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INTRODUCTION
Rice diseases become widespread and threatening problems in rice-growing regions (1). A
crop loss ranging in 15% to 80% due to plant diseases is one of the major challenge in
agriculture sector towards the sustainable of the food supply (2). The disease outbreaks also
cause indirect losses to consumers, exporters and trade wholesalers in supply chain of rice
production (3). Nowadays, farmers are highly depend on the use of chemicals substances
include insecticides, fungicides and herbicides to control and prevent the diseases that
develops high costs and effects the environment (4). Thus, farmers needs to be exposed with
new technology in rice disease management that can help them to alert for early control.
In recent years, biosensor technique is gaining attention in plant health monitoring due
to its practicality, portability and simplicity of construction (5). The advanced nanotechnology
biosensor offers cost-effective and efficient diagnostic tools for early detection of rice diseases.
Therefore, our research group have successfully developed an antibody-based biosensor or
immunosensor for the detection of three major rice diseases in Malaysia (i.e bacterial leaf blight
(BLB), bacterial leaf streak (BLS) and blast). This innovation has been integrated with the
Internet of Things (IoT) for the smart application on-site monitoring.
MATERIALS AND METHODS
The biosensor consists of two components; (1) modified sensor strips with immobilized
antibodies, and (2) android-based portable reader device with a built-in mobile app that allows
users to perform on-site testing and GPS function for test location tracking. For the sample
test, about 10 µL of the extracted sample was dropped onto the working electrode (sensor
strip) and incubated for 10 mins. This followed by added 10 µL of conjugate for 5 mins
incubation, re-washed and inserted into a portable reader device. Finally, 50 µL of the
substrate was added and the reaction was detected by using the mobile app. The result was
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saved into the device, followed by the real-time transmission of the data together with GPS
location, date and time to a central cloud server. The server collected all the data to allow users
to perform further analysis or monitoring such as location-mapping or trend-mapping. The
system can also be set to send alerts to mobile phones of supervisors or relevant agencies if
the test data exceeds certain pre-set limits to indicate immediate actions.
RESULTS AND DISCUSSION
The biosensor application is shown in Figure 1. Based on the inoculated samples, the
biosensor can detect bacteria as low as 102 CFU/mL within the first week of infection. The
detection requires minimum sample extraction without organic solvents and lab instruments.
This method has been validated with polymerase chain reaction (PCR) technique that showed
a good correlation of more than 80% for BLS and blast, and 92.7% for BLB (Table 1). This
electrochemical biosensor provides quantitative analytical information, self-contained
calibration and IoT integrated device (6). The advantages of this biosensor in term of novelty,
applicability and potential users are summarized in Table 2.

Figure 1. (a) Sensor strip with pre-coated antibody, and (b) Schematic diagram of the
MARDI IoT biosensor operational from, (1) on-field sample detection, (2) data transmission
to the central cloud server, and (3) real-time database analysis by the authorized person
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Table 1. Validation of biosensor with PCR method for (a) BLS, (b) BLB and (c) blast
diseases

Table 2. Summary of innovation

CONCLUSION

MARDI IoT-biosensor prototype has good performance for rapid detection of BLB, BLS
and Blast diseases. It is an efficient, cost-effective and smart system for on-site
application. The adaptation of digital networking through the internet of things (IoT)
enhancing database collections for the early warning monitoring and controlling of
disease outbreak, hence increases the rice yields.
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INTRODUCTION
Rambutan (Nephelium lappaceum L.) falls under the Sapindaceae species, which consists of
other fruit crops, such as pulasan (Nephelium mutabile Blume), and litchi (Litchi chinensis
Sonn.). Naturally-grown rambutan tree has significant size and a height of 20 m, while the
propagative clonal cultivar is less in size, with 4 – 7 m of height. Previous study has conducted
the morphological and phonological characteristics of rambutan, but the molecular-based
characterisation of rambutan remained limited [1]. Microsatellites or simple sequence repeats
(SSRs), are the recurring motifs of 1 - 6 nucleotides, which spread in the genome [2]. In
comparison to other PCR-based methods (i.e. ISSR, RAPD, and AFLP), microsatellites
represent a powerful marker due to their codominant inheritance and multi-allelic in nature
which lead to high polymorphic. Currently, the species-specific microsatellites for the rambutan
are still limited. To our knowledge, only 10 microsatellites for rambutan is available [3]. Hence,
there is a need to develop species-specific microsatellites for rambutan. This study aims to
develop microsatellite marker for N. lappaceum for fingerprinting application using RAD
sequencing technology.
MATERIALS AND METHODS
RAD Sequencing
The genomic DNA of R134 were extracted using QIAquick DNeasy kit (Qiagen, Hilden,
Germany). The high-quality DNA was sent to MyTACG Bioscience Enterprise (Petaling Jaya,
Malaysia) for RAD sequencing. Then, the raw data were processed using Stacks [4].
Microsatellite Analysis and Design
Microsatellites were mined using MISA, a MIcro-SAtellite identification tool [5]. The
microsatellites criteria consisted of the following parameters 6, 5, 4, and 3, with 3 repeated for
the di-, tri-, tetra-, penta-, and hexa-repeat motifs, respectively. The primer pairs targeting the
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repeat motif region were designed using the Primer3Plus. A total of 39 microsatellite markers
were randomly selected for development of rambutan fingerprinting panel.
Diversity Assessment using Novel Microsatellite Markers
The PCR was performed by ligating the primers and fluorescent dye (FAM, PET, NED or VIC)
with M13 sequence (TGTAAAACGACGGCCAGT). A GeneAmp® PCR System 9700 (Applied
Biosystems, US) was used for amplification process. Pre-denaturation was conducted at 94
°C for two minutes. Following that was 35 cycles at 94 °C for 30 seconds, 41 - 65 °C for 45
seconds, and 72 °C for 45 seconds, and a post-extension at 72 °C for five minutes. After the
amplification of 24 rambutan varieties was performed, the PCR products were resolved using
an ABI 3130xL (Applied Biosystems, US). GeneMapper version 5.0 (Thermo Fisher Scientific,
US) was used to score the size of the allele. PowerMarker was used to calculate the pairwise
genetic distance based on shared allele [6]. MEGA7 was used to visualize the Neighbour
Joining dendrogram [7].
RESULTS AND DISCUSSION
Based on the genotyping of 39 microsatellites on 22 different rambutan clones, only 12
microsatellites were successfully optimized, polymorphic and call rates above 90% across the
total samples. The remaining microsatellites were either monomorphic, exhibited low call rates,
produced multiple bands, or appeared with a stutter band across the local rambutan clones.
Furthermore, analysis of 12 microsatellites revealed a total of 72 alleles, which ranged from
three (NlaSSR20) to 10 (NlaSSR32) alleles per locus and a mean of six alleles per locus. The
range of the polymorphic information content (PIC) value was from 0.326 (NlaSSR20) and
0.832 (NlaSSR32) with an average of 0.629. Two clusters were identified through the
neighbour joining dendrogram tree, namely Cluster 1 and Cluster 2 (Figure 1 left). It was
suggested from the dendrogram analysis that all rambutan clones were differentiated from
each other using twelve novel polymorphic microsatellites. The pairwise genetic distance
values based on shared alleles showed that the values ranged from 0.0455 (R134↔R170) to
0.8182 (R5↔R170). A total of seven high polymorphic microsatellites have been selected for
development of fingerprinting panel for rambutan varieties. Figure 1 (right) showed the allele
segregation of selected rambutan varieties.
CONCLUSION
In summary, the microsatellites development using RAD-seq approach exhibits higher
efficiency in terms of time, cost, and labour. The molecular based identification proves to be
the best and ideal method as the application offers an accurate and consistent approach in
identifying and characterizing the plant varieties. Besides, the microsatellites developed in this
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study contributes to a significant insight for breeders to properly design a breeding programme
to obtain genetic heterosis.

Figure 1. Neighbour Joining dendrogram of 24 rambutan varieties (Left). Allele segregation
of selected rambutan varieties (Right)
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INTRODUCTION
Coconut (Cocos nucifera L.) is the fourth important crop in Malaysia after oil palm, rubber, and
paddy. The tall and dwarf are coconut varieties that have been grown in Malaysia. In the year
2000, MATAG hybrid F1 variety has been introduced for commercial planting in Malaysia.
MATAG hybrid F1 is crossed between two Malayan dwarf varieties (Malayan Red Dwarf/MRD
or Malayan Yellow Dwarf/MYD) with Tagnanan tall. The dwarf parent acts as the mother palm,
whereas the tall parent serves as a pollen donor. The progeny of MATAG F1 hybrid coconut
depends on the inherent characteristics possessed by its parent. For instance, the dwarf parent
has earlier maturity, fruit-bearing, and shorter height increment. In contrast, the tall parent
produces a high number of male flowers, larger coconuts, and has superior kernel quality [1].
MATAG bears fruit after 5-6 years of planting and produced 182 - 190 nut/tree. The total
number of nuts per bunch produced is 17.2, and the amount of copra produced is 40.6 kg/
palm [1].
Currently, the characterisation of MATAG F1 hybrid is conducted through
morphological observation, which is not accurate due to leaf colour germinated from the
coconut fruit. To improved the characterisation and identification of MATAG F1 hybrid, the
genome sequencing of MRD, MYD, and Tagnanan varieties were performed using the nextgeneration sequencing (NGS) platform and the genome sequences data was used to mine
SNP using bioinformatics approaches. The potential SNPs were validated using the Agena
MASS array. Validated SNPs marker is useful in the application of plant varietal authentication.
MATERIALS AND METHODS
Plant Material and DNA Extraction
Coconut varieties of MRD, MYD, Tagnanan, MATAG F1, and MATAG F2 were grown at
MARDI Station Bagan Datuk, Perak Malaysia. DNA extraction was carried out using a
modified CTAB method. About 5 grams of coconut leaves were stuffed into a 2 mL tube
together with stainless balls and ground to powder using TissueLyser (Qiagen). 2000 µL
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of extraction buffer (final concentration; PVP 2%, DIECA 4 mM, ascorbic acid 5 mM, NaCl
1.4 M, Tris-HCL (pH 8.0) 100 mM and EDTA 20 mM) was added to the ground powder.
The mixture was incubated at 65 °C for 1 hour with intermittent mixing. To this, the same
volume of isopropanol was added and homogenized by inverting the plates. The mixture
was centrifuged at 5,500 rpm for 15 minutes. The supernatant was then transferred into an
equal volume of isopropanol and centrifuged at 5,500 rpm for 15 minutes. The DNA was
air-dried and re-suspended in 50 μL Tris-EDTA (TE) buffer. The DNA was quantified for
DNA concentration using Thermo Labsystems Fluoroskan Ascent TM (Thermo Scientific,
USA) and DNA integrity on 0.8% agarose gel for quality control.
NGS Sequencing and Bioinformatics Analysis
The genome sequencing of the MYD, MRD, and Tagnanan were carried out using Illumina
HiSeq 2000 (paired-end 150-bp). SNP mining from each coconut variety was carried out in a
two-stage process. The first process involves the establishment of a draft genome using a de
novo assembly approach due to unavailable coconut reference genome in a public database.
The MYD variety was selected as reference genome for the SNP mining process. In the second
stage, MRD and Tagnanan short reads were mapped to the established de novo MYD draft
genome using Burrows-Wheeler Transform (BWA) [2], and single nucleotide polymorphisms
(SNP) were mined using FreeBayes [3].
SNP Assay Design and Genotyping
A total of 100 candidate SNPs were selected for assay design using MassARRAY® Assay
Design 3.1 software (Agena Biosciences). Four multiplexes of 100 SNPs (two 28-plex, one 27plex and one 17-plex) were designed for the SNP genotyping using iPLEX Gold chemistry [4].
Raw SNPs data was analyzed using MassARRAY Typer Analyzer 4.0.26.75 (Agena
Biosciences). Monomorphic SNPs, loci with weak or ambiguous signal (i.e. displaying more
than three clusters of genotypes or unclear cluster delimitation) and loci with >6% missing data
were removed.
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SNP_ID

SCF_798_23905

SCF_4509_34011

SCF_3205_33206

SCF_780343_641

SCF_11616_1012

SCF_1689_144041

SCF_10945_24085

SCF_125_178969

SCF_2727_72410

SCF_18314_4812

SCF_221765_1130

SCF_3543_13800

SCF_12732_5020

SCF_503103_2061

SCF_361452_735

SCF_18992_11272

SCF_1396734_209

SCF_1422472_2429

SCF_1494654_446

SCF_643482_251

SCF_1411268_3567

SCF_818331_232

SCF_10257_9974

SCF_1_10343

SCF_105377_339

SCF_1434001_2402

SCF_507880_2590

SCF_15136_24971

SCF_38503_3147

No

1

2

3

4

5

6

7

8

9
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28
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t
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a

t

a

t
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MYD

a

g

g

g

g

c

g

t

c

a

c

a

g

g

t

g

a

c

g

a

t

c

a

g

c

g

c

g

c

Tagnanan

5'-ACGTTGGATGAACTCTCTCCGCATCGTTAC-3'

5'-ACGTTGGATGCCATCACCTGCTAATTCTTG-3'

5'-ACGTTGGATGGACCTATCGAAAGATAGCCC-3'

5'-ACGTTGGATGCCACTATCTAAGTTGGATTG-3'

5'-ACGTTGGATGCCTCATCGATCTGATCGAAG-3'

5'-ACGTTGGATGCCATATCATCCTAGCTCACC-3'

5'-ACGTTGGATGCCCTAATCAAGAATGGGTCG-3'

5'-ACGTTGGATGAGTCTAGTTAGTTTATTGG-3'

5'-ACGTTGGATGAGCAGATTAGGCTATGGCAC-3'

5'-ACGTTGGATGACACTACTACAGAACAAGAC-3'

5'-ACGTTGGATGGAGCGTCTCTGGAAAAATGG-3'

5'-ACGTTGGATGCACAAACAAACAATGATGAG-3'

5'-ACGTTGGATGAGCTTTTCACATCGGACTTG-3'

5'-ACGTTGGATGTCCTATGCTGCCTCTTATCC-3'

5'-ACGTTGGATGTTCTTTAGCCTGAGCAATGG-3'

5'-ACGTTGGATGTGCTAGCACATGATTGAGCC-3'

5'-ACGTTGGATGCCTAAAGGGTTCAATCGAGG-3'

5'-ACGTTGGATGTTCTCACACTCTCTCCCTTC-3'

5'-ACGTTGGATGCATATTTACAACCTCCCACC-3'

5'-ACGTTGGATGAGTGTGAGCTACAAGGCAAC-3'

5'-ACGTTGGATGGGATAAACTTCTCCTGGCTC-3'

5'-ACGTTGGATGGCGCGTTCGTCCTTAATCAG-3'

5'-ACGTTGGATGTTTGCCGCTGACCCCGCCA-3'

5'-ACGTTGGATGGTGATGAAGTAGACATATCC-3'

5'-ACGTTGGATGCTTGACTTGCTTCTTGGCAC-3'

5'-ACGTTGGATGTGTGACGGACTTGGTGATTC-3'

5'-ACGTTGGATGTGCTAGGGCACATCTTCTTG-3'

5'-ACGTTGGATGAGGTTATGTTTCCCTCTCTC-3'

5'-ACGTTGGATGACATTCTATCAGCTCGACGG-3'

Reverse primer

5'-ACGTTGGATGTCCGGCTCCCGAAGAAATC-3'

5'-ACGTTGGATGCATAAATCTCCTATGGGTGC-3'

5'-ACGTTGGATGATCTCAGTCCACGTACATAG-3'

5'-ACGTTGGATGCACGTGATAGCCATACACTC-3'

5'-ACGTTGGATGATACAAGTTGGATTCATTC-3'

5'-ACGTTGGATGTCGATGGAATGGACTCTTGC-3'

5'-ACGTTGGATGCATTGAGACTATTTCAATCTG-3'

5'-ACGTTGGATGCAATTAGGTGCACCCAAGTC-3'

5'-ACGTTGGATGTGTCCTCCAGATGAGATGTG-3'

5'-ACGTTGGATGGGCAGCAATTAGCTAACTAC-3'

5'-ACGTTGGATGTATCCTCATGTTAGCGCTGG-3'

5'-ACGTTGGATGGGTTTACTGAAGGTTATGGA-3'

5'-ACGTTGGATGTTTGGGTTTAGGTGAACTCG-3'

5'-ACGTTGGATGGTCCATTACATCTTCTACGC-3'

5'-ACGTTGGATGCAGAGTAGCACCCTTGTTTG-3'

5'-ACGTTGGATGCAAGATATAGAAATGAGTC-3'

5'-ACGTTGGATGAACTTTAGGATCCCCTCCAG-3'

5'-ACGTTGGATGGGTGGCTGTTTGGAAGAATC-3'

5'-ACGTTGGATGCCATTGGTCTAAGGATGAGC-3'

5'-ACGTTGGATGTACCTTCTGATCTAAAGGGC-3'

5'-ACGTTGGATGCCTTTCGGCATCATCAACAC-3'

5'-ACGTTGGATGGGATTCATAAACAAAACATG-3'

5'-ACGTTGGATGATCGGGCCAAGGGAAGAGA-3'

5'-ACGTTGGATGGAGAGCCAATGAGCTCTTAG-3'

5'-ACGTTGGATGTGAACCTGACCCAAAAAATC-3'

5'-ACGTTGGATGCACTGTTTTTTGCTTTATTTG-3'

5'-ACGTTGGATGGCATGAAAAATTCTAAGAGGG-3'

5'-ACGTTGGATGCACCTTCTACTAAGCTAGGG-3'

5'-ACGTTGGATGGAGTCTGAGATCCTGAGGAG-3'

Forward primer

5'-CCCTCCGAGCTTCCTCT-3'

5'-taCTTTGACACTTAGACATCTGCCCAT-3'

3'

5'-cCCCTTTTTGAAATTCTCCATGCTGAA-

5'-ATTGATGTATCAATAAAATGACAAGC-3'

5'-CTGATCGAAGAGTTTTAATTTTTTTT-3'

5'-ggCCGCACCGATCCTCCTTTCTCTTT-3'

5'-ccagtTCGACCCCAATTATAAAGCA-3'

5'-tTTAGTTTATTGGATAAGCCAATT-3'

5'-ccATGGCACGGGCAGATCCGGCTA-3'

5'-tcTAACCGCTGTCTTAACCTAAAA-3'

5'-ggTCTGGAAAAATGGATTGACGA-3'

5'-ATGATGAGAATGAATCAAGATAG-3'

5'-acTACATCATATGACAGAGACTA-3'

5'-CTTATCCAATTCTTTAACCTTTT-3'

5'-GTACTAGTGCTATCATAGTAGA-3'

5'-TTTTGATTCATCACAATCGAGT-3'

5'-aatgCAATCGAGGGTTGGCCT-3'

5'-cgAGCCATCCTGCCAGATATT-3'

5'-cCAACCTCCCACCATGAATAT-3'

5'-ccCTACAAGGCAACCTTTCCC-3'

5'-cGAGATGGCGATTCGCTAAA-3'

5'-TAAAACCCTAGATCCTGAAA-3'

5'-ACCTTCCCTCCTCCTTCTTT-3'

5'-AGTAGACATATCCACCTCT-3'

5'-ttCTTCTTGGCACCATCCT-3'

5'-gGGTGATTCGCTCAGATC-3'

5'-TGAATGCCATGTCTGAAA-3'

5'-TTTCCCTCTCTCTTACTG-3'

5'-TCGACGGTAGTTCTCCT-3'

UEP_SEQ

Table 1. List of 100 candidate SNPs for MATAG F1 identification consist of reverse, forward and unextended (UEP) primer
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SCF_25605_680

SCF_7596_21415

SCF_27791_1367

SCF_28295_1554

SCF_21807_1895

SCF_729671_373

SCF_1445874_689

SCF_345655_1547

SCF_301_9751

SCF_165501_1080

SCF_905648_351

SCF_141349_541

SCF_21410_6037

SCF_228752_2714

SCF_15364_274

SCF_135138_213

SCF_434797_872

SCF_557_10932

SCF_28784_2835

SCF_419141_575

SCF_537678_307

SCF_293554_827

SCF_1417729_2304

SCF_1408631_6510

SCF_1429887_3327

SCF_3703_11255

SCF_233226_766

SCF_377267_862

SCF_338142_1565

SCF_1113104_329

SCF_2015_3946

SCF_19752_9807

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

t

a

c

a

g

t

g

t

t

t

a

a

c

g

a

g

a

g
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a

t

a

a

g

t

a

c

a

g

t

t

c

g

t

g

a

c

a

c

c

c

g

g

t

a

g

t

g

a

c

g

t

c

g

g

a

a

g

t

g

c

c

c

5'-ACGTTGGATGTAGTTCCTCTTTCAGTGCCC-3'

5'-ACGTTGGATGCAACTACCATGCTCCACAAG-3'

5'-ACGTTGGATGCATCCAGTTGAGTTCCTCTC-3'

5'-ACGTTGGATGTTTTCAACGCTCGGATGAGG-3'

