptual framework contributing factors to the success rate of commercialisation 
in GRIs
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Conclusion 

 This study showed the critical success factors in 
commercialising GRIs’ R&D outputs from the perspective 
of management of businesses that have commercialised 
GRIs’ technologies, and this information is significant 
in managing such activities. This study also helped 
by identifying commercialization challenges that may 
restrict success rates. Furthermore, it was discovered 
that inextricably linked commercialisation success 
factors and commercialising GRIs’ R&D outputs 
cannot exist independently. As a result, the potential 
to converge and integrate the elements may accelerate 
the commercialization of GRIs’ technologies. However, 
commercializing the technologies from GRIs is still very 
much in the early stages in Malaysia. In conclusion, the 
differing perspectives of respondents on the success 
factors identified as ‘critical’ constituted the fundamental 
underpinning knowledge for GRIs seeking to collaborate/
partner with firms to commercialise their technology [10].
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Abstract

 Nowadays, the agricultural industry has become one of the fastest-growing sectors in technological adaptation, 
marketing, and commercialization. The situation is driven by the high demand and requirements in contributing to 
Malaysia economic growth. The bulk of this responsibility shouldered by the Malaysian Agricultural Research and 
Development Institute (MARDI) in generating innovation through research and transfer to the target groups either 
for free (public goods) or paid (commercial). Therefore, strategic planning and approach are needed in technology 
transfer through this commercial approach such as licensing, outright sale, consultation, and others. In 11th Malaysia 
Plan (2016 – 2020), MARDI has successfully commercialized 43 innovations through various methods to companies 
and target groups through licensing, which is 42% (18 technologies) followed by direct sales 32% (14 technologies), 
consultancy 21% (9 technology) and other 5% (2 technologies). The value proposition is an element that needs to 
be developed before the innovation can be successfully commercialized. This is to ensure that innovation is more 
competitive to be commercialized. One evaluation approach is developing a Business Model Canvas (BMC) for each 
packaged technology. Success in commercialization is determined by the types of technology, sustainable and precise 
strategic planning. This can be seen by developing a comprehensive and competitive BMC to ensure that the technology 
can reach the target users by considering cost-effective production. A business model is a plan that explains how a 
business earns returns and profits over time. In general, it describes who the customer base is and how to highlight the 
value of the business to them and details related to financial investments. The success of technology commercialization 
is catalysed by sustainable and precise planning and strategy.

Keywords: MARDI, Business Model Canvas (BMC), innovation, commercialization
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Introduction

 Innovation is defined as the development or 
implementation of a product, service, process, marketing 
method or organizational approach in business practices, 
organizational management, or external relationships/
networks. Innovation contributes at least 50% to the drivers 
of economic growth and is an essential element in the 
global market. Percentage of national commercialization 
in R&D studies is currently in the range of 5 – 7% which 
is lower than developed countries such as the United 
States, Australia, Japan and Korea, where 5 – 10 % of 
R&D can be commercialized [1]. However, during the 
RMK-11 (2016 – 2020), the Malaysian Agricultural 
Research and Development Institute (MARDI) managed 
to commercialize 59 technologies (17%) [2].

 The successful commercialization of R&D can be 
materialized with strategic planning in all aspects. The 
development of BMC is one of the main approaches, a 
visual framework for planning, development, and testing 
of business models for a business or organization. 

Problem Statement
 The business challenge in promoting new technologies 
for the market in the agricultural industry has changed 
(i.e.: no longer enough to produce discoveries only and 
sell them through aggressive marketing campaigns). 
Some business challenges identified in commercializing 
new agricultural technologies are value creation, 
customer/consumer acceptance, capital market access 
and intellectual property protection [3]. 
 Gaining consumer acceptance has been one of the 
keys to commercializing new technologies in agriculture. 
It is increasingly recognized that the successful 
implementation of new technologies requires systematic 
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attention. This method can emphasize the problem of 
customer acceptance and trust. New technologies adaption 
will fail if consumers only use the technology but do not 
fully accept the technology. 
 Technological innovation usually requires large capital 
expenditures. The consequence is that market capital or 
finance is critical for the discovery and commercialization 
of new technologies [3]. New technological innovations 
usually involve the mechanization and production of new 
specialized equipment requiring significant investment 
capital. Capital requirements are also prominent at the 
pre-commercialization stage. 
 Moreover, future challenges are protecting new 
technologies from imitation through intellectual property 
rights (IPR). The process of obtaining an IPR is very 
tedious and involves high cost. World intellectual property 
laws are unstandardized. Most registered intellectual 
property protection for new technologies in the United 
States or Europe are illegal in South America or China 
[3].
 Another challenge is running the best methods to 
effectively transfer (commercialize) to the target group. 
Currently approach by MARDI through consultation 
and licensing to transfer new technology to potential 
users which have proven successful and much easier 
to implement and manage. It has been recognized 
that quality inventions, market value, and appropriate 
mechanisms included in this approach are considered 
essential factors in shaping commercialization choices 
[4,5,6]. New methods include profit-sharing agreements, 
partners or joint-ventures and the establishments of spin-
off companies are considered better options nowadays 
because they can provide more financial returns. The 
return from setting up a spin-off company is ten times 
higher as compared to regular licensing [7]. 
 Now on, MARDI’s approach in planning and 
strategizing the direction of technology commercialization 
not covered in critical aspects. Through the BMC 
approach, each element will be evaluated to ensure the 
readiness of the technology involved and plan actions 
for improvements before commercialized to target users. 
The need for a mechanism or model for the assessment 
of technology readiness is very necessary to ensure that 
the technology is ready for commercialization.

Solution: Business Model Canvas (BMC)

 BMC was developed by Alex Osterwalder and Yves 
Pigneur in 2010. It was introduced later in their published 
book ‘Business Model Generation’, a visual framework 
for planning, developing and testing a business model for 
a business or organization. In general, it describes who 
the customer base is and how to highlight the value of 
the business and details related to financial investments.
 BMC explains the different components on one page 
only. In other words, it is a strategic management method 
that allows a business to be described and evaluated in 
terms of business ideas and concepts in detail in various 
aspects of possibilities. In general, BMC includes nine 

(9) boxes representing different essential elements for a 
business to operate successfully and generate profit. Table 
1 showed the basic framework of BMC. There are four 
(4) essential basic parts in a BMC.

Part 1 - Value Proposition
Part 2 - Infrastructure (Key Resources, Key Partners, 
Key Activities)
Part 3 - Consumers (Consumer Segments, Distribution 
Channels & Customer Relationships)
Part 4 - Finance (Cost Structure, Revenue Streams)

 Through this BMC planning approach, planning and 
expectations can be made more detailed and strategically, 
especially in overcoming every possible obstacle in 
commercializing the technology generated by MARDI’s 
research. Failure to research and plan a strategy for 
each essential element of preparing a technology before 
commercialization will be the cause the failure in the 
commercial phase. One of the criteria of a well-established 
and ready-to-commercial technology is measured by 
providing a complete BMC. The technology’s readiness 
level can be seen through evaluations process based on 
the elements present in the BMC [8].

Results and Discussion: RMK-11 Archivement 
(2016 – 2020)

 During the RMK-11, technology evaluation activities 
were implemented involving 191 technologies with an 
average of 38 technologies per year. The number of 
technologies evaluated in 2018 was the highest at 54 
technologies (28%), while the lowest was recorded in 
2017 with only 25 technologies (13%) [9]. Technology 
that passes this evaluation process will go through the 
technology packaging process, which involves advanced 
evaluation processes.
 A total of 116 (61%) technologies were successfully 
evaluated or packaged. Averages of 23 technologies 
were packaged every year. The number of technologies 
packaged in 2018 was the highest at 30 technologies 
(26%), while the lowest was recorded in 2016 involving 
20 technologies (17%) [9]. Almost 80% of the packaged 
technology ready with BMC to see and predict how the 
project will be implemented at the commercial level while 
providing returns and profits. Corrective actions and initial 
improvements will be implemented if there are elements 
that need to be improved. Any technical and physical 
improvement will be conducted at the R&D center level. 
 MARDI has successfully commercialized 57 (49%) 
technologies during the RMK-11 through various 
methods to companies and target groups. The number of 
technologies that have been successfully commercialized 
is 17% from 338 potential technologies which is higher 
than the national average commercialization statistics 
(5 – 7%). The method implemented is through licensing, 
which is 48% (28 technologies) followed by direct sales 
31% (18 technologies), consulting 16% (9 technologies) 
and other 5% (3 technologies) [9].
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Table 1. BMC basic framework

Key Partners Key Activities Value Proposition Customer Relationships Customer Segments
Who are our key 
partners?
Who are our key 
suppliers?
Which key resources are 
we acquiring from them?

Types of partnerships
- Strategic alliance
- Coopetition
- Joint venture
- Buyer-supplier 

relationships

What key activities 
do our value 
propositions require?
Our distribution 
channels? Customer 
relationships? 
Revenue streams?

Categories
- Production
- Problem-solving
- Platform/Network

What values do we 
deliver to the customer?
Which one of our 
customer’s problems are 
we trying to solve?
What products and 
services are we offering 
to our customer 
segments?
Which customer needs 
are we satisfying?

What type of relationships 
do our customers expect 
us to establish and 
maintain with them? 
Which ones have we 
established? How costly 
are they?
- Personal assistance
- Dedicated personal 

assistance
- Self-service
- Automated services
- Communities
- Co-creation

For whom are we 
creating value?
Who are our most 
important customers?

Customers segment 
types
- Mass market
- Niche market
- Segmented
- Diversified
- Multi-sided 

platform

Key Resources Distribution Channels
What key resources do our value propositions 
require?
Types of resources
- Human
- Physical
- Intellectual
- Financial

Though which channels do our customers want to be reached? 
How are we reaching them now? Which ones work best and are cost-
efficient.
Types of channels
- Owned channels
- Partner channel

Cost Structure Revenue Streams
What are the most important costs inherent in 
our business model? Which key resources and 
activities are most expensive? Is our business 
cost-driven or value-driven?

For what value our customers are willing to pay? For what do they currently 
pay? How are they currently paying? How much does each revenue stream 
contribute to our overall revenues?
Types of revenues stream
- Asset sales
- Usage fee
- Subscription fee
- Lending/leasing/renting
- Licensing
- Brokerage fee
- Advertising

Conclusion

 Success in the commercialization of technology and 
innovation is not only determined by the presentation 
of the technology itself. The success is catalyzed by 
sustainable and precise planning and strategy [10]. This 
can be seen through developing a comprehensive and 
competitive BMC in ensuring that the technology can 
reach the target users by considering the cost-effective 
production. In general, each project implementation has 
its own risks and challenges both in a controllable and 
beyond our control. However, preventive measures can 
be taken to reduce the risk of failure of a project if all 
the risks and challenges can be predicted. In line with the 
government’s intention for each R&D output to reach the 
target consumers, this measure should be implemented 
with low risk both financially and economically [11]. 
Therefore, the adaptation of BMC should be incorporated 
with planning and implementation for each technology 
that has potential to commercialize.
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Abstract

 AGROINVEST is a strategic approach that has been implemented since 2016 by Commercialization of Technology 
Programme (CB2) as part of the promotion and marketing activities to potential companies through business matching 
and exhibition. Highlights of the events include elevator pitching (brief presentation of technologies to companies 
to spark interest in our project ideas/ product innovations) and exhibition to showcase MARDI’s technologies/
innovation products to target customers. Outcome of the event was the business matching sessions where potential 
clients (companies) can discuss on the business interest and technical questions related to feasibility and viability of 
the technologies/products offered. AGROINVEST plays an important role in action plan from selection of technologies 
from six clusters (food, crop, fertilizer, machinery, agro -industry and biotechnology) and to cater the demand based 
on current trends and markets. The best strategy is to promote unique technologies/products with competitive price. 
AGROINVEST received a lot of requests from industry players in Malaysia since its introduction in 2016. Therefore, 
AGROINVEST has been organized annually to help boost the technology promotion apart from promotion through 
mass media and electronics. Based on AGROINVEST activities conducted from 2016 to 2020, the highest participation 
of companies in AGROINVEST was observed in 2019 (MARDI Series 1) where a total of 23 companies were 
interested in commercializing MARDI’s technologies. Throughout the Malaysia’s 11th Plan, MARDI has successfully 
commercialized a total of 57 technologies through various methods of licensing, outright sales, consultancy and others 
to companies and target groups with a value of RM115.91 million for technologies that generate a business value of 
RM171.86 million to all industry partners involved. This technology transfer begins with identifying discoveries that 
are protectable and marketable from a broad range of invention disclosures, and shepherding those technologies into 
the commercial marketplace where they can improve lives and drive growth.

Keywords: Agroinvest, business matching, elevator pitching, promotion, technology transfer

Introduction

 Promotional strategies and marketing go hand in hand 
depending on the goals, objectives and priorities of the 
company. Marketing involves manufacturing, promoting 
and selling products to the customers, whereas promotion 
is important in sending out messages to the audiences and 
putting across the benefits of the product/technology to the 
customers. A well-designed marketing and promotional 
strategies will ensure a long-term success specially to 
bring in more customers and profitability for businesses. 
Promotional and marketing strategy must be structured, 
to ensure successful in targeting the “right” audiences. 
Having a full-proof and well-thought-out promotional 

strategy and marketing plan can help identify different 
segments of consumers in the market. The use of media 
tool and social media is the most effective tool on the 
online platform nowadays. A quote by Jane Muir, AUTM 
President, 2014-15 stated that “Researchers come up with 
the best ideas, but unless those ideas are transformed 
into products and services, they won’t impact the lives 
of those around us.” 
 The approach in technology development is through 
planned innovation to ensure the technology produced has 
high competitiveness both locally and also internationally. 
Research and technology generation has no meaning if 
the results do not reach the target consumers, namely 
industry, entrepreneurs and even farmers. As a catalyst 
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towards the transfer and commercialization of research 
results (technology) to this target group, amendments 
to the MARDI Establishment Act were approved by 
parliament on the 28 February 2002 to enable MARDI 
to develop business opportunities for MARDI technology 
to reach the target group and contribute to the economic 
development and the country’s agricultural industry [1]. 
As a research agency, MARDI is aware that technology 
commercialization is a very challenging task. To boost 
promotional and marketing activities, Technology 
Commercialization & Business Centre, (CB) has lined 
up a strategy to organize AGROINVEST in marketing 
MARDI’s technology. 
 AGROINVEST is a marketing programme where 
all the technologies ready to be commercialized will 
be showcased to the potential companies for business 
matching. AGROINVEST has gained a lot of attention 
and managed to attract the interest of industry players in 
Malaysia since it was first introduced in 2016. Organized 
annually, as one of MARDI’s event, AGROINVEST has 
been part of the promotion and marketing activities apart 
from promotion through mass media and electronics. 
AGROINVEST has succeeded in attracting potential 
companies to commercialize MARDI’s technology.

Materials and Methods 

 AGROINVEST involves elevator pitching activities 
(brief presentation of technology to the company to spark 
interest in the project, idea, or product), product exhibition 
to showcase MARD’s technology products/innovations to 
target customers and business discussions related to the 
technology of interest through business matching sessions 
where all technical questions related to feasibility and 
viability of the technology/products can be answered 
throughout this session. Highlights of the programme 

are the success story shared by the companies that have 
worked together with MARDI towards the success of 
commercialization. 

Results and Discussion

 The trend in AGROINVEST activities organized 
throughout 2016 to 2020 is shown in Fig. 1. Based 
on AGROINVEST activities, the highest participation 
from the companies in AGROINVEST was observed in 
2019 (MARDI Series 1) where a total of 23 companies 
were interested in commercializing MARDI technology. 
However, the trend was declining due the movement 
control order (MCO), where 15 out of 43 companies 
attended were interested in AGROINVEST 2019 (Series 
2) in conjunction with MARDI 50 years. Only 8 out of 27 
companies attended were interested in commercializing 
MARDI’s technology at AGROINVEST 2020 (Series 
2). At the end of 2020 there was a slight increase after 
the government gave permission for exhibition activities 
to be carried out in accordance with standard operating 
procedures (SOP). Throughout the 11th Malaysia Plan, 
MARDI has successfully commercialized a total of 
57 technologies through various methods of licensing, 
outright selling, consulting to companies and target 
groups. The AGROINVEST activities organized yearly 
as the main marketing event has attracted potential 
companies to commercialize our technologies resulted 
in 14 technologies were commercialized in 2016, 10 in 
2017, 10 in 2018, 11 in 2019 and 12 in 2020. In total, 
this commercialization involved a technology value of 
RM115.91 million and resulted in a business value of 
RM171.86 million to all industry partners involved.

Figure 1. The trends and impact of AGROINVEST’s achievements throughout 2016 to 2020
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Conclusion

 In 2020 alone, based from promotional and marketing 
activities to 183 companies via business matching and 
AGROINVEST activities, a total of 30 companies have 
successfully gone through the negotiation stage towards 
commercialization where finally 12 companies have 
agreed to our terms of business discussion (TOB). For 
the year 2021, CB has planned a strategy by providing 
technology package with the preparation of mock up 
sample products completes with packaging and laboratory 
analysis and also develop t of Micro Web to improve 
our Technology on Offer (TOO) presentation via video 
making and digital poster preparation to attract more 
potential companies. To further boost promotional and 
marketing activities, CB2 has also held discussions with 
investors such as PUNB, AGRO BANK and CRADLE 
to obtain funds to assist companies and looking forward 
to collaborate with companies/marketers for market 
validation projects.
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Abstract

 MARDI Technical Advisory has offered advice and guidance services to entrepreneurs who registered or were present 
to MARDI during RMK11. An impact study was undertaken using 236 entrepreneurs who joined either MARDI’s 
guided entrepreneurs, young agropreneurs, or participants of test-bed, incubators and model farm programs in 2019 and 
2020. The objective of this study is to evaluate the performance of these programs and the effect on their income upon 
joining. Our respondent consists of those who joined as MARDI’s guided entrepreneurs (44%), young agropreneurs 
(29%), participants of test-bed (21%), incubators (4%) and model farms (2%) programs. This program offers a total 
of 21 various activities related to Technical Advisory. The top five activities that were highly sought after are expert 
advisory consultation (12%), packaging and labelling improvement (8.5%), improving product quality (8.1%), product 
innovation (7.0%) and product quality control (6.1%). Each program, though, has its unique set of activities. The top 
three activities for guided entrepreneurs are product quality improvement, packaging and labelling and product analysis, 
and for agropreneurs, packaging and labelling, product quality improvement and product development. Test-bed listed 
packaging and labelling as first, followed by product innovation and product quality improvement. Incubator has tied 
with two highest percentages: the 1st groups are packaging & labelling and product lifespan study, and the 2nd group 
quality control and factory layout. The most demanded activities in model farms are fertigation technology, food 
processing technology, product innovation and human capital development training. The results show a significant 
increase in income among entrepreneurs based on the difference in the sales value before and after collaborating 
with MARDI. In conclusion, MARDI Technical Advisory has helped MARDI entrepreneurs to increase their income 
with support and assistance are provided to entrepreneurs through advisory services, workshops, courses, and various 
other approaches.