5'-ACGTTGGATGAGTCTGAAAATGCTGCTCTC-3'

5'-ACGTTGGATGCTCCAATAACCTCCTTTTGAC-3'

5'-ACGTTGGATGCGGTCGCACCTCTTTACATA-3'

5'-ACGTTGGATGGCAGATGGATTTTAGCATGG-3'

5'-ACGTTGGATGGAGGTCTTCTTTCATGTCAG-3'

5'-ACGTTGGATGGGGCTCAAGATAGAGGAAC-3'

5'-ACGTTGGATGGGATATTAGATTGCAAATACC-3'

5'-ACGTTGGATGAACCTCTTTAGTACTTCCTC-3'

5'-ACGTTGGATGGAGCCAGAAAACAAACCTCC-3'

5'-ACGTTGGATGTATTACTGATCGACTGGTGC-3'

5'-ACGTTGGATGGCCATTGCATACGAACAGAC-3'

5'-ACGTTGGATGCTTCGAGATGCTTGCTTGAG-3'

5'-ACGTTGGATGGCATTGCCTCTAGCCATTTC-3'

5'-ACGTTGGATGGGCTCACAAGGGTAATTTAG-3'

5'-ACGTTGGATGATATGCACCTCTTCGTCCAG-3'

5'-ACGTTGGATGCAACCGAAATAAGACCTGCC-3'

5'-ACGTTGGATGAAGTGCAAGCCCGACTAGAG-3'

5'-ACGTTGGATGCAAAAGTCTACCTTTGACTGG-3'

5'-ACGTTGGATGCTTAGATGCATGATGGGCAG-3'

5'-ACGTTGGATGGGGTCCCCTTGTTGCTTTT-3'

5'-ACGTTGGATGTGGATTGCCACCATATGCTG-3'

5'-ACGTTGGATGTTGAAATCAGCCTTCAGACC-3'

5'-ACGTTGGATGCCACCTCGTAGATTAGAAAG-3'

5'-ACGTTGGATGGACTCTATGACCAAGAGTT-3'

5'-ACGTTGGATGGACTCAAGACTCATCTATTC-3'

5'-ACGTTGGATGCCATAGGAAAGAACATCTCG-3'

5'-ACGTTGGATGTTTCATCGATCCCCCAATCC-3'

5'-ACGTTGGATGGTGGCAATCTCTGATTCGTC-3'

5'-ACGTTGGATGGCCAGACCAAGAAGCAAAAG-3'

5'-ACGTTGGATGTTAATCAGGTGACTCGATGG-3'

5'-ACGTTGGATGCTTATAGTATGAGAAAGTG-3'

5'-ACGTTGGATGCTAAGGCGCTCAATCATCTC-3'

5'-ACGTTGGATGGTTGGAAACTTGGTTGGCTC-3'

5'-ACGTTGGATGTATTACAATCGGTTCTTCGC-3'

5'-ACGTTGGATGCAGGTCCCTATCGCAAAAAC-3'

5'-ACGTTGGATGAGCTAGGCTCATAGCGAAAG-3'

5'-ACGTTGGATGGAATCCTGTCCTAATAAGGG-3'

5'-ACGTTGGATGATATGGTGGCAACCCATCAG-3'

5'-ACGTTGGATGTGTTAGAGTTAGCCCGAACC-3'

5'-ACGTTGGATGAGGTCGATAGGGATATACCG-3'

5'-ACGTTGGATGAACTATCACGACTTACTGGG-3'

5'-ACGTTGGATGCACTGCGAAAAATGCTGACG-3'

5'-ACGTTGGATGGGAGAACTTCAGATCCAGAG-3'

5'-ACGTTGGATGCAGCGATGGTGATCACAAAG-3'

5'-ACGTTGGATGAGGTAATGGTGCTCATGGTG-3'

5'-ACGTTGGATGTTACTGTTCCCATGGATCGG-3'

5'-ACGTTGGATGGCAGCATACTTAGACTATGAG-3'

5'-ACGTTGGATGCATGGCCTAATGTTGCATCC-3'

5'-ACGTTGGATGGGAGGCAATGTATAGAGGAC-3'

5'-ACGTTGGATGCTCTCCAATAGATGCGTGAC-3'

5'-ACGTTGGATGCCGAGCTTCTTAAGCTCTTC-3'

5'-ACGTTGGATGCTCAAGCTAAAGATAGGTGG-3'

5'-ACGTTGGATGACTAGTATGATCGATCATCC-3'

5'-ACGTTGGATGAGAAGAAGGCGCTGATGGAC-3'

5'-ACGTTGGATGCCCCATTACCTACGAGGAAC-3'

5'-ACGTTGGATGGAGAGTTCCAGATAAGTAGG-3'

5'-ACGTTGGATGAAAATGCTCCCGATCGTAGG-3'

5'-ACGTTGGATGGGAGACCTATAAAGCCCATC-3'

5'-ACGTTGGATGACAACAAGAAGATCGGCCAC-3'

5'-ACGTTGGATGGTCGTTTAAGCCATCAACCG-3'

5'-TCTTACAGAAGAAGCACT-3'

5'-gCCCACTGTCCATCCGTG-3'

5'-TCTTCTCTCCCTACCTTA-3'

5'-GGAGAGGGTCTCAGTCA-3'

5'-ACCTAGCCGATCCAGTC-3'

5'-ccccGATGTTTCTCATGCCTTCTAAAT-3'

5'-ctCACCTCTTTACATATTCTACGAAAT-3'

5'-ggatATGGATTTTAGCATGGCTACTG-3'

5'-agccGGATGAGGTTCTTCTTCTATTT-3'

5'-GAACTTAATCACATAGTTAACTATAC-3

5'-ggtgAGATTGCAAATACCTTTAGAT-3'

5'-caccCATCTTCTATGAAAGTCCTAG-3'

5'-aaacCAAACCTCCTACTAAGTTCAC-3'

5'-gacgGATCGACTGGTGCACTTGCC-3'

5'-gaCATACGAACAGACATTCAAATG-3'

5'-ggggtAGTCCATAGATGGACCTT-3'

5'-TCTTGGAGTCAATATCTGGTATC-3'

5'-tttgGTCTTTTCGTCCAACAACA-3'

5'-TCTCCATTCAGAAAAGCTATCTT-3'

5'-GAAATAAGACCTGCCTAAAAAA-3'

5'-ggTTCTATAAGAAGTAGGGGC-3'

5'-tttgCCTTTGACTGGTCAAAC-3'

5'-CAGTCAGTCCTAGATCATTAT-3'

5'-ttaTGGTTAGGTCGGCGAAC-3'

5'-ATGCTGTTAGGTGTCACTGG-3'

5'-ccGCCTTCAGACCTTTAGTT-3'

5'-cccGGATTTTCCATCCTCCT-3'

5'-ATGACCAAGAGTTCTACTG-3'

5'-AGATGCGATCATATACCAA-3'

5'-ACGTTGACGATATTCCTT-3'

5'-TCTCATCGAAATCCTTCA-3'

5'-GGTTTCTGCTGAGCTGG-3'
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3'

5'-ACGTTGGATGGATAAATCTAAAGGAGTTCGG-

5'-ACGTTGGATGTGAGAGAACCCTTCCTTCAG-3'

5'-ACGTTGGATGAGCAGAAATGGTGGATCGTC-3'

5'-ACGTTGGATGTCTGAGGAATCCGATTTGCC-3'

5'-ACGTTGGATGCATCCTCACATTGTAGGGAA-3'

5'-ACGTTGGATGCTAGTGCAAACGATCGACAG-3'

5'-ACGTTGGATGAGAAGAGTATTCTCTCTCCC-3'

5'-ACGTTGGATGTAGACAGTCTATGACAGCGG-3'

5'-ACGTTGGATGACTCGACATTCAGGTTCCTC-3'

5'-ACGTTGGATGGGCCATTTTTCTATCACTTAG-3'

5'-ACGTTGGATGTTTGGTAGCTCCTCTCTTGG-3'

5'-ACGTTGGATGAGAAAGTGATGGGATTGGTG-3'

5'-ACGTTGGATGGGAAAGAGAGCTTAGAGAGG-3'

5'-ACGTTGGATGGTATAAAAATAATGAACAAC-3'

5'-ACGTTGGATGAAATTTTGAGTAAAACAGA-3'

5'-ACGTTGGATGGTCTAAACATGCATTCATC-3'

5'-ACGTTGGATGGTCCTAAGACTGACAAACATC-3'

5'-ACGTTGGATGAAGGATGGCTAGTTGTTGGC-3'

5'-ACGTTGGATGAGTGCAAGTATTGCAAGAGG-3'

5'-ACGTTGGATGTTGGTCTAGAAAGGCCAAAG-3'

5'-ACGTTGGATGGTTCGACCTTGTTTGCGTTG-3'

5'-ACGTTGGATGATTTTTCGTCCCCTTGAGAG-3'

5'-ACGTTGGATGCACTCACAACAGACTCAGAC-3'

5'-ACGTTGGATGGATAAGCATGGCGACGGAAG-3'

5'-ACGTTGGATGCCTGAAGTCCCATCTGTATG-3'

5'-ACGTTGGATGCCTAGCTATCAAAGGCTCAC-3'

5'-ACGTTGGATGCATCACAATTCCCACACCAC-3'

5'-ACGTTGGATGGGCGTTCATTATCTCCATCC-3'

5'-ACGTTGGATGAGGCTGCTAAAAGTCTGACC-3'

5'-ACGTTGGATGAAAGTATGGTTGGCTGGAGG-3'

5'-ACGTTGGATGGCATGGGCTAATTTTGACCG-3'

5'-ACGTTGGATGGATTAAGACTTCCACTTTCCC-3

5'-ACGTTGGATGTCTTCTCTAACTCTAGCCTC-3'

5'-ACGTTGGATGCCTCTCTAATTCTGCAATTC-3'

5'-ACGTTGGATGGCTAACAAGACCGATTACAC-3'

5'-ACGTTGGATGAGGATGTAGGATGCTTCACC-3'

5'-ACGTTGGATGTCAGGGAAGGGATAAGGTTG-3'

5'-ACGTTGGATGCCTTCATTGATGGCTGATTG-3'

5'-ACGTTGGATGCGTGCCAATTGCTACATTAG-3'

5'-ACGTTGGATGTGGATGGCAAAGTCGATCTC-3'

5'-ACGTTGGATGGCTTCAGGACTATCTTCAAC-3'

5'-ACGTTGGATGAACACTCAAGGATGCTCCAC-3'

5'-ACGTTGGATGGTCCTAGGGTTTGGATTTGG-3'

5'-ACGTTGGATGCACCATCAATCTATTACATGC-3'

5'-ACGTTGGATGGACTTTCCTTGAATGTAAG-3'

5'-ACGTTGGATGCCGTTTGAGCCATATGTTATA-3'

5'-ACGTTGGATGGTTATTATAATAAGATCTAA-3'

5'-ACGTTGGATGGGTCTGACAAGTGTACATTC-3'

5'-ACGTTGGATGGGCCCAGACTATAAACTTCC-3

5'-ACGTTGGATGCTTAGTCTCAGTCTTTTGGC-3'

5'-ACGTTGGATGTTGGGTTTATGGAGAAGGGC-3'

5'-ACGTTGGATGAGTTCTCCCCCAGATTTCAG-3'

5'-ACGTTGGATGGAACCCCATTATCTATGAGG-3'

5'-ACGTTGGATGGGGTATCCAAAGCTGTGAAG-3'

5'-ACGTTGGATGAACGAAAGCGAGACACAGAC-3'

5'-ACGTTGGATGTTAGAAAGAGGAAAGAAGGG-3'

5'-ACGTTGGATGTGCCGTAGGATCTATGGTAG-3'

5'-ACGTTGGATGTTTCGAAGCAGCAGTATCCC-3'

5'-ACGTTGGATGAATTGGTGCCTTGCCTTTCC-3'

5'-ACGTTGGATGGCAAAATAGGCTAGGAGGAG-3'

5'-ACGTTGGATGAAAGGGAAAGCAAAGAGCGG-3'

5'-ACGTTGGATGGTACTAACAAAGAGCATTT-3'

5'-gagGGAGTTCGGTACAAAGA-3'

5'-TGCTGCGAAATCTGATTATC-3'

5'-GGGTTGAAGTTCTCTTGGA-3'

5'-ctCTTAGAGCTTTGGCCTC-3'

5'-cGTTGTCATCACAGTTCTC-3'

5'-GGTGCAACCAATGCATGG-3'

5'-ATTCTCTCTCCCAAATCC-3'

5'-GCGGTTATGAAATCGCT-3'

5'-TCCATAGCCCGAATCAT-3'

5'-CATTTTTCTATCACTTAGATCATTATT-3'

5'-tcttAGAGGACTCTTCATTCTTCTCTT-3'

5'-ccctTGATGGGATTGGTGAATAGGGC-3'

5'-cctatAGCTTAGAGAGGAAGACGTAT-3'

5'-AAAATATTAACAAATTACATAACGAC-3'

5'-AAATTTTGAGTAAAACAGAACTAAA-3'

5'-AACATGCATTCATCATATTTCATAT-3

5'-cttcCAAACATCTTTTGTTCATCAG-3'

5'-gtgtGGCATGAGCATTTAATGCAC-3'

5'-GAGGATTGATTAGAAATTTGATT-3'

5'-gtggcAGTTGTTTGCTCTCCAGC-3'

5'-ccccCGTGAGCGTGGCCGAACTT-3'

5'-cctcCCCCTTGAGAGGTACTTA-3'

5'-aCTTCCAACTAGACTTCAATAT-3'

5'-tgctAGGATGGCAATGAATGG-3'

5'-ttttTGTATGGGACTCCAGGC-3'

5'-ATGATCTATAGCGACGATTTT-3'

5'-tCACTCTATCCATGTACTCCT-3'

5'-TCCACATCCAAGTGGATGTC-3

5'-AAGTCTGACCAACTAATCTA-3'

5'-ggAGTGATTCCCCAGGGGT-3'

5'-CAAAAAGCCAAACAATGTC-3'
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5'-ACGTTGGATGTGTGTGGTCCATTAACTATG-3'

5'-ACGTTGGATGAGCCATACGTTCTGATCACC-3'

5'-ACGTTGGATGAGAGACTCATCTAGTGCTTC-3'

5'-ACGTTGGATGGTCGGTCACAGTGACAGATG-3'

5'-ACGTTGGATGCTAACTAGAGCTTGTCCAGG-3'

5'-ACGTTGGATGAAGCCAAAATTGGCTGACAC-3'

5'-ACGTTGGATGACAAGTTACTAGTCCATAG-3'

5'-ACGTTGGATGGGGTCAAATTACACCTATTG-3'

5'-ACGTTGGATGTGTGCAAGCTTCAGAGATCC-3

5'-ACGTTGGATGAGTAGTAATTTATCCTATTC-3'

5'-ACGTTGGATGGAGGAATGGGTGGCTAACAA-3'

5'-ACGTTGGATGGAAAAATGGCAGGTGTTGTC-3'

5'-ACGTTGGATGCATTTATGATAGAAAATAATC-3'

5'-ACGTTGGATGGGGTAGTGAGTAGATACTAA-3'

5'-cctCTTGAATGAAAATTCTCATCC-3'

5'-cccCCAACTTTGAGATGCCTGCTT-3'

5'-CAAGGGTATCTTTATTCCTTCTC-3'

5'-ggtcCAGTGACAGATGGGTCCG-3'

5'-ttatCTTGTCCAGGTCAGAAAA-3'

5'-AATTGGCTGACACTTGTAATA-3'

5'-tacTCTTCTAGTGGTTCTCCT-3'

RESULTS AND DISCUSSION
Draft Genome Assembly and Bioinformatics Analysis
Approximately, 2.2 Gb genome size of MYD was successfully constructed using the de novo
assembly approach. Quality check was performed on raw reads to remove reads with length
less than 36 bp (< 36 bp), and reads with Phred-score lower than 20 (Q < 20). Table 2 shows
the number of raw reads and clean reads of MRD and Tagnanan.
Table 2. NGS input, quality check, and final reads used for the mapping process
MYD

Tagnanan

Input read pairs

236,447,498

330,404,384

Clean read pairs

224,026,540 (94.75%)

311,544,750 (94.29%)

Low quality reads

990,160 (0.42%)

1,450,882 (0.44%)

* Reads without their respective pair (forward only and reverse only surviving) were not listed.

Using BWA, 81.19% of MRD’s and 80.22% of Tagnanan's short reads were
successfully and mapped to the MYD draft genome.
SNP Mining and SNP Selection
Mining of SNPs using Freebayes identified 13,170,481 and 28,260,917 SNPs in MRD and
Tagnanan, respectively. Of these, only 100 SNPs were selected for the validation process
using Agena mass array.
SNP Genotyping MATAG F1 and MATAG F2
SNP genotyping using 100 potential SNPs showed no polymorphic SNP between MATAG F1
and MATAG F2 samples. This might be due to high stringency of SNPs filtering criteria.
Further SNPs mining of MATAG F1 is underway.
CONCLUSION
A total of 100 coconut SNPs was identified and validated using Agena mass array. No
polymorphic SNP was found between MATAG F1 and MATAG F2. Hence, identification of
potential SNPs will be mined and validated in the future study.
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INTRODUCTION
According to the Food and Agricultural Organization, food safety and pesticide residues
continue to be a major global concern that needs to be addressed. One of the pesticides that
have been used extensively in agriculture is dithiocarbamate (DTC) group includes zineb,
maneb, mancozeb and thiram. DTCs are mainly used for control of a variety of fungal diseases
on seeds, fruits and vegetables due to their antibacterial and antifungal properties. Although
DTC is low in toxicity, their degradation products are suspected

to be carcinogenic,

goitrogenic and mutagenic [1].
Generally, Malaysia set the Maximum Requirement Performance Limits (MRPLs) for
DTC is at 10 ppm (mg/kg) meanwhile, Singapore set the MRPLs at 2 ppm (mg/kg) for most
vegetables. Currently, DTCs are detected by conventional methods such as HPLC and GC
based on the CS2 groups [2]. However, these methods are expensive, time-consuming,
requires trained personnel and must be performed in the laboratory [3]. The objective of this
study is to establish the use of MARDI IoT-Biosensor prototype for on-site detection of DTCs
in vegetable samples (lettuce and tomato) to fulfil the demands for routine large sample
screening and quality monitoring in the field.
MATERIALS AND METHODS
Development of Standard Curve of Dithiocarbamates in Sample Matrices
The standard curves of DTCs were developed in sample matrices (lettuce and tomato) by a
matrix match method. A serial dilution of DTC standard solutions was spiked into each sample
extraction solution (0 - 10 ppm). The measurement was done by chronoamperometric
technique at -0.2 V, for 200 s, triplicates using the modified and immobilised biosensor probe
(SPE). A linear graph of current (microampere, µA) against the concentration of DTC standard
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solution was plotted at various concentrations. The limit of detection (LOD) of each DTC also
was determined.
Application of Real Vegetables Samples
Application of real vegetables samples was carried out from samples obtained from ‘Pasar
Tani Pagi’. All samples were analysed on-site by using MARDI IoT-Biosensor prototype and
then validated by gas chromatography – Electron Capture Detector (GC-ECD) in the
laboratory. The samples were extracted using a simple extraction method such as weighing
sample, adding 35 mL extraction buffer (phosphate buffer) and blend with blender for 1 minute,
filter through the top of blender and collect the sample extraction solution for measurement.
Only 10 µl of the sample extraction solution was needed for measurement of DTC, followed
by adding 30 µl of 0.1M phosphate buffer, 10 µl of 5 mM propionaldehyde (enzyme substrate)
and 10 µl of 0.02M ß-NAD (co-factor) for complete enzyme inhibition reaction. This
measurement was carried out by chronoamperomety technique at -0.2 V for 200 s.
RESULTS AND DISCUSSION
Development of Standard Curve of Dithiocarbamates in Sample Matrices
The standard curves of DTCs in sample matrices were successfully developed using the
MARDI IoT-Biosensor prototype reader as shown in Figure 1 (lettuce) & Figure 2 (tomato).
The detection limit (LOD) of each dithiocarbamate in lettuce was 2.236 mg/kg (zineb), 0.959
mg/kg (maneb), 1.605 mg/kg (mancozeb) and 1.680 mg/kg (thiram). Meanwhile, in tomato
was 0.855 mg/kg (zineb), 0.684 mg/kg (maneb), 0.384 mg/kg (mancozeb) and 0.572 mg/kg
(thiram).

y = 1.9629x + 681.59
R² = 0.9433
Current, I(µA)

Current, I (µA)

y = 1.7358x + 684.49
R² = 0.9263

Concentration of Zineb, ppm (L)

Concentration of Maneb, ppm (L)
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Current, I (µA)

Current, I (µA)

y = 1.1493x + 684.08
R² = 0.9032

y = 2.3074x + 684.69
R² = 0.9294

Concentration of Thiram, ppm (L)

Concentration of Mancozeb, ppm (L)

Figure 1. Standard curves of zineb, maneb, mancozeb and thiram in lettuce matrices

Current, I (µA)

y = 1.851x + 678.59
R² = 0.9702

Current, I (µA)

developed by using MARDI IoT-Biosensor prototype

Concentration of Zineb, ppm (T)

y = 1.2501x + 678.42
R² = 0.951

Concentration of Maneb, ppm (T)

y = 1.4949x + 676.72
R² = 0.9671

Current, I (µA)

Current, I (µA)

y = 2.2282x + 677.6
R² = 0.9456

Concentration of Mancozeb, ppm (T)

Concentration of Thiram, ppm (T)

Figure 2. Standard curves of zineb, maneb, mancozeb and thiram in tomato matrices
developed by using MARDI IoT-Biosensor prototype
Detection of Dithiocarbamates in Vegetable Samples using MARDI IoT-Biosensor
Prototype
Application of real vegetable samples was carried out at ‘Pasar Tani Pagi, Serdang’ towards
both lettuce and tomato. The summary of dithiocarbamate detection is shown in Table 1.
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Table 1. Summary of sampling at location 1 (Pasar Tani Pagi) which measured by using
MARDI IoT-Biosensor prototype

CONCLUSION
The MARDI IoT-Biosensor prototype is a cost-effective method which offers a simple, rapid,
sensitive and selective method to detect zineb, maneb, mancozeb and thiram in vegetables
(lettuce and tomato). This technology is more user-friendly and can be used in the field with
minimal training. In addition, this quantitative method can facilitate routine large sample
screening and quality monitoring in the field.
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INTRODUCTION
Malaysia exported a total of 3,184 MT of fresh rambutan, Nephelium lappaceum in 2016 with
a value of RM5.8 million. Major importing countries were Singapore, Thailand, Chinese Taipei,
Saudi Arabia, Netherlands and Indonesia. Rambutan planting area decreased from 17,016 ha
(2012) to 15,386 ha (2016) due to the lack of fruit quality and has a very short fruiting season
about 2-3 weeks only [1,2]. The objective of this research was to develop a new superior
rambutan clone towards revitalizing the existing Malaysian rambutan industry.
MATERIALS AND METHODS
Mutiara Wangi was developed since the last three decades, through conventional
complemented by molecular approach. Three comprehensive breeding procedures were
adopted viz. development of F1 progeny, evaluation and selection of promising progeny and
followed by implementation of Stepwise Culling. Development of Selection Index and study
on Reproductive System were also carried out. The Selection Index was developed to identify
the best progenies. Thirteen desirable traits (with their weightage) were examined and
recorded. Six plant characteristics including dwarfness (10), early or late season (2), fruiting
ability (6), resistance to pests and diseases (12), annual bearing (3) and vegetative
propagation (13), while seven fruit characteristics namely fruit size (5), number of fruit per
panicle (11), fruit appearance (4), detachable aril (1), TSS % (7), aril recovery (8) and aril
texture (9) [3] were considered in the assessment.
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RESULTS AND DISCUSSION
Characteristics of Mutiara Wangi
A 5-year-old Mutiara Wangi plant produces 26.2kg of fruit compared to R191 (18.5kg/plant)
as shown in Table 1. Mutiara Wangi (Figure 1) is oval, weighs 37.2g, whereas R191 is ovoidroundish, and weighs 35.2g. Mutiara Wangi has strong aroma, crunchy-dry and detached with
semi-testa aril compared to R191 which has medium aroma, firm dry and detached with testa
aril. Both clones are equal in sweetness (21-22⁰Brix) aril recovery (48.3-49.5%), and have
attractive red skin with green spintern when ripe. Mutiara Wangi matures 2-3 weeks earlier
than R191, which is mature at peak season (Figure 2).
Table 1. Performance of Mutiara Wangi compared to Anak Sekolah R191
No. Characteristics

Mutiara Wangi

R191

1.

Yield per plant (5 years)

26.2kg

18.5kg

2.

Fruit weight

37.2g

35.2g

3.

TSS %

21.8%

21.2%

4.

Detachable aril

With semi-testa

With testa

5.

Aril texture

Crunchy-dry

Firm-dry

6.

Aril recovery

48.3%

49.5%

7.

Aril aroma

Strong

Medium

8.

Fruit production

Early 2-3 weeks

Peak season

9.

Fruit shape

Oval

Ovoid-roundish

Mature skin colour

Red

Red

Green

Green

****

***

Spintern colour
10.

Acceptance score
*

- not good

***

- check variety R191

***** - very good
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Figure 1. Mutiara Wangi

Figure 2. Ripening Segregation of F1 progenies compared
to Mutiara Wangi
Consumer preference of Mutiara Wangi
Consumer preference study shows that Mutiara Wangi is more favourable than R191.
Status of Innovation
Mutiara Wangi package technologies were completed. The IP-PVP was obtained namely
MNEP-2. Mutiara Wangi was launched on July 29, 2018 by the Y.B. Minister, MAFI.
Novelty and Originality
Mutiara Wangi is believed to be the world’s first rambutan clone released through proper
breeding program. This clone is more superior than commercial clones with early production
to prolong the season.
Market and Commercial Potential
Mutiara Wangi worth more than RM20 millions and becomes an alternative clone to industry
and growers. This clone has potential to replace current commercial variety R191 due to
superior and widely acceptance by consumer. Mutiara Wangi has been commercialized in
Johor with the expansion of more than 30 acres planting area in 2019.
Applicability of Invention
The introduction of Mutiara Wangi could leave a significant impact on various stakeholders
including growers (better ex-farm price of a new superior clone), consumers (new clone with
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better quality and taste), processing and canning industry (boost industry with early season
clone), exporters (quality, continuous and secure fruit supply), country (increase national
revenue), and MARDI (benefit from the sale of planting materials and being recognized as a
centre of excellence).
CONCLUSION
In the near future, Mutiara Wangi is expected to replace current commercial variety R191. This
clone will boost the national rambutan industry and becomes a major fruit crop for export
market.
ACKNOWLEDGEMENT
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INTRODUCTION
Sweet corn is widely cultivated in Malaysia with the total production of 84,170 metric tonnes
(MT). Perak is the main producer with 19,784 MT followed by Johor (11,753 MT) and Sarawak
(10,388 MT) [1] Sweet corn hybrids potentiality gave higher yield other than the synthetics or
composite seeds. Currently, the seeds planted throughout the country are imported from
Taiwan, Thailand and China. The risks of imported seeds, mainly hybrid seeds are of higher
price and uncontrolled seeds quality. Hence, farmers are depending on imported hybrid seeds
due to the low quality of the local varieties (late in maturity, less sweet and high incidence of
pests and diseases). MARDI has initiated research (R&D) to develop new sweet corn hybrids
with high fruit quality and high tolerance/ resistance to leaf blight disease in 2010. This study
started with the development of local sweet corn inbred and followed by hybridization to
generate F1 hybrid population. The objective of this study was to develop new sweet corn
hybrids with high fruit quality and resistance to leaf blight disease for local consumption.
MATERIALS AND METHODS
Eighteen sweet corn varieties consisted of seventeen commercial hybrids and one open
pollinated variety were evaluated at MARDI experimental plot in Serdang, Selangor. The
varieties were included ‘Improved Masmadu’, ‘926’, ‘Hibrimas’, ‘Darling BC’, ‘Taiwan Super
Sweet’, ‘Honey’, ‘Bright Jean’, ‘Sweet BC’, ‘Honey Jean No.2’, ‘Sweet Corn’, ‘King Corn’,
‘HCKC’, ‘HC’, ‘Megatron 530’, ‘615’, ‘Golden Corn 293’, ‘601’ and ‘602’. The trials were
conducted in four replicates in RCBD plot design over two seasons. Pest and disease
management and standard fertilizer regime were adopted based on the technology manual of
sweet corn planting (2005) [2]. The data collected includes number of ears, husked ear weight,
dehusk ear weight, ear diameter, circumference, ear length, number of kernel/rows, number
of kernel/lines, total spoluble solid (TSS) and the percentage of fruit borer symptoms. The
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incidence of leaf blight disease on the plants was also observed and monitored, accordingly.
Five potential varieties were identified and will be used as starting materials in sweet corn
breeding program. Inbred lines were developed through recurrent selection and hybrid
populations were generated from the combination of these inbreds as their parents. All the
hybrids were evaluated in the field and the best potential hybrids were selected and identified
for further screening.
RESULTS AND DISCUSSION
There were significant differences on fruit characters of the eighteen (18) sweet corn varieties
(Table 1). ‘Sweet Corn’ gave the highest ear weight with 620g followed by ‘Hibrimas’ (608g)
and ‘601’ (540g). However, ‘Megatron 530’ gave the highest dehusk ear weight with average
324g followed by ‘King Corn’ (320g); ‘Goldern Corn’ (304g) and ‘926’ (300g) (Table 2). The
‘Sweet Corn’ and ‘Improved Masmadu’ have a good sweet taste with average TSS of 16 and
170 Brix, respectively. However, the ‘Sweet Corn’ variety showed high symptom of fruit borers
and leaf blight disease incidence compared to other eighteen sweet corn varieties. The five
potential varieties were ‘Bright Jean’ (C84), ‘Megatron 530’ (C106), ‘Honey Jean No.2’ (C83),
‘King Corn’ (C107) and ‘Taiwan Super Sweet’ (C104) [3]. The recurrent selection process until
the seventh (7th) generations generated five inbred lines with stable, uniform and homogenous
qualities (Table 2). Twenty-two F1 hybrids were developed using these selected inbreds and
the potential hybrids were identified based on their plant performances, fruit quality and high
tolerance to leaf blight disease. Five hybrids showed good performances with maturity period
of 64 to 68 days after planting with an average plant height of 210-230 cm, average ear weight
of 350-500g with 150 Brix sweetness. Two hybrids performed better performances in terms of
plant growth, favourable ear characteristics and low incidence of leaf blight disease with
average plant height of 200 cm, maturity period at 66 days after planting, yield with an average
of 350g ear weight and 17o Brix sweetness.
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Table 1. Fruit quality traits of eighteen (18) sweet corn varieties/ hybrids
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CONCLUSION
Local sweet corn hybrids with high fruit quality and resistance to leaf blight disease were
successfully developed. These two selected hybrids will be further tested under different
environments and across locations to identify the most outstanding and stable sweet corn
hybrid to be introduced to local farmers. The multi-locational trials need to be done to support
the findings of new MARDI sweet corn hybrid production for local consumption.
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INTRODUCTION
Cauliflower (Brassica oleracea var. botrytis) is one of the popular temperate vegetables in
Malaysia due to its high nutritional content, its taste and its long shelf life. The per capita
consumption of cauliflower among Malaysian is 1.95kg a year [1]. The plant needs cool
temperature between 15 - 25° C for its growth. As a result, local production is very limited and
concentrated in highland agricultural areas. Although there are tropical cauliflower hybrids
available in local markets, but the scarce of information and guidelines from reliable source
make the grower less confident to initiate large scale planting in lowland. To meet the
consumer demand, our country has imported cauliflower from abroad especially China. In
2018, the import value of cauliflowers from China alone is RM283 million [2]. To reduce
dependence on imports, MARDI has embarked on efforts to produce lowland cauliflower
production technology. The research began with the screening and evaluation of heat
tolerance cauliflower varieties, development of standard operating procedure (SOP) for
lowland cauliflower cultivation, SOP for pest and disease management and SOP of postharvest management. Development of lowland cauliflower production technology involves a
multidisciplinary approach to support and produce a complete technology for local farmers.
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MATERIALS AND METHODS
Research Approach

Activities

Output

Collection of genetic
materials of cauliflower

2016-2018 Collection of cauliflower hybrid
seed available in local market / companies

11 cauliflower hybrids
obtained

Evaluation and selection

2018: Screening of eleven commercial
cauliflower hybrids under rain-shelter structure

9 hybrids able to form curd. 5
potential hybrids determined

Screening for heat
tolerant and high quality

2019: Evaluation the performance of
cauliflower hybrid

2 hybrids shortlisted

Validation the
performance of the best
cauliflower for lowland
and development of
production technology of
lowland cauliflower

2019 - 2020:
 Evaluation the yield performance,
 Fertilizer application and planting density
evaluation,
 Pest and disease management for lowland
cauliflower,
 Post-harvest handling method.
Economic analysis for viability assessment

Enhancement of
production technology of
lowland cauliflower

2020:
Analysis of phytonutrient content of lowland
cauliflower
Development of downstream product from
cauliflower leaves

.

 Hybrid C2 (1360) identified
as the best cauliflower
hybrid for lowland
 Cultivation manual of
lowland cauliflower were
published
 Information on
phytonutrient content of
lowland cauliflower were
obtained
 Product from cauliflower
leaves were developed:
Kimchi, food ingredient,
cauliflower leaves crisp

RESULTS AND DISCUSSION
This research contributed to 3 novelties in agricultural sectors in Malaysia:
1) Identification of the Best Cauliflower Hybrids for Lowland
Screening and evaluation were conducted under rain-shelter structure in vegetable research
plot MARDI Serdang, Selangor. The objectives of the screening were: 1) to observe and
measure the performance of cauliflower hybrids under Malaysian lowland agroclimatic: ability
to grow and form curd 2) to assess the quality of curd produced. Out of eleven (11) cauliflower
hybrids, nine (9) hybrids were able to produced curd (Table 1) of different qualities [3,4,5].
Five (5) hybrids with potential of producing good quality curd were further analysed and from
the experiment, two were shortlisted which were C2 and C10 [5]. From advance validation
studies hybrid C2 were found to have the best curd quality and stable yield performance. The
summary of the C2 performance is shown in Table 2.
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Table 1. The curds from nine cauliflower hybrids

C1

C2

C7

C8

C3

C4

C9

C10

C6

Table 2. Summary of performance of lowland cauliflower C2 (1360)
Vegetative

Plant height

25 – 30 cm

traits

Plant spread

80 – 90 cm

Days to 50% curd
Reproductive
traits

Curd quality

initiation

55 – 60 DAT*

Days to harvest

75 – 85 DAT

Duration for maturity

20 – 25 days

Curd Fresh weight

400 – 450 g could achieve 600 g using fertigation method

Curd Diameter

16 – 19 cm

Curd colour

Yellowish, Creamy white. Could produce white curd if
blanching technique applied

Compactness

Compact

Phytonutrient content

Higher quercetin level than highland cauliflower

DAT: days after transplanting

2) Development of Cultivation Manual for Lowland Cauliflower
The Cultivation Manual for Lowland Cauliflower (Figure 1) consist of information based on the
finding from scientific experiments. From sowing of cauliflower seeds, preparation of planting
beds, irrigation, cultivation systems and fertilizer rate recommendation are some crucial
information that available in the manual. This manual also provide recommendation for pest
and disease management to well equip the potential grower. The chain of production also
continued with technology package for post-harvest handling method. Economic analysis to
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assess the viability were also conducted to provide the stake holder with holistic information
[6].

Figure 1. The Cultivation Manual for Lowland Cauliflower Under Rain Shelter Structure
3) Development of Down Stream Product based on Cauliflower Leaves
The cauliflower curd contributed only 20 - 25% the total biomass of cauliflower plant. Usually,
the vegetative part such as leaves, stem and roots will be discarded. The potential use of
these materials was thus explored by developing down-stream products (Figure 2).

A

B

C

D

Figure 2. Products from cauliflower leaves A: Kimchi, B: Noodle, C: Crips D: Leafy
vegetables
Higher level of quercetin content in lowland cauliflower as compared to highland
cauliflower (Table 3) may increase additional value of lowland cauliflower at the same time
eliminate the tedious work of blanching the curd.
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Table 3. Level of quercetin (µg/g) in cauliflower
Type of cauliflower
Phytonutrient (quercetin)
content (µg/g)

Lowland cauliflower
Without blanching

With blanching

16.58

8.72

Highland cauliflower

4.88 - 5.12

CONCLUSION
This technology may provide specific guidelines on the production of temperate vegetables
especially cauliflower and generals know-how for Brassica crop. Economic analysis
determined its viability for commercial scale of at least 1 ha. The positive acceptance of this
technology by stakeholders may help broaden the cultivation area for cauliflower thus reduced
dependency on highland planting area and dependency on import cauliflower. In the long run,
it will also accelerate the prospects of planting more temperate vegetables in the lowlands.
*Note: This technology was officially launched by the Agriculture and Food Industries
Minister, Datuk Seri Dr. Ronald Kiandi on the 27th October 2020.
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INTRODUCTION
MARDI developed the Self-watering container (SWC) technology since 2014 to cultivate small
and medium-sized tropical fruit plants inside a pot using capillary reaction technology.
Previous SWC performed well on the capillary mechanism. However, by using injection mould
to manufacture a new type of self-watering accessory will increase the production with minimal
cost. A cartridge type self-watering is known as Self-watering Accessory Technology (SAT)
was specially designed as add on accessory inside non-hole pot using the same principle and
mechanism with SWC.
MATERIALS AND METHODS
Fabrication of SAT
The SAT (figure 1) was designed as a cartridge specifically to install at the bottom of the pot
for water reservoir and capillary particle placement function for MJ600 and GR630 commercial
pots. The SAT is round shape, with a stopper on top and a Canopytechture slot-in stem in the
middle of the cartridge. The SAT had a total dimension of 37.5cm (diameter) x 17.0cm (height)
and was made from Polyethylene (PE) plastic materials.

Figure 1. SAT

Figure 2. Mechanism of SAT
(illustrated by hafeifi)
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SAT Compartment
After SAT was installed, three compartments were formed (Figure 2). The first compartment
is the reservoir. The reservoir function as water storage. The reservoir can store up to 15 litres
of water. The second compartment is particle area which consists of 5 litres space used for
capillary action from the water reservoir to media. Perlite is the ideal mineral for particle
capillary. The third compartment is 50 litres space for planting media. The suitable media
combination is peat moss, topsoil, perlite and vermiculite with the volume range of 2:1:1:1.
Advance Planting Material (APM)
APM is mature planting materials grown in the nursery for 1-3 years old with 90-120cm height
and 2.5-3cm stem width. The APM was used for yield performance in the SAT system. The
selected plants were Dwarf Pomelo, Ambarella, Guava var Lohan, Water Apple and
Calamansi.
SAT and Conventional Pot comparison
The main factor for comparison was the frequency of watering. The frequency of watering
was calculated based on water refill when the media moisture reading was less than 20%.
Another comparison was the physical size, maintenance and cost of production.
RESULTS AND DISCUSSION
Crop Yield Performance in SAT
Table 1. Evaluation of crop yield performance on SAT
Crop

Fruit no/ stalk

Weight of fruit (g)

Yield frequency (month)

Dwarf Pomelo

1-9

411-550

once

Ambarella

9-15

50-70

once

Guava

2-3

300-400

once

Water apple

7-12

150-300

2-3 times

Calamansi

13-21

32-55

always

APM planted in SAT was successfully grown and producing fruits. Plant fruit number/stalk,
weight and yield frequency is shown in table 1. The dwarf pomelo, ambarella and guava can
be harvested once a month while water apple can be harvested 2 to 3 times a month.
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Water Uptake Comparison
Table 2. Comparison of watering interval for SAT, SWC and Conventional Pot
Watering interval (days) @ 15 litres
Crop

POT

SAT

Conventional

Dwarf Pomelo

3.50

1.50

Ambarella

4.30

1.00

Guava

3.75

2.00

Water apple

3.50

1.25

Calamansi

5.15

1.25

Min

3.00

1.00

Max

5.00

2.00

Mean

3.90

1.40

Std. Dev.

0.598

0.502

The water storing in SAT will last for 3-5 days while conventional pot will only last for 1-2 days.
(Table 2). This is due to the dependency of conventional pot on the porosity and water
retention of media, whereas SAT have longer water storing ability.
Physical Comparison
Table 3. Comparison of physical appearance for SAT, SWC and Conventional Pot
Criteria

SAT

Conventional

375mm x 170mm

600mm x 400mm

Planting medium space

50 litres

75 litres

Capillary Particles space

3 litres

-

Reservoir space

12 litres

-

Dimension (width x height)

Table 3 shows that the SAT was developed on compact size and enough space of capillary
particles and water reservoir compare to conventional pot. By assembling the SAT into nonhole conventional pot, it will improve the water storage by adding a water reservoir in the pot.
It will also improve the water use efficiency by facilitating water movement through the capillary
particle space.
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CONCLUSION
SAT was the first concept of cartridge type for MJ600 and GR630 commercial pot model using
the self-watering concept. The design, comparison study and growth performance of SAT
were completed. SAT can store water at the range of 3-5 days interval on the studied plant
samples. The water will be used efficiently and the labour work on watering maintenance will
reduce. This potential technology is a prospective for urban farmers, local landscape
authorities, any urban orchard and landscape market. SAT can be utilised for future study on
indoor cultivation using artificial lighting and control environment.
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INTRODUCTION
Coconut is a crop that can survive in the minimum sattention of the owner. It was known as a
lazy man crop because of the least attention given to them. In spite of that, coconut palms
continue to give a benefit to the owner. Its gives fruits as food as well as income sources,
leave that can be used for shelter and trunk for building. Classically, coconut all over the world
can be classified as tall, dwarf and hybrid. The entire tall’s and dwarfs were mostly a results
of long term selection by farmers based on their economic preference whilst the hybrids were
developed by intercrossing of the Tall and Dwarf in different combination.