Keywords: Entrepreneurs, impact study, income, MARDI Technical Advisory, 11th Malaysia Plan
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Introduction

 MARDI’s was allocated with approximately RM15 
million in the 11th Malaysia Plan to assist entrepreneurs 
in many sectors of entrepreneurial growth, such as 
mentorship or guidance services, outreach training, 
apprenticeships, factory layout development, product 
quality improvement, technical trouble-shooting, product 
innovation and so forth. This allocation is given to 
entrepreneurs to expand their knowledge, improve their 
products, and business efficiency to enhance product 
quality, increase production, and expand their capacity. 
The Technology Transfer and Entrepreneur Development 
Centre, MARDI, offers advisory and guidance services 
to entrepreneurs who are present and registered with 

MARDI. In addition, MARDI provides continuous 
technical advice and guidance to help entrepreneurs 
achieving their goals through the MARDI’s Entrepreneur 
Development Program and Young Agropreneur Program. 
Furthermore, entrepreneurs come to MARDI for advice 
and utilise MARDI’s infrastructures such as technology 
incubators, test-beds and model farms. An impact study 
was undertaken using 236 entrepreneurs who joined either 
MARDI’s guided entrepreneurs, young agropreneurs, 
or participants of test-bed, incubators and model farm 
programs in 2019 and 2020. Many elements influence 
the performance of these programs, and one of them that 
adds to the success of technology is the technical advisory 
services offered to these entrepreneurs.
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Materials and Methods

 MARDI’s Entrepreneur Development Program and 
Young Agropreneur Program were the main programs 
under the Technology Transfer and Entrepreneur 
Development Centre. Together with these programs, 
technology transfer facilities such as technology 
incubators, test-beds and model farms were also given as 
part of the services. However, there are also entrepreneurs 
how come to MARDI for advice and utilise MARDI’s 
technology transfer facilities without joining the main 
program. So, it is also a kind of service provided to the 
entrepreneurs to help them be ready with their business 
with MARDI technology. Therefore, the two programs 
and three technology transfer facilities services selected 
in this study to see the success of these programs. 
 Through these programs, technical advisory services 
provided to entrepreneurs consist of 21 activities, namely 
1) Product analysis, 2) Product innovation, 3) Process 
innovation, 4) Product shelf life study, 5) Product 
quality control, 6) Sanitary cleanliness, 7) Production 
mechanisation, 8) Certification guide, 9) Human capital 
development training, 10) Product development, 11) 
Production system development, 12) Packaging and 
labelling improvement, 13) Premises improvement, 14) 
Capacity improvement,15) Product quality improvement, 
16) Factory layout development, 17) Expert advisory 
consultation, 18) Gray oyster mushroom technology, 19) 
Fertigation technology, 20) Stingless bee technology, and 
21) Food processing technology. This study was conducted 
in 2019 and 2020 with a total of 236 entrepreneurs. The 
success of transferring these technical services varies 
according to the specific programs and activities because 
of the difference in the program’s objective. Therefore, 
the descriptive analysis indicated the highest frequency 
of activities transferred to entrepreneurs based on their 
unique programs to characterise the program’s priority 
activities. In addition, a paired T-Test was carried out to 
show the change in income among the entrepreneurs.

Results and Discussion

 The respondent consists of those who joined 
as MARDI’s guided entrepreneurs at 44%, young 
agropreneurs (29%), participants of test-bed (21%), 
incubators (4%) and model farms participants (2%). 
This program offers a total of 21 various activities 
related to Technical Advisory. The top five activities 
that entrepreneurs highly pursue are expert advisory 
consultative (12%), packaging and labelling improvement 
(8.5%), product quality improvement (8.1%), product 
innovation (7.1%) and product quality control (6.1%), 
as in Figure 1. Each program, though, has its unique set 
of activities.
 The MARDI’s guided entrepreneurs were entrepreneurs 
under MARDI’s Entrepreneur Development Program 
targets the involvement of small and medium entrepreneurs 
in a chain of planned activities, namely human capital 
skills and knowledge development, technical support, 

comprehensive advisory services, and ongoing expertise 
from a group of technology experts to succeed and be 
competitive. The result stated that the following activities 
contributed to their success in their enterprise, namely i. 
expert advisory consultation (13.21%), ii. product quality 
improvement (8.40%), and iii. packaging and labelling 
improvement (8.06%). MARDI’s Young Agropreneur 
Program aims to develop the young generation aged 40 
years and below into progressive, competitive, creative, 
innovative, and high-income young agropreneurs 
through MARDI technology transfer and innovation. The 
feedback stated that the highest technical service activities 
received were i. expert advisory consultation (12.74%), 
ii. packaging and labelling improvement (7.64%), and iii. 
product quality improvement (7.64%).

Figure 1. Technical advice obtained from MARDI

 Technology test-beds are food processing technology 
laboratories equipped with small-scale facilities and 
equipment where entrepreneurs will receive guidance 
and training in product development and the latest 
MARDI technology. Technical service activities that 
entrepreneurs received through training programs at 
test beds frequently refer are i. packaging and labelling 
improvement (9.92%), ii. product innovation (9.65%) 
and iii. expert advisory consultation (9.38%). Technology 
incubators under MARDI are technology pilot plants 
equipped with the latest commercial-scale machinery and 
equipment. MARDI incubator technology was created to 
produce successful graduates (incubates) from the aspect 
of a viable/ financially competitive business. Feedback 
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Table 1. Pair T-test on current sale and previous sale after starting with MARDI

Parameters Paired Differences t df Sig. 
(2-tailed)Mean Std. 

deviation
Std. error 

mean
95% Confidence interval 

of the difference
Lower Upper

MARDI Test-Beds Current sale - 
Early sale 97018.33 214235.02 32670.53 31086.52 162950.13 2.97 42 0.005

MARDI Incubators Current sale - 
Early sale 58268.57 86972.05 32872.34 -22167.16 138704.30 1.77 6 0.127

MARDI Model 
Farms

Current sale - 
Early sale 115200.00 115910.31 51836.67 -28721.66 259121.66 2.22 4 0.090

MARDI Guided 
Entrepreneurs

Current sale - 
Early sale 366533.56 827289.41 81913.86 204038.50 529028.62 4.47 101 0.000

MARDI 
Agropreneurs

Current sale - 
Early sale 115912.56 364226.65 44168.97 27750.93 204074.19 2.62 67 0.011

from the participants of the programs run at incubators 
found that technical service activities are highly sought: 
expert advisory consultation, packaging and labelling 
improvement, and product shelf-life study at 9.43%, 
respectively. MARDI model farms are an approach to 
developing upstream technology models as an in-situ 
training ground. The technical service activities that 
received the most were i. fertigation technology (35.71%), 

Conclusion

 In conclusion, MARDI Technical Advisory has helped 
MARDI entrepreneurs increase their income with support 
and assistance through advisory services, workshops, 
courses, and various other approaches. The two programs 
and three technology transfer facilities services provide 
different impacts based on the needs and interests of the 
participating entrepreneurs. This distinct focus enables 
entrepreneurs to select the needs in their business that 
MARDI can meet according to their preferences.
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ii. expert advisory consultation (28.57%), and iii. Human 
capital development training (14.29%). The results show a 
significant increase in income among entrepreneurs based 
on the difference in the sales value before and after joining 
MARDI except for MARDI Incubator. Nevertheless, still, 
none of them experiences losses, as shown in Table 1. 
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Abstract 

 Plant factories are perceived as a sustainable agricultural production system since they provide a controlled 
environment for crops growth with less resource consumption and no pesticide use. However, in Malaysia, the purchasing 
behaviour for plant factory’s products remains unknown as it is still new in the country. This study will provide an 
overview of the market potential for the plant factory’s product to address this issue. Thus, the specific objectives of 
this study aimed to investigate the preferences and purchasing behaviour for premium vegetables and to identify the 
acceptance of plant factory’s products and the average prices to purchase plant factory products. In-depth interviews 
were conducted with the purchaser coordinators from the selected hotel, restaurant and supermarket in Klang Valley. 
The respondents consist of Procurement Officer, Head of Kitchen Department, Storage Manager, Chef, restaurant owner, 
and Manager from each respondent category. The data were analysed using the descriptive analysis method to assess 
the average prices to purchase. In addition, the information and data collection related to the preferences of premium 
vegetable products and their perceptions of the products were analysed using qualitative methods. Based on the data 
collected, the most preferred products are salad, cauliflower, broccoli, chilli and kalian. The respondents’ perceived the 
plant factory’s products are premium quality and rich in nutrients. The majority of respondents are willing to accept the 
plant factory’s products with the average price for salad (butterhead/red green coral) at a premium farm price of RM 
16.00/kg. This study also showed that the majority of the respondent used the contract purchasing method. Findings 
from this study can serve as a guideline to plant factory producers on which crop should they invest. 

Keywords: Acceptance, plant factory, purchasing behaviour, preferences, willingness to purchase

Introduction 

 Smart farming is a management concept that uses 
modern technology to increase the quantity and quality 
of agricultural products. Smart farming consolidates 
information and communication technologies into 
machines, sensors, actuators, and network equipment in 
agricultural production systems [3]. There are several 
technologies related to smart farming, including sensors, 
robotics, the Internet of Things (IoT), mapping, decision 
making, and statistical processes [3];[5]. Plant factory 
is one of the smart agricultural applications. A plant 
factory is cultivation in a closed system that allows 
farmers to achieve continuous and periodic production 
of vegetables throughout the year [2]; [6]. In addition, 
requirements such as light, temperature, humidity and 
carbon dioxide are fully controlled with limited land use 
than conventional cultivation. 

 The plant factory concept first appeared in Northern 
Europe, and the application is growing fast in Asia, for 
example, in Japan, Taiwan and China [8]; [1]. Malaysia 
is also looking forward to expanding the plant factory 
application, and research has been extensively done. 
However, the high-end technology used must yield an 
appropriate standard of product, and the products must 
have demand so it will become profitable. Thus, this 
study aimed to investigate the preferences and purchasing 
behaviour for premium vegetables and to identify the 
acceptance of plant factory’s products and the average 
prices to be paid. Furthermore, in order to ensure the 
plant factory products, meet local needs, the preferences 
of premium vegetables are also explored. This information 
will assist urban farmers and plant factory operators to 
choose premium vegetables that can develop for their 
plant factory. The following is the purchasing behaviour 
based on the average quantity purchased for a month and 
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the priority of the top preferences for each segment. This 
study focussed on Hotel, Restaurant and Supermarket 
segmentation. Purchasing behaviour in this segment is 
essential in determining the direction of the large-scale 
plant factory [4].

Materials and Methods 

 In-depth interviews were conducted with the purchaser 
coordinators (n = 27) from the selected hotels, restaurants 
and supermarkets in Klang Valley. The respondents consist 
of Procurement Officer, Head of Kitchen Department, 
Storage Manager, Chef, restaurant owner, and Manager 
(Table 1). The data were analysed using the descriptive 
analysis method to assess the acceptance of the plant 
factory’s products and the average price to be paid. In 
addition, the information and data collection related 
to the preferences of premium vegetable products and 
their perceptions of the products were analysed using 
qualitative methods.

Results and Discussion 

Preferences and Purchasing Behaviour of 
Premium Vegetables

 Based on the top preferences (demand quantity) by 
type (vegetables, herbs and others) showed in Table 2, the 
most preferred product from the hotels were carrot, a salad 
that consists of many varieties such as butterhead, red-
green coral, iceberg, wild rocket and romaine—followed 
by broccoli. As for the restaurants, the most preferred 
vegetables are cauliflower, baby spinach, salad and chilli. 
Meanwhile, for supermarkets, the highest demand quantity 
was kalian followed by salad and mustard flowers. The 
top preferences for the herbal/spices group were sweet 
basil, thyme, rosemary, and basil. This study also found 
a preference for microgreen and edible flowers. Usually, 
microgreen and edible flowers are used for decoration 
(garnish) that gives a beautiful and healthy visual on the 
menu, especially for fine dining restaurants, steak houses 

Table 1. Type of purchaser coordinators

Respondent Sample Percentage
Chef 12 44.4
Kitchen Department Manager  2 7.4
Storage Manager  2 7.4
Procurement Officer  1 3.7
Others (Fresh department staff, Kitchen staff, Outlet Manager, 
Restaurant owner, Purchasing Officer, Cost Control Officer, Manager)

10 37.0

Table 2. Top preferences: Estimated average quantity (kg/month) for each selected respondent category

HOTEL (n = 11) RESTAURANT (n = 11)
Fine Dining/steak house

SUPERMARKET (n = 5)

Item Quantity
(Kg/

month)

Item Quantity
(Kg/month)

Item Quantity
(Kg/month)

Vegetables
1. Carrot 71 1. Cauliflower 600 1. Kailan 840
2. Salad 
(butterhead/red- green coral) 62

2. Baby spinach
200

2. Salad (butterhead/ 
red-green coral wild 
rocket/ romaine)

435

3. Salad (Wild Rocket-Arugula
romaine/iceberg) 60 3. Chilli 150 3. Mustard flowers 150

4. Broccoli

60

4. Salad 
(butterhead/red- 
green coral/wild 
rocket/
romaine)

150

Herbs/spices
1. Sweet basil 30 1. Basil 20 1. Basil 50
2. Parsley and Rosemary 10 2. Coriander 20 2. Thyme 30
3. Tyhme and Oregano 20 3. Thyme 20 3. Coriander 20

Others
1. Microgreen 32 tray 1. Edible flowers 20 paket 

(2kg)
*Note: This information is based on top monthly average usage preferences of quantity supply to the hotel, restaurant and supermarket. Besides, 
each segment gains input from the purchaser coordinator and is supported by the plant factory operator [4]
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and hotels. On a global scale, it can be seen that there 
is a demand and need for more exciting and tasty food. 
Both of these qualities contribute to the attractiveness and 
appearance of each dish [7]. In addition, there were also 
others factors that contributed to these preferences, for 
example, the geographical factor, the respondents might 
prefer a closer plant factory to reduce a logistics cost.

Purchasing methods

 There were three purchasing methods involved, namely 
contract purchase, outright purchase and consignment. 
Most respondents used contract purchase (48.1%) and 
outright purchase (40.7%).

Willingness to Purchase Plant Factory Premium 
Products

 This section describes the average value of the price 
willing to be paid by the group of purchaser coordinators 
who want to buy plant factory products involving 
premium salads from butterhead and red-green coral 

varieties. A total of 51.9% of the purchaser coordinator 
group responded positively to the average price for salad 
(butterhead/red-green coral). They believed that the 
premium farm price of RM 16.00 per kilogram is value for 
money with the advantage of fresher, nutritious products 
rich in essential vitamins and minerals. However, the 
majority (61.1%) gave a negative response if the average 
price to be paid is a maximum of RM18.00 per kilogram 
(Figure 1). However, most respondents agreed that the 
price of premium vegetables from plant factories can go as 
low as RM8/kg and as high as RM40/kg. These findings 
will provide input to plant factory operators to assess the 
appropriateness of price for the premium vegetable of 
plant factory products.

Conclusion 

 In conclusion, the majority of purchaser coordinator 
groups were willing to accept plant factory products. 
While they also responded positively to the average 
price to be paid for salad (butterhead/red-green coral) 
at a premium farm price of RM16.00 per kilogram with 
the advantage of fresher products, nutritious, rich in 

Figure 1. Response of average price to be paid for premium salad from plant factory

vitamins and essential minerals. As for the hotel segment, 
restaurants and supermarkets, the vegetables at the top 
choices were carrot, cauliflower and kalian. Meanwhile, 
salad (butterhead, red-green coral, iceberg, wild rocket, 
romaine) is also high demand. At the same time, the herbs/
spices are (sweet basil, thyme, rosemary and basil). Then, 
they are followed by other categories, namely microgreen 
and edible flowers that tend to be the priority that has 
potential in the market.
 These finding can serve as information to the plant 
factory producers to invest in potentially marketable 
and high-end products to sustain in the long run. It is 
estimated that the price of premium vegetable farms is 

around RM8.00 per kilogram and reaches a maximum 
price of RM40.00 per kilogram. Furthermore, appropriate 
marketing channels also need to be studied since plant 
factory cultivation is relatively new in Malaysia. In 
addition, the geographical factor of the location of the 
plant factory developed should be given priority so that the 
product can be easily marketed and at the same time can 
reduce logistics costs. Overall campaigns and promotions 
for plant factory products need to be strengthened to 
encourage consumers’ in-depth knowledge and confidence 
in plant factory products.
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Abstract

 The current practice of flooding method in paddy planting in Malaysia and burning straw activity that led to release 
of methane which will affect on the reduction in the function of the ecosystem around the area. However, research 
addressing these issues from the economic point of view is very limited. This article provides the environmental and 
economic impact assessment for alternative rice straw and water management at paddy cultivation areas in MADA and 
IADA Barat Laut Selangor. The benefit cost ratio (BCR) analysis was employed to compare both practices in terms 
of financial saving and economic incentives that were converted into monetary value. The total monetary valuations 
for alternative water management ranging from RM15,188,644.55 to RM16,014,742.45 per season. As for straw 
management, it was valued at RM2,788,615.45 per season if the optimistic scenario was implemented nationwide. The 
results from the study suggested that an environmental quality (emission reduction by 8.7% and in between 34.5% to 
36.3% for straw and water management alternatives, respectively) through economic evaluation exercise providing a 
more accurate picture for the policymakers, rice farmers and related agencies to adopt and enhance the usage as well 
as transferring the technology in order to replace the price of their environment.

Keywords: Benefit cost ratio; monetary value, paddy cultivation, rice straw management, water management

Introduction

 In Malaysia, rice cultivation contributes to greenhouse 
gas (GHG) emissions in the environment. One of the 
main contributors that release the greenhouse gases (CH4, 
CO2 and N20) is related to the field activities, such as 
the water consumption quantities and the conventional 
practice on discarding the rice straw [1, 2]. Generally 
known, Malaysia uses flooding method for rice cultivation 
that leads to CH4 emission. Then, after harvesting, most 
of the farmers perform an open burning of dry straw. It 
was regularly practiced as it is the easiest way to dispose 
of the straw. Hence, this activity affects the functioning 
ecosystem around the area. 
 Various techniques and innovations of water and straw 
management were developed to find the optimal use of 
water in rice cultivation, and adding value to rice straw 
rather than disposal. However, it still not implemented 
vastly throughout the granaries. It might be due to the 
investment cost or the developed technology still not 
transferred to the local farmers. 