Hybrids were

developed in an intention to gather as many as possible, all the good characters in one palm.
A character such as good adaptation to wide environment differences, early flowering and
most important is higher yield, compared to the traditional varieties. MARDI, as the national
institute of agricultural research, involved herself in hybrids development program. Some
promising hybrids already been planted by farmers and private companies, whilst some were
in an early stages of evaluation. Hybrid CAMEY is one of the latest hybrids developed by
MARDI. The male parent is Malayan Yellow Dwarf and the female parent was the Cameroon
Red Dwarf (CRD). The importance features of the dwarf x dwarf hybrid is their high genetic
homogeneity since both parents are close to be pure lines (Batugal et al. 2009)
MATERIAL AND METHODS
CAMEY was developed by crossing Cameroon Red Dwarf (CRD) as the female parent and
Malayan Yellow Dwarf (MYD) as a male parent. Coconut is a monoecious plant where both
male and female flowers are together on the same palm, in fact together in one closure known
as an inflorescence (Figure 1). Some modifications had to be done to make the palms male
or female parents.
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Figure 1. The male and female flowers of a coconut palm
Pollens were collected from the matured flowers of MYD. Male flowers attached to the spikelet
were separated, crushed open and then oven dried for 24 hours at 300C. Pollens were then
collected through sieving of the dried flower. For the female parent, the inflorescences with
nearly matured female flowers (button) have to be forced open and emasculation had to be
done carefully to prevent self-pollination. The whole emasculated inflorescence will be bagged
and pollens were sprayed whenever there was a mature or receptive button. Receptive button
had a drop of nectar at the tip of it. Seven to ten days after the last pollination, the bag was
removed to let the button grow into a mature nut. The matured nuts were sown in the nursery
and selection had been done when the seed germinated. Only seeds with the germination bud
color other than red will be considered as hybrid seedlings. These seedlings had been
transferred into a polybag and field planted eight months later. The growth data were recorded
six months after planting and continued every six months until the palm mature. Yield as well
as nut data analysis had been done for every two months.
RESULT AND DISCUSSION
The pollen was collected in the powdered form. It should be kept in the -40C and should be
used within one month. From the whole inflorescence of MYD, less than 5g of pollen was
collected. Non-perfumed talcum will be added to the pollens to increase the mass before
being sprayed to the receptive button for crossing. The average number of hybrid seed
obtained in coconut crossing was 3. This was a normal number of successful harvested hybrid
seed nut. Even though the number of button was quite high, most of it will fall before mature.

39

Table 1 shows the number of germinated seed nuts after 14 weeks of sowing in seed bed. A
total of 104 nuts germinated in within the 14 weeks period from a total of 109 seeds sown.
Table 1. Number of germinated CAMEY seed nuts in a 14 weeks period.
Week

1

2

3

4

5

6

7

8

9

10

11

12

13

14

No of nuts
germinated

4

13

14

9

10

10

2

5

5

15

8

4

1

4

The seed germination on sowing and the time taken for germination was influenced by the
variety and seasons (Whitehead 1965; Satyabalan 1993). There are two peaks period of
germination for the CAMEY seeds i.e. the 3rd and 10th week after sowing, and another smaller
peak at the 6th weeks. The nuts that germinate earlier were correlated with the early bearing
and high yield palms (Whitehead 1965; Satyabalan 1993). Base on this theory, 50% of the
CAMEY palms will be a high yielder and early bearing. It has been found that the smaller
number of days for germinating and size of girth at collar, was related with high yielders
(Whitehead 1965; Satyabalan 1993).
Fifty percent of the CAMEY population started flowering at the age of 30 months after planting.
It was two months earlier than the other hybrids developed using CRD as a mother palm.
Another hybrid that was achieved the 50% flowering in 30 months after field planting was
CARENI. This is much earlier compared with the Malayan Tall (MT), the traditional variety
that takes more than 60 months for the 50% flowering.
Table 2. CAMEY and Malayan Tall growth characters at the age

Variety

Frond
number

New
emitted
frond

Trunk
circumference
1 (cm)*

Trunk
circumference2
(cm)**

Trunk
height
(cm)

Petiol
length
(cm)

Rachis
length
(cm)

CAMEY

15.84

14.48

87.56

-

-

89.14

183.04

MT

31.47

21.66

198.59

107.03

462.23

139.20

422.20

*at 20 cm above the ground **at 100 cm above the ground
The physical characters of CAMEY and Malayan Tall of the same age are presented in Table
2. As expected, CAMEY, a product of dwarf x dwarf crossing will be less aggressive in growth
compared with the MT. At the same age of three years, CAMEY posses’ half the number of
fronds compared to MT and emitted two third the number of new frond of MT.

Number of

frond is one of the important characters because this is related to the yield given by any
varieties. Normally, a single inflorescence will emerge from the axils of every frond (Niral and
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Jerrard 2018). The CAMEY trunk was not yet visible compared to MT. The trunk might be
visible at the 4th year.
Comparison of mature nut analysis of CAMEY and MT is presented in Table 3. As expected
MT is superior to CAMEY in all the features recorded. One of the reason for the very big
difference between CAMEY and MT is the age of the palm. CAMEY fruits were collected from
the immature palms whilst MT nuts were collected from the nearly mature palms of eight years
old.
Table 3. Comparison of mature nut analysis of CAMEY and MT
Variety

Fruit weight
(g)

Nut weight
(g)

Kernel
weight (g)

Copra
weight (g)

Oil
percentage

CAMEY

974.20

730.63

281.01

133.97

57.94

MT

1593.07

1061.03

413.58

209.93

62.48

CONCLUSION
CAMEY can be classified as a promising hybrid variety because the early germination and
flowering characters as shown in this study. The fact that CAMEY was developed by crossing
two dwarf varieties, the genetic variation among the hybrid CAMEY will be very minimum.
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INTRODUCTION
The contents of phytochemicals in plants are highly sensitive to the physical environment or
chemical reactions during postharvest handling such as harvesting, drying, processing and
storage, and have a significant impact on the final composition [1]. The entire post-harvest
handling chain should be standardized to ensure that the consistency of the phytochemical of
finished product and to ensure it’s free from heavy metal contaminants. Misai kucing
(Orthosiphon staminues) is a main herb listed in the High Value Herbal Products, Entry Point
Project (EPP), which is part of the National Primary Economic Area (NKEA) of the agricultural
herbal sub-sector, to be developed towards high value nutraceuticals and botanical medicines.
[2]. At this moment, there is no standard available so far that can be used to process misai
kucing. Only the processing conditions practised by the industry are the available methods [3].
Thus, farmers and entrepreneurs employ various practises that allow the phytochemical
content in the commodity to be inconsistent. This is because raw materials come from obscure
suppliers and there is no guarantee of safety. Therefore, through this study, we have
developed a package technology, standard operating procedure (SOP) and standard for
harvesting and primary processing of misai kucing for maintaining their physical quality,
phytochemical contents, free from heavy metals with acceptable microbial content limits, so
that the raw materials produced are high quality and uniform in each production.
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MATERIALS AND METHODS
Procedure is a method for setting uniform criteria to ensure and preserve quality and yield at
the optimum level in the post-harvest chain. Standardization of herbal medicines should be
carried out in a multi-mode way, as phytochemical concentrations differ depending on the
climate, soil and environment [4]. Research on the development of post-harvest procedures
involves many studies from harvesting to processing. Studies include: (1) maturity indices and
cutting frequency in three soil types; (2) effect of sanitation on quality; (3) the influence of the
pre-cooling process on the quality of storage and packaging (4) changes in quality during
drying; (5) the influence of various packaging materials on quality during storage and (6)
quality and stability of phytochemical content (rosmarinic acid and sinensetin), microbiological
content and heavy metal testing in each of the experiment carried out.
RESULTS AND DISCUSSION
The results of the study found that the quality and yield of misai kucing showed significant
effects throughout the post-harvest chain studied. Cultivation environments such as soil type
have a significant impact on the quality and yield of misai kucing. Therefore, the method of
preparing raw materials such as activities, methods and harvesting methods are determined
based on the findings of the study in each type of soil to minimize the rate of loss. Primary
processing such as sanitation, pre-cooling temperature and time, packaging material, effective
drying methods as well as temperature and storage time that can maintain phytochemical
content are described in detail in these guidelines. In addition, procedures for the use of tools
and hardware as well as plant material handlers are also stated as a guide. Here, toxicological
tests of microorganism contamination calculations such as bacterial, yeast and fungal counts
as well as coliform counts, Escherichia coli, Staphylococcus aureus and Salmonella tests.
Even readings of heavy metal contaminants such as arsenic, mercury, lead and cadmium
should be within the permissible range [5]. The technical information collected was recorded
and documented in the procedur.
CONCLUSION
Therefore, through this technology, we have developed a package of standard operating
procedures (SOP): Postharvest of misai kucing (Orthosiphon staminues). This is a postharvest technology package that demonstrates step-by-step methods to ensure high-quality
raw materials that can preserve the content of bioactive compounds. This technology is can
gives significant impacts to herb industries because from survey, misai kucing is second
highest herb produce in Peninsular Malaysia [6]. Therefore, this SOP / technology can be used
to achieve productivity, quality production and efficiency consistency in order to meet quality
requirements for the benefit of herbal industry players. Indirectly this technology can minimise
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post-harvesting losses/losses. It may therefore be used as a guide to farmers on the value of
post-harvest handling in maintaining good quality misai kucing. At the same time, empowering
the local economy through job opportunities, hence improve trade and lead to improved health.
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INTRODUCTION
The exploitation of heterosis enables hybrid rice variety to increase yield 15-20% per hectare
compared to the inbred rice cultivation. Cytoplasmic male sterile (CMS) is commonly used
system for hybrid rice technology development and commercialization. This system involving
three parental lines namely, CMS (A), maintainer (B) and restorer (R). CMS line or variety
plays an important role as female or seed parent in order to produce large scale hybrid seed
for commercialization. Meanwhile, both B and R lines serve as the male or pollen donor parent
for producing CMS and F1 hybrid seed, respectively.
In Malaysia, two local CMS varieties namely 0025A and 0047A were successfully
developed in 2012 which exhibited sterile pollen and moderately resistant to leaf blast disease
as well as brown plant hopper insect. However, these CMS have poor stigma exertion and low
outcrossing [1]. The inferiority of these traits apparently have led to the problem of low seed
yield in the current hybrid seed production. Aside from that, there are very limited source of
available CMS variety in local hybrid rice breeding program due to the low frequency of
maintainer lines in the local rice germplasm [2]. Therefore, the development of new CMS
variety with good stigma exertion and seed setting traits is crucial to improve hybrid seed
production yield and diversify CMS source in hybrid rice breeding program.
MATERIALS AND METHODS
Development and Evaluation of 0053A Variety
Hybridization was initiated in the Main Season 2013/2014, which involve crossing between
0025A as the cytoplasmic male sterile gene donor and IR94654-16-1 as the recurrent parent.
This cross combination was backcrossed until sixth generation (Off Season 2017) after all the
individuals in the population showing sterile pollen. CMS evaluation was conducted in the Off
Season 2019 and Main Season 2019/2020 to evaluate several agronomic characters such as
days of 50% heading, plant height, panicle number per plant, total spikelet per panicle, pollen
sterility, panicle exertion rate, stigma exertion rate and seed setting. The whole process of
breeding, purification and evaluation of 0053A variety was shown in Figure 1.
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Season
Main Season 2013/2014

Off Season 2014

Activity

0025A

X

(Hybridization & backcrossing)
IR94654-16-1

F1

X

IR94654-16-1-3

Main Season 2014/2015

BC1F1

X

IR94654-16-1-3-2

Off Season 2015

BC2F1

X

IR94654-16-1-3-2-1

Main Season 2015/2016

BC3F1

X

IR94654-16-1-3-2-1-1

Off Season 2016

BC4F1

X

IR94654-16-1-3-2-1-3

Main Season 2016/2017

BC5/F1

X

IR94654-16-1-3-2-1-3-5

Off Season 2017

BC6/F1
(0053A)

IR94654-16-1-3-2-1-3-5-4
(0053B)

Main Season 2017/2018

CMS Maintainence Nursery (Seed Purification)

Off Season 2018

CMS Maintainence Nursery (Seed Purification)

Main Season 2018/2019

CMS Maintainence Nursery (Seed Purification)

Off Season 2019

CMS Evaluation (Season 1)

Main Season 2019/2020

CMS Evaluation (Season 2)

Figure 1. Breeding, purification and evaluation process of 0053A variety
To ensure adequate grain sampling for screening of pest and disease resistance and
physico-chemical properties, the analysis was performed on the fertile counterparts of the
CMS varieties (maintainer lines) to represent the traits. Agronomic characters of the CMS
varieties were analysed through the Analysis of Variance (ANOVA) and mean separation was
done based on the Least Significant Difference (LSD) using the programme SAS (Statistical
Analysis Software Version 9.4).
RESULTS AND DISCUSSION
Evaluation of 0053A CMS Variety
Prior to utilization in hybrid variety development, the evaluation of newly developed CMS is
very important to identify the best variety with desirable traits such as high stigma and panicle
exertion rate, high in spikelet numbers, wide angle and long duration of glume opening [3].
The average means of the agronomic characters in 0053A variety was presented in Table 1.
0053A exhibited sterile pollen at 98.5% while 0025A at 99.5%, however, there is no significant
differences between these two values. Sterile pollen in CMS variety is essential to ensure the
purity of hybrid seed for sustaining quality in seed production. 0053A significantly recorded
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earlier time of 50% heading (74 days) as compared to those observed in 0025A (83 days).
Early heading may useful for developing hybrids with short duration [4] if the CMS line is good
general combiner in maturation as reported by [5], identified two CMS varieties showed
significant and negative General Combining Ability (GCA) effects in maturation and plant
height. Besides, the stigma exertion rate and seed setting of 0053A were scored 48.0% (good)
and 29.5% (good), respectively, which was better than those found in 0025A (Table 1). Stigma
exertion trait is one of the main factors contribute to higher pollination and seed yield [6&7].
Therefore, 0053A was identified as the best variety based on the improved stigma exertion
and seed setting to address the current problem of low hybrid seed yield. For the resistant
status and grain quality, 0053B (0053A fertile counterpart) was resistant to leaf and panicle
blast diseases and mostly exhibited acceptable physico-chemical grain properties.
Table 1. Average means of the agronomic characters in newly developed CMS varieties
Lines

DFF

PH (cm)

b

83.0

b

83.3

c

75.3

a

84.2

73

c

Average

PN

TS

PS (%)

b

131

bc

98.7

b

131

bc

98.2

a

124

c

98.5

c

135

b

99.2

a

98.7

b

14

b

14

c

20

b

12

90.8

a

14

b

151

78

83.3

15

134

SD

4.4

6.9

3.2

SE

0.8

1.3

LSD (0.05)

1.4

1.5

0050A

81

0051A

80

0053A

74

0025A

83

IR58025A

PER (%)

ab

81.2

b

83.3

ab

81.5

a

81.5

ab

SER (%)

a

18.0

a

17.4

b

48.0

a

17.0

82.5

a

98.6

11.8

0.6
1.8

SS (%)

b

11.8

c

b

11.4

a

29.5

b

11.5

54.9

a

41.5

81.4

31.1

21.1

0.7

2.4

18.0

13.0

2.2

0.1

0.4

3.3

2.4

7.7

0.7

2.2

7.1

4.5

c

b
c

a

Note: Mean within the same columns followed by the same lowercase letter indicates no significant
difference at P ≤ 0.05, as determined by Least Significant Difference
DFF= days 50% heading (days after seeding), PH= plant height, PN= panicle number per plant, TS=
total spikelet per panicle, PS= pollen sterility, PER= panicle exertion rate, SER= stigma exertion rate,
SS= seed setting, SD= standard deviation, SE= standard error and LSD = Least Significant Difference

CONCLUSION
The 0053A is a new CMS variety developed through conventional backcrossing method
between 0025A and IR94654-16-1. This CMS exhibits improved stigma exertion and seed
setting traits as compared to local CMS, 0025A. It also resistant to leaf and panicle blast
diseases and has acceptable grain quality. Therefore, 0053A will be useful for further
development of new hybrid rice variety.
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INTRODUCTION
The changes in human lifestyles and socio-economic levels have resulted in an increasing
demand for specialty rice among the world’s population especially Malaysians [1].
Approximately 200,000 mt rice were imported every year and 30% was fragrant rice. Local
fragrant rice production began to gain public attention through the NKEA project under the
agriculture cluster which has been introduced in 2012. It was estimated around 1200 hectares
area cultivated with MRQ 76 rice variety from 2017 until 2019.
MARDI had released MRQ 76 rice variety in 2012, a specialty rice variety with aromatic
traits, soft and sticky rice texture. The eating quality is equivalent to imported fragrant rice such
as Jasmine from Thailand. Recently, the government has improved the existing policies by
allowing the cultivation of the fragrant rice in the granary areas such as MADA and KADA up
to 30% coverage area [4].
As a result, MARDI has developed a new fragrant rice variety, MRQ 104 to maintain
sustainability and avoid monocropping culture. MRQ 104 maturation was ranged from 115 –
122 days after sowing, short plant height (108 cm) and yield potential up to 5.4 tons per
hectare. It also has resistance toward blast disease and possesses aromatic and good eating
traits with long and slender grain.
MATERIALS AND METHODS
Varietal Development and Data Collection
MRQ 104 was developed from conventional breeding between MRQ 89 and MRQ 50 through
diallel hybridization method (Figure 1 and 2), whereas the MRQ 76 was used as control check
variety to compare the agronomic traits, pest and disease (P&D) resistance and grain quality.
All evaluations were conducted according to the IRRI standard evaluation system [2]. Data
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was collected from selected trial and was analysed using statistical software SAS version 9.4
[3] as summarised in Table 1.

Hybridization
MRQ
34

KASTURI

KDML

(Main season 2009/20100)
Pedigree selection
(Off season 2014 – main season 2015/2016)

MRQ
34

Yield Trial
(Off season 2014 – main season 2015/2016)
MRQ
74

IR
841

Adaptability Trial
(Off season 2016 – main season 2017/2018)

MRQ
89

MRQ
50

MRQ
104

Figure 1. Lineage of MRQ 104

Local Verification Trial
(Off season 2018 & main season 2018/2019)

Upscalling
(Main season 2019/2020 & off season 2020)

Figure 2. Development process of MRQ 104

RESULTS AND DISCUSSION
Varietal Performance: Agronomic, P&D Resistance and Grain Quality
MRQ 104 is a semi-dwarf rice variety with an average plant height (108 cm) with maturation
ranged from 115 to 122 days (Table 1). MRQ 104 has a yield potential of up to 5.4 tons per
hectare, with average of 19 panicles, well exserted panicles (up to 25 cm) and produced 20.1
g of 1000-grains weight.
Result of pest and diseases screening indicated that MRQ 104 showed resistant to
blast disease. However, moderately susceptible to bacteria leaf blight (BLB), sheath blight,
brown planthopper and tungro. Meanwhile the grain quality analysis showed that MRQ 104
has long and slender grain with 6.57 mm length x 1.64 mm width of average milled grain(4.01
of length to width ratio). The milling and head rice recovery production were in an average of
63.0% and 84.3%, respectively. Amylose content exhibited an intermediate level (23.5%).
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Table 1. Varietal performance between MRQ 104 and control check, MRQ 76
CHARACTERISTICS
Agronomic
Maturation (Days)

MRQ 104

MRQ 76

115 -122

113 - 117

Plant height (cm)

108

119

Panicle length (cm)

25

24

Panicle number/hill

19

15

20.1

24.4

3.0 – 5.4

3.4 – 6.2

Disease resistance
Foliar blast

Resistance

Moderately resistance

Panicle blast

Resistance

Resistance

Bacterial leaf blight

Moderately susceptible

Moderately susceptible

Sheath blight

Moderately susceptible

Moderately susceptible

Brown planthopper

Moderately susceptible

Moderately susceptible

Tungro

Moderately susceptible

Moderately susceptible

63.0

62.0

Thousand grains weight (g)
Yield (t/ha)

Grain quality
Milling recovery (%)
Head rice recovery (%)

84.3

86.3

Grain length (mm)
L/W ratio
Amylose content (%)
Gel consistency (mm)

6.57
4.01
23.5
30.0

6.42
3.35
16.0
50.0

CONCLUSION
MRQ 104 is a new MARDI fragrant rice variety produced from diallel hybridization method
between MRQ 89 and MRQ 50. This variety recorded short plant height (108 cm), long and
slender grain, aromatic, medium amylose content, good head rice recovery, blast resistant
and can produced yield up to 5.4 t/ha. This variety can be an option for local fragrant rice
consumers and local market.
REFERENCES
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and implications of local production. Economic and Technology Management Review.
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INTRODUCTION
Current self-sufficient level (SSL) of Malaysian rice production is fluctuated at 68 – 70%,
whereas the shortage was imported from neighbouring countries mainly from Thailand and
Vietnam [1]. As Malaysian population is growing, there is a need to increase our rice
production in order to reduce the dependency on rice supply from other countries. There are
many factors influencing the rice yield production and one of the major threats is disease
infestation. In 1985, rice production declined due to pest and disease outbreaks (rice Tungro
disease) and weather conditions [2][3]. Serious outbreak of rice bacterial leaf blight disease
was reported in MADA in 1988 and 1994 which resulted total yield loss about 10% to 50% [4].
In late 2016, bacterial leaf blight outbreak disease outbreak was also reported in west coast
Peninsular Malaysia, where 40% of the area was affected [5]. Cultivation of non-resistance
rice and mono-varieties in large scale for long period may cause pest and disease outbreaks
[6]. Therefore, to sustain the security of local rice supply, a new high-yielding inbred rice variety
MR315 with good resistance to pests and diseases was developed to diversify the genetics of
rice varieties available in the market and to give more choice to farmers as well as reducing
mono-variety cultivation practices.
MATERIALS AND METHODS
MR315 variety was developed by hybridizing Y1512 (MR256) with MR253 (recurrent parent)
and backcrossed before was proceeded to bulk selection, followed by pedigree selection and
yield trials. The multi-location trial was conducted for genotype x environment (GxE) evaluation
in eight locations across rice granaries prior to local verification trial (Figure 1). Physicochemical analysis was also conducted to evaluate the grain quality, while the pests and
diseases screenings were carried out to determine the resistance level of the variety to leaf
blast, panicle blast, brown planthopper, tungro, bacterial leaf blight and sheath blight. Further
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trials on the fertilizer package and upscaling were then conducted concurrently with breeder
seed and foundation seed production as described by Othman et al. (2012) [7].

MS2019/2020 –
OS 2020
OS2018 - MS2018/2019
Upscaling and Seed
Production

OS2016 – MS16/2017
Local Verification
Trial and Agronomy

MS 2006/2007 – OS
2015 (18 seasons)

Multi-location Trial
(ADAPT)

Crossing, Bulk
Selection, Pedigree
Selection, PYT and
AYT
Varietal
Development
18 seasons

Varietal Evaluation - 4 seasons

Varietal Release
Process
JPPI MARDI
JPPT MARDI
JKBKKIPB MAFI

Seed Production
Breeder and Foundation Seeds

Figure 1. Breeding process of rice variety MR315

RESULTS AND DISCUSSION
Characteristics of MR315
MR 315 has early maturation period of 105 to 109 days with short plant height which gives the
advantage of lodge resistance. Spikelet fertility of MR 315 is up to 88.6% with 1000 grains
weight of 29.5-30.0g (Table 1). Physico-chemical analysis of MR315 revealed that this variety
meets local consumer preference with long and slender grain, moderate amylose content
o(22.6 - 23.0%), and head rice recovery (>80%). This variety was also resistant to panicle
blast disease as well as moderatly resistant to leaf blast and sheath blight diseases. Hence,
the cultivation of MR315 was estimated to reduce the cost of fungicide up to RM140-180 per
hectare.
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Table 1. Characteristic comparison of rice varieties MR315 and check variety MR284
Characteristics

MR315

MR284

Maturation (days)

105 – 109

106 – 108

Plant height (cm)

103.3 – 106.3

121.6 – 127.8

Panicle length (cm)

23.1 – 24.3

26.0 – 29.8

Panicle number/hill

15 – 19

12 – 16

Filled grain number/panicle

132 – 136

151 – 163

Spikelet number/panicle

149 – 154

172 – 183

1000 grain weight (g)

29.5 – 30.0

27.8 – 29.4

Grain length (mm)

7.08 – 7.17

6.27 - 6.54

Grain width (mm)

1.90 – 1.91

2.01 - 2.16

Grain length/width ratio

3.71 – 3.75

3.10 – 3.12

Milling recovery (%)

62.7 - 64.6

61.24 - 66.8

Headrice (%)

66.6 - 87.3

85.8 - 88.0

Amylose content (%)

22.6 – 23.0

18.7 – 18.8

Consistency gel (mm)

32.0 – 34.0

30 – 34.0

6.8 - 7.0

4.0 – 5.0

MR (3)

R (1)

R (1)

R (1)

Brown plant hopper

MS (5)

MS (5)

Tungro

MS (5)

MS (5)

Bacterial leaf blight

MS (5)

MS (5)

Sheath blight

MR (4)

MS(5)

Rice Quality

Alkaly spreading value (score)
Pests and Diseases Score
Leaf blast
Panicle blast

HR: Highly resistant (0), R: Resistant (1-2), MR: Moderately resistant (3-4), MS: Moderately
susceptible (5-6), S: Susceptible (7-8), HS: Highly susceptible (9)

Multi-location and LVT trials
Multi-location trials for two seasons showed yield potential of MR 315 was higher (5.85 ton/ha)
compared to the check variety MR284 (5.39 ton/ha), however no significant differences
between these values (Figure 2a). Moreover, yield potential of MR315 is comparable to
MARDI Siraj 297 with the highest yield recorded in local verification test (LVT) in Sungai Besar
and Simpang Lima Barat Laut Selangor with 8.3 and 7.5 ton/ha, respectively (Figure 2b). The
multivariate analysis of AMMI biplot model (IPCA 1 × IPCA 2) showed MR 315 (G7) closer to
biplot centre of IPCA=0 which indicates that this variety was less sensitive and performed
consistently at all tested environmental conditions (Figure 3a) [8]. Similarly, the GGE biplot
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model showed that MR 315 was exhibited a shorter genotype vector and closer to AEC line
which also resulted to stable performance towards different environmental factors (Figure 3b)
[9]. These results suggested MR 303 is suitable to be planted in less fertile soil [10].

a) 7.00

6.07a
ab
6.00 5.66

5.8…
5.77ab ab
5.48
5.39ab
5.20abc

b)

7.0

4.25c

4.00
3.00
2.00

9.0
8.0

Yield (t/ha)

Yield (t/ha)

5.00

6.06a
5.85ab 5.77ab
5.69abc
5.10abc 5.09abc
bc
4.89

6.0
5.0
4.0

7.9
7.5

7.7
6.3
6.1 5.9

5.4

8.3
8.0

6.4
5.5

5.9
5.8

6.6 6.5
5.6
5.4

6.5
6.0 6.2
5.5

3.9

3.0
2.0

1.00

1.0
0.0

0.00

MR315

MR297

Figure 2. Multi-location and local verification trials of MR 315. a) Average yield of MR 315
during multi-location trial in OS2016 and MS16/2017. b) Average yield of MR 315 during
local verification trial in OS2018 and MS2018/2019.
a)

b)

Figure 3. Genotype x environment interaction analysis of MR 315. a) AMMI biplot IPCA 1 ×
IPCA 2 showed MR 315 (G7) closer to biplot centre (IPCA value=0). b) GGE biplot showed
MR 315 had shorter genotype vector and closer to AEC line.
Fertilizer package
The fertilizer package specifically designed for MR 315, has potential toincrease rice yield
from 8.56 to 15.4% as compared to those observed using subsidiary fertilizer package. The
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current fertilizer package apply in three splits instead of four splits as described in the
conventional method, resulted to the reduction of labour cost up to RM100/ha (Table 2).
Table 2. Fertilizer package of rice variety MR 315
Method

Day
5
15-20
35-40

Fertilizer
Padi 1(17.5:15.5:10)
Urea (46%)
Padi 1(17.5:15.5:10)
NPK Tambahan (17:3:25 + TE)
Muriate of Potash (60%)

Rate (kg/ha)
140
80
100
150
60

Note
-

60-65

Baja dedaun/foliar berasaskan
kalium
Padi 1(17.5:15.5:10)
Urea (46%)
Padi 1(17.5:15.5:10)
NPK Tambahan (17:3:25 + TE)
Muriate of Potash (60%)

Follow
instruction
140
80
100
150
60

If
necessary
-

Baja dedaun/foliar berasaskan
kalium

Follow
instruction

If
necessary

Transplant

Direct
seeded

15
25-30
45-50

65-70

CONCLUSION
The development of high yield rice variety is crucial to maintain the national self-sufficiency
level of local rice production. MR 315 has high yield potential and resistance towards major
pests and diseases, which benefits the farmers by increasing their income and reducing the
cost of pesticide. GxE results showed MR 315 can be planted at most of the granary areas,
which benefited 296,000 local farmers across Peninsular Malaysia with, estimated total
planting area of 600,000 hectare per year.
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INTRODUCTION
Chilli is economically important and valuable crop throughout the world. Based on the 2019
crop statistics report released by the Department of Agriculture (DOA) Malaysia, chilli
cultivation in Malaysia covered an area of 2,664 ha, and the annual production was 26,354 mt
[1]. Generally, all chilli produced in Malaysia are from conventional cultivation, although the
demand for organic chilli is increasing. The organic chilli is mostly imported or home-grown for
household consumption. According to the DOA, out of 236 certified myOrganic farms in 2020,
only 2 % cultivating chilli. The threat in chilli production is various pests and diseases which
cause considerable losses. Among the diseases that often attack chilli is anthracnose, which
reported to cause 50 % yield loss in Malaysia [2]. The popular approach for pest and disease
management is by the integration of several practices such as cultural, mechanical, chemical,
and biological control. However, with the current awareness of the importance of producing
healthy product, more chilli grower is showing interest on a safer pest and disease control
practice. Biopesticides are excellent alternatives and effective target-specific and have fewer
environmental risks. The ability to inhibit the growth of Colletotrichum, the pathogen causing
anthracnose disease on chilli has led to the development of Trichoderma asperellum into a
potential biofungicide. Named TrichoSHIELD, it is a newly developed effective biofungicide
specifically for controlling anthracnose disease on chilli and environmentally friendly. A safe
microbial-based inoculant can be an alternative to chemical pesticide used on chilli.
MATERIALS AND METHODS
The effectiveness of TrichoSHIELD in controlling anthracnose disease of chilli in conventional
chilli cultivation was compared with a chemical fungicide (Product A) which contained
azoxystrobin as the active ingredient. While for organic cultivation, Product B, which is a
biofungicide, contained T. harzianum as the active ingredient was used as a comparison.
Trials were carried out at two locations, the commercial chilli farm, NZN Agro located in Klang,
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Selangor, and MARDI Integrated Organic Farm in Serdang, Selangor. All products were
separately applied 10 weeks after transplanting, that is, after the flowering stage at the
recommended rate. Disease incidence and severity were recorded every week and the
average yields per plant were determined at the end of the trial. Cost of production and
economic analysis was conducted to determine the viability of the TrichoSHIELD used in
conventional and organic chilli production. Data collected are subjected to analysis of variance
conducted using SAS statistical package.
RESULTS AND DISCUSSION
Effectiveness in Controlling Anthracnose
Results found there was no significant difference in the incidence and severity of anthracnose
on chilli treated with TrichoSHIELD when compared to Product A (Table 1). Meanwhile in the
organic cultivation, there were significant results of anthracnose disease incidence and
severity with the use of TrichoSHIELD compared to Product B (Table 2). These results suggest
that TrichoSHIELD can be used as an alternative to azoxystrobin in controlling anthracnose
for its competitive results and has greater performance compared to biofungicide T.
harzianum. Trichoderma species have been reported for the efficient management of chilli fruit
rot caused by Colletotrichum species [3] and this study was first reported the effectiveness of
Trichoderma asperellum species in controlling anthracnose. In another separate study,
TrichoSHIELD was found effective in reducing other crop diseases such as Botrytis cinera in
strawberry (62.3%) and Phytopthora infestans of late blight tomato (72.65%).
Table 1. Comparison of incidence and severity of anthracnose disease as well as chilli yields
Product

between TrichoSHIELD and Product A
Incidence (%)
Disease severity(%)

Yield/plant(g)

TrichoSHIELD

6.0a

12.8a

1386

Product A

5.6a

10.6a

1573

*means with different letter in the same column is significantly different at P< 0.05

Table 2. Comparison of incidence and severity of anthracnose disease as well as chili yields
between TrichoSHIELD and Product B
Product

Incidence (%)

Disease Severity (%)

Yield/plant (g)

TrichoSHIELD

10.3a

20.2a

770

Product B

16.1b

26.7b

620

*means with different letter in the same column is significantly different at P< 0.05
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Economic Analysis and Cost of Production
An economic analysis of production is discussed for organic and conventional chilli production.
The use of TrichoSHIELD, Product A and B were determined as viable with a maximum
density of 9,000 chlili plants in 1-hectare area. Positive Net Present Value (NPV） indicated
that the use of TrichoSHIELD and Product A was viable in conventional chili production with
Internal Repetition Rate (IRR) of 71% and 90% respectively (Table 3). Benefit Cost Ratio
(BCR) for TrichoSHIELD showed of at least RM 1.51. Every RM 1.00 invested will get a return
of RM 0.51 and RM 0.67 for Product A. The rate of return on capital also takes 2 years (4th
round) for both products. The use of TrichoSHIELD and Product B was viable in conventional
chilli production with Internal Repetition Rate (IRR) of 84% and 35% respectively (Table 4).
BCR for TrichoSHIELD showed of at least RM 1.39, every RM 1.00 invested will get a return
of RM 0.39 and RM 0.12 for Product B. The rate of return on capital also takes 2 years (4th
round) compared on 3rd year for Product B. Economic analysis showed that the use of
TrichoSHIELD is viable that it can be used in conventional chilli production with an advantage
as an eco friendly product compared to pesticides.
Table 3. Comparison of cost of production and economic analysis in conventional chili
cultivation between TrichoSHIELD and Product A
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Table 4. Comparison of cost of production and economic analysis in organic chilli cultivation
between TrichoSHIELD and Product B

CONCLUSION
The comparative study between TrichoSHIELD, fungicide azoxystrobin, and biofungicide T.
harzianum proved that TrichoSHIELD has the potential to become an alternative to pesticides
in controlling anthracnose disease. The use of TrichoSHIELD showed a positive NPV value,
which indicated a viable production of chilli and is suitable to be used in organic and
conventional chilli cultivation.
REFERENCES
[1]

Statistik Tanaman Sub Sektor Tanaman Makanan. (2019). Unit Geospatial Pertanian
dan Statistik Bahagian Perancangan Strategik Jabatan Pertanian Semenanjung
Malaysia

[2]

Raj,K., Jameel, A., Pardeep,K. And Meena, S. (2020). Anthracnose of Chilli: Status,
Diagnosis and Management. Division of Plant Quarantine, ICAR-National Bureau of
Plant Genetic Resources, New Delhi, India

[3]

Ferdousi Begum M., Rahman MA., Firoz Alam M., (2010). Biological control of
Alternaria fruit rot of chilli by Trichoderma species under field condition.
Mycobiology38: 113-117.

61

THE NOVELTY OF SESQUITERPENE FRACTIONS FROM NILAM (PATCHOULI)
ESSENTIAL OIL
Norma Hussin1*, Luigi Mondello2, Rosaria Costa2, Paola Dugo2,
Mohd Ambar Yarmo3 and Nik Idris Nik Yusof4
1Industrial

Crop Research Centre, MARDI Serdang, Selangor.

2University
3National
4International

of Messina, Viale Annunziata, Italy.

University of Malaysia, Bangi, Selangor.

Islamic University of Malaysia, Kuantan, Pahang.
*E-mel: normahus@mardi.gov.my

INTRODUCTION
Essential oils (EO) are aromatic and concentrated plant extracts; and most of the EO contain
monoterpene oxides and sesquiterpene (MO+S) compounds. Aromatic essential oils are
classed as secondary metabolites in the plants. Patchouli is used as a perennial herbal
concoction to cure various human health problems [1]. Some essential oils have been reported
to promote blood flow in the brain by releasing oxygen from the oxygenated compounds.
Sesquiterpene is a subclass of terpenes that have been described to display a large range of
biological and pharmaceutical activities that include their effects on a central nervous system,
antimicrobial, and anti-tumour actions [2]. In this study, the Patchouli essential oil (PEO) was
distilled using lab scale hydro- and steam distillation systems. The essential oil can also be
extracted using solvent; and microwave extraction [3]. The aims of the study were to evaluate
physio-chemical analysis of the PEO; and to obtain a high monoterpene oxide and
sesquiterpene (MO+S) fractions using handmade mini silica column and fractionation
procedures.
MATERIALS AND METHODS
Essential Oil Distillation, Fractionations and Natural Compound Analysis
Patchouli samples were collected at MARDI Kuala Linggi Station, Malacca, Malaysia. The
PEO was extracted using hydro- and steam distillations, and prelimanary determined its
physio-chemical characteristisc. A fractionation of PEO was conducted using a solid-phase
extraction (SPE) system (Supelco) system, equipped with a novelty handmade silica column
(1st Novelty). The initial and fractioned samples (in relation to 2nd Novelty) were carried out by
means using GC-FID and GC-MS instruments, standard operating procedures and
identification of the analytes were referred to mass libraries [4 & 5] at University of Messina,
Sicilia, Italy
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RESULTS AND DISCUSSION
In authors’ previous research, PEO presenting up to 4 classes of terpenes, namely
monoterpenes, oxygenated monoterpenes, sesquiterpenes and sesquiterpene oxides [6]. An
initial PEO sample used in this fraction research was standardized at 32.35% patchouli alcohol
(PA). A novelty of handmade mini silica column was successfully fractioned the initial PEO
and produced a Fraction 0’ with a stronger in woody aroma that consisting of 73% patchoulol
and 6.2% pogostol (total sesquiterpenes was 79.2%), and having a solid white crystal
appearance. This fraction was nearer to the fraction obtained by a vacuum fractional method
done by [7]. Then in a 2nd novelty in this study, a next fraction was eluted with a
dichloromethane (DCM) yielded up to 0.160g with a bright yellowish oil with a low patchoulol
aroma. In a bottom fraction eluted with EtOH, this part produced a cloudy and oily liquid, then
it was crystalized by a cooling method to produce F1 amounted of 0.482g. This crystal
substance presenting a sweet woody aroma alike patchoulol as in F0 initial fraction. This
fraction 1 is a 2nd novelty in this study, produced seven compounds as in Figure 1. A GCMS
chromatogram showed an increasing in a major compound of patchoulol up to 59.14%,
followed by δ-guaine 15.83%, α-guaine 8.63%, seycellene 6.33%, pogostol 4.34%, αpatchoulene 3.61% and aciphylene 2.12%. The molecular weight (MW) of these analytes
ranged from 204.35 to 222.37 g/mol. A similar fractionation of the PEO has been reported by
previous researchers [7], their fraction obtained up to 45.37 & 70.34% patchoulol via several
different fractionation processes. This finding is very useful as scientific MO+S compound
references for the next patchouli research.

Figure 1. A GCMS Chromatogram of the Fraction I - MO+S
CONCLUSION
A simple fractionation tool (Mini silica column - as a 1st Novelty) used in this current work has
been successfully produced as a speciality high monoterpene oxide and sesquiterpene
(MO+S) mixtures (2nd Novelty). The mix-compounds were interpreted and achieved nearly up
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to 100% of the total MO+S compounds in the fraction 1. This fraction can be used to produce
a local premium natural aromatic mixture for patchouli and PEO quantitative references.
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INTRODUCTION
The National Agro Food Plan of Ministry of Agriculture and Agro-based Industry also stated
mushroom industry as a new source of wealth through exploit local biodiversity resources to
produce high value products such as a food resources, health products (pharmaceutical) [1],
functional foods (nutraceutical) [2] and cosmeceutical products [3]. By 2020, mushroom
cultivation areas are targeted to expand to 304 from 70 hectares (2010). Therefore, a huge
numbers of spawn required to meet this demand. Since the spawn production has a limitation
in mass propagation (volume), inconsistence of spawn quality and vast time of spawn
production, submerged cultivation is an appropriate method to produce liquid spawn. Policy
(NAP 2011-2020) has highlighted mushroom cultivation as one of the national high impact
industries. The 11th Malaysian Plan emphasises the mass propagation of high quality seeds
with consistence performance and short time for colonisation. Most of the spawn using grains
as substrate to become fully colonised by the mushroom mycelium [4][5]. Sorghum, corn and
wheat are mostly used for spawn production. The inoculation of spawn into mushroom bag
substrate requires a skill to avoid contamination and wastage of the spawn [9]. Furthermore,
the inoculation processes take a certain time of period and needs a labour intensive. The
purpose of this study aimed at investigation the production of liquid spawn in feasibility
economic. Furthermore, fabrication of adjusted liquid spawn volume injector (ALVI) needs to
improve efficiency of spawn inoculation. Both technologies will reinvigorate the local
mushroom industry landscape
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MATERIALS AND METHODS
i.