Materials and Methods

 This study covers two main subjects; the reduction 
of environmental pollution emission, and the estimated 
monetary benefits that can be obtained if alternative 
management of rice cultivation is implemented. Two 
areas, Muda Agricultural Development Authority 
(MADA) and Integrated Agricultural Development 
Authority (IADA) Barat Laut Selangor (PBLS) were 
selected for the experimental as a plot testing. The 
conventional plot was carried out by nearby farmers who 
practice the conventional way of paddy cultivation (status 
quo) with the same hectares size as the experimental / 
treatment plot. Data was collected by researchers which 
are includes the data of the technical parameters and 
production costs. All data that were recorded started from 
early planting season.
 This study focused on the environmental impact 
of water and straw management at paddy cultivation 
areas. The experiment was carried out by comparing the 
traditional practices with the new practices of water and 
straw management. For water management assessment, 
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it was conducted by comparing water consumption rates 
between several irrigation methods for rice cultivation. 
T1(control) = Continuous flooding throughout the season 
(3 – 5 inches of standing water), T2 = Saturated conditions 
from tillering stage until heading and flooding until 
maturity and T3 = Saturated conditions throughout the 
season (without standing water) (Table 1).
 As for the rice straw, comparisons were made between 
open burning rice straw method and disposal through 
microbial methods (T1(control) = Without microbe & T2 = 
With microbe). The comparison showed in this study will 
projecting the economic incentives value to be received 
by farmers that willing to adopt the alternatives of water 
and straw management in their cultivation activities and 
create awareness of the importance of caring for the 
environment (Table 2).

Results and Discussion

 The monetary benefits for environmental purposes 
can be determined by intangible benefits that come from 
reducing the GHG emissions for both alternative practices: 
water and rice straw management. The conventional 
methods were valued by the farmers’ common practices, 
including burning and soil incorporation for hay to 
microbial use per hectare, whereas, water-saving was 
valued by a reduction of methane emissions (CH4) by 
36% (MADA T2) and 34% (MADA T3) as the alternative. 

For water-saving, each monetary value of recorded total 
emission was estimated at RM130.94 and RM134.80 per 
hectare, respectively, and for rice straw, the monetary 
value was at RM137.47 per hectare (Table 3).
 The monetary values were determined from the 
differences between conventional practices and the 
alternatives, in which they were converted to tangible 
benefits rather than intangibly viewed as only an increase 
in environmental quality. A substantial amount of 
conservation could be achieved if the alternative practices 
in water and straw management could be practiced 
throughout the granaries in Malaysia. There are 10 major 
areas of rice cultivation in Malaysia with varying cultivars. 
If the alternative management method was implemented, 
the conservation values was estimate ranging between 
RM7,145,614.45 to RM7,534,258.55 per season at MADA 
area and between RM1,352,475.29 to RM1,426,035.31 
per season at IADA Barat Laut Selangor (PBLS) area. For 
straw management, it represents a conservation value of 
RM1,311,925.55 per season (MADA) and RM248,312.71 
per season (PBLS). About 8.7% of the conservation 
value can be enjoyed with the use of alternative straw 
management while for alternative water management it 
is between 34.5 – 36.3%.

Table 1. Alternative management of water management in rice planting experiment

Treatment Water Management Alternative
T1 (Control) Continuous flooding throughout the season (3-5 inches of standing water)
T2 Saturated conditions from tillering stage until heading and flooding until maturity
T3 Saturated conditions throughout the season (without standing water)

Table 2. Comparison of straw management practices in rice planting experiment

Item Without microbe (T1 Control) With microbe (T2)

Method • Straw burning (dry season) 
• Soil incorporation (wet season)

• Dumped (1.5 - 2.0 meters)
• Use of microbes is active
• It took about 3 weeks

Advantages • Killing soil pathogens • Restores essential nutrients (NPK, Ca, Mg, S and Si)
Disadvantages • Stimulates germination of weeds and rice 

paddy
• Environmental pollution
• Affects the rate of seed germination
• Loss of 8 – 10% of K element 

• Stimulates the germination of weeds and rice paddy
• Specific moisture and temperature requirements

Cost (wage) • MADA – RM 60
• PBLS – RM 128

• Not yet determined
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Conclusion

 The alternative practices might not be referred to the 
increase in farmers’ income itself, but rather it should 
be evaluated in terms of environmental awareness 
towards the safety of the surrounding area. This was 
measured by the reduction of GHG emissions of 8.7% for 
alternative straw and in between 34.5% to 36.3% for water 
management as estimated in the study. The subjective 
value of improving environmental quality was calculated 
and the results of the estimated value showed that the 
impact was beneficial for farmers to practice alternative 
management as part of their planting activities. Hence, 
this study could be used as a guide for the policymakers 
in determining a sustainable agricultural direction for the 
rice sector. The estimated monetary value will be a cost 
to the government in the future if no action is taken to 
preserve the rice planting activities. Therefore, any viable 
green technology should be adopted in order to achieve 
a sustainable environment.
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Table 3. Comparison of GHG emission between conventional and alternative practices

Indicator/Item Straw Alternative
(PBLS)

Water Alternative
(MADA)

T1 T2 T1 T2 T3
Total Emission Calculated (mg/m2/
season)

9599.23 8768.42 13125.1 8352.38 8598.34

Reduce Methane Released (%) - 8.65% - 36.36% 34.49%
Total Emission Calculated (kg/hectare/
season)

95.99 87.68 131.25 83.52 85.98

Total Released (MT/hectare/season) 0.10 0.09 0.13 0.08 0.09
CO2 Equivalent (MT)* 2.40 2.19 3.28 2.09 2.15
Current Price (RM/MT CO2 Eq)** 62.71 62.71 62.71 62.71 62.71
Total Price Released (RM/MT/hectare/
season)

150.50 137.47 205.77 130.94 134.80

Source: *Estimated CO2 equivalent to metric tonne [3]; **estimated current price in US dollars (converted to 
Ringgit Malaysia) equivalent to metric tonne of CO2 [4]
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Abstract

 The Food and Agriculture Organization (FAO) reported that the import value of fresh coconut for Malaysia has 
increased by 31.1% from 2014 to 2019, with an average annual amount of 183 thousand MT. Insufficient supply of 
local coconuts and increasing demand in the local market by household consumers and product processors contributed 
to the higher import value. The export rate of coconut-based products has increased by 12% from RM746.22 million 
in 2015 to RM995 million in 2017. The rapid production of coconut-based products has led to competition between 
countries in marketing their products. The Comparative Export Performance (CEP) analysis is used to measure the 
level of competitiveness among selected countries. A positive index value (≥+1) indicates that the country has a high 
competitiveness value while a negative value (≤–1) indicates low competitiveness. This assessment is conducted 
among ASEAN countries which are also coconut and coconut-based products producing countries such as Indonesia, 
Philippines, Thailand and Vietnam, with targeted markets in countries such as Singapore, China and Japan. The 
results of the CEP analysis showed that Malaysia is competitive in coconut oil and coconut milk products. In addition, 
Malaysia’s competitiveness is increasing for coconut water and activated carbon products from 2015 to 2019. The 
findings of this study can be used as base information for industry players to market their products, either emphasising 
the existing markets or looking for new markets. In addition, the information can also be used as a reference to formulate 
strategies in developing the coconut industry in Malaysia and further strengthen the implementation of national coconut 
industry programme.

Keywords: Coconut, coconut-based products, comparative export performance, competitiveness
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Introduction

 The varieties of coconut-based products can stimulate 
demand for coconut through the increasing competitiveness 
of value-added products. Due to the value added of 
coconut-based products, this product has received high 
demand in the country and then marketed worldwide. The 
import volume of fresh coconut has increased by 31.1% 
from 2014 to 2019, with an average annual volume of 
183 thousand metric tonne [1]. The increase was due to an 
insufficient supply of local coconuts due to the increasing 
demand in the local market by household consumers and 
product processors. Following the increase in import of 
fresh coconuts, the export rate of coconut-based products 
also increased. Exports of coconut-based products in 2015 
which was worth RM746.22 million increased by 12% 
to RM995 million in 2017 [2]. The rapid production of 
coconut-based products has led to competition between 
countries in marketing their products. According to a 
report by the Sri Lanka Export Development Board [3], 

the trade category of coconut-based products is based 
on three main parts of a coconut, namely (1) coconut 
kernel, (2) coconut fibre, and (3) coconut shell based. 
World trade activities involving coconuts are based on the 
international Harmonized System (HS) index code. The 
main coconut products traded in Malaysia are activated 
carbon, coconut milk powder, coconut oil, copra, copra 
meat, and coconut coir fibre. The objective of this paper 
is to identify the market competitiveness of coconut-based 
products industry among ASEAN countries.

Materials and Methods

 The evaluation of this study was made empirically 
through secondary data obtained in time series data 
through the COMTRADE database. The data obtained 
includes export data according to the HS code specifically 
for coconut-based products from year 2015 to 2019. 
Usually, to measure the competitiveness of a country, 
export activity is one of key indicator. In theory, an 
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increase in export performance indicates an increase in 
the competitiveness of a country. However, this measure 
of competitiveness cannot be assessed easily, and it must 
be seen from the micro and macroeconomic aspects, 
as well as regulations and institutions that affect the 
productivity of a country. Therefore, Comparative Export 
Performance (CEP) analysis was used to measure the 
level of competitiveness of countries. The CEP index is 
a modified version of the Balassa formula of Revealed 
Comparative Advantage (RCA) [4]. A positive index value 
(≥+1) indicates that the country has a high competitiveness 
value, while a negative value (≤–1) indicates low 
competitiveness. Thus, higher positive values indicate 
higher competitiveness, while lower negative values 
indicate lower competitiveness [5]. This assessment was 
made among ASEAN countries that are also coconut 
and coconut-based products producing countries such 
as Indonesia, Philippines, Thailand and Vietnam, which 
involve target market countries such as Singapore, China 
and Japan. The selection of three countries as marketing 
targets to be measured was due to having a high number 
of transactions with Malaysia.

Results and Discussion

 The top trade target country for coconut oil, coconut 
milk and desiccated coconut products is Singapore which 
has the advantage of transactions with Malaysia. As for 
coconut water products, Malaysia’s primary target market 
is China. Meanwhile, the other targeted market is Japan for 
non-food products such as activated carbon and coconut 
shell charcoal. The details of the CEP index table were 
stated in Table 1, 2 and 3.

Competitiveness of Coconut Oil

 In 2019, only Malaysia and Indonesia showed a 
positive CEP index value for the coconut oil market in 
Singapore with index values of 1.8 and 1.6, respectively. 
In addition, Malaysia still maintains a positive CEP 
value record from 2015 to 2019 and is the most viable 
country in the Singapore market for coconut oil. However, 
Malaysia needs to be careful with this market behaviour 
which shows the lowest index value in the last 5 years. 
This situation occurs with the entry of coconut oil 
into the Singapore market from others than these five 
competing countries.

Competitiveness of Coconut Milk

 In 2019, among the ASEAN competitors such as 
Indonesia, the Philippines, Thailand and Vietnam, 
Malaysia shows the highest value of CEP index value at 
2.3 for coconut milk products in the Singapore market. 
Malaysia competes closely with Vietnam with an index 
value of 1.5. From 2015 to 2018, the value of Malaysia’s 
CEP index with a negative value and finally managed to 
boost its position as the most competitive country among 
the five ASEAN countries in the Singapore market.

Competitiveness of Desiccated Coconut

 The value of the Malaysian CEP index for desiccated 
coconut products is quite challenging, with the latest index 
value of –0.92 in 2019. All competing countries showed 
negative values. This situation shows that the desiccated 
coconut market in Singapore is dominated by countries 
other than the five countries mentioned.

Table 1. The value of Malaysia’s CEP and competitor countries for the export of 
coconut products in Singapore

Product Indonesia Malaysia Philippine Thailand Vietnam
Coconut oil

2015 2.4 2.8 0.4 –2.7 –1.6
2016 2.6 3.0 3.0 –2.7 0.4
2017 1.6 2.1 1.2 –3.0 –1.1
2018 2.1 2.3 2.4 –3.3 –1.1
2019 1.6 1.8 –4.4 –2.7 –4.9

Coconut milk
2015 –6.6 –1.1 –6.0 –3.4 –3.1
2016 –7.1 –1.7 –4.2 –3.9 –2.2
2017 –7.7 –1.3 –3.5 –4.3 –3.7
2018 –6.6 –0.5 –3.0 –4.0 –1.6
2019 –3.0 2.3 –1.0 –0.8 1.5

Desiccated coconut
2015 –0.13 –0.49 0.83 –5.57 –1.02
2016 0.32 –0.20 –1.85 –5.88 –1.26
2017 1.24 0.23 –3.84 –9.69 –0.70
2018 0.39 –0.52 –1.92 –6.20 –1.35
2019 –0.04 –0.92 –0.85 –5.74 –1.87
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Competitiveness of Coconut Water

 China is the main target market for Malaysia to market 
mature processed coconut water products. Even though 
most of the coconut water production is marketed to 
China, it still does not compete with Vietnam’s dominance 
in 2019 with the CEP index value of 0.63 compared to four 
other countries with negative CEP magnitude, including 
Malaysia. In 2018, Malaysia was once competitive in the 
China market but the value of the index dropped back to 
a negative level in 2019.

Competitiveness of Coconut Activated Carbon

 For non-food-based coconut products such as coconut 
activated carbon, Japan is the main target for Malaysia. 
The five countries that showed negative index values 
in Japan indicated a lack of competitiveness in those 
countries. Even though Malaysia’s CEP index magnitude 
is negative, the value increased from 2015 by –1.59, 
and finally in 2019 with an index value of –0.87, which 
indicates a recovery in competitiveness for Malaysia.

Competitiveness of Coconut Shell Charcoal

 Japan is also the best market target for coconut 
shell charcoal products. All five countries have high 
competitiveness with positive magnitude CEP index 
values. For example, Malaysia’s CEP index value in Japan 
is 1.84 in the third rank, with Indonesia in the first rank 
(1.96), and Vietnam in the second rank with 1.86.

Conclusion

 The results of the CEP analysis show that Malaysia is 
a competitive country for coconut oil and coconut milk 
products. In addition, Malaysia’s competitiveness in 
coconut water and activated carbon products has increased 
from 2015 to 2019. Therefore, the findings of this study 
can be used as an information base for industry players 
to plan the target market of their products, emphasising 
the existing market or looking for new markets in other 
countries. In addition, the information of this study 
is suitable as a reference to formulate strategies in 
developing the coconut industry in Malaysia and further 
strengthen the implementation of national coconut 
industry programmes.

Table 2. The value of Malaysia’s CEP and competitor countries for the export of mature 
processed coconut water in China

Product Indonesia Malaysia Philippine Thailand Vietnam
Mature processed coconut water

2015 –7.52 –0.95 NA –1.04 –3.01
2016 –5.62 –1.57 NA –0.30 –1.72
2017 –6.97 –0.39 –4.17 –0.50 –0.40
2018 –5.17 0.65 –4.76 –0.46 –0.62
2019 –12.94 –0.05 –0.85 –0.44 0.63

Table 3. The value of Malaysia’s CEP and competitor countries for the export of coconut 
products in Japan

Product Indonesia Malaysia Philippine Thailand Vietnam
Coconut activated carbon

2015 –2.39 –1.59 –1.74 –2.51 –1.76
2016 –2.13 –1.57 –1.39 –2.36 –1.81
2017 –1.70 –1.11 –1.33 –1.42 –1.80
2018 –1.76 –0.87 –1.39 –1.84 –1.62
2019 NA NA NA NA NA

Coconut shell charcoal
2015 2.98 2.69 NA 2.14 2.29
2016 2.91 2.85 NA 2.60 2.72
2017 0.99 0.97 –0.16 0.48 0.89
2018 1.04 1.02 0.29 0.57 1.00
2019 1.96 1.84 1.45 1.43 1.86
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Abstract 

 In Malaysia, banana is cultivated at every state with Johor, Pahang and Sabah are among the largest production 
areas. The production value of banana is increasing every year starting from RM367.5 million in 2011 to RM579.3 
million in 2019. Banana is one of the fruit that is selected to be cultivated in the contract farming program. As stated 
in the National Agricultural Policy (2011 – 2020), contract farming which established in 2006 is to sustain food 
production as well as to secure our national food security. The participant of contract farming were bound by an 
agreement for a guaranteed market in which the product should follow a listed conditions such as quantity, quality, 
type, variety, packaging, grade, and production period. Hence, the banana growers were assessed to determine their 
economic production in maintaining the supply. A total of 65 participants in banana contract farming across Malaysia 
were interviewed to collect data on the production costs, yields, and returns. Analysis result showed that the total 
cost of production for banana is RM8,480 per hectare with an average cost of RM1.45/kg. The cost structure reveals 
that fertilizer is the most expensive component of production, accounting for 44.16% of total cost. The productivity 
is 1.44, which means that for every RM1.00 invested, farmers will receive a return of RM0.44. While, the elasticity 
was calculated to be 1.03, indicating that banana production is at increasing return to scale. An increase of 1% input 
factor will increase production at a rate of more than 1%, implying that the use of current input is still at a productive 
level. However, the adoption of new technology can be further enhanced to produce higher output. 

Keywords: Banana, contract farming, elasticity, productivity production
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Introduction

 Banana, scientifically known as Musa paradisiaca, 
is the most widely grown and traded crop in the world. 
The content is rich in potassium where it can also be 
found in many fruits, vegetables, and even meat. A single 
banana has 23 percent of the daily potassium requirement 
[1]. In recent decades, the crop has seen tremendous 
increases in production and trade volumes as a result of 
rapid population expansion in producing countries and 
increases in worldwide import demand. Bananas are 
tropical plants that are grown in 124 countries with a total 
production of 116.78 million metric tonnes and planted 
area of 5.15 million hectares. India is the world’s largest 
banana producer with a total annual production of 30.46 
million metric tonnes, followed by China 12 million 
metric tonnes and Indonesia is the world’s third-largest 
banana producer, producing 7.28 million metric tonnes 
[2]. While Malaysia is the world’s 39th largest producer 

with a production of 322,732 metric tonnes using 26,079 
hectares of the planted area. Banana is cultivated at every 
state with Johor, Pahang and Sabah are among the largest 
production areas. The production value for bananas is 
increasing every year starting from RM367.5 million in 
2011 to RM579.3 million in 2019 (Figure 1). 
 As the government aimed the agriculture sector to 
be the country’s third economic growth engine, most 
operations that boost a product value-added have been 
prioritized. The goal is to ensure an adequate and safe 
food supply as stated in the National Agriculture Policy 
(2011 – 2020). Small farmers are encouraged to involve 
in this industry and hence securing the food availability 
on a permanent and consistent basis. As to achieve this 
goal, Ministry of Agriculture and Food Industries (MAFI) 
implemented the contract farming system in 2006, 
intending to ensure food security [3]. The participants 
of contract farming were bound by an agreement for a 
guaranteed market in which the product should follow a 
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listed condition such as quantity, quality, type, variety, 
packaging, grade, and production period [4]. This program 
is viewed as a mechanism that can provide both parties 
with a ‘win-win’ situation. It is also thought to be possible 
to improve revenue through disseminating information 
more efficiently, particularly in terms of technology 
distribution, marketing, new market exposure, and post-
harvest facilities. Banana is one of the selected crops 
to be included and cultivated within a contract farming 
program. Figure 1 showed that the production value 
for bananas was increasing over the years starting from 
RM367.5 million in 2011 to RM579.3 million in 2019. 
Hence the objective of this study is to determine economic 
production of farmers in maintaining the supply through 
a contract farming program.