Optimised the Parameter for Spawn Production

Collection of Mushroom Culture
Three types of local edible mushroom, Pleurotus sajor-caju (Grey oyster mushroom),
Pleurotus florida (White oyster mushroom) and Schizophyllum commune (Split gill mushroom)
were obtained from Spawn Production Laboratory, Soil Science, Water and Fertilizer
Research Centre, MARDI Headquaters, Serdang, Selangor. This local edible mushroom
referred as mushroom mycelium onwards.
Preparation of Starter Inoculums
The pure culture of mushroom mycelium can be cultured on potato dextrose agar, PDA which
generally used as substrate for isolation, sub-culture, maintenance and preservation of
mushroom culture. The several portion of 1cm x 1 cm sized of mushroom mycelium culture
was used as inoculums.
Preparation of Media
The potato dextrose broth (PDB) was prepared as cultivation media. The potato dextrose
media shown as optimised media for cultivation of local edible mushroom mycelium [4,8].
Therefore, this media was used as basal media.
Effects of Agitation
The basal media (PDB) was inoculated with several portion of mushroom mycelium (1cm x 1
cm sized) onto 250 ml conical flask and agitated at 100 and 170 rpm (orbital shaker) for 7 day
of incubation at 30°C [8]. The size of pellet was determined (not measured) by naked eye.
Effects of Tween 80
To reduce or reshape the size of pellet, Tween 80 (0.1 and 0.05%) was added to the basal
media and incubated at 30°C for 7 days. The size of pellet was determined (not measured) by
naked eye.
Up Scaling the Production Liquid Spawn
Mass volume of liquid spawn was obtained by growth culture onto 5L Biostat – B (Germany)
at 100 rpm, 1vvm and 30°C in 3 days of incubation period.
Growth and Yield Response of Liquid Spawn Grown on Substrate Media
All the mushroom mycelium broth was used as liquid spawn [10]. Five ml of liquid spawn was
inoculated into substrate media for studies on mushroom fruiting body formation and yield
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[5,6,7]. Grey and white oyster mushroom were incubated and growth at Control Environmental
Mushroom House (CEMH), Engineering Research Centre meanwhile Spilt gill mushroom,
Spawn Production Laboratory, Soil Science, Water and Fertilizer Research Centre, MARDI
Headquaters, Serdang, Selangor. This due to different temperature and humidity percentage
were applied [5,6].
ii.

Fabrications of Adjusted Liquid Spawn Volume Injector

Adjusted Liquid Spawn Volume Injector (AVLI)
Fabrication of ALVI was made by fabricator. The design of injector has been endorsed by
MARDI certified engineer. The ALVI also has been tested and evaluated by selected local
mushroom grower [11].
RESULTS AND DISCUSSION
1.

Optimised the Parameter For Spawn Production

During incubation period, the size of pellet (inoculum) slightly bigger in 100 rpm (agitation
speed) compared to 170 rpm (Picture 1). Size of pellet will influence the use of ALVI due to
stuck inside transfer tubing during inoculation process. Therefore, Tween 80 was added in
different concentration as 0.1 and 0.05%. As a result, the size of pellet seemed neat and
consistent on both concentration of Tween 80 (Table 1). However, no growth of mushroom
(fruiting body formation) was indicated (Table 2) using this cultured broth as liquid spawn.

100 rpm

170 rpm

Picture 1. Effect of agitation speed (rpm) in conical flask
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Table 1. Comparison of pellet size on different concentration of Tween 80
Tween 80 concentration (%)

Types of
mushroom

Without Tween 80

Tween 80 (0.1%)

Tween 80 (0.05%)

Grey oyster

White
oyster

Spilt gill

Table 2. Indication of fruiting body formation (mushroom growth) on sawdust substrate
Types of

Grain spawn

Liquid spawn

Liquid spawn

Liquid spawn

mushroom

( Control )

without Tween 80

Tween 80 (0.1%)

Tween 80 (0.05%)

Grey oyster

+

+

-

-

White oyster

+

+

-

-

Spilt gill

+

+

-

-

Keys : + (growth)

– (no growth)

Therefore, the basal media (potato dextose broth) without Tween 80 was used as
cultured broth for spawn production at 30°C with 100 rpm for 7 days of incubation.
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Up Scaling the Production Liquid Spawn
The mass propagation of liquid spawn was done using 5L Biostat – B (Germany) with
parameter indicated as before. The liquid spawn was transferred into sterile urine pack (2L)
as pack of inoculum. These pack was used together with ALVI for inoculated into substrate
bag (Picture 2).

Picture 2. Upscaling of liquid spawn production using Biostat – B bioreactor (5L)
Growth and Yield Response of Liquid Spawn used on Substrate Media
The results presented in Figure 1 revealed that the studies of yield response of liquid spawn
used on substrate media comparison with grain spawn. No significant different (p<0.05)
comparison either used of grain or liquid spawn in mushroom yield (gram per bag).

Figure 1. Comparison of yield on different types of spawn and mushroom
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Picture 4. Growth of grey oyster, white oyster and split gill mushroom using liquid spawn on
subtrate bag
2.

Fabrication of Adjusted Liquid Spawn Volume Injector

Picture 5 and 6 were shown both prototype and technical drawing of adjusted liquid spawn
volume injector (AVLI). The purposes of fabrication of ALVI for ease the burden and shortage
the time (68%) of liquid spawn inoculation process (Figure 2). Furthermore, the result
presented in Figure 3 revealed that the percentage of substrate contamination less than 5%
instead of grain inoculation ( ≥ 15%).

Prototype 1 ALVI component

Prototype 2 ALVI component

Picture 5. Adjusted liquid spawn volume injector component and injector for prototype 1 and
2

Picture 6. Technical drawing of prototype injector 1 and 2
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Figure 2. Comparison of inoculation time on different types of spawn

Figure 3. Comparison of contamination percentage on different types of spawn and mushroom

Three (3) local mushroom grower, Cik Afiah Mat Sulaiman (Mashaf Agrotech Sdn.
Bhd.), Cik Nurhaida Sahera Abd Malek (Arra Mushroom Sdn. Bhd) and En. Tarmizi Abd.
Rahman (Tam Agro Enterprise) were selected to be used the ALVI (Picture 7). Most of them
were satisfied the performance of ALVI but still have a minor issue to be address. For instance,
the standard procedure of using ALVI and liquid spawn must be determined.
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Picture 7. Mushroom grower with ALVI
CONCLUSION
Liquid spawn can be used in less than a week cultivation compared to 10 – 14 days of mature
grain spawn produced conventionally. The low cost media has been developed to achieve
economically feasible production. The adjusted liquid spawn volume injector (ALVI) has been
fabricated to be used along with liquid spawn. The package has gone through satisfactory
level of economic evaluation for small and mid-size enterprises (SME) and viable application
technique. No significant different in mushroom production (gram per bag) either used grain
or liquid spawn for grey oyster, white oyster and split gill mushroom. Mushroom bag substrate
using liquid spawn were found successfully reduce contamination to 5% as compared to grain
spawn (10 - 15%). In addition of consistency and short period of liquid spawn production, ALVI
provided a neat and timely spawn inoculation by 68% faster (green technology) compared to
inoculation technique (messy). Indirectly, less number and time frame of trained workers will
be paid. Liquid spawn and ALVI are a complete package of technology for mushroom grower
in the future.
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INTRODUCTION
Population of older persons (aged 60 and over) are growing worldwide and trends are likely
to continue unabated. By 2025, the number of older persons worldwide is expected to reach
more than 1.2 billion [1]. It is estimated that 20% of people age 55 years or older have mental
health concern which include anxiety, severe cognitive impairment, and mood disorders (such
as depression or bipolar disorder) [2]. Depressive syndromes are more common among older
adults, and the changes in later life make the elderly population the most vulnerable group to
exhibiting depression symptoms [3].
Centella asiatica is a psychoactive medicinal plant that has been used to treat anxiety
for centuries in Ayurvedic medicine [4]. The most prominent group of active compounds
isolated

from

centella

asiatica

is

triterpenoid

glycosides

including

asiaticoside,

madecassoside, asiatic acid and madecassic acid. Centella asiatica extract was found to
attenuate anxiety-related disorders and reduce stress phenomenon in clinical study [5].
Pharmacological evaluation of Centella asiatica have demonstrated anti-oxidant effects [6] as
well as ameliorating effects on learning and memory deficit [7].
The objective of the study was to develop a semi-liquid product (soup containing 500
mg Centella asiatica extract/200 g soup) as a functional food for older adult. These ready to
eat soup was produced from orange sweet potato, oyster mushroom, spinach and pegaga
extract as the main ingredient.
MATERIALS AND METHODS
Pegaga powder was produced by drying fresh pegaga leaf at 65 oC for 7 hr or until the moisture
content reached 5% and then ground into powder. Fresh pegaga leaves were washed, cut
into small pieces ( 2-3 in) before being dried and ground. Pegaga extract was obtained by
extracting pegaga powder with water and ethanol at certain ratio. The extract was then
filtered, stabilised and concentrated before being dried in freeze drier. A semi liquid product
(soup containing pegaga extract) was produced from a mixture of orange sweet potato, oyster
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mushroom and spinach purees, pegaga extract and other ingredients. The purees were mixed
at certain ratio, cooked with other ingredients for 1 hr and lastly pegaga extract was added.
The soup was then packed in aluminium retort pouch (200g per pouch) and sterilized (Retort
Simulator, FO value 6 at 121⁰C for 25 min). The soup were subjected to shelf life study including
microbial test, antioxidant analysis and sensory evaluation. Consumer acceptance and market
validation study were then conducted. Schematic layout of the whole experimental design was
as illustrated as in Figure 1 and 2.

RESULTS AND DISCUSSION
A ready to eat soup was produced from orange sweet potato, oyster mushroom, spinach and
pegaga extract as the main ingredient. A pack of 200 g contain 60 kcal energy, 12 g
carbohydrate, 3.2 g protein, 0.2 g fat and 4 g of dietary fibre. In addition, it contains 422 µg of
vitamin B9 which fullfill the recommended daily intake.This soup also contain triterpenoids i.e
madecassoside (3.02±0.23 mg/100g sample), asiaticoside (2.90±0.19 mg/100g sample),
madecassic acid (2.92±0.16 mg/100g sample) and asiatic acid (2.48±0.21 mg/100g sample).
Antioxidant activity showed inhibition of DPPH free radical was 85% with IC50 value of 54 mg
/ mL and FRAP value was 3.4 mM Fe (II) /g dry wt sample. The antioxidant activity was stable
for the storage period of up to 2 years. Inhibition of free radical (DPPH) was between 86 - 88%
during the storage period and the IC50 value showed no significant difference between 54 - 55
mg / mL. FRAP value also did not show any significant difference between 3.4 - 3.5 mM Fe
(II) /g dry wt sample. Microbiological content was low (<1.0 x 10 cfu/g) during shelf-life studies.
Sensory evaluation showed that the product was accepted during the storage period and
feasibility studies showed this product is viable with Internal Rate Return (IRR), 54% and a
1.52-year break-even period. A consumer acceptance among 200 senior citizens showed that

75

the acceptance was 81% with 59.8% respondents agreed to buy this product if it is marketed.
Market validation on all groups of age between <20 and >60 years old showed that 89.6% of
the respondents willing to buy the product if it is marketed. The results of market validation
study indicated that this product has a potential to be marketed.
CONCLUSION
A ready to eat soup was produced from orange sweet potato, oyster mushroom, spinach and
pegaga extract as the main ingredient. This soup contain triterpenoids and exhibits antioxidant
activity. The antioxidant activity is stable for the storage period of up to 2 years. Sensory
evaluation showed the product was accepted during the storage period of two years and the
product has a potential to be marketed.
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INTRODUCTION
In the past 10 years, fermented beverages have become an influential player in the global
beverage economy, because of the growing demand for health products. The global market
size of the fermented beverage, as example made using consortium of kombucha strain, or
symbiotic culture of yeasts and acetic acid bacteria, is anticipated to hit 6.2 billion USD
by 2026, according to a report by Acumen Research and Consulting, a provider of market
research studies [1]. It estimates the market is anticipated to grow with 23 per cent CAGR
during the forecast time period. Generally, nutritional attributes of food can be improved by
fermentation, which may provide better organoleptic properties (such as, taste, aroma, and
texture) metabolism, digestion, and absorption and favourable constituent of fermented food.
Because of their great beneficial effects, fermented products still represent an important
industrial and research domain [2]. In addition to harnessing traditional beverages for
commercial use, there have recently been innovative efforts to develop non-dairy probiotic
fermented beverages from a variety of substrates, including fruit juices.
Kuini (Mangifera odorata) belongs to the mango family and has typical exciting strong
flavour [3,4]. Different from the sweet‐type mango, kuini has more fruity, fresh and a little
spicy note. The utilization of Kuini as fresh fruit, however, is very limited due to its fibrous
flesh which causes acrid on throat. Nowadays, the kuini remain underutilized for general
population. It was commonly overlooked by developed population and noticed as low prestige
and nutritionally inferior. As a tropical country, Malaysia is a home for a variety of indigenous
crop. Recognizing the potential of indigenous kuini as cultivated crop, proper product
development is the way forward. At MARDI, a strategy has been made of the attempts at using
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modern microbial fermentation technology for the production of new value-added functional
fermented beverage from kuini juice using consortium of kombucha strain. This favourable
fermentability property of the kuini juices can be explored for other fermented products with
functional properties. Consequently, it is desirable to process fresh kuini, into fermented kuini
beverage in order to increase its value and marketability.
MATERIALS AND METHODS
The kuini juice supplemented with sugar was allowed to ferment under aerobic conditions for
21 days. The consortium of kombucha strains involves more than one safe microorganisms.
Yeasts and acetic acid producing bacteria live together symbiotically to convert the sugared
kuini juice to form new fermented products through fermentation. The fermentation process
was carried out strictly under aseptic conditions.
Flow chart of kuini fermentation process with consortium of kombucha strain
Kuini fruits
Washing and peeling (removed the seeds)
Blender the flesh using industrial blender
Kuini puree (Brix: 3.5%)
10% puree + dH2O + concentration of the total sugar content (15%) of juice and
pasteurization (900C, 20 min)
Cooling
Inoculate with kombucha consortium strain (initial pH: 4.2)
Static fermentation (28 °C, 21 days)
Filtration process (0.22 um)
Fermented Kuini beverage
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RESULTS AND DISCUSSION
Kuini juice could serve as suitable media for cultivating consortium of kombucha strain for
fermented beverages production. The fermentation affected physiochemical and sensory
properties of the kuini juice. With a focus on the promising new value-added healthy products,
the fermentation process enhanced the antioxidant, antimicrobial activities and the bioactive
compounds, with the desirable overall organoleptic properties of the fermented beverages. As
the fermentation progresses, the taste of fermented kuini juices changes from a pleasurably
fruity to a sour and tartness taste, thus increases the consumer acceptability of the flavour and
other sensory aspects of the beverage. Ultimately, a pleasantly sweet and sour, slightly
pungent (because high in organic acids), apple cider-like beverage is produced. The
fermentation process enhanced the antioxidant activity of the kuini 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).
The low pH of the beverage is attributed to the production of various organic acids
during fermentation. The antimicrobial activity of fermented kuini beverage is largely
attributable to the presence of nine organic acids (galacturonic, oxalic, tartaric, L-malic, lactic,
acetic, citric, succinic and ascorbic acid (Table 1). The antioxidant activity demonstrated is
thought to be due to the various biophenolic compounds (such as gallic acid, syringic acid,
caffeic acid, benzoic acid, ellagic acid and ferulic acid) and bioflavanoid compound (such as
epigallocatechin) (Table 2).
Table 1. Identified organic acids of fermented kuini beverage
Organic acid

Fermented kuini beverage
(ug/mL)

Galacturonic

35.23 ± 1.86

Oxalic

418.37 ± 3.25

Tartaric

542.30 ± 18.51

L-malic

16,886.79 ± 64.73

Lactic

1,368.68 ± 51.82

Acetic

13,133.26 ± 79.89

Citric

39.18 ± 2.93

Succinic

168.31 ± 8.30

Ascorbic

75.54 ± 4.70
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Table 2. Identified phenolic compounds of fermented kuini beverage
Phenolic

Fermented kuini beverage

compounds

(ug/mL)

Gallic acid

7.49 ± 2.6

Syringic acid

1.53 ± 0.07

sCaffeic acid

0.95 ± 0.06

Benzoic acid

6.09 ± 0.11

Ellagic acid

0.52 ± 0.08

Ferulic acid

0.58 ± 0.02

Epigallocatechin

75.60 ± 0.3

Supported by the findings from an in-vivo rat model study, fermented kuini beverage
has been confirmed safe to drink with no adverse effect.

The effect of fermented kuini

beverage in hypercholesterolemic‐induced rat was investigated. Results from this study
showed

that

the

plasma

lipid

profiles

improved

with fermented

kuini

beverage supplementation as indicated by significantly reduced levels of total cholesterol (TC;
34.63%), low-density lipoprotein cholesterol (LDL-C; 60.27%) with a constant triglyceride (TG)
and high-density lipoprotein cholesterol (HDL-C) level in fermented beverage‐treated groups
relative to the hypercholesterolemic control group (Table 3). Further investigations of blood
haematology and serum biochemical profile, liver and kidney functional analysis and blood
glucose measurement of rats revealed a good health condition after being fed for 4 weeks
with fermented kuini beverage. The analytical findings of this study provide an additional
database for fermented kuini beverage, which has not been explored so far. This study
suggests that fermented kuini beverage could be used as part of a therapeutic regimen to
positively influence atherosclerosis via its lipid‐lowering properties and as a natural source of
antioxidant. Hence, the data obtained from this work can be useful to both producers and
consumers as functional ingredients for processing into health foods in food and nutraceutical
industries.
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Table 3. Lipid profile of rats and calculation of percentage reduction
Lipid profile
(mmol/L)

Total cholesterol (TC)
Triglyceride (TG)
High-density

Normal

Positive

(Hypercholesterolemia

Control

rats)

(Simvastatin)

3.35 ± 0.70a

2.39 ± 0.13ab

0.68 ± 0.05b

0.70 ± 0.04ab

1.15 ± 0.12a

1.07 ± 0.05a

0.98 ± 0.02a

1.51 ± 0.63a

0.62 ± 0.12ab

0.60 ± 0.14a

2.02 ±
0.10b
0.63 ±
0.05a
1.20 ±

lipoprotein
cholesterol (HDL-C)
Low-density
lipoprotein cholesterol
(LDL-C)

Fermented

Negative Control

0.06a
0.19 ±
0.05b

kuini
beverage
(FKB)
2.19 ± 0.14b

%

%

reduction

reduction

(FKB)

(Simvastatin)

34.63%

28.66%

60.27%

58.94%

0.61 ±
0.03ab

CONCLUSION
A glimpse of study carried out in MARDI revealed that the fermented kuini beverage is a good
source of the bioactive compounds, which make it as a functional beverage. Based on recent
developments, it is anticipated that fermented kuini beverage may become a significant
component in the functional food market. As such, synergistic effects between kuini juice and
the consortium of kombucha strains might come to light.
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INTRODUCTION
Malaysia is at risk of becoming an “ageing population”. The number of Malaysians aged 60
years and above is estimated to be 1.4 million and is projected to increase to 3.3 million in the
year 2020. [1]. The elderlies are less healthy than the young, hence an increase in the
proportion of the aged group is associated with an increase in the prevalence of ill health.
Malnutrition is also expected to be a major problem in the elderly. This is due to changes in
dietary habits, poor dentition and types and amounts of food consumed. Malnutrition in the
elderly is often associated with chronic food-related or non-communicable diseases (NCDs)
such as diabetes mellitus, hypertension and hypercholesterolemia [2]. These chronic
conditions, along with changes in body composition such as loss of bone density and changes
in the digestive system that absorbs nutrients, can increase the risk of malnutrition [2].
Furthermore, elderly have unique dietary needs. They tend to need fewer calories
because they are physically inactive and their metabolic rate is slow. However, their bodies
still need the same or higher nutrients for optimal health. Nutrient-dense cereal from brown
rice and tropical fruit was developed with nutrients that meet the requirements of the
Recommended Nutrient Intake (RNI) that can help in reducing the risk of malnutrition among
the elderly. In addition, the product is categorized as low glycaemic index food, which can also
reduce the risk of NCD diseases that are often associated with this group.
MATERIALS AND METHODS
Nutrient-dense cereal processing involves three processing lines, namely: fruit puree
processing (banana, papaya and pineapple), the pre-gelatinating process of brown rice flour
and processing of nutrient-dense cereal using drum drier.
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Proximate Analysis
Proximate analysis study was conducted according to the method described in AOAC Official
Method of Analysis [4] for analysis of total dietary fibre, ash, protein, total fat, total sugar,
vitamins and minerals. For energy and carbohydrate, both analysis were carried out according
to the method stated in Food Regulation 1985 [5]. Moisture content is was determined
according to the method stated in MS1191: 1991[6].
Glycemic Index Analysis
Glycemic index is was determined according to the method recommended by FAO / WHO [7]
where 12 healthy adult volunteers were studied. The study was carried out by the collaborator
from Universiti Kebangsaan Malaysia.
Market Survey
The study focuses on geriatric groups aged 60 and above by using primary and partial data
secondary to demographic information. Random sampling was adopted in this study for the
selection of 650 respondents at northern, central and southern zones. Structured
questionnaire forms were used to obtain respondents' profile information and perceptions as
well as user evaluation of product attributes.
RESULTS AND DISCUSSION
Nutrition Composition and Glycaemic Index
The nutrient-dense cereal technology of the fruits and brown rice was developed to meet the
nutritional needs of the elderly. It is a food product with high dietary fiber (6.08g/100g), source
of minerals and vitamins (Table 1). This product has low glycaemic index (52.9). Compared to
marketed cereal products containing wheat as a cereal ingredient, nutrient dense products
produced through this project use brown rice as an ingredient, making it a gluten-free product.
The use of pre-gelatinized brown rice in the production, makes the starch in brown rice
becomes soluble, binds water and forms a gel. This will improve the texture of the product and
product digestibility [3]. Therefore, it makes the product easier to digest, thus increasing the
absorption of nutrients.
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Table 1. Nutrition composition of cereal nutrient-dense from brown rice and tropical fruit
Nutrition Composition

Percentage meets

Studied sample

RNI/day

Energy,kcal

376.67 ± 9.24

1780 kcal

21%

Total fat, g

10.85 ± 0.05

NA

NA

Protein, g/100 g

8.38 ± 0.09

NA

NA

Carbohydrate, g/100 g

85.97 ± 1.97

NA

NA

Total dietary fibre, g/100 g

6.08 ± 1.93

NA

NA

Vitamin C, mg/100 g

224.88 ±7.25

70 mg

321%

Vitamin B1, µg/100g

147.4 ± 2.52

1.1 - 1.2 mg

13%

Vitamin B2, µg/100g

0.36 ± 0.01

1.1 - 1.3mg

0.03%

Vitamin B5, µg/100g

556 ± 20.2

5 mg

13.7%

Vitamin B6, µg/100g

4.38 ± 0.62

1.5 – 1.7 mg

0.26%

Vitamin B7, µg/100g

150 ± 7.01

NA

Vitamin B9, µg/100g

54.22 ± 5.52

400 µg

13.5%

Vitamin B12, µg/100g

3.58 ± 0.17

4 µg

89.25%

Calcium, mg/100 g

39.7 ± 1.76

1000-1200mg

3.3 - 3.97%

Potassium, mg/100 g

587.8 ± 39.8

4.7 g

>100%

Magnesium, mg/100 g

39.71 ± 1.34

420 mg

9.4%

Zinc, mg/100 g

1.94 ± 0.34

4.4 -6.3 mg

30.8 - 44.8 %

Sodium, mg/100 g

24.6 ± 8.8

1500 mg

1.64%

Iron, mg/100 g

2.69 ± 1.73

(100 g)

11-14 mg (10%
absorption)

RNI

19 -24%

Note: Reference RNI Malaysia, 2017, for the elderly (> 65 years old)

Market Survey among the Elderly
Consumer acceptance studies conducted on 650 elderly respondents in three zones, namely
northern, central and southern zones, showed that nutrient dense food products received more
than 80% acceptance for physical appearance, aroma, texture, colour and taste and 90% for
overall acceptance (Figure 1). This indicates nutrient-dense cereal from brown rice and
tropical fruit has the potential to be commercialised.
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Figure 1. Market acceptance study among elderly by zone
CONCLUSION
The production of nutrient-dense cereal from tropical fruit and brown rice can meet the
nutritional needs of elderly and reduce the problem of malnutrition among the elderly in
Malaysia. The product is a source of dietary fibre, mineral and vitamins with low glycaemic
index. It is made from pre-gelatinated brown rice which is easy to digest thus increased the
absorption of nutrient. To ensure that the health benefits of the product be beneficial to the
community towards healthy aging, commercialization of this technology by the local food
industry is a way forward that needs to be carried out.
Intellectual Property: TS 2018/23/068
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INTRODUCTION
Malaysia imported nearly RM20bil in processed food in 2018. That is a high figure for a country
with a population of 32 million. Malaysia ranked 40 out of 113 countries in the Global Food
Security Index in 2018 [1]. World functional food market are growing at CAGR of 6.6%from
2018 (USD 68.60bil) to 2023 (USD 94.21 bil). As a result, there is a need to explore local
resources to develop new food product and to reduce importation of raw materials such as
wheat flour and beef.
Breakfast cereal is one of the nutritious foods to start the day. It is enjoyed by all ages
because it tastes delicious, nutritious and satisfies the modern preferences of those who
choose nutritious and convenient foods to maintain healthy life style. Healthy breakfast cereals
in the market are quite expensive and are made from imported ingredients such as wheat,
corn and oats. Therefore, attempts are being made to explore local resources without
compromising product quality characteristics. Anggun sweet potato, which is a purple sweet
potato variety developed and launched by MARDI in 2017, was selected as has been eaten
as an alternative source of carbohydrates in addition to rice and is suitable to be processed
into puree and flour.
MATERIALS AND METHODS
Sample Preparation
Purple sweet potato variety Anggun 1 was purchased from MARDI Bachok, Kelantan. Other
ingredients such as corn flour, castor sugar and salt were purchased from local food ingredient
supplier. All chemicals used for analysis are of analytical grade.
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Preparation of Anggun Sweet Potato Flour and Cereal
Sweet potato flour was prepared in pilot plant at Food Science and Technology research
Centre, MARDI, Serdang, Selangor. Sweet potato tubers were washed, peeled, and sliced
into stick form and dried in the cabinet dryer at 70 oC for 7 hours. Dried material was then
ground using Hammer mill Model UM-50SS (Germany). It is necessary to pass twice the dried
material in the mill to produce a finer flour [2]. Cereal was produced by mixing Anggun flour
with other ingredients and puffed using an extruder machine (Brabender), packed in OPP / Al
/ PE packaging material and stored at room temperature for further analysis.
Analyses
Proximate analysis (Moisture, ash, fat, fiber and protein were analyzed according to AOAC
(2000) method. Anthocyanin content was measured using UV-VIS spectroscopy [3]. Total
antioxidant activity was according to DPPH method [4]. Gluten content was analysed using in
house method based on R-Biopharm ELISA Test Kit (R7001). Data were expressed as the
mean values with standard deviation using Excell 2013. Experiments were run in triplicates.
Prebiotic Properties
This study was carried out according to the method described by Sarbini S.R et al (2014) and
Aida Hamimi I. (2009). The product is used as a supplemented culture media (2% product in
MRS Broth), alongside with inulin supplemented media (2% inulin MRS Broth ) as positive
control and blank media (MRS Broth) as negative control. 6 Lactobacillus strains were used
in this study, which are L. acidophilus, L. bulgaricus, L.brevis, L. fermentum, L. plantarum and
L. rhamnosus. Selected strains are widely accepted as probiotic. All culture was incubated in
anaerobic condition at 37 ̊C for 96 hours, with 24 hours interval.
RESULTS AND DISCUSSION
Physicochemical properties of Anggun cereal are as shown in Table 1. Extrusion processing
had transformed powdery ingredients into puff form with moisture content of 1.42%. A low
moisture content presented product with crispy texture and shelf stable for one year at room
temperature storage. Consumption of cereal would provide good source of nutrient as shown
by its high carbohydrate, dietary fiber, anthocyanin and antioxidant.
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Table 1. Physicochemical properties of Anggun cereal
Parameter

Values

Moisture (g/100g)

1.42 ± 0.06

Fat (g/100g)

0.03 ± 0.01

Ash (g/100g)

1.76 ± 0.12

Protein (g/100g)

2.04 ± 0.21

Carbohydrate (by calculations) (g/100g)

94.74 ± 0.12

Calorie (by calculations) (g/100g)

387.42 ± 0.58

Total dietary fibre (g/100g)

7.35 ± 0.41

Total anthocyanin (mg/100g)

11.8 ± 0.15

Total antioxidant (DPPH) (%)

93.38 ± 2.91

Gluten content (mg/kg)

ND (<5)

The prebiotic properties of Anggun cereal showed significantly higher growth rate for all strains
(L. acidophilus, L. bulgaricus, L.brevis, L. fermentum, L. plantarum and L. rhamnosus
comparing to basal media, at most interval points. Final interval for most strains were showing
their growth in inulin are not significantly higher, but L. rhamnosus’s and L. bravis’s growth in
product-supplemented media were significantly higher.

Figure 1. S (Media supplemented with product), I (Media supplemented with inulin), C
(Basal media)
CONCLUSION
From this study, we can conclude that the development of cereal products using local
ingredients will allow local consumers to enjoy high nutritional products at an affordable price
and increase the added value of the commodity.
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INTRODUCTION
Alertness problem among geriatric is due to various conditions such as lifestyle, social culture
and medication condition. It can be overcome through physical, spiritual, and food intake.
Coffee is consumed for its refreshing and stimulating effect. The phytochemicals in coffee are
found potential in relieving stress. Pegaga is also useful in preventing cognitive deficit and
oxidative stress. The beneficial health effects of coffee and Pegaga are usually attributed to
its high antioxidant activity (ability to inhibit oxidation). Coffee is consumed for its refreshing
and stimulating effect. The phytochemicals in coffee are found potential in the treatment of
relieving stress. The beneficial health effects of coffee are usually attributed to its high
antioxidant activity (ability to inhibit the process of oxidation). Coffee and pegaga were
reported effective in preventing cognitive deficit and oxidative stress. Antioxidants in coffee
related to antioxidative stress are chlorogenic acid, ferulic acid, caffeic acid, and n-coumaric
acids [2]. Furthermore, the phenolic compound in pegaga that contributed in reducing
depression is asiatic acid [3]. Therefore, this project was conducted to develop a premix
Liberica coffee with pegaga extract as health supplement drink for elderly.
MATERIALS AND METHODS
Sample Preparation
The Liberica coffee clone MKL 5, 6 and 7 were collected from MARDI Kluang Johor. The
pegaga leaves were collected from Serdang, Selangor. The pegaga extract was extracted
using freeze drying technique. The coffee beverages were prepared fresh in a thermostatically
controlled flask (70 °C), and the temperature was kept constant until the sensory evaluation
to minimize aroma loss.
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Nutritional Composition Analysis
The proximate analysis, vitamin and minerals were determined using AOAC methods.
Antioxidant Analysis
The samples were measured by for DPPH assay method at 517 nm using UV
spectrophotometer. Meanwhile, the FRAP assay, as adapted from Benzie and Strain (1996),
measured at 593 nm using UV spectrophotometer. The phenolic compounds profile were
analysed using Ultra-Performance Liquid Chromatography (UPLC) and High-Performance
Liquid Chromatography (HPLC).
Acute and Subacute Toxicity Study
Acute toxicity study was conducted according to OECD 420 guideline: Acute Oral ToxicityFixed Dosed Procedure. Sub-acute toxicity study was conducted according to OECD 407
guideline: Repeated Dose 28-days Oral Toxicity Procedure.
Efficacy Evaluation: Antidepressant effect using Rodent Model
Three types of stressor were induced stress/depression in mice for 30 days consecutively.
(Small cage, elevated plus maze and noise).
Consumer Acceptance Survey
A descriptive cross-sectional survey on perception of food attributes and acceptance was
conducted among 200 elderly respondents in Klang Valley.
Statistical Analysis
Data obtained were analysed for significance using ANOVA and Duncan multiple variable
comparison with Minitab Version 9.
RESULTS AND DISCUSSION
As a result, technology of premix coffee with Pegaga (Pegaga) extract was successfully
developed as a healthy drink suitable for geriatric care. Premix was formulated with
combination of ground roasted Liberica, ground green coffee and Pegaga extract powder.
Antioxidants in Liberica coffee (as related to antioxidative stress) are chlorogenic acid (6 mg/g)
and caffeic acid (0.061 mg/g). (Table 1) Antioxidants in Pegaga, which contributed to reduce
depression, are asiatic acid (9.9mg/100g) and asiaticoside (11.6 mg/100g), madecassoside
(12.06 mg/100g) and medacassic acid (11.68 mg/100g). This product contains high
antioxidant (94.5%), carbohydrate (72.75%) and dietary fiber (23%). Besides that, It also has
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good source of protein (8.45%), fat (1.1%), vitamin B3 (116 mg/100g) and potassium (1075
mg/100g).
Table 1. Nutritional composition, antioxidant activity and phenolic compound of premix
liberica coffee with pegaga extract

This product was highly accepted (90%) by the respondent during consumer
acceptance surveys. The developed formulation of liberica coffee with pegaga extract was
safe to be consumed (especially for elderly as targeted group) and accepted by trained elderly
panelist and consumer assessment survey. This product has no toxic and side effect
determined via acute and subacute toxicity study. The treatment of premix coffee with pegaga
extract has indicated potential positive effects on the anxiety level despite of stressor given to
mice. The premix liberica coffee with pegaga extract was significantly more nutritious than
other commercial products in the market (Table 2).
Table 2. The comparison table of commercial products in the market
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CONCLUSION
This technology is one of the alternative healthy drink suitable for geriatric care. The Liberica
coffea clones of MKL 5, 6 and 7 were formulated with combination of roasted and green
Liberica coffee as well as Centella asiatica extract (Pegaga). The premix coffee product
contains high antioxidant compound. The developed formulation of pegaga coffee was safe to
be consumed and accepted by trained panelists and consumer assessment survey. This
innovative product developed using MARDI coffee clone as a healthy premix drink is ready to
be transferred to beverages manufacturer industry.
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INTRODUCTION
In Malaysia, one of the popular snacks especially in the east coast of peninsular Malaysia is
known as keropok lekor or fish snack like sausage. Keropok lekor is found everywhere in
Malaysia primarily in Terengganu and other states are in Kelantan, Kedah, Pahang and Johor.
Keropok lekor is a traditional fish snacks and one of the heritage industry exclusively in
Terengganu. Traditionally made by mixing fresh meat from round scad/ 'selayang' (Decapterus
russelli) or fringescale sardinella/ 'tamban sisek' (Sardinella fimbriata) with sago flour, or some
combination with tapioca flour and seasoning: salt, monosodium glutamate and sugar. Meat
from round scad and sardines are most preferred by consumers because of their sweet taste
and texture (Che Rohani, 2013) [1]. It is slightly grayish in color and gives a fishy taste and
smell, which becomes more prominent as it cools down after frying.
The statistics of agro-food statistics (2018) [5] showed that, the percentage of fish
products, crustaceans, molluscs and preparations exported was 28% (RM26.8 million) and
72% (RM 69.2 million) of fish products were imported from abroad. According to Monthly
Manufacturing Statistics (2020) [3], Department of Statistics Malaysia, fish products recorded
a production of 9592 tonnes of fish dishes in July and 6793 tonnes in June 2020. July showed
an increase in fish dish production by 41%. This shows that fisheries products and
consumption in Malaysia is very demanding.
The quality of crackers produced depends on the freshness and type of fish, the ratio
of the main ingredients with flour (fish meat: flour) as well as the processing method. A good
quality fish cracker is determined by its taste, flavour, texture and crispness. Crispy lekor that
has crispy texture has been reformulated and improved to become a very popular high protein
fish snack among Malaysians by Malaysian Agricultural Research and Development Institute
(MARDI) (Che Rohani et.al, 2013) [2]. It was also resembling like sausage and cut around two
centimetres before frying. It is frequently served with dipping sauces. Consumers usually
purchase keropok lekor from local manufacturers, restaurants, hawker’s stalls and night
markets among the locals within their locality.
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Nowadays, innovation like adding cheese, mayonnaise and other flavor ingredients
might also available in the market. There are many types of keropok lekor introduced into
market, keropok lekor cheese, breaded keropok lekor cheese, crispy keropok lekor (popers)
and black paper keropok lekor. An example, ‘keropok lekor cheese’ has been modified to form
into a ball with cheese filling and some turn the shape of keropok lekor to donut shape. This
innovation will give more choices to the youngster.
Keropok lekor is widely known among the Malaysians but has not been exposed well
to the tourists who visited Malaysia unless the tourists are being introduced during their trip to
Terengganu. Despite the popularity of keropok lekor in the country, this product is currently
lacking in commercial value, the texture is hard after fried and easily broken after kept frozen
at -20°C. Therefore, this product may need some innovation to attract foreign tourists as well
as to increase and sustain its market in the future.
The study was done to improve the texture and taste of traditional keropok lekor to a
new softer frozen keropok lekor that can maintain soft after fried for 30 minutes and more fish
taste to be more desirable. Variations of keropok lekor was developed, soft frozen shrimp and
squid keropok lekor is produced. Other than that, ‘keropok lekor’ have been improved by
changing the formulation and method of processing to maintain their taste and do not easily
broken after kept frozen at -20°C.
MATERIALS AND METHODS
Frozen keropok lekor was reformulated by studying the effect of using otoshimi Selayang in
combination with otoshimi Lolong Bara and the variation in percentage of sago starch and
others new ingredients to get a soft texture inside keropok lekor and crispy texture at outer
layer of frozen keropok lekor. For screening analysis, the factorial design was used, there are
formulation trials where 33 Factorial design using 3 factors and 3 levels. The three factors were
the percentage of fish used and type of otoshimi, percentage of new ingredient 1 and 2 as the
other factors. The simple lattice design was used to select the optimum formulation; there are
5 treatments of fish keropok lekor. By using discriminative sensory test, Quantitative
Descriptive Analysis (QDA) with linear scale of 0-5 inches, the optimum formulation was
selected. Sensory evaluation was done by using 15-20 trained panellist at MARDI Kuala
Terengganu and consumer test for 300 respondent using horizontal linear scale 5 inches from
lower (0) to stronger (5) inches to get optimum formulation. The product was evaluated
organoleptically to ensure its overall acceptability using preference test for 5 attributes:
Appearance, Shape, Colour, Odour, Taste: Fish taste, Texture: crispiness, softness and
firmness and Overall acceptability.
The texture analysis was done using plunger compression test, fish ball probe with
speed 50 mm/min and load stress 10 Newton (Ez-test texture analyser shimadzu). The
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proximate analysis was determined according to the standard method procedure (AOAC,
2005). The parameters used in producing frozen keropok lekor was established. Keropok lekor
was boiled, quick frozen at -40ºC in blast freezer for 2 hours and kept frozen at -18 to-20ºC.
The keropok lekor was deep fried at 170°C for 3 minutes for fish keropok lekor, 5 minutes for
squid keropok lekor and 4 minutes for prawn keropok lekor. Financial analysis was done by
calculation of raw materials used in month, machinery and salary of staff.
Microbiological analysis was done for Total Plate Count, E.Coli and staphylococus.
Microbiology analysis: total plate count using 3M petrifilm (AOAC 990.12), E.coli using 3M
petrifilm (for meat, poultry and seafood AOAC 998.08) and yeast and mould using 3M petrifilm
rapid yeast and mould (AOAC. 2014.05) (AOAC,2005) [4].The technology of frozen soft fish,
prawn and squid keropok lekor was registered for trade secret on 22.10.2019 (TS
2019/28/076).
RESULTS AND DISCUSSION
MARDI had improved the texture and taste of traditional keropok lekor to a new softer frozen
keropok lekor which is more fish taste by adding new ingredients and modifications of the
formulations. Variations of keropok lekor was developed, soft frozen shrimp and squid keropok
lekor is produced. The shelf life of keropok lekor packed using low-density polyethylene is 1.5
year at -18°C. The soft frozen keropok lekor can be kept at frozen temperature -18°C for 18
months without freezer burnt and do not broken after thawing and some ingredients used can
hold water-holding capacity in the keropok lekor. The microbiology test showed that the total
plate count was 101 cfu/g, E.Coli, staphylococcus, yeast and mould was negative. Consumer
acceptance was conducted for 300 respondents (Figure 2) and the results showed that 93.7%
accepted the taste, odour 92.8%, firmness 86.5%, crispiness 73.9%, colour and softness
91.9%. The overall acceptability of all attributes of MARDI keropok lekor was 94.6% compared
to commercial keropok lekor of 73.9%. According to the survey, there was 95% consumer
willing to buy the soft fish, prawn and squid keropok lekor if the keropok lekor was sold at the
markets.
These fish crackers have the potential to be commercialized at RM 13 per 1kg with an
83% internal rate of return for 1.27 years payback periods. Whereas shrimp and squid keropok
lekor can be commercially priced at RM 28 for 1kg with a 55% internal rate of return for 1.86
years payback period. These keropok lekor contains 7.3g /100g protein for fish keropok lekor,
7.9g /100g for shrimp keropok lekor, 7.1g / 100g for cuttlefish keropok lekor and low-fat content
(0.3-0.5g/ 100g) (Table 1). By using discriminative sensory test with linear scale of 0-5 inch,
the optimum formulation was selected. The texture analysis for soft fish keropok lekor
(treatment 2) was 3.48 newton, that was the softest keropok lekor and for the other variations
prawn keropok lekor was 3.54-newton and squid keropok lekor was 3.76 newton by using
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Shimadzu texture analyser (Table 2). The optimum formulation that had been selected was
treatment 2 because of the result of texture analysis was the softest keropok lekor and the
overall acceptability score was the second highest which is 4.29 with a significant different
p<0.05 (Apperance 4.25, colour 4.17, odour 4.19, fish taste 4.27, crispiness 4.27, softness
4.30, firmness 4.21) (Table 3).
According to Figure 2 showed that sensory score by using discriminative test (scales
0-5 inches) for comparison of keropok lekor after fried and keropok lekor that had been left at
room temperature for 30 minutes, overall acceptability was 4.29 after fried and 4.24 after 30
minutes, there was no significant different p>0.05.
Table 1. Nutrition Information
Nutrition Information
Serving Size: 100g

Fish Keropok

Prawn Keropok

Squid keropok

Commercial

Lekor

Lekor

lekor

keropok lekor

Per serving 100g

Per serving 100g

Per serving 100g

Per serving 100g

96kcal

104kcal

106kcal

122kcal

Carbohydrate

16.1±0.14g

17.6±0.07g

18.3±0.07g

23.5±0.2

Protein

7.3±0.04g

7.9±0.07g

7.0±0.07g

7.0±0.2

Total Fat

0.3±0.00g

0.2±0.00g

0.5±0.00g

0.1±0.03

Moisture

75.3±0.07g

73.3±0.07g

73.2±0.07g

64.8±0.2

0.05±0.00g

0.02±0.00g

0.05±0.0g

0g

Servings Per
Package: 5
Average
Composition
Energy

Polyunsaturated
Fatty Acid (PUFA)

Table 2. Texture analysis of MARDI keropok lekor comparison with entrepreneur keropok
lekor
Duncan

Mean (Newton)

Replicates

TREATMENT

A

8.26±0.90

20

Entrepreneur lekor 1

B

6.43±0.83

20

Enterprenuer lekor 2

C

5.15±0.48

20

Enterpreneur lekor 3

D

3.76±0.36

20

MARDI Squid lekor

D

3.54±0.60

20

MARDI Prawn Lekor

D

3.48±0.46

20

MARDI Fish keropok lekor
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Table 3. Sensory evaluation by trained panel for keropok lekor treatment 1 to 5

T1-T5: Treatment of keropok lekor (Discriminative test) line scale -0-5 inches.