Materials and Methods 

 The method of assessment used was empirical. For 
in-depth quantitative and qualitative analysis, secondary 
and primary data are used. Secondary data is collected 
using a stratified random sampling approach. A total of 
75 banana contract farming participants across Malaysia 
were interviewed for information on production costs, 
yields, and returns. To determine the cost of production, 
the data was analyzed using the Cost of Production and 
Cost Structure approach. The Cobb-Douglass Production 
Function with Maximum Likelihood Estimation (MLE) 
was used to evaluate the elasticity of the banana 
production [5].

Results and Discussion

 The cost structure of banana production per hectare 
for a season is shown in Table 1. The total cost of banana 
production is RM8,480 per hectare with an average cost 
of RM1.45 per kilogram. The cost structure reveals 
that fertilizers are the most expensive component in 
the production of banana crops, accounting for 44.16 
percent, followed by seeds (22.9%), and labour (8.09%). 
Pesticides, diesel and petrol, maintenance, depreciation, 
and other costs account for the remaining 25.66 percent. 
As a result, it is evident that the use of fertilizer, in addition 
to high-quality seeds and labour, are the critical factors 
in achieving optimal yield output. 
 The outcome of the Cobb-Douglas production 
function using Maximum Likelihood Estimation (MLE) 
is shown in Table 2. Area, labor, fertilizers, pesticides, 
and seeds were among the five production factors that 
were taken into account. At a 5% level, the coefficient 
of the banana crop production factor indicates that area, 
labor, fertilizer, and seeds have a significant correlation 
with production. These four variables have a positive 
significant correlation, implying that increasing the area, 
labor, fertilizer, and seeds will raise production levels. 
Pesticide, on the other hand, appears to have no significant 
correlation with production. The value of elasticity was 
estimated at 1.03 which stated more than 1. It indicates 
that most banana farmers are at the level of increasing 
returns on a scale. A 1% increases in production factor 
will increase the output by more than 1%, implying that 
present technology is still productive, but the combination 
of inputs can be improved to achieve higher output. 
Meanwhile, the productivity is 1.44, meaning that for 
every RM1.00 invested, farmers will receive RM0.44 
in return.

Figure 1. Banana‘s production and hectarage (2011 – 2019)
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Conclusion

 The productivity showed that banana production is still 
a viable crop that benefits the farmers. The fertilizer and 
seeds were major components that contributed to the cost 
of production which indicates the importance of inputs 
used efficiency for this crop. It is an indicator that there 
is a potential to increase the yield with the efficient use 
of inputs. To increase banana production in the future, the 
injection of technology should be a priority to enhance 
the production of the crop as it is aimed as a priority fruit 
in RMK-12.

Table 1. Structure cost of banana production

Parameter Average Cost (RM/Ha) Percentage (%)
Labour 686 8.09
Seeds 1,873 22.09
Fertilizer 3,745 44.16
Pesticides 663 7.82
Diesel and petrol 207 2.44
Maintainance 161 1.90
Depreciation 728 8.58
Others cost 417 4.92
Total Cost/Ha (RM) 8,480 100.00
Cost/Kg (RM) 1.45

Table 2. Production function and elasticity of banana production

Variables Coefficient Value (b) Standard Error t-value
B0(constant) 2.863 0.801 3.571***
b1Area 0.258 0.078 3.307***
b2Labour 0.135 0.077 1.744***
b3Fertilizer 0.394 0.126 3.113***
b4Pesticides 0.078 0.138 0.570
b5Seeds 0.235 0.095 2.455***
s2 = su

2 + sv
2 0.209 0.066 3.150***

g = s2u/s2 0.005 0.356 0.015
Log-Likelihood value –40.59
Elasticity (e) 1.03 Increasing return on scale
Productivity 1.44

*** significant at 5% level
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Abstract

 Changing trends in consumer lifestyles and food consumption patterns provide a great opportunity for developing 
functional food sector in Malaysia. A functional fermented beverage is one of the healthier products that are increasing 
gain attention globally. MARDI has developed fermented beverages by utilizing of local indigenous fruits, especially 
ceri Terengganu and kuini to value-add fruit phyto-nutrients into the products. The objectives of this study are to identify 
consumers’ acceptance and willingness to pay (WTP) for the functional beverage products produce and developed by 
MARDI. A food sensory test was conducted for the MARDI’s fermented beverages and a few existing and equivalent 
commercial products that available in local market. The WTP analysis was conducted in this study in order to identify 
the consumers preferences of WTP (in monetary value) for the products. From the survey, a total of 30% of respondents 
have accepted the sensory attributes of fermented tea beverage in terms of colour, sourness, viscosity and after taste. 
The respondents preferred fermented ceri Terengganu beverage flavour and sweetness attributes. Other response on 
WTP found that, the consumers would pay less than the price quote for this MARDI’s products. With regards to 
the consumer awareness of health-conscious, these products have an opportunity to fulfil health and wellness food 
industries and finally it can expand the functional foods market in domestic and global. This study is an important 
task in helping MARDI’s research of functional beverages products. Therefore, with this health awareness study of 
acceptability these functional supplements, it will boost the markets acceptance and upscaling the product processing 
towards the commercialization of MARDI’s healthy drinks.

Keywords: Consumer acceptance, fermented beverages, ceri Terengganu, kuini, willingness to pay (WTP)

Introduction

 The market in the Asia Pacific is worth approximately 
USD151 million and is estimated to increase at a compound 
annual growth rate (CAGR) of 26.9% (USD 489 million) 
in 2025 [1]. Studies have shown that consumption of the 
fermented foods may improve intestinal functionality and 
provide a better intestinal condition, and it might help 
to improve and treat infectious diarrhoea, reducing the 
duration and incidence of respiratory infections, enhancing 
immune and anti-inflammatory responses [2]. Functional 
foods in Malaysia account for about 40% of the total 
processed food and beverage market [3]. The functional 
food products consist of milk, dairy-based beverages, 
energy and sports drinks, fruit juices, cereals, energy 
bars, biscuits and eggs with Omega-3s. Functional food 
expenditure in Malaysia showed a significant increase in 
a period of 2002 – 2018 with the growth per household 
and per capita was 92 and 130%, respectively [4]. These 

increments are due to increasing of healthy life styles. A 
few studies in developed countries showed that health 
factors and confidence influenced the purchasing of 
functional and healthy foods that contain good nutrition 
[5]. Fermented products have increased its popularity as 
functional foods due to their nutritional properties and 
health benefits [6]. Nowadays, various of fruit-based 
fermented beverages have been produced with a phyto-
nutritional value added. However, only a small number 
of the products is produced based on the indigenous 
fruits. Thus, in conjunction with this scenario, MARDI 
are focused to develop several fermented drinks products 
based on local indigenous fruits such as ceri Terengganu 
and kuini.

Proceedings of MARDI Science and Technology Exhibition (2021): 511 – 513
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Materials and Methods

 The study involved 400 respondents for collecting 
primary data using a structured questionnaires and face-
to-face interviews. This survey was focused on consumers 
in Peninsular Malaysia. The sample size of respondents 
(n) was selected using stratified random sampling 
technique, covering four zones - north (n = 100), south 
(n = 100), west (n = 100) and east (n = 100), and the 
surveys mostly located at grocery stores, included malls 
and hypermarkets. 
 Food sensory tests were conducted using four samples 
comprised of three fermented beverage samples developed 
by MARDI together with existing products found in the 
local market that similar to MARDI’s samples. Consumers 
are required to evaluate the samples provided with regards 
to colour, sweetness, acidity, flavour, aroma, viscosity and 
after taste parameters and answer the provided questions 
based on the Likert Scale (1 = Strongly Dislike, 2 = 
Dislike, 3 = Neutral, 4 = Like and 5 = Very Like).
 The WTP applies dichotomous variables using values 
of 1 and 0 (with indicate 1 = for those willing to pay the 
additional amount, and 0 = otherwise). Logistic regression 
technique is used to estimate the WTP [7], and this 
method can estimate the probability of answering YES 
for the independent variable (i.e bidding rate) and with 
some assumptions are made regarding to the upper limit 
values and lower limits for the integral of each bidding 
rate, the probability of saying ‘YES’ is valued as one (1), 
while the probability of saying of ‘NO’ is zero (0). The 
negative value of WTP can be deducted and a zero term 
is used as the value for lower limit. Several studies on 
willingness to pay for healthy food products have been 
conducted across the globally [8]. 

Results and Discussion

 The consumer survey found that only 30% of the total 
respondents are consuming fermented beverages, while 
the rests have even never known about the beverage 
product. The sensory tests were conducted on three 
products developed by MARDI - fermented tea beverage, 
fermented ceri terengganu beverage and fermented 
kuini beverage, together with commercial fermented 
beverage that available in the market as a control. The 
results found that consumers preferred tea flavours in 
terms of colour and sourness, viscosity and after taste. 
However, for the sweetness and fruits taste parameters, 
most of the consumers prefer to choose ceri terengganu 
flavour. In addition, the aroma of products available in 
the market is the most preferred as compared to all three 
MARDI’s products.
 The WTP analysis indicated that household income is 
significant (coefficient = 0.741), indicating that the higher 
household income, the higher the willingness to pay for 
fermented beverages would be. The respondents’ age and 
income significantly influenced consumers’ willingness 
to pay for fermented beverages at a reasonable price 
if this product is available in the Malaysian market. 
The regression analysis indicated a significant negative 
relationship at 5% between age and WTP for fermented 
beverages (coefficient = –0.618). This implies that 
younger people tend to pay higher value to consume 
fermented health beverages than older people. The actual 
bidding price is RM2.40/bottle (30 mL); however, the 
price willing to be paid by respondents is RM1.90/ bottle 
(30 mL).

Table 1. Consumers’ willingness to pay for fermented health beverages, n = 400

Variable B S.E. Wald df Sig. Exp (B)
Bid price -0.202 0.084 5.776 1 0.016 0.817
Gender -0.464 0.241 3.717 1 0.054 0.629
Age -0.618** 0.270 5.241 1 0.022 0.539
Income 0.741*** 0.267 7.706 1 0.006 2.097
Education 0.265 0.250 1.124 1 0.289 1.303
Constant 1.509 0.413 13.339 1 0.000 4.522
–2 Log likelihoods 462.724
Cox and Snell R Square 0.070
Nagelkerke R Square 0.10

Independent variables actual contribution rate is willingness to pay (Bid)***p <0.001; **p <0.01; *p <0.05
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Conclusion

 In our primary surveys, sensory tests of fermented 
beverages developed by MARDI are acceptable in terms 
of taste (fruit taste), aroma, viscosity and fibre attributes. 
The response of willingness to pay showed that consumers 
would pay at a lower price than that has been offered in the 
survey. These findings are consistent with the economic 
theory, which show that the demand declines as the prices 
increase. This also implies that the higher bidding value 
offered presenting higher consumer response for not to 
pay for this fermented health beverages. As consumer 
awareness of health increases, there was an opportunity 
for the health food industry to expand the functional 
food market together with satisfying consumers’ needs 
and preferences. 
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Abstract

 The global functional beverages are estimated to reach USD 208 billion by 2026 and Malaysia shows higher 
growth rate with the biggest market share based on the Boston Matrix. Growing interests in nutritional benefits largely 
influence purchase decisions. Changing lifestyle, social media influence, and food consumption awareness have excavate 
Malaysian consumers to purchase healthier foods. Malaysian Agricultural Research Development Institute (MARDI) 
has developed functional beverages, utilizing nutritional values from local fruits. This study was carried out to assess 
consumers’ acceptance on functional beverage, Lycopene-Rich Drink (LRD) and Bromelain Sport Drink (BSD) through 
conducting surveys to collect primary data. A total of 400 respondents was selected across four zones in Malaysia 
(Central, Southern, Eastern, and Western) using a stratified sampling approach for the LRD and 198 respondents for the 
BSD using purposive sampling in Putrajaya. Two samples were given to each respondent (LSD and cLSD, as well as 
BSD and cBSD). Respondent were given an instruction to evaluate the products’ attributes, including the taste, color, 
viscosity, aroma, and fibre. The results revealed that both functional beverages developed by MARDI showed higher 
acceptance level (x̅ = LRD, 4.16; BSD, 4.29; 5-Likert Scale: 1 = strongly disagree to 5 = strongly agree) compared 
to the existing product in the market (x̅ = cLRD, 3.15; cBSD, 3.80). These also imply that 86.3% (LRD) and 84.4% 
(BSD) of total respondents accepted MARDI’s developed products, indicating their commercially available counterparts 
were low in acceptance (cLRD, 37.5%; cBSD, 66.2%). Regression analysis showed that, LRD was greatly affected by 
its taste and color, when pursuing consumer’s purchase intention. Meanwhile, consumers were lured by BSD’s taste 
when purchasing any sports drinks. These findings are useful to provide future directions to food technologists and 
food industry to strengthen marketing strategies.

Keywords: Bromelain sport drink, consumer acceptance, functional beverage, lycopene-rich drink, purchase intention
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Introduction 

 The global functional beverages are estimated to reach 
USD 208 billion by 2026, expanding the Cumulative 
Average Growth Rate (CAGR) at 9% during the 
forecasting period, 2020 – 2026 [1]. Functional beverages 
are identified as the main focus due to the higher growth 
rate with the biggest market share based on the Boston 
Matrix [2]. Decreasing demand for traditional carbonated 
beverages due to the changing consumer health and 
lifestyles had excavate opportunities for functional 
beverages growth in Malaysia [3]. Consumers started to 
have more interest in consuming functional beverages for 
obtaining more health benefits [4]. 
 In line with the government’s mandate and the National 
Agro-Food Policy (NAFP 2011 – 2020), Malaysian 
Agricultural Research and Development Institute 

(MARDI) has developed novel technologies in functional 
beverages products based on local fruits. Therefore, it is 
crucial to gain consumers’ acceptance towards Lycopene-
Rich Drink (LRD) and Bromelain Sport Drink (BSD). The 
success of new product innovations lies in the markets 
and consumers’ acceptance [5].

Materials and Methods

 This study used primary data, collected using surveys 
and structured questionnaires involving 400 respondents 
across four (4) Zones in Malaysia (Northern, Eastern, 
Southern, Western) to evaluate Lycopene-Rich Drink 
(LRD). Meanwhile, a total of 198 respondents were 
purposely selected in Putrajaya to evaluate Bromelain 
Sport Drink (BSD). LRD and BSD were distributed to 
the respondents to assess the acceptance and purchase 
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intention towards products’ attributes. The data were 
subsequently analyzed using IBM-SPSS (v.25). 
Descriptive statistics, Chi-Square analysis, logistic 
regression, and factor analysis were performed to assess 
the acceptance level, product attributes, and influencing 
factors for consumers’ purchase intention.

Results and Discussion

 Figure 1 shows the acceptance level for LRD and 
BSD using mean score, showing the LRD (x̅ = 4.16) and 
BSD (x̅ = 4.29) have higher consumers’ acceptance level 
compared to cLRD and cBSD (x̅ = cLRD, 3.15; cBSD, 
3.80) [6]. 
 The Logistic Regression analysis was applied to 
analyze influencing factors to purchase functional drinks. 
The results indicated that the taste and color are significant 
attributes that influenced consumers’ purchase intention 
of LRD (Table 1). Both attributes, namely taste and 
color recorded an odds ratio greater than 1, indicating 
that there is a higher probability of purchasing for the 
taste (6.9) and a moderate probability for the color (3.63) 
[7]. Meanwhile, for BSD, taste is the only significant 
attribute that influenced consumers purchase intention. 
The likelihood of the respondents to purchase based on the 
taste attribute is 3.9 compared to of not being purchased 
(p <0.05) with every unit increase in taste (Table 2).

 Based on the Chi-Square analysis, it was found that 
there were statistically significant associations between 
respondents’ overall acceptance and readiness to buy (Χ2 = 
129.962, df = 12, p <0.1) for LRD and BSD (Χ2 = 31.060, 
df = 12, p <0.005). Using Factor Analysis, three significant 
factors influence the purchase of LRD, which are health 
awareness, advertisement, and certified products. For 
BSD, marketing is identified as the most important factor 
influencing consumers’ purchase intention, especially 
advertising channels and marketing methods (online 
marketing). These findings are useful for providing future 
directions to food technologists and the functional food 
industry to strengthen marketing strategies.

Conclusion

 This study provides information on Malaysia’s 
consumer acceptance and preference on functional 
food product, focusing on LRD and BSD for future 
research and market opportunity. Specifically, the output 
of this study is useful for technology developers to 
identify consumers’ needs and preferences as well as 
boosting functional food markets in line with the NAFP 
(2011 – 2020) toward focusing on increasing efficiency, 
productivity, and competitiveness of the local food 
production industry along the value chain.

Table 1. Results of logistic regression analysis – Lycopene-rich drink

Parameters B S.E Wald df Sig Exp (B) Nagelkerke R2

Taste 1.933* .569 11.559 1 .001 6.914

0.212
Colour 1.290** .612 4.443 1 .035 3.631
Aroma .230 .559 .169 1 .681 1.258
Viscosity –1.013 .685 2.183 1 .140 .363
Fibre .677 .566 1.433 1 .231 1.968
Constant .895 .470 3.635 1 .057 2.448

**Significant at p <0.05
*Significant at p <0.1

Note: 5-Likert Scale (1 = strongly disagree to 5 = strongly disagree)

Figure 1. Consumers’ acceptance towards LRD and BSD and commercial drink
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Abstract

 The COVID-19 pandemic crisis has harmed all sectors of the Malaysian economy as well as other countries. While 
the global economic growth is slower and expected to decline, Malaysia is no exception when the economic growth 
recorded lower rate between 0.4 – 2.5% in 2020. The Movement Control Order (MCO) which started since 18 March 
2020, implements 6 phases to control the epidemics. The MCOs have restricted economic activities, including the 
agricultural sector that affected the tropical fruits industry. This study was conducted to investigate the impacts of the 
COVID-19 pandemic on the Malaysian tropical fruits supply chain in the domestic and export markets. The mixed-
method of quantitative and qualitative analysis was used to determine the market trends and identify the issues and 
challenges among industry players, mainly in distribution and marketing during the crisis. Trade data showed that 
fruit imports declined during the pandemic while the export trends increased, albeit insignificantly. The major export 
destination mainly Singapore indicated doubling records, from 10.3 Mt/month to 23.2 Mt/Month in 2020. However, the 
exports to other countries are declining due to competitive price and strategies. The online marketing method becomes 
a new norm for business operations, but the trend seems to be temporary and back to conventional (i.e., physical 
businesses) when the situation reverts back to normal condition. The main issues and challenges highlight disruptions 
of logistics, shortages of agricultural inputs and labours, and lower demand due to limited business operations, hence 
reduction in farm incomes. 

Keywords: COVID-19 pandemic, disruption, supply chain, tropical fruits, Malaysia

Introduction 

 Coronavirus disease (COVID-19) has emerged 
as an outbreak that has spread exponentially into a 
global pandemic to the world. Malaysia’s first case of 
Covid-19 was detected on 24 January 2020 from Chinese 
travelers via Singapore to Malaysia. The government 
aggressively imposed protective measures to control its 
spread, including beefing up the public health system, 
introducing new social norms, and setting different forms 
of lockdowns [1]. On 18 March 2020, the country first 
went into partial lockdown or Movement Control Order 
(MCO) due to this pandemic to mainly prevent the disease 
spread by restricting travel procedures, strict border 
controls, and logistics and public movement controls. Due 
to movement restrictions, only limited essential services 
such as healthcare, logistics, the food supply chain, and 
banking can operate [2].

 With the sudden imposition of the MCO, tropical fruit 
is also affected, while food supply chains are disrupted, 
from upstream to downstream levels [1]. Therefore, 
this study was conducted to investigate the impacts of 
the COVID-19 pandemic on the Malaysian tropical 
fruits supply chain in the domestic and export markets. 
Specifically, this study identifies trade transactions for 
import and export markets during pre and post COVID-19 
pandemic and determine issues and challenges of supply 
and distribution involving key players in supply chain 
farmers, wholesalers, agents, exporters, and importers. 
The methodology section briefly describes the approach 
of mixed-method quantitative (trade and price data) and 
qualitative through interviews with players across the 
supply chain. Results and discussion present findings 
from both methods through statistical data and qualitative 
analysis. Finally, the conclusion concludes the overall 
study respectively. 
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Materials and Methods 

 This study used a mixed-method approach consists of 
quantitative and qualitative methodology. The quantitative 
method utilized online databases, including Trade Map 
for import and export trade data. All data were analyzed 
using trend analysis (Mann-Kendall) to compare the 
impacts before and during pandemic. 
 Qualitative data was collected through primary 
data using a structured questionnaire through in-depth 
interviews. The purposive sampling approach is applied 
to segregate the industry players at each level, involving 
farmers, wholesalers, distributors, importers, exporters, 
and retailers across several states in Malaysia - Pahang, 
Johor, Negeri Sembilan, Selangor, and Kelantan. Due to 
the current directives of MCO, other states are not able 
to be included in the research samples. Thematic Analysis 
was used to analyze the issues of supply, marketing, 
and distribution of fruits. This analysis was conducted 
based on interview transcripts using ATLAS.ti7 software. 
Interview data is coded according to relevant themes at 
each stage of the supply chain.

Results and Discussion 

The COVID-19’s Impact on the Malaysian Fruits 
Trade 

 Trend analysis was conducted to identify the export 
and import performance of Malaysian fruits based on 
trade data. Table 1 shows the import trends for selected 
fruits in Malaysia during pre and post COVID-19 (as 
of 2 years performance). The pre-pandemic data were 
collected from January 2019 to November 2019, whereas 
the post-pandemic started in December 2019 to December 
2020. The data were analyzed using the Mann-Kendal. 
The import volume was around 43 – 45 Mt per month for 
almost main imported fruits. Apple, grape, strawberry, and 
kiwi show positive import trends but are not significant 
(p ≥0.01) during pre and post COVID-19 situations. Grape 
showed the lowest record during a pandemic when the 

import volume declined by 22% from 43.51 Mt/month to 
33.78 Mt/month. Citrus demonstrates decreasing trends 
to 54 Mt per month during the outbreak. Most citrus 
is mainly imported from China, and the report showed 
that China’s economic activities, including exports and 
imports for all commodity sectors, have been holding 
temporarily [3]. 
 On the other hand, the trend analysis of Malaysian 
fruits export indicates positive trends before and during 
the COVID-19 crisis (Table 2). Exports showed very 
marginal growth, increased only from 0.5 to 0.6% (43 
to 44 Mt/month) for most fruits (watermelon, papaya, 
banana, pineapple, durian and jackfruit). Banana showed 
a positive and significant export trend (p = 0.024), which 
means that the demand for bananas remains high from 
importing countries during the pandemic. Singapore 
remains a significant export market (p <0.01) for 
Malaysia’s fruits, increased by a double from 10.3 to 
23.3 Mt/month (Table 3). The result is consistent with 
Singaporean news stating that Malaysia’s food imports 
were not disrupted even during lockdowns in Malaysia 
and Singapore [4]. Meanwhile, fruit exports to China and 
Egypt showed an increasing trend before the pandemic 
but decreased during the crisis with estimated volume at 
1.9 Mt/month and 2.83 Mt/month, respectively.

Issues and Challenges 

 Thematic analysis was used to analyze interviews and 
coded according to important sub-themes of issues and 
challenges faced by industry players at each supply chain. 
There are four (4) primary levels of the supply chain, 
namely 1) farmers, 2) wholesalers, importers, distributors, 
3) exporters, and 4) retailers. The total number of 
respondents is 45 (n = 45). Table 4 shows the themes 
along the supply chain stage and the respondents’ number 
based on the main themes are identified. Descriptions and 
quotes are shown in Table 5.

Table 1. Trends of Malaysian fruits import during pre and post Covid-19 (n = 24)

Variable Pre Covid-19 (Mt)/month Post Covid-19 (Mt)/month 
Coefficient P-Value Trend Coefficient P-value Trend

Citrus 43.47 1.000 ↑ -54.00 0.133 ↓
Apple 43.58 0.721 ↑ 43.90 0.631 ↑
Grape 43.51 0.592 ↑ 33.78 0.304 ↓
Strawberry 43.85 0.283 ↑ 43.91 0.837 ↑
Kiwi 43.47 0.210 ↑ 43.71 0.115 ↑

Significant level at *p ≤0.01; **p ≤0.05;
Positive sign (+ve) = increase 
Negative sign (-ve) = decline 
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Table 4. Themes for issues and challenges of the fruits supply chain during the pandemic COVID-19

Supply Chain Players Themes Respondent (n; %)
Farmer (n = 15) 1) Distribution and marketing problems 

2) Worker capacity and limited agricultural 
inputs 

5 (33%)
5 (33%)

Wholesaler, Importer and 
Distributor (n = 10)

1) The limited-business operation 
2) Lack of demand 

10 (100%)
10 (100%)

Exporter (n = 6) 1) Lack of demand 
2) Distribution and marketing problems 

4 (67%)
6 (100%)

Retailer (n = 14) 1) Lack of demand 
2) Limited time of business operation

14 (100%)
14 (100%)

Table 2. Impact of pre and post Covid-19 towards Malaysian fruits export (n = 24)

Variable Pre Covid-19 (Mt)/month Post Covid-19 (Mt)/month 
Coefficient P-value Trend Coefficient P-value Trend

Watermelon 43.85 0.210 ↑ 44.09 0.837 ↑
Papaya 43.56 0.592 ↑ 43.82 0.244 ↑
Banana 43.24 0.721 ↑ 43.21 0.024** ↑
Pineapple 43.91 0.474 ↑ 44.24 0.451 ↑
Durian 43.72 0.592 ↑ 44.10 0.373 ↑
Jackfruit 43.47 0.107 ↑ 43.81 0.631 ↑

Significant value at *p ≤0.01; ** p ≤0.05, 
Positive sign (+ve) = increase 
Negative sign (-ve) = decline 

Table 3. Impact of pre and post Covid-19 towards Malaysian fruits export market (n = 24)

Variable Pre Covid-19 (Mt)/month Post Covid-19 (Mt)/month 
Coefficient P-value Trend Coefficient P-value Trend

Singapore 10.31 1.00 ↑ 23.2 0.009* ↑
China 3.14 0.07** ↑ –1.9 0.260 ↓
Hong Kong -4.51 0.004** ↑ 2.56 0.13 ↑
Egypt 0.28 0.28 ↑ –2.83 0.26 ↓

Significant value at *p ≤0.01; **p ≤0.05, 
Positive sign (+ve) = increase 
Negative sign (-ve) = decline 

Conclusion

 The analysis found that Malaysia’s export trends 
continue increasing during the pandemic but was not 
significant. However, fruit exports to Singapore doubled 
from 10.31 Mt/month to 23.2 Mt/month during the 
crisis. Malaysia has been the primary source of tropical 
fruit supply to Singapore; thus, the export performance 
remains significant. However, this does not imply other 
export countries where the exports declined due to 
competition and precaution strategies, especially Japan 
and China. Though, these effects are expected to be 
temporary and will be recovered in a short time. There 
was a less significant impact on contract farming farmers, 
administered by Federal Agricultural Marketing Authority 
(FAMA) as the binding agreements have secured their 
incomes when the farmers can fully operate during the 
critical MCO (phase 1 – 4). Nevertheless, the impact of 

COVID-19 affects small and medium farmers but not 
significantly as they can maintain the shelf-life of 1 – 2 
days on the storage. In addition, new norm businesses such 
as online are starting to be encouraged and popular among 
consumers during the early phase of MCO. However, 
the trend is expected to be temporary while turning to 
conventional (i.e. physical markets) instead. Disruption 
of distribution, agricultural inputs and farmworkers 
shortages, lack of demand because of limited business 
operations were identified as significant impacts on 
farm income reduction, which are the main issues and 
challenges to the industrial players. However, industry 
players are optimistic about continuing the business as 
usual as they expect the situation recovers gradually. The 
government always committed to helping the agricultural 
sector coping with the impacts of COVID-19.
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Table 5. Details quotations of issues and challenges according to fruit supply chain players

Supply Chain Players Theme Description Quotations
Farmer 1) Distribution and 

marketing problems 
Logistical barriers 
and restrictions 

“During the MCO, lorries did not work. 
Lots of roadblocks. Jackfruit is ripe in 
the farm, cannot be sold, damage and 
discarded”. 
“Fruits have lifted into the truck, but 
the driver did not get a permit for cross 
border, almost take two days. Delay the 
distribution and time”. 

Dependency on a 
single distributor 

“I depend entirely on distributor A, in the 
early of PKP, distributors did not come. 
All fruits late pick up and spoil”. 

2) Worker capacity and 
limited agricultural 
inputs 

Disturbance of 
agricultural input 

Dependency on 
foreign worker

“…there is a little problem regarding 
fertilizer stock due to unopen of the 
agricultural store. Thus, we have to 
postpone the schedule”. 
“I do use foreign workers on the farm. 
But when pandemic, we are urged to 
stop temporarily, less manpower for 
operation”.  

Wholesaler, Importer and 
Distributor

1) Limited business 
operation

Limited start and 
close operation  

“We were asked to open only from 8 am 
– 12 noon by the authority. We have to 
follow the rules, no choice.”
“Sellers and consumers faced difficulty 
to come to our store due to logistical 
barriers, SOP and even their purchasing 
power.”

2) Lack of demand Declining domestic 
demand 

“COVID-19 has brought less business, 
and many markets are unopen; people 
also did not come. As a result, the 
wholesale buyer is less than before.”
“Before pandemic begins, I could sell ten 
baskets a day, but MCO earlier I could 
not even sell two baskets. Even though it 
looks recovered, but people still do not
come”.                                     

Exporter 1) Lack of demand 

2) Distribution and 
marketing problems

Decreased import 
demand 

Logistical barriers 
and restriction 

“We received the order for Japan market 
last in March, then they could not. This 
may be due to the dump supply and 
cautions during the pandemic”. 
“In the early stage of the pandemic, our 
shipment has delayed for two weeks in 
China port. Many workers are on leave. 
But luckily it does not affect the business, 
export activity remains works”.    

Retailer 1) Lack of demand 

2) The limited-time of 
business operation

Declining of domestic 
demand

Limited start and 
close operation  

“Not many people come. It may be 
because of the SOPs, cautions and 
accessible sources”. 
“I think pandemic has changed consumer 
buying pattern. They were more prefer 
for main food items such as staple, 
vegetables, fish and meat”.   
“Business operation is limited. New 
norm environment. We are waiting for 
customers to come but less”. 

Source: Primary survey (2020)
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Abstract

 United States of America (US) is the third world largest population after China and India, 10 times higher than 
Malaysia with total 328 million in 2020. The diverse and large population of American consumers, businesses, and 
government entities had spent USD$1.77 trillion (RM7.3 trillion) on food and beverages in grocery stores and other 
retailers and on away-from-home meals and snack in 2019. In this pandemic not so long before 2021, American goes 
for gut-friendly, natural, vegan, plant-based food, and ‘free’ food trend such as gluten-free diet, alcohol-free drink, 
and fuss-free cooking. Therefore, Malaysian food product should emphasis on natural and plant-based ingredients, 
convenient ready-to-eat meal, and easily prepared food. Hence this paper highlighted the agricultural trade scenario 
between Malaysia and the US, major steps before exporting and the best prospective agri-food product for American 
market. Driven by trillion food spending, diverse consumer, knowledgeable exporter and a healthy economic, United 
States of America shall be our next strategic agri-food export destination.

Keywords: Agri-food products, export, guide, guidance, United States of America
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Introduction 

 United States of America (US) is the third largest 
population after China and India, 10 times higher than 
Malaysia with total 328 million in 2020. US Census 
projected in 2045, the country will become 49.5% 
‘minority white’, and 45.6% are Hispanic, Black, and 
Asian with multiracial and multicultural advantages [1]. 
The diverse and large population of American consumers, 
businesses, and government entities had spent USD$1.77 
trillion (RM7.3 trillion) on food and beverages in grocery 
stores and other retailers and on away-from-home meals 
and snack in 2019. Besides producing food for local and 
global consumption, more than 200 countries or territories 
and roughly 125,000 food facilities plus farms supply 
approximately 32 percent of the fresh vegetables, 55 
percent of the fresh fruit, and 94 percent of the seafood 
that Americans consume annually are imported [2].

Agriculture Trade Between Malaysia and United 
States

 Agriculture trade between Malaysia and US is in 
favour of Malaysia with balance of trade RM109 million 
compared to deficit trade balance in 2019 as indicated in 
Table 1 [3]. 
 Malaysia exported approximately RM4.5 billion 
agriculture produce and agri-food product to the US in 
2020, increased at 4.1% than 2019. Our main export 
products are palm oil and edible oil products RM1.9 
billion, cocoa and cocoa preparations RM1.2 billion, 
cereal and pastry products RM127 million, seafood 
products RM62.5 million and horticultural product worth 
RM26 million [3]. In the year 2020, Malaysia ranked 
5th in agricultural export to the United States among 
ASEAN countries behind Singapore, Thailand, Indonesia, 
Vietnam, and ranked 29th import source of the US. What 
is Malaysia’s strategy to increase exports and product 
suitable for American market? 
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Exporting Food Products to the Unites States

 The food must meet the same US requirements 
as domestically produced food items to export to the 
United States. Importing food involves several agencies: 
Food and Drug Administration (FDA), United States 
Department of Agriculture (USDA) and Customs and 
Border Protection (CBP). It is a collaborative effort among 
the agencies. For easy understanding of the process, let 
see 5 major steps before your first shipment in Table 2. 

Best Prospective Malaysian Products for the 
American Market

 American food market and trend is changing from 
years to years. In this pandemic not so long before 2021, 
American goes for gut-friendly, natural, vegan, plant-
based food, and ‘free’ food trend such as gluten-free diet, 
alcohol-free drink, and fuss-free cooking [7]. Therefore, 

Malaysian food product should emphasis on natural and 
plant-based ingredients, convenient ready-to-eat meal, and 
easily prepared food. Malaysia Food Festival organised 
by MAFI in New York (2018) and Washington DC (2020) 
revealed that Malaysian best-selling products are cooking 
pastes such as chicken curry and asam laksa; instant coffee 
and tea, soy sauce and condiments, which are in line with 
current food trend in the US. 
 Beside processed agri-food product, Malaysia has also 
exported frozen durian whole fruit and pulp to the US 
through Los Angeles and New York since 2016. Total 
durian imports in 2020 was RM26.5 million compared to 
RM14.3 million in 2018, increase more than 53%. How 
do we do that? Public and food industry engagement as 
well as market focus strategy has enables durian business 
to dominate a niche market and targeted consumer. 

Table 1. Malaysia total agriculture trade to the United States 2015 – 2020

Year Total Agriculture Trade Balance of trade (BOT), 
RM, millionExport Import

USD ‘000 RM ‘000 USD ‘000 RM ‘000
2015 1,170,656 4,799,689 937,977 3,845,705 954
2016 1,012,686 4,152,012 800,822 3,283,370 869
2017 1,047,313 4,293,983 908,915 3,726,551 567
2018 1,092,565 4,479,516 1,058,730 4,340,793 138
2019 1,044,868 4,283,958 1,152,301 4,724,434 -440
2020 1,089,398 4,466,531 1,062,814 4,357,537 109

Currency exchange at USD1 = RM4.100
Data obtained in USD from Global Agricultural Trade System, USDA
Data exclude rubber, tobacco, poultry, and forest products

Table 2. Major steps before exporting to United States

No. Steps Descriptions
1. Facility Registration to 

the USDA
Importers can import food into the United States without prior sanction by FDA, as long as the 
facilities that produce, store, or otherwise handle the products are registered with FDA, and 
prior notice of incoming shipments is provided to FDA. Imported food products are subject 
to FDA inspection when offered for import at U.S. ports of entry. FDA may detain shipments 
of products offered for import if the shipments are found not to be in compliance with U.S. 
requirements [4]

2. Appointment of US Food 
Agent

This is the utmost importance step for the exporter. The food agent can be individual, custom 
broker or a company who will represent exporter or act as liaison communicating with FDA for 
incoming shipment or any related matters with the product

3. Relevant Import Permit The USDA and FDA determine the admissibility of various food products imported into the 
United States. The US Fish and Wildlife Service (USFWS) is responsible for food products 
derived from wildlife. CBP enforces those requirements. All commercial imports of food and 
beverage products require the filing of Prior Notice (PN) with FDA and, if the products contain 
meat, egg, milk, poultry, or other animal origin products, may require permits, health certifi-
cates, and/or other specified certifications from the country of origin [5]

4. Understand FDA Food 
Requirements

Each food products exported to the US from fresh fruits, vegetables to livestock have its own 
requirements. Understands your nature of products and ingredients is crucial to pass inspection 
and to be permitted entering port of entry [6]

5. Nutrition Labelling FDA has updated the Nutrition Facts label on packaged foods and drinks. The FDA enforces 
regulations requiring companies to list ingredients on packaged foods and beverages that cause 
allergies or other hypersensitivity reactions [4]
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Conclusion

 Tremendous opportunity for Malaysia agriculture 
produces and agri-food product in the US market can 
be obtained by providing useful and appropriate market 
access information to potential exporter, as well as to 
local potential food processor and agropreneur. Driven by 
trillion food spending, diverse consumer, knowledgeable 
exporter and a healthy economic, United States of America 
shall be our next strategic agri-food export destination.
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Abstract

The Research and Innovation Management Committee (JPPI) is internal research and development (R&D) technical 
committee in MARDI. JPPI evaluates and provides technical advice along with recommendations as follows; i) research 
proposals from R&D Centers - to ensure that they meet the specific criteria and reflects on the Institute’s research 
priorities, ii) validation on technology readiness, i.e., technologies, varieties, breeds, prototypes, products iii) progress 
reports of an on-going projects, iv) verification on completed projects, and v) other papers related to research. This 
study aimed to determine the level of researcher’s achievements based on exogenous variables such as researchers’ 
perceptions on the implementation of JPPI, expectations and reality before, during and after presenting a research 
paper, as well as identifying the critical factors that contribute to the success of the paper presentation. This study 
used a quantitative approach from secondary and primary data which were obtained using questionnaires based on the 
targeted sampling. A total of 197 respondents (or 79% response rate) comprised of presenters of research proposals 
(42.1%), validation on technology readiness (37.4%) and others (20.5%). Inferential statistics was used to analyze the 
data based on multivariate analysis of Partial Least Square-Structural Equation Modeling (PLS-SEM), it showed a 
reliability test for Cronbach’s alpha value were (>0.7) and factor loadings (>0.7). The findings of the study revealed 
that the most influential factor on researchers’ self-achievement was awareness and readiness in the presentation of 
future research papers (84.8%). In addition, this study also identified six (6) important do’s and don’ts to be accounted 
for while presenting a paper to JPPI. Therefore, this study provides significant information which is beneficial to 535 
MARDI researchers as their preparation guide to write a high-quality research paper for JPPI’s evaluation and validation. 