Figure 1. Sensory evaluation by trained panel comparison between fresh fried keropok lekor
and after 30 minutes left at room temperature
There was no significant different p<0.05 between fresh fried sample compare with
sample had been left for 30 minutes at room temperatures.

98

Percentage (%)

100.0
90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.0

91.0

80.2

91.9

80.2

93.7

92.8
74.8

91.9

72.1

73.9

63.1

86.5
61.3

94.6
70.3

73.9

Atribute
Keropok Lekor Ikan MARDI

Commercial

Figure 2. Sensory evaluation by 300 consumers
CONCLUSION
In conclusion, innovation of keropok lekor MARDI as Malaysia signature traditional innovation
food perceived better texture (soft after 30 minutes post frying), nutritious in proximate value,
stable at frozen temperature and highly acceptable by consumers compared to commercial
keropok lekor in the market. In Addition, this product potential to penetrate global market and
boosting the social economy to the state and impact to the nation by increasing the income of
the player in the fish downstream industry. The product is more soft, stable at frozen
temperature, no freezer burn or broken after thawing. This technology will increase the
entrepreneur income and expand the company.
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INTRODUCTION
Food antioxidants are scavengers of free radicals present in human body. These free radicals
can damage DNA, cell membrane, trigger disease including arthritis, deterioration of the eye
lens and accelerate ageing process. Foods which have high levels of antioxidant are being
promoted by physicians, dietitians, and nutritional industries which will foster product
utilization, thus propelling market growth. The total Malaysian population aged 65 years and
above increased to 2.23 million in the fourth quarter of 2019 compared to 2.14 million for the
same period in 2018. The global market for Anti-Aging Products estimated at US$52.5 Billion
in 2020, is projected to reach a revised size of US$83.2 Billion by 2027, growing at a CAGR
of 6.8% over the analysis period 2020-2027. In general, glutathione oxidase and superoxide
dismutase enzymes are associated with the aging factor where as age increases, these
enzymes will decrease in the blood serum. Glutathione oxidase and superoxide dismutase
depreciation among senior citizen can lead to multiple health problems that associates with
aging factor. Therefore, if the intake of nectar is able to give a positive effect that is an increase
in the enzymes in older mice, then this nectar can be used as a supplement to help in heathier
aging process.

MATERIALS AND METHODS
Preparation of extracts, mixing, pasteurization and filling
Nectar is prepared by mixing sugar syrup and all the local fruit extracts that have been
produced based on optimized parameters followed with pasteurization and packed into
sterilized amber glass bottles with 50 mL volume per bottle. The nectar’s soluble solid is
20°Brix and it can be stored at room temperature until 6 months of storage.
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Effectiveness study on animals
Research carried out using old mice (12 months old) as the subject of the study in order to
see the effects of nectar intake (50ml x 2 bottles are recommended for intake per individual)
on the content of the glutathione oxidase and superoxide dismutase enzymes in the blood
serum.
RESULTS AND DISCUSSION
Antioxidant content and animal study efficacy
Developed nectar contains high and stable antioxidants throughout the storage period, with a
DPPH value of 89.57 ± 0.43% absorption, FRAP value of 334.19 ± 5.01 mg / 100g FeSO 4
while TPC value of 166.66 ± 7.05 mg / 100g GAE and 360-365 TFC range (mg quercetin
equivalent / g fresh sample (Table 2). Generally, glutathione peroxidase (GPx) and superoxide
dismutase (SOD) (enzymes associated with aging) in aged mice supplement with the nectar
for 28 days increased as like in young mice (Table 1). Superoxide dismutase and glutathione
peroxidase in control aged rats from 1943.67±18.64(IU/ml) and 2507.60±293.81(u/l) increased
to 1985.33±6.87(IU/ml) and 3113.33±165.87(u/l), respectively after the treatment using fresh
nectar. Meanwhile, when the treatment was tested using nectar that was 6 months in storage,
it seems that the enzymes was increase after the treatment, which were from
1943.67±18.64(IU/ml)

and 2507.60±293.81(u/l) increased to 1974.33±20.91(IU/ml) and

2897.00±203.33(u/l), respectively for superoxide dismutase and glutathione peroxidase
(Table 1). These results showed that the antioxidants in developed nectar were maintain and
has effectiveness on health benefits throughout the recommend storage period.

Table 1. Glutathione oxidase and superoxide dismutase enzymes in mice supplemented
with nectar for 28 days
SOD

GPx

(IU/ml)

(u/l)

Control aged rats

1943.67±18.64b

2507.60±293.81b

Aged rats + fresh nectar

1985.33±6.87a

3113.33±165.87ab

Aged rats+6 months nectar

1974.33±20.91ab

2897.00±203.33ab

Control young rats

1965.00±12.20ab

3367.20±693.92a

Treatment

abc

Different alphabet in the same column show significant difference (p<0.05)
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Economic and social impact
Financial analysis on the nectar shows that an internal rate of return (IRR) of 50.7% is positive
and means that this project is viable. The return period is 2.1 years. The production cost per
unit for 50 mL of high antioxidant nectar drink is RM1.52, and by assuming a daily production
of 360 bottles the suggested price taking 100% profit-making the sale price to be
RM3.05/bottle. Our technology adds value to Malaysia’s roselle and pitaya industry and could
bring significant added income to growers.
Table 2. Antioxidant content in developed nectar versus commercial nectar
FRAP

TPC

TFC range

(% inhibition)

(mg FESO4
eq/100g)

(mg GA
eq/100g)

(mg quercetin
eq/g)

Glow-D
nectar

89.57±0.43a

334.19±5.01a

166.74±11.31a

360-365

Commercial
nectar

70.89±0.84b

305.64±16.77a

84.58±7.24b

-nil-

Treatment

DPPH

CONCLUSION
This antioxidant-rich nectar developed using cheap technology using local resources is an
opportunity for the local industry to meet local and international market demand and adds
value to Malaysia’s roselle and pitaya industry and could bring significant added income to
growers.
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INTRODUCTION
Non-communicable diseases (NCDs) is a disease that is not transmissible directly from one
person to another such as Parkinson's disease, autoimmune diseases, strokes, heart
diseases, cancers, diabetes, chronic kidney disease, osteoarthritis, osteoporosis, Alzheimer's
disease, cataracts, and etc. According to World Health Organization report (2018), this NCDs
had killed approxiamtely 41 million every year which encountered almost 71% of all death
globally [1]. In general, there are 8 major risk factors of non-communicable diseases have
been identified, including hypertension, overweight, hyperglycemia, hyperlipidemia, tobacco
use, physical inactivity, unhealthy diet and harmful use of alcohol. Recently, Malaysia
experienced two major risk factors of NCDs, which are overweight and diabetes that have
been increased dramatically over the last few years. According to National Health and
Morbidity Survey in 2019, almost 1 in 5 Malaysian are diabetes and half of the Malaysian
population is overweight [2]. This unhealthy phenomenon is a huge burden to Malaysia health
care system and had caused economic loss to nation.
With the rapid expansion of obesity and diabetes epidemics worldwide, particularly in
Malaysia, it is crucial to develop a natural food remedy to reduce risk factors of NCDs for
prevention and control measures. In MARDI, we have identified a controlled biofermentation
method to produce palatable fermented fruits bioingredients (FFB) using selected pure
SCOBY strains with potential probiotic characteristics. This fermentation has been carried out
using modern bioreactor technology to reduce the fermentation time precisely and ensure
consistency in product quality. Five types of different local fruits raw materials (jackfruit leaves,
papaya leaves, mango leaves, jackfruit pulp and papaya pulp) were selected as substrate to
produce different types of fermented fruit bioingredients. Both anti-obesity and anti-diabetic
studies were carried out using animal models with the aim to investigate the synergetic effects
of anti-obesity and anti-diabetic of FFB. These effects are believed be able to reduce the risk
factors of NCDs and to improve gut health system by increasing diversity of beneficial gut
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microbiota and indirectly strengthen body immune system through the consumption of natural
FFB. Various analyses have been carried out from physico-chemical examination up to
nutrigenomic and metagenomic analyses to identify the mechanism of action related to
functional properties and safety aspects of FFB.
MATERIALS AND METHODS
Animal Study
Fermented fruit bioingredients were prepared by fermenting each individual substrate (jackfruit
leaves, jackfruit pulp, papaya leaves, papaya pulp and mango leaves) with two pure SCOBY
strains (Dekkera bruxellensis & Komagataeibacter rhaeticus) under specific controlled
submerged fermentation process. A total of 80 ICR mice have been grouped into 8 groups: a)
normal diet; b) high fat diet, HFD, C(-); c) HFD-Orlistat (C(+), 10 mg/kg); d) HFD-fermented
jackfruit pulp (JP, 2 mL/kg); e) HFD-fermented jackfruit leaves (JL 2 mL/kg); f) HFD-fermented
papaya pulp (PP, 2 mL/kg); g) HFD-fermented papaya leaves (PL, 2 mL/kg); h) HFDfermented mango leaves (ML, 2 mL/kg). All mice were fed with high fat diet except for normal
diet mice for 3 months before proceed to individual FFB treatment for 2 months to examine
the anti-obesity properties of FFB. Whereas Streptozotocin (STZ) was used to induce diabetic
symptoms in 70 Sprague Dawley rats before subjected to FFB treatments study for a months:
a) normal rats; b) diabetic rats (DR) without treatment, C(-); c) DR treated with Metformin (4.5
mg/kg); d) DR treated with JP (1.5 mL/kg); e) DR treated with JL (1.5 mL/kg); f) DR treated
with PP (1.5 mL/kg); g) DR treated with PL (1.5 mL/kg); h) DR treated with ML (1.5 mL/kg).
Histopathology analysis on various organs and blood hematology profile were analysed
according to Sabidi et al.‘s study [3]. The composition of gut microbiota of individual treated
and control samples were evaluated via 16S rRNA sequencing on mice/rats faecal samples.
The adipose tissue/liver samples were collected from treated and control group. Total RNAs
were extracted from tissue samples using RNeasy Lipid Tissue Mini kit (Qiagen, Germany).
Complementary DNAs were synthesized using QuantiNova Reverse Transcriptase kit
(Qiagen, Germany). Predesigned PrimeTime Assay Std Probes 5' FAM/ZEN/3' IBFQ were
synthesized by Integrated DNA Technology. The 16S rRNA variable V3-V4 regions were
amplified using 16S Amplicon PCR Forward Primer, 5’- CCTAYGGGRBGCASCAG-3’ and
16S Amplicon PCR Reverse Primer 5’-GGACTACNNGGGTATCTAAT-3’ and Phusion HighFidelity PCR Master Mix (New England Biolabs, Ipswich, MA, USA). Sequencing libraries were
constructed using NEBNext® UltraTM DNA Library Prep Kit for Illumina® according to the
manufacturer’s instructions. Sequencing of 16S rRNA libraries was performed using lllumina
HiSeq 2500 platform with 250 bp paired end reads generated. Paired-end reads were merged
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using FLASH (V1.2.7) [4] to generate raw tags before the raw tags were subjected to quality
filtering to obtain clean tags using QIIME (V1.7.0) [5].
RESULTS AND DISCUSSION
In this study, synergetic effects of anti-obesity and anti-diabetic of five different fermented fruits
bioindredients were investigated using high fat diet-induced obese mice and streptozotocininduced diabetic rats with the major focus to identify the mechanism of action related to their
functional properties and the safety aspects of prolonged consumption of FFB. Surprisingly,
treatment of high fat diet-induced obese mice with FFB revealed drastic reduction of body
weight up to 18.45 – 23.42%, more promising results than commercial anti-obesity drug,
Orlistat which merely reduced body weight to 11.33% (Figure 1a). Metagenomic analysis on
faecal samples collected from obese mice-treated with FFB disclosed an increased diversity
of microbes composition abundances (Figure 1b). Compared to negative control group at the
genus level, evolutionary trees revealed that obese mice treated with FFB showed increase
in beneficial microbes abundances (e.g. Bifidobacterium, Lactobacillus, Bacteriodes,
Faecalibaculum, Blautia, Alloprevotello, Akkermarsia and etc.). The gene expression of few
targeted obesity-related gene markers in mice adipose tissue was analysed using qPCR
technique. Generally, the mRNA expression of Slc2a4, Srebf1, Adipor 1, NOS2, TNF, TGFβ1,
MMP2, IL6 and CCL2 genes in FFB treated samples showed significantly lower expression
levels than untreated samples. These findings indicated that the expression of genes related
to inflammatory effect, glucose uptake & adipose tissue formation had been down-regulated
following individual FFB treatments (Figure 1c), revealing the underlying mechnism of FFB
action in reducing body weight of obese mice.
In STZ-induced diabetic rats study, different fermented fruit bioingredients
demonstrated different anti-diabetic efficacy levels. Diabetic rats treated with PP and JL
groups showed great recovery from moderate diabetic stage to healthy stage and restored
body weight of diabetic rats to normal range. Whereas, treatment of JP and ML on diabetic
rats with severe diabetic symptoms showed restored normal blood glucose levels and body
weights within a month. In contrast, the blood glucose of untreated diabetic rats increased
from moderate to severe diabetic levels within a month and there was no body weight gain
observed. The QPCR gene expression analysis using few targeted gene markers (IRS1,
SCL2A8 & GST MU) with functions related to insulin receptor substrate, glucose transporter
and protective against oxidative stress on diabetic rats treated with FFB exhibited significantly
higher gene expression levels as compared to untreated diabetic rats. On the other hand,
genes related to inflammation effect & and tissue inhibitors of metalloproteinase 1 in diabetic
rats treated with FFB showed significantly lower expression levels in NOS2 & TIMP1 gene
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markers. These qPCR findings suggested the molecular mechanisms contributed by the
functional properties of FFB in relieving diabetic symptoms. Histopathology analysis on
various organs and blood haematology profiles of both animal studies revealed no sign of
inflammation, indicating no side effect of prolonged consumption of FFB.

Figure 1. In vivo anti-obesity & anti-diabetic studies on fermented fruit bioingredients: a) body weight
measurement on treated obese mice; b) metagenomic analysis on evolutionary tree at genus level on
treated obese mice; c) qPCR gene expression of targeted gene markers on treated obese mice; d)
Blood glucose profile on diabetic rats; e) body weight measurement on diabetic rats; f) qPCR gene
expression of few targeted gene markers on treated diabetic rats

CONCLUSION
Comprehensive evidence findings from physico-chemicals examination, nutrigenomic and
metagenomic data strongly supported the synergetic effects of anti-obesity and anti-diabetic
properties of FFB in regulating glucose and lipid metabolisms, reducing inflammation,
protecting tissues against oxidative stress and increasing insulin receptor substrate, as well
as increasing the diversity and abundances of beneficial microbes in gut system. New
discovery of beneficial health-promoting properties of FFB offers great potential to be
marketed as a natural food remedy that could effectively reduce risk factors of NCDs epidemic
globally. This is particularly benefiting Malaysian, where FFB offers a natural solution in
reducing two major risk factors of NCDs i.e. obesity and diabetes among our local people.
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INTRODUCTION
Coconut water is a tropical beverage that is high in nutritional values and contains many
potential therapeutic properties such as antioxidant, anti-hypertensive, anti-aging properties,
and as a potential treatment for Alzheimer’s disease [1]. Mature coconut water (MCW), a byproduct from the coconut milk processing industry, is being considered as a suitable substrate
to create the higher valued, fermented MCW. The main obstacle to the development of
coconut water-based health drink products is its short shelf-life, causing loss of its unique
organoleptic properties due to natural fermentation when exposed to air. MCW contains
sufficient nutrients not only for human consumption but also for promoting the growth of
beneficial microbes such as lactic acid bacteria (LAB), especially the Lactobacillus genera.
This research was focus on the use of selected LAB to enhance the nutritious value and
prolong the shelf life of MCW. In general, through the fermentation process, the microbes able
to hydrolyze complex raw materials into smaller units, improving digestibility and enhancing
the nutritional values [2]. The most abundant organic acid – lactic acid can act as a biopreservative and prolong the shelf life of MCW. Through the fermentation process LAB might
able to reduce anti-nutrient compounds in MCW (e.g. oxalic acid), because it can cause of
kidney stone formation. The fermented MCW is also formulated to improve its astringent taste
and make it pleasantly palatable. Additionally, this fermented MCW suitable for vegans
and lactose intolerant consumers.
MATERIALS AND METHODS
Strains and Culture Conditions
Two strains of lactic acid bacteria (LAB) consist of Lactobacillus acidophilus and Lactobacillus
brevis were obtained from the Collection of Functional Food Cultures (CFFC), MARDI. Both
LAB strains were cultivated in de Man Rogosa Sharpe (MRS) medium (Difco) for 24 h at 37oC.
Fresh starter cultures were used for inoculation of mature coconut water.
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Fermentation Process
Fermentation was conducted in 5L Shcott bottle containing 3L of MCW with 1% glucose, and
the mixture was pasteurized at 105°C for 10 minutes before being subjected to fermentation
process. 3% (v/v) inoculum (L. acidophilus co-cultured with L. brevis, LALB) was added into
MCW and incubated under static condition at 37oC for 24h. After 24h incubation, fermented
MCW was centrifuged and supernatants were collected. Then, it was mixed in 5L sterile
beaker and further formulated with certain ingredients to improve its astringent taste.
Fermented MCW was pasteurized at 90oC before packaging. Colony forming unit (CFU), pH,
microbiology test and bioactive compounds were determined. The bioactive compounds were
analyzing using Ultra and high performance liquid chromatography. All experiments were
performed in triplicate. Non-fermented MCW was used as the control.

Figure1. Development process of fermented MCW product
RESULTS AND DISCUSSION
After 24h incubation, the cell number reached log CFU 9.54 and the pH value signiﬁcantly
decreased from 6.26 to 3.54 during the fermentation period. Our results demonstrated that the
fermentation of MCW with LALB increased the concentration of bioactive compounds and
improve the functional properties beneficial for health, which could promote the development
of products based on MCW. Lactic acid was found to be predominant amongst all of the other
organic acids and its concentration varied significantly. Table 1 shows the production of
organic acids by LALB strain after 24h of MCW fermentation. Lactic acid content significantly
detected up to 12140.36 ± 34.47 mg/L upon fermentation. The amount of oxalic acid has
decreased in fermented MCW after 24h fermentation (10.12 ± 0.43 mg/L). Human body need
small amount of oxalic acid because its one of an antinutrient. High-oxalate foods may
increase the risk of kidney stones in susceptible people, and recommendations for patients
are based on urinary levels [3]. Table 2 shows the production of amino acids by LALB strain
after 24h of MCW fermentation. GABA content showed the highest amount among amino
acids but not significantly different with non-fermented MCW. While, L-dopa showed 6-fold
increment compared with non-fermented mature coconut water after 24h fermentation. The
results of amino and organic acids content in the present study can be explained by the fact
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that levels of bioactive compounds can be modiﬁed by the metabolic activity of microbes,
enzyme hydrolysis and biochemical metabolism during fermentation. No microbes growth was
recorded up to 12 months of storage. No physical and clinical toxicity effects on all mice during
the 28 days of the experiment and fermented MCW safe to drink even in high doses (5.0
mL/kg). The final product development with special formulation improved the astringent taste
and makes it pleasantly palatable.
Table 1. Production of organic acids by LALB strain after 24h of MCW fermentation
Organic acids (mg/L)

Sample
Mature coconut
water
Fermented