Keywords: Research and innovation management committee, research paper, researcher’s self-achievement, 6x factors, partial 
least square-structural equation modelling

Introduction

 The Malaysian Agricultural Research and Development 
Institute (MARDI) is a public agricultural institution 
in Malaysia that conducts research to generate and 
promote new, mature and impactful technology for the 
advancement of food, crops, livestock and agro-based 
industries. Through research and development (R&D), 
the dissemination of MARDI’s outputs is in the form 
of services, publications, technology packages, digital 
information, ingredients, formulations, techniques or 
methods, processes, diversity of varieties and tacit 
knowledge stored in the minds of researchers to be 
channeled to the stakeholders. Given that R&D is one 
of the important instruments in achieving research 
excellence on an ongoing basis, a strategic approach has 
been initiated with the establishment of the Research 

and Innovation Management Committee (JPPI) as one of 
the appropriate mechanisms in evaluating and certifying 
all research papers either from external R&D funding 
sources (ministries, government agencies as well as 
private companies/local and international industries) or 
using MARDI’s internal funds.
 The implementation of JPPI is seen as very synonymous 
in the governance of R&D projects as it is also stated in 
the R&D Policy and Guidelines Document published by 
MARDI in 2019. All research officers in R&D centres 
must adhere to research ethics while ensuring that the 
output of completed research project is achieved and 
such information can be channeled to beneficiaries among 
farmers, breeders and stakeholders [1]. Therefore, the 
roles and responsibilities of researchers are enormous 
in producing research outputs and a certain number of 
impactful journal publications in their respective fields 
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of study. To realize this desire, a preliminary study was 
conducted to measure the level of researchers’ acceptance 
of the implementation of JPPI with the main objective 
to identify critical success factors in the evaluation of 
research papers in JPPI. In addition, this study will 
also look into the relationships between perceptions, 
expectations, realities and critical success factors on 
researcher’s self-achievement and subsequently predict 
the reflective x-factor for researchers in improving 
research information in JPPI. This approach can indirectly 
assist researchers to be better prepared in presenting high 
quality research papers for the advancement of national 
agricultural science and technology.

Materials and Methods

Data Collection and Survey Study

 Secondary data from JPPI reports, minutes of meeting 
from 2018 to 2021 together with R&D Policy and 
Guidelines Document have been used in this study, while 
primary data were collected through a survey using a 
structured questionnaire form containing five (5) sections; 
general information, acceptance of the implementation of 
JPPI, critical factors that contribute to the success of the 
presentation, measurement of researchers’ performance 
and challenges in presenting papers in JPPI [2]. In this 
study, the target population was MARDI’s research 
officers while the respondents consisted of presenters 
(researchers) who had presented research papers in 
JPPI from 2018 to 2021. Data obtained from the survey 

questionnaires were quantitatively analyzed based on 
the analysis of Partial Least Squares-Structural Equation 
Modeling (PLS-SEM) via SmartPLS3.2.3 software. This 
study used the PLS-SEM data analysis which is a complex 
and popular advanced statistical technique in Social 
Science studies nowadays [3]. The Path Analysis available 
in SmartPLS3.2.3 software can test the relationship 
between independent variables and dependent variables.

Results and Discussion

Researcher’s Scceptance Level Towards the 
Implementation of JPPI using PLS-SEM 

 The descriptive analysis examines a comprehensive 
statistical survey of the variables in a study. Statistics 
such as mean value (AVE), reliability (REL), Cronbach’s 
alpha (CRA), communality (COM) and factor loading 
(FLO) were used to represent the evidence referring to 
the variables of Perception (PER), Expectation (EXP), 
Reality (REA), Critical success factor - important (CSFi), 
Critical success factor - practiced (CSFp) and self 
-achievement / researchers’ performance (RSA) (Table 1). 
The measurement of the reliability of each variable was 
determined through the value of Cronbach’s alpha and 
the value of the factor loading, which is more than 0.7. 
The value of the score obtained describes the results 
of the respondents’ feedback from the questionnaires’ 
data collection. The score values of each variable were 
classified into six (6) points of the same scale, where the 
score of 0 represents very low and 5 represents very high. 

Figure 1. Model diagrams between variables in Structural Equation Modelling with path analysis using SMART PLS software
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 The results of the structural equation model assessment 
are displayed in Table 2. As shown below, the first 
hypothesis (H1) that highlights the direct effects of 
perceptions on researcher’s self-achievement is supported 
with significant level below 0.05 (β = 0.2175, T = 
2.0347, p <0.05). However, the second hypothesis (H2) is 
rejected as the direct relationship between expectations on 
researcher’s self-achievement is above 0.05 (β = 0.0504, 
T = 0.6120, P = 0.5412 >0.05). The third hypothesis (H3) 
is supported as the direct relationship between realities 
on researcher’s self-achievement is below 0.05 (β = 
0.2624, T = 2.7489, p <0.05). While the fourth hypothesis 
(H4) is rejected since the direct relationship between 
critical success factors – important on researcher’s self-
achievement is above 0.05 (β = 0.1174, T = 1.0749, 
P = 0.2837 >0.05), Nevertheless, the fifth hypothesis 
(H5) is supported as the direct relationship between 
critical success factors – practiced on researcher’s self-
achievement is below 0.05 (β = 0.3174, T = 2.7807, 
p <0.05)

Researcher’s Self-Achievement After Presenting a 
Research Paper 

 In general, respondents strongly agreed that 
presentation in JPPI has successful to increased awareness 
and readiness in the presentation of future research 
papers (RSA7), improved performance and quality of 
work (RSA1), improved the ability to communicate well 
(RSA9) and improved self-confidence during presentations 
(RSA2) either a physical or virtual presentation inside and 
outside the institute. There are several factors that have 
contributed to the self-achievement of researchers as 
shown in Table 3. 

Table 2. Structural equation model assessment and hypothesis

Hypothesis Path Coefficient 
(β)

Sample mean 
(M)

SD 
(STDDEV)

T-statistics P-value Decision

H1: PER -> RSA 0.2175 0.2014 0.1069 2.0347* 0.0432* Supported
H2: EXP -> RSA 0.0504 0.0416 0.0824 0.6120 0.5412 Rejected
H3: REA -> RSA 0.2624 0.2906 0.0954 2.7489* 0.0065* Supported
H4: CSFi -> RSA 0.1174 0.1104 0.1092 1.0749 0.2837 Rejected
H5: CSFp -> RSA 0.3174 0.3227 0.1141 2.7807* 0.0059* Supported

*p <0.05, significant level at 95%, 2-tailed test

Table 3. Self-achievement of MARDI researchers through the implementation of JPPI

Self-achievement Mean
Improved performance and quality of work (RSA1) 4.20
Improved self-confidence during presentations (RSA2) 4.04
Enhanced self-image and reputation (RSA3) 3.81
Raised awareness on the importance of presenting research paper in JPPI (RSA4) 3.91
Increased self-motivation and positive attitude (RSA5) 3.94
Improved knowledge (RSA6) 4.02
Increased awareness and readiness in the presentation of future research papers (RSA7) 4.21
Improved the self-skills and welcomed panel reviews as an improvement (RSA8) 4.00
Improved the ability to communicate well (RSA9) 4.16
Improved teamwork (RSA10) 3.90

Table 1. Specification of dependent and independent variable structure models

Parameters AVE REL R2 CRA COM FLO
PER 0.6451 0.8448 - 0.7374 0.6451 0.7689 – 0.8403
EXP 0.8080 0.8938 - 0.7638 0.8080 0.8824 – 0.9152
REA 0.6447 0.8788 0.4657 0.8163 0.6447 0.7622 – 0.8392
CSFi 0.6056 0.9144 - 0.8899 0.6056 0.7291 – 0.8426
CSFp 0.6833 0.9450 0.4210 0.9330 0.6833 0.7303 – 0.8973
RSA 0.7618 0.9696 0.5394 0.9651 0.7618 0.8242 – 0.9216
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Conclusion

 From this study, it can be concluded that the acceptance 
of researchers towards the implementation of JPPI is at a 
moderate level (Perception, mean = 2.8878, Expectation, 
mean = 3.4272, Reality, mean = 3.2525) and also 
researcher’s self-achievement showed the overall variance 
accounted by 53.9% (moderately). There is still room 
for improvement that can be made to strengthen the 
implementation of JPPI in the future. The majority of the 
presenters showed a confidence level of 64.5% after the 
presentation compared to before the presentation, 37%. 
Similarly, the satisfaction score of the presenters in the 
implementation of JPPI showed that 58.4% of them were 
very satisfied, followed by 34% of presenters were at 
moderate level. Other than that, additional sets of factors 
have been identified and found to be beneficial as the 
guidance and reference for research paper presenters in 
JPPI. The factors are as given below.
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Table 3. Six (6) x-factors; the do’s and don’ts in presenting papers that contribute to MARDI researcher’s self-achievement

Research papers 6 factors do’s 6 factors don’ts
Research 
proposal

1. Title not exceeding 12 words, clear and describe 
the whole study.

2. Objectives should be in line with the problem 
statement, scientific and measurable.

3. There are findings of previous studies.
4. Key issues/problems to be resolved (research 

gaps).
5. Study design, methodology is clearly described.
6. Clear data analysis and results.

1. Title of the proposal is too general or not in line 
with the requirements of the funding body

2. Objectives are not measurable and do not lead to 
the topic of study.

3. No previous study information and no 
comparisons made.

4. The proposed study is not novel/routine work/no 
new knowledge.

5. There is no element of science and not a scientific 
study that can solve main issues/problems.

6. The methodology is not solid.

Technology 
declaration

1. Title of the technology is clear.
2. The information/data provided is in line with the 

title of the technology.
3. There is a complete technology development/ 

innovation work process.
4. Data on the differences between existing and 

market technologies/innovations is provided.
5. Technology verification data (lab and field trial) 

is proven.
6. Economic/statistical data is provided.

1. Title of technology is too general and focuses on 
knowledge information only.

2. No data to support technology development/ 
innovation.

3. Technology verification is not carried out.
4. The technology/innovation developed is already 

available in the market/no novelties.
5. Not conducting economic studies/no scientific 

data/no scientific basis.
6. No economic data.
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Abstract

 Niche marketing has been recognized as a form of adaptive modification that can be originated at the firm level. In 
other words, niche is “the situation in which a business products or services can succeed by being sold to a particular 
kind or group of people”. Companies favour to concentrate and settle in their production to the needs of narrow 
markets, and emphasizing the area, designation, and geographical distinctiveness to develop product. The MARDI 
Agropreneur Artisan Grocer (MAG) initiative is a collaborative effort between MARDI and MAG International Sdn 
Bhd. It is a platform that provides for selected technopreneurs to showcase their products and as an access to wider 
market. These products are carefully hand-picked to not only represent the unique and diverse Malaysia culture and 
heritage, but also to inspire all Malaysians, wherever they are across the world. The Malaysia Gourmet products that 
have been sold at MAG can be divided into 7 main clusters, namely snacks and traditional foods, beverage, bakery 
products, premix flour, paste and sauce, jam and spread and others. Overall, there are 170 Stock Keeping Unit (SKU) 
products from 18 MAG vendors. The total sales for that period of time are RM13,376.00. The highest sales were 
recorded in 2019 at RM6,759.00 followed by 2018 (RM5,090.00) and 2020 (RM1,527.00). The breakdown of total 
sales by cluster, which is clearly the paste and sauce cluster recorded the highest sales for 2018 (RM1,671.00) and 
2019 (RM1,697.00) while for 2020 the highest sales were recorded by the beverage cluster (RM431.00). There is a 
high demand for paste and sauce products followed by snack and traditional food and bakery products. MAG team 
management needs to ensure that these products to be always available on the shelf in order to meet the customer’s 
demand.

Keywords: Local agropreneur, MARDI Agropreneur Artisan Grocer (MAG), niche marketing, premium brand, sales pattern

Introduction 

 Malaysians are blessed with an abundance of local 
food and traditional delicacies such as the different 
types of sambals, acar, dodol, keropok lekor, coconut-
based products, crispy banana and tapioca chips and 
varieties of local rice. According to the Malaysian 
Investment Development Authority (MIDA), Malaysia 
has gradually developed and improved its agriculture 
and food processing industry to become a net exporter 
of processed food. The food-processing sector account 
for 10% of Malaysia’s manufacturing output. Processed 
food contributed about RM21.76 billion and are exported 
to more than 200 countries, while the import value of 
processed food is amounted RM20.27 billion in 2019 [1] 
 Niche market can be defined as the part of an industry 
that sells a particular type of product or service to the 
small number of customers who want it. According to 

Merriam-Webster dictionary, niche is “the situation in 
which a business’s products or services can succeed by 
being sold to a particular kind or group of people” [2]. 
The word niche itself brings to mind something small, 
specific and something manageable. Some companies 
preferred to focus and settle in their sales and production 
to the needs of narrow markets, and emphasizing the area, 
designation, and geographical distinctiveness to develop 
such fine quality product [3]. 
 The demand for premium groceries is growing in Klang 
Valley and premium supermarkets have an increasing 
presence with more players and outlets in the recent years. 
These outlets that target the middle to high income locals 
and expatriates carry more varieties and higher volumes 
of imported branded products from western countries 
such as Australia, USA, Canada, France, Italy and the 
United Kingdom. Such products would include high end 
biscuits and cookies, confectionery such as premium 
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chocolates and candies, potato-based snacks, canned 
fruits, pasta, sauces, spices, seasonings, dressings, ready 
meals (frozen), home bakery ingredients, fruit juices, jams 
and jellies [4].
 MAG is a collaborative venture between MARDI and 
MAG International Sdn Bhd. It is an ideal platform that 
provides selected MARDI’s technopreneurs to showcase 
their products and as an access to wider market. These 
products are carefully selected to not only represent the 
unique and diverse Malaysia culture and heritage, but 
also to inspire all Malaysians, wherever they are across 
the globe.
 The main objectives of MAG are to promote the best 
technopreneur products that have been given training, 
consultation and troubleshooting by MARDI in-house 
expert. The products sold under MAG label are using 
natural resources, mostly without preservatives and under 
guidance and purview by MARDI to bring only the 
original, natural, quality and healthy products for global 
market. To achieve the upper standard in food industry, 
MARDI own expertise has assisted the technoprenuers 
through quality control and exclusive packaging. Every 
product is being scrutinized to ensure that we bring only 
the best to the consumers. Unfortunately, the local food 
products are hardly found in the global market due to 
lack of branding, marketing and exposure [5].
 Hence, MAG is the best platform for branding, sales 
and marketing of the local agropreneurs’ end-products for 
the domestic and international market and maintaining it 
at a competitive level. Thus, the objectives of this study 
are (i) to identify which product cluster has recorded the 
highest revenue throughout 2018 – 2020, (ii) to determine 
the breakdown of total sales for each product cluster in 
MAG and (iii) to understand the pattern of sales for MAG 
products from 2018 to 2020.

Materials and Methods 

Secondary Data Collection

 This study used secondary data obtained from the sales 
report provided by all the vendors. The sales revenue 
record for all 170-stock keeping unit (SKU) products 
from 18 MAG vendors collected from 2018 until 2020 
were used. The data were then analysed according to 
product clusters using Microsoft Excel. The data were 
presented into graph bars and chart to show the pattern 
of sales for the three consecutive years. Other information 
were gathered through annual report, articles journal and 
relevant sources. 

Results and Discussion

 The Malaysia Gourmet products that have been sold 
at MAG outlet can be divided into seven main clusters, 
namely snacks and traditional foods, beverage, bakery 
products, premix flour, paste and sauce, jam and spread 
and others. Overall, there are 170 SKU products from 18 
MAG vendors.

 The sales record in MAG is for a period of three 
consecutive years from 2018 to 2020. The total sales for 
that period of time are RM13,376.00. The highest sales 
were recorded in 2019 at RM 6,759 followed by 2018 
(RM5,090.00) and 2020 (RM1,527.00) (Figure 1). The 
low volume of sales in 2020 may be due to the spread 
of the COVID-19 pandemic and the implementation of 
Movement Control Order (MCO) by the Government 
starting from March 2020.

Figure 1. Total sales revenue, in RM from 2018 – 2020

 Figure 2 shows the breakdown of total sales by cluster, 
which the paste and sauce cluster recorded the highest 
sales for 2018 (RM1,671.00) and 2019 (RM1,697.00) 
while for 2020 the highest sales were recorded by the 
beverage cluster (RM431.00). The lowest sales for three 
consecutive years were the premix flour cluster. This 
shows that customers who came to MAG outlet preferred 
to purchase paste and sauce products over other food 
products
 Overall, for the tree years period the two clusters that 
contributed to the highest sales for MAG outlet brand were 
paste and sauce with RM3,774.00 (28.2%) and traditional 
food and snacks with RM3,242.00 (24.2%) (Table 1). 
While total sales accounted for these three clusters 
were RM7,016.00 which is more than half (52.5%) of 
the total sale figure. Other clusters that also contributed 
to sales at MAG were bakery products, beverage and 
other food products. The total sales for these three 
clusters are RM2,363.00, RM1,825.00 and RM1,528.00 
respectively (Table 1). The lowest sale was premix flour 
which contributed only RM46.00 (0.3%) of the total sale. 
MAG management needs to ensure that these products 
to be always available on the shelf in order to meet the 
customer’s demand. For beverage products and jam and 
spread, continuous promotions can be made to attract more 
buyers. A combination of marketing mix such as product, 
price and promotion can be used in this endeavour.
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Conclusion

 From the studies conducted, we can conclude that paste 
and sauce and snack and traditional food are the two best 
seller clusters that contributed to the highest sales in MAG 
in 2018 – 2020. There is a high demand for paste and sauce 
products followed by snack and traditional food products 
and bakery products. Therefore, MAG management needs 
make sure that these best-selling products to be available 
on the shelf all the time to fulfill the customer’s demand. 
MAG needs to change their sales and marketing strategies 
in order to increase the revenue for beverage, jam and 
spread products.
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Figure 2. Breakdown of total sales per cluster for a period of three years (2018 – 2020)

Table 1. Total sales by product cluster for a period of three years (2018 – 2020)

No. Food cluster Total sales (RM) Percentage (%)
1. Paste and sauce 3,774.00 28.2
2. Traditional food and snacks 3,242.00 24.2
3. Bakery products 2,363.00 17.7
4. Beverage 1,825.00 13.7
5. Jam and spreads 598.00 4.5
6. Premix flour 46.00 0.3
7. Others 1,528.00 11.4

Total 13,376.00 100
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Abstract

 The entrepreneurial sense in the logo is an important tool to create brand awareness and drive customer’s sentiment 
in a positive direction. Entrepreneurs in Malaysia have been using logos of highly trusted organizations such as 
MARDI to value-add their products. Therefore, this study was carried out to examine significant differences of all 
tested variables before and after the utilization of MARDI’s logo among MARDI’s guided entrepreneurs in RMK-11. 
The data was collected through a structured questionnaire via phone interview due to the pandemic Covid-19 using 
purposive sampling. Subsequently, the data were analyzed using descriptive and inferential analysis (Paired Samples 
Test) through IBM-SPSS Version 25. The results revealed that all variables showed a significant difference after 
using MARDI’s logo (p <=.005) with the most obvious such as brand awareness, purchase desirability and customer 
confidence. In addition to that, various factors encourage respondents to use MARDI’s logo with the prominent ones 
including the positive impact on product image, perception of higher product quality, product promotion, elevation of 
brand empowerment and increased customer confidence. All respondents started using MARDI’s logo between 2005 
and 2019 and have continuously using it until now. However, they also use other logos on their product along with 
MARDI’s logo which the highest being HALAL and MeSTI logo (96.4), followed by ‘Buatan Malaysia’ logo (21.4%), 
GMP logo (10.7%), HACCP logo (7.1%) and SIRIM logo (3.6%). The majority of the respondents also stated that 
they will continue to use MARDI’s logo and all respondents are likely to promote the utilization of MARDI’s logo 
to the other company. The findings of this study show the success of MARDI’s contribution in terms of assisting the 
entrepreneurs towards achieving better quality products through transferring a modern, efficient and cost-effective 
technology.

Keywords: MARDI’s logo, MARDI’s guided entrepreneur, assessment, impact, RMK-11
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Introduction

 According to Shchecter [1], a logo is defined as the 
official visual representation of a corporate or brand name. 
It is widely agreed that in an entrepreneurial sense logos is 
important to create brand awareness and steer consumer’s 
belief in a corporation [2]. Through logo, consumers are 
allowed to perceive the identity of a corporation and its 
product [3]. Besides, logos are expected to add value to 
the reputation of an organization [4]. 
 In Malaysia, entrepreneurs have been utilizing logos of 
different organizations to exhibit the polished quality of 
their products such as the HALAL logo, MESTI logo and 
‘Buatan Malaysia’ logo. On a smaller scale, some have 
gone the extra mile to attain the logo of GMP, HACCP and 
SIRIM to boost their brand reputation. Some entrepreneurs 

had expressed their hope to utilize MARDI’s logo on 
their product especially food as MARDI’s logo has long 
represented the utmost quality for food products but not 
all entrepreneurs are allowed to use it since the logo are 
only accessible for MARDI’s guided entrepreneurs under 
Entrepreneur Development Program (TE2). This program 
is one of the programs available at Technology Transfer 
and Entrepreneur Development Center (TE).
 This study was carried out to evaluate the effect 
of MARDI’s logo on entrepreneur’s products within 
the food cluster and is done accordingly to achieve 
MARDI’s mission of driving agricultural productivity 
and sustainability through the generation and transfer of 
modern, efficient and cost-effective technology. It was 
stated that the highest product using MARDI’s logo was 
beverages (28.6%), followed by frozen food (21.4%) 
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and paste (14.3%). The variables tested include sales 
increment, brand awareness and purchase desirability. 
The objective of this study is to evaluate the impact 
of MARDI’s logo on the products of MARDI’s guided 
entrepreneurs. 

Materials and methods

Data Collection

 The primary data was collected from the MARDI’s 
entrepreneur database which involved 28 respondents 
from the RMK-11. These respondents were chosen using 
purposive sampling. Due to the Covid-19 pandemic, the 
data was collected through an interview by phone call via 
a structured questionnaire that regards the importance of 
logos to products in various aspects. Data were analyzed 
by using Paired Sample T-test to compare the significant 
differences between the tested variables before and after 
the utilization of MARDI’s logo on an entrepreneur’s 
product.

Statistical analysis (Paired Sample T-test)

 The statistical analysis was analyzed using IBM-SPSS 
Version 25. First, descriptive analysis was performed 
to profile the respondent’s background. Later, Paired 
Samples Test was conducted to examine the significant 
differences of all tested variables including sales 
increment, facilitation of product marketing, brand 
awareness, purchase desirability, brand empowerment, 
positive product perception, business value, company’s 

recognition and customer’s confidence before and after 
the utilization of MARDI’s logo among MARDI’s guided 
entrepreneurs in RMK-11.

Results and Discussion

 Based on the interviews conducted, all respondents 
are established to be from food clusters with 96.4% (27 
out of 28) are still actively manufacturing products while 
89.25% have been manufacturing products before RMK-
11 suggesting they have exists in the market for a long 
time. The data collected showed that entrepreneurs have 
continuously used MARDI’s logo on their product since 
2005. Table 1 below determine that 1 respondent started 
to use MARDI’s logo in 2005 and 2006, 3 respondents 
start in 2014, 7 respondents in 2015, 6 respondents in 
2016, 8 respondents in 2017 and 2 respondents in 2019.
 The data collected also verify that respondents’ 
decisions to use MARDI’s logo are based on various 
factors. 96.4% of them use it to generate positive 
impact on their product image, to create perception of 
higher product quality, to help promote their product, to 
elevate brand empowerment and to increase customer 
confidence. 92.9% of them use it to symbolize their brand 
reputation, to help brand introduction, to increase sales, 
to create purchase intent among customer and for easy 
facilitation of product marketing. 89.3% of them use it 
to fulfil the long-term goals of their company and to help 
product recognition. 85.7% of them use it to create brand 
awareness and to facilitate product sales while 82.1% of 
them use it to help their product penetrates into large 
supermarkets. 

Table 1. MARDI’S guided entrepreneurs who used MARDI’s logo according to year

Year 2005 2010 2014 2015 2016 2017 2019 Total
Frequency 1 1 3 7 6 8 2 28

Percent (%) 3.6 3.6 10.7 25.0 21.4 28.6 7.1 100.0

Table 2 Factors that encouraged entrepreneurs to use MARDI’s logo in 
percentage

Factors Percentage (%)
Positive impact on product image 96.4
Perception of higher product quality 96.4
Helps promote the product 96.4
Help product recognition 89.3
Elevate brand empowerment 96.4
Symbolize brand reputation 92.9
Help brand introduction 92.9
Help product penetration into large supermarkets 82.1
Increase sales 92.9
Easy facilitation of product’s marketing 92.9
Create brand awareness 85.7
Increase customer confidence 96.4
Create purchase intent among customers 92.9
Facilitate product sales 85.7
Fulfil the long-term goals of the company 89.3
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 Table 3 shows Paired Samples Test to examine the 
significant differences before and after the utilization of 
MARDI’s logo among entrepreneurs. The results revealed 
that all of the variables show significant differences before 
and after utilization of MARDI’s logo (p <=.005).
 Based on the data collected, utilization of MARDI’s 
logo has provided positive impact on all variables tested 
with the most evident being in terms of business value as 
it shows increase of 96.4% which is the highest among 
all variables. This is followed by brand awareness, brand 
empowerment and purchasing desirability with increase 
of 92.9%.

 Aside from MARDI’s logo, the respondents also 
use logos from other institution to help promote their 
product. Based on data collected, along with MARDI’s 
logo (100%), 96.4% of them use HALAL and MESTI 
logo which are the highest followed by ‘Buatan Malaysia’ 
(21.4%), GMP (10.7%), HACCP (7.1%) and SIRIM 
(3.6%).
 The results also verify that 96.4% of respondents will 
continue to use MARDI’s logo in the future thanks to 
the advantages that it provides and all of the respondents 
(100%) will continue to promote MARDI’s logo to other 
entrepreneurs as shown in Table 6.

Table 3. Impacts of MARDI’s logo on entrepreneur’s product using Paired Samples Test

Impacts
(Before and after)

Paired Differences t df Sig. 
(2-tailed)Mean Standard 

deviation
Standard 

error mean
95% Confidence interval 

of the difference
Lower Upper

Sales increment 1.821 1.249 .236 1.337 2.306 7.718 27 .000
Facilitation of product 
marketing 

1.821 1.219 .230 1.348 2.294 7.908 27 .000

Brand awareness 1.857 1.113 .210 1.426 2.289 8.832 27 .000
Purchase desirability 2.000 1.247 .236 1.516 2.484 8.485 27 .000
Brand empowerment 2.000 1.089 .206 1.578 2.422 9.721 27 .000
Positive product perception 1.964 1.138 .215 1.523 2.406 9.134 27 .000
Business value 2.036 1.036 .196 1.634 2.437 10.400 27 .000
Company’s recognition 1.714 1.150 .217 1.268 2.160 7.887 27 .000
Customer confidence 1.714 1.117 .211 1.281 2.148 8.118 27 .000

Table 4. Impacts before and after using MARDI’s logo in percentage

Impacts Before After
Sales increment 14.3 89.3
Facilitation of product marketing 14.3 89.3
Brand awareness 14.3 92.9
Purchase desirability 10.7 92.9
Brand empowerment 7.1 92.9
Positive product perception 7.1 92.9
Business value 7.1 96.4
Company’s recognition 10.7 89.3
Customer confidence 14.3 92.9

Table 5. Other logos used by entrepreneurs by percentage

Logos MARDI HALAL MESTI Buatan Malaysia GMP HACCP SIRIM
Frequency 28 27 27 6 3 2 1
Percentage (%) 100 96.4 96.4 21.4 10.7 7.1 3.6
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Conclusion

 Following the study, it can be concluded that there 
are significant differences (p <0.005) showing positive 
impacts for all variables tested after the utilization 
of MARDI’s logo on the entrepreneur’s product. The 
majority of the respondents approved that MARDI’s 
logo has given an added value and advantages to their 
product compared to before its uses. Besides, 96.4% of the 
respondents are likely to continue to use MARDI’s logo 
on their product and all respondents agreed to continue to 
promote the uses of MARDI’s logo to other entrepreneurs.
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Abstract 

 The pandemic crisis of Coronavirus disease (Covid-19) is unexpected. Many countries, including Malaysia, have 
established a movement control order (MCO) to curb this virus. The crisis has also been life-threatening. Meanwhile, 
there are reports that the MCO globally has threatened small and medium industrial enterprises (SMEs) (Fabeil, Pazim, 
and Langgat, 2020). There have been various reports including in the print media, on the impact of the pandemic on 
entrepreneurs. Nevertheless, only a few reports on how entrepreneurs protect their businesses during the pandemic in 
the literature, especially in the Malaysia context. Therefore, there is a need for this study to be conducted. This study 
aims to discover how these entrepreneurs coped when hit by the impact of MCO during the pandemic. Secondly, the 
purpose of this qualitative case study was to explore and identify the strategies that had been useful in surviving the 
pandemic. This study interviewed 10 Malaysian Agricultural Research and Development Institute (MARDI) Guidance 
Entrepreneurs or Usahawan Bimbingan MARDI in the Borneo Zone (Sabah and Sarawak). The study found that from 
experience by entrepreneurs, four (4) business survival strategies; focus on selling the main products only, promoting 
and doing business online, leveraging financial assistance from the Government, and developing new products. The 
study›s conclusions have found that entrepreneurs have struggled and implemented a rational entrepreneurial rational 
approach to ensure the viability of their business in the face of the Covid-19 pandemic crisis.

Keywords: MARDI’s Borneo entrepreneurs, business, Covid-19, MCO, survival strategies
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Introduction

 Coronavirus pandemic (Covid-19) triggers a 
phenomenon that was never thought of or described to 
occur worldwide. The Covid-19 outbreak, first reported 
in Wuhan, China, last December 2019, had spread to 
215 countries, recording more than 33.6 million cases 
and reaching 1 million deaths [1] when this study 
took place on September 30, 2020. In Malaysia alone, 
the Covid-19 cases recorded on September 30, 2020, were 
more than 10,000 cases, with deaths having reached a total 
of 134 people [1]. Malaysia›s Government (Government) 
has taken the bold approach by implementing three 
phases of movement control orders (MCO) to curb this 
pandemic. This MCO was in line with the Prevention and 
Control of Infectious Diseases Act 1988 [2]. MCO aims 
to curb and stop the spread of the Covid-19 epidemic 
in Malaysia [2]. When MCO is announced, to curb this 
epidemic, there were reports of globally having threatened 
function and resilience of businesses [3]. The MCO 
globally had threatened the business of entrepreneurs 
[3]. SMEs typically suffer from financial loss, reduced 

sales volume, and inability to meet contract terms, cash 
flow problems, staff reduction, or worse, the potential for 
business cessation [4].
 In Malaysia, the MCO directly affects food and 
beverage processing, agriculture, retail, transportation, 
construction, and tourism. [5, 6]. There have been various 
reports, including print media, on the pandemic’s impact 
on entrepreneurs [5]. However, the researchers, in the 
literature found only a few reports on how entrepreneurs 
protected their businesses in the Covid-19 pandemic 
crisis, especially in Malaysia. Therefore, this study 
explores strategies implemented by entrepreneurs to 
ensure the viability of their business in the face of the 
Covid-19 pandemic crisis. This study aims to answer 
how entrepreneurs’ business survival strategies face 
the Covid-19 pandemic crisis. Survival strategies are a 
set of psychological and behavioural attempts used by 
individuals or organizations to accept, decrease, control, 
or limit stressful experiences or manoeuvre their way out 
of difficult situations [7, 8, 9]. Therefore, investigating 
survival strategies is vital to better understand the survival 
strategies which all entrepreneurs require in this volatile 
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situation [10]. Therefore, this study aims to investigate 
how the entrepreneurs are in the immediate response after 
MCO. Secondly, this study aims to discover the business 
survival strategies of entrepreneurs in the face of the 
Covid-19 pandemic. Therefore, a paradigm is presented 
for guiding business decisions to face an external shock 
during the Covid-19 crisis [11]. This study contributes to 
the literature and inspires other entrepreneurs to protect 
their businesses to ensure continuity in the face of the 
abrupt impact of the Covid-19 pandemic crisis.

Materials and Methods 

 For this study, a case study is utilized. This study 
has consisted of interviews with 10 cases comprising 
entrepreneurs as the participants to deem in-depth 
explanation of the participants’ perspectives. This 
study involved a total of 10 entrepreneurs from Sabah 
and Sarawak, all of whom are the MARDI Guidance 
Entrepreneurs or Usahawan Bimbingan MARDI (UB 
MARDI) as the participants. UB MARDI is an acronym 
that refers to officially registered small and medium-
sized entrepreneurs (SMEs) with MARDI [12]. These 
entrepreneurs have provided full cooperation to participate 
in this study. This study was from the experience of 
entrepreneurs. Therefore, semi-structured open-ended 
interviews have been implemented. Semi-structured 
interviews are defined as interviews that evolve from 
inquiry composed of a mix of both structured and 
unstructured questions [13]. Semi-structured interviews 
allowed data gathering for each participant and in-depth 
examination from participants’ experiences. In the end, 
the information gathered increases the knowledge of 
the subjects being studied and the potential to discover 
information previously unidentified. The open-ended 
interview was to enable more new themes to appear to 
make a more robust conclusion. The data of this study 
were transcribed and analyzed—the ATLAS.TI Software 
has been used. Interviews terminated when the researchers 
find no new themes that appear or have saturated [14].

Results and Discussion

Profile of the Participants 

 Table 1 above shows the participants’ profiles were 
involved in this study. From the table, six participants 
were UB MARDI from the State of Sabah. Meanwhile, 
the other four participants are UB MARDI from the state 
of Sarawak

Business Survival Strategies

 Responding to open-ended questions, the participants 
gave several diverse answers about what kind of survival 
business strategies they adopted from their viewpoints. 
The interview session with the participants identified 
four (4) themes of survival strategies adopted by the 
participants. The four themes are represented in Figure 
1 below.

Table 1. Description of the participants

No. Participants State Cluster
1. UB 1 Sabah Fish-Based Products
2. UB 2 Sabah Frozen Products
3. UB 3 Sabah Noodles and Pasta
4. UB 4 Sarawak Bakery Products
5. UB 5 Sarawak Crops 
6. UB 6 Sarawak Crops
7. UB 7 Sabah Snacks
8. UB 8 Sabah Meat-Based Products
9. UB 9 Sarawak Fish-Based Products
10. UB10 Sabah Bakery Products

Source: Researchers own evaluation

Figure 1. Theoretical framework of business survival strategies

 As mentioned, the qualitative study was carried out 
according to the case study methodology. A methodology 
was used in this research, utilising interview techniques, 
open-ended questions and thematic analysis of the 
transcribed interviews. The interview sessions with 
10 entrepreneurs were successfully completed. Then 
qualitative data analysis was carried out using Qualitative 
Data Analysis Software, ATLAS.Ti. These interview 
transcripts have yielded four (4) business survival 
strategies that entrepreneurs have utilized to survive 
the pandemic. The four (4) business survival strategies 
mentioned; focus on selling the main products, promoting 
and doing business online, leveraging financial assistance 
from the Government, and developing new products.
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Conclusion

 The findings of this study have led the researchers 
to a deeper understanding of how entrepreneurs in the 
Borneo zone plan, modify, and adapt to changes in their 
business. Although their sales results are not as before, 
they are grateful that their business has not ceased. 
Perhaps because their business is based on food and 
crops, so buyers are always sought after. They are always 
positive, have a high fighting spirit and are not easy to 
give up. The results of this study can also help MARDI 
to craft what kind of services that can be provided to 
assist entrepreneurs in the Borneo Zone. For example, 
researchers can propose to work with other government 
agencies to carry out workshops involving online 
marketing and business promotion on social media.
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Abstract

 Strategic analysis can be defined as a process of conducting research on a company and its operating environment to 
formulate a strategy. Strategy-formulation techniques can be integrated into a three-stage decision-making framework 
- Stage 1 The Input Stage; Stage 2 The Matching Stage; and Stage 3 The Decision Stage. All techniques require the 
integration of intuition and analysis for identifying, evaluating, and selecting alternative corporate-level strategies. 
Therefore, the aim of this report is to carry out a strategic analysis on MARDI’s technopreneur performance and 
recommend alternative strategies execution. In Stage 1, External Factor Evaluation (EFE) Matrix, Competitive Profile 
Matrix (CPM) and Internal Factor Evaluation (IFE) Matrix were applied to assess the company, and the findings provide 
the company’s opportunities and threats; reveal the strengths and weaknesses; and establish company’s competitive 
advantage. In Stage 2, four types of strategies were developed using Threats-Opportunities-Weakness-Strengths 
(TOWS) Matrix, which are ST Strength-Threat (ST) Strategies; Strength-Opportunities (SO) Strategies; Weaknesses-
Opportunities (WO) Strategies; and Weaknesses-Threats (WT) Strategies. Consequently, to prioritize the strategies, the 
Quantitative Strategic Planning Matrix (QSPM) was applied in Stage 3. The relative attractiveness of various strategies 
was determined based on the extent to which key external and internal critical success factors are capitalized upon or 
improved. Hence, alternative execution was recommended which represent incremental steps that move the company 
from its present position to a desired future position.

Keywords: External factor evaluation, internal factor evaluation, strategic analysis, TOWS matrix, quantitative strategic planning 
matrix

Introduction

 Strategic analysis can be defined as a process of 
conducting research on a company and its operating 
environment to formulate a strategy. Alternative strategies 
are extracted from the company’s vision, mission, and 
objectives at present, and coupled with the external and 
internal audit of consistent past strategies that worked 
well [1]. There are an infinite number of possible action 
and an infinite number of ways to implement the actions 
that can be considered by the company, however not all 
feasible alternatives can bring benefits to the company. 
Therefore, a set of frameworks for strategy alternatives 
needs to be developed. This report discusses the process 
used to determine an appropriate set of alternative 
strategies as a basis for generating and evaluating feasible 
alternative strategies. Strategy-formulation techniques 
can be integrated into a three-stage of decision-making 
framework - Stage 1: The Input Stage; Stage 2: The 
Matching Stage; and Stage 3: The Decision Stage [1]. 
All techniques require the integration of intuition and 

analysis for identifying, evaluating, and selecting among 
alternative corporate-level strategies. The purpose of 
strategic analysis is to analyse the company’s external 
and internal environment, assess current strategies, 
and generate and evaluate the most successful strategic 
alternatives [2].
 RFM Global Corporation Sdn. Bhd. is a fruit pickle 
manufacturer since 2010. The business idea is producing 
a healthy version of pickle in terms of the processing 
technology. Collaborated with MARDI for the product 
development, the company has diversified their product 
since then and currently introduced Sarawak flavour 
utilizing terung asam as their signature product. They have 
secured the raw material supplies by contract farming with 
state agencies, IADA farmers to ensure their production 
and quality are consistent. During this unprecedented 
pandemic, the company is directly affected by the 
impact. The company has been experiencing stagnant and 
declining sales [3]. Therefore, the aim of this report is to 
carry out a strategic analysis on MARDI’s technopreneur 
performance, RFM Global Corporation Sdn. Bhd., and 
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consequently recommend the alternative execution which 
represent incremental steps that move the company from 
its present position to a desired future position.

Materials and Methods

 Strategic analysis on MARDI’s technopreneur, RFM 
Global Corporation Sdn. Bhd. was carried out based on 
strategy-formulation technique analytical framework 
introduced by David [1].

Stage 1: The input stage

i. External Factor Evaluation of RFM Global 
Corporation Sdn. Bhd.

The opportunities and threats that associated with the 
external factors of RFM Global was evaluated using 
External Factor Evaluation (EFE) Matrix. This matrix 
compiled and assessed the key external factor that 
might affect the company such as demographics; social 
forces; political; legal and regulatory factors; natural 
environment; technological factors; global forces; and 
general economic conditions. The Opportunities were 
listed first followed by Threats. Each external factors 
assigned with weight based on its importance, range 0.0 
(not important) to 1.0 which shows the importance of the 
factor to be successful in the industry. Higher weights were 
given to Opportunities than to Threats. The total assigned 
weights must be equal to 1. To determine a weighted 
score, multiply each factors weight by its rating. Sum of 
weighted scores for each variable to determine the total 
weighted score for the company.

ii. Internal Factor Evaluation of RFM Global Corporation 
Sdn. Bhd.

To evaluate a company’s internal environmental factor and 
reveal its strengths and weaknesses, a strategy tool was 
used namely Internal Factor Evaluation (IFE) Matrix. It 
is an analytical technique related to the SWOT analysis 
for management, marketing, finance, production, R&D 
and finance. Strengths were listed first followed by 
weaknesses. Each internal factors assigned with weight, 
range 0.0 to 1.0 which shows the importance of the factor 
to be successful in the industry. Highest weight indicates 
factors with greatest effect, regardless internal strength, or 
internal weakness. The sum of all weights is equal to 1.0. 

iii. Competitive Profile Matrix (CPM) of RFM Global 
Corporation Sdn. Bhd.

To establish company’s competitive advantage, CPM was 
used to see the competitive landscape, position in the 
given market and possible opportunities to differentiate 
the company product and services from the competition. 
Each factor was assigned with weight base on industry 
importance to success. Rating was given based on 

company’s strength and weakness to the factor which is 
4 for the major strength; 3 for the minor strength; 2 for 
the minor weakness; and 1 is for the major weakness.

Stage 2: The Matching Stage

This stage involved a matching technique between 
the company’s internal resources and skills, and the 
opportunities and risks created by its external factors. 
The Threats-Opportunities-Weakness-Strengths (TOWS) 
Matrix was applied which developed 4 types of strategies. 
A TOWS Matrix composed of nine cells, with four key 
factor cells, four strategy cells, and the upper left cell 
is always left blank. The four strategy cells labelled: 
SO Strategies – matched internal strength with external 
opportunities; WO Strategies – matched internal 
weaknesses with external opportunities; ST Strategies – 
matched internal strengths with external threats; and WT 
Strategies - matched weaknesses with external threats.

Stage 3: The Decision Stage

The Quantitative Strategic Planning Matrix (QSPM) was 
applied in this stage which is for evaluating possible 
strategies obtained from Stage 2. This technique 
objectively indicates which alternative strategies are best. 
The QSPM uses input from Stage 1 analyses and matching 
results from Stage 2 analyses to decide objectively 
among alternative strategies. That is, the EFE Matrix, 
IFE Matrix, and Competitive Profile Matrix that make 
up Stage 1, coupled with the SWOT Matrix that make up 
Stage 2, provide the needed information for setting up the 
QSPM (Stage 3). QSPM components consists of Strategic 
Alternatives, Key Factors, Weights, Attractiveness Scores 
(AS), Total Attractiveness Scores (TAS), and the Sum 
Total Attractiveness Score. The priority of strategy to be 
executed was based on Sum Total Attractiveness Score.

Results and Discussion

Stage 1: The Input Stage
i. External Factor Evaluation of RFM Global 

Corporation Sdn. Bhd.

The weight indicates the relative importance of that factor 
to being successful in the company’s industry. Rating 
indicates the effectiveness of current company’s strategies 
respond to the factors where 4= the response is superior, 
3 = the response is above average, 2 = the response is 
average, and 1= the response is poor. Ratings are thus 
company-based, whereas the weights are industry based. 
In Table 1, note that the most important factor to being 
successful in this business is “signing contract with state 
agency farmers for consistent fruit supplies” as indicated 
by 0.22 weight. Also note that RFM Global is doing 
excellent regarding handling factor “trend towards healthy 
pickle”. Perhaps this is the impact from collaboration with 
MARDI on pickle processing technology. Finally, note 
that the total weighted score of 2.37 is slightly below 
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average for weighted score which is 2.50 [1]. This means 
the current strategies are ineffective at taking advantage 
of the opportunities or defending the company against 
threats. Despite the consistent supply of quality raw 
material and product manufacturing, the economic crisis 
during pandemic which lead to changes in demand had 
negatively impact the company and reduce their market 
share.

ii. Internal Factor Evaluation of RFM Global Corporation 
Sdn. Bhd.

The weight assigned to a given factor indicates the 
relative importance of the factor to being successful 
in the company’s industry. Factors with highest weight 
are considered to have the greatest effect on company 
performance. Consequently, each listed factors were rated 
based on a major weakness (rating=1); a minor weakness 
(rating=2); a minor strength (rating=3); a major strength 
(rating=4). Ratings were made by company-based, 
whereas the weights were industry-based. In Table 2, 
note that the most important factors to be successful in 
healthy pickle snack business is “great marketing and 
R&D team”. Also note that the company is doing best 
on “great marketing and R&D team” and “Distinctive 
product-utilizing terung asam”. The company is having 
major problem with decrease sale revenue. Overall, RFM 

Table 1. The identified key external factors

Key external factors Weight Rating Weighted 
Score

Opportunities
Trend towards healthy pickle 0.15 4 0.60
Signing Contract with state agency farmers for 
consistent fruit supplies

0.22 3 0.66

Threats
Movement Control Order by government 0.13 2 0.26
Declining margins 0.10 3 0.30
Declining demand 0.25 1 0.25
Economic crisis during pandemic 0.15 2 0.30

Total 1.0 - 2.37

Table 2. The identified internal factors

Key internal factors Weight Rating Weighted Score
Strength

Great marketing and R&D team 0.20 4 0.80
A healthy pickle product 0.12 3 0.36
Distinctive product -utilizing terung asam 0.16 4 0.72
In-store promotions resulted in increased market 
share

0.14 3 0.42

Weakness
Longer processing duration 0.10 2 0.20
High marketing cost due to business location 0.15 1 0.15
Decrease sale revenue 0.13 1 0.13
Total 1.0 - 2.78

Global received a 2.78 total weighted score which is 
slightly higher than average score of 2.5 [1]. This indicates 
the company is in competitive state with their competitors. 
Therefore, there is potential for improvement to increase 
the product sales.

iii. Competitive Profile Matrix (CPM) of RFM Global 
Corporation Sdn. Bhd.

The Competitive Profile Matrix (CPM) identifies 
RFM Global’s major competitors and its strengths and 
weaknesses in relation to a sample company’s strategic 
position. The weights and total weighted scores in both 
a CPM and an EFE have the same meaning. However, 
critical success factors in a CPM include both internal 
and external issues; therefore, the ratings refer to strengths 
and weaknesses, where 4 = major strength, 3 = minor 
strength, 2 = minor weakness, and 1 = major weakness. 
The critical success factors in a CPM are not grouped 
into opportunities and threats as they are in an EFE. In 
a CPM, the ratings and total weighted scores for rival 
company can be compared to the sample company. This 
comparative analysis provides important internal strategic 
information.
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 Based on Table 3, two most important factors to being 
successful in the industry are “advertising” and “outlets”, 
as indicated by weights of 0.20. Note that Jeruk Pak Ali 
are strongest in “advertising”, “product quality”, “financial 
position” and “market share” as indicated by rating of 
4, whereas RFM Global is strongest in “management”. 
Overall, Jeruk Pak Ali is the strongest in pickle industry 
and the nearest competitor to RFM Global. Also note that 
RFM Global need to improve on “advertising”, “product 
quality”, “financial position” and “market share” to 
compete with the strongest player in the industry.

Stage 2: The Matching Stage

Based on this TOWS matrix, 4 types of strategies were 
developed as follows: 

1. ST strategies: where RFM Global use its internal 
strength to avoid or reduce impact of external threats. 
The potential strategy would be market penetration 
or product development or market development.

2. SO strategies: where RFM Global use its internal 
strength to take advantage of external opportunities. 
The potential strategy would be product development 
or market development.

3. WO strategies: where RFM Global aim at improving 
internal weakness by taking advantage of external 
opportunities. The potential strategy would be market 
development.

4. WT strategies: which is defensive tactics directed at 
reducing internal weaknesses and avoiding external 
threats. The potential strategy would be product 
diversification.

Therefore, four feasible alternatives have been generated 
during this stage that is market penetration, market 
development, product development and product 
diversification. However not all the strategies developed 
will be selected for implementation, which lead to the 
decision stage.

Stage 3: The Decision Stage

The key factors listed were taken directly from the EFE 
Matrix and IFE Matrix, with identical weight assigned. 
The Attractiveness Scores (AS) defined as numerical 
values that indicate the relative attractiveness of each 
strategy in each set of alternatives. The range for 
Attractiveness Scores is 1 = not attractive, 2 = somewhat 
attractive, 3 = reasonably attractive, and 4 = highly 
attractive. By attractive, it means the extent that one 
strategy, compared to others, enables the firm to either 
capitalise on the strength, improve on the weakness, 
exploit the opportunity, or avoid the threat. As for the 
Total Attractiveness Scores (TAS), it indicates the relative 
attractiveness of each alternative strategy. The higher 
the Total Attractiveness Score, the more attractive the 
strategic alternative. The Sum Total Attractiveness Scores 
(STAS) reveal which strategy is most attractive in each 
set of alternatives. Higher scores indicate more attractive 
strategies, considering all the relevant external and 
internal factors that could affect the strategic decisions. 
The magnitude of the difference between the Sum 
Total Attractiveness Scores in a given set of strategic 
alternatives indicates the relative desirability of one 
strategy over another. Based on the TAS in the QSPM, it 
can be concluded that product diversification is a better 
option with 5.21 score. The strategy key external and 
internal success factors can be more capitalized upon or 
improved. This followed by product development (4.74), 
market development (4.29) and market penetration (3.74).

Recommendation

 Based on the strategic analysis, RFM Global 
Corporation should focus on product diversification. 
This means they need to expand the original market for 
a product to increase sales associated with an existing 
product line. There are number of ways to engage product 
diversification including, repacking, renaming, resizing, 
repricing, brand extensions, and product extensions [4]. 
However, product diversification is quite costly, especially 

Table 3. Critical success factor in CPM

Parameters RFM Global Jeruk Pak Ali Jeruk Telaga Air
Critical Success Factors Weight Rating Score Rating Score Rating Score
Advertising 0.20 3 0.60 4 0.80 1 0.20
Product Quality 0.15 3 0.45 4 0.60 1 0.15
Price Competitiveness 0.10 3 0.30 3 0.30 3 0.30
Management 0.10 4 0.40 3 0.30 2 0.20
Financial Position 0.10 3 0.30 4 0.40 2 0.20
Market Share 0.05 3 0.15 4 0.20 1 0.05
Customer Loyalty 0.10 3 0.30 3 0.30 1 0.10
Outlets 0.20 3 0.60 3 0.60 1 0.20
Total 1.00 - 3.10 - 3.50 - 1.40
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Table 4. Threats-Opportunities-Weakness-Strengths (TOWS) matrix analysis of RFM Global Corporation Sdn. Bhd

Parameters Strength (S)
1. Great marketing and R&D team
2. A healthy pickle product
3. Distinctive product utilizing terung 

asam
4. In-store promotions resulted in 

increased market share

Weakness (W)
1. Longer processing duration
2. High marketing cost due to 

business location
3. Decrease sale revenue

Opportunities (O)
1. Trends towards healthy pickle
2. Signing Contract with state agency 

farmers for consistent fruit supplies 

SO Strategies
Product Development

(S1, O1) (S3, O2)
Market Development

(S1, O1)

WO Strategies
Market Development

(W3, O1)

Threats (T)
1. Movement Control Order by 

government
2. Declining margins
3. Declining demand
4. Economic crisis during pandemic

ST Strategies
Market Penetration

(S4, T3)
Product Development

(S1, T2)
Market Development

(S3, T3)

WT Strategies
Product Diversification

(W2, T2)

Table 5. The Quantitative Strategic Planning Matrix (QSPM) of RFM Global Corporation Sdn Bhd

Key factors Weight Strategic alternatives
Market 

penetration
Market 

development
Product 

development
Product 

diversification
AS TAS AS TAS AS TAS AS TAS

Strengths
Great marketing and R&D team 0.20 1 0.20 3 0.60 4 0.80 2 0.40
A healthy pickle product 0.12 1 0.12 2 0.24 4 0.48 3 0.36
Distinctive product -utilizing terung 
asam

0.16 1 0.16 3 0.48 4 0.64 2 0.32

In-store promotions resulted in 
increased market share

0.14 4 0.56 2 0.28 1 0.14 3 0.42

Weakness
Longer processing duration 0.10 - - - - - - - -
High marketing cost due to business 
location

0.15 3 0.45 4 0.60 1 0.15 2 0.30

Decrease sale revenue 0.13 3 0.39 1 0.13 2 0.26 4 0.52
Sum weights 1.00
Opportunities
Trend towards healthy pickle 0.15 2 0.30 1 0.15 4 0.60 3 0.45
Signing contract with state agency 
farmers for consistent fruit supplies

0.22 1 0.22 2 0.44 3 0.66 4 0.88

Threats
Movement Control Order by 
government

0.13 3 0.39 4 0.52 1 0.13 2 0.26

Declining margins 0.10 - - - - - - - -
Declining demand 0.25 2 0.50 1 0.25 3 0.75 4 1.0
Economic crisis during pandemic 0.15 3 0.45 4 0.60 1 0.13 2 0.30
Sum weights 1.00
Sum Total Attractiveness Score 3.74 4.29 4.74 5.21
Strategy according to priority 4th 3rd 2nd 1st

*AS = Attractiveness Score TAS = Total Attractiveness Score
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when embarking in a new market. Consequently, it 
is recommended to carry out several test markets to 
determine customer acceptance before going into new 
concept more broadly.

Conclusion

 The purpose of a strategic analysis is to analyze 
an organization’s external and internal environment, 
assess current strategies, and generate and evaluate 
the most successful strategic alternatives. Since this 
analysis requires intuitive and analytical judgment, a set 
of frameworks for strategy alternatives are needed as 
guideline. This framework was implemented to MARDI’s 
entrepreneur, RFM Global Corporation Sdn. Bhd. The 
recommendation is useful for the business that has been 
experiencing stagnant and declining sales. Hence, the 
alternative execution was recommended which represent 
incremental steps that move the company from its present 
position to a desired future position.
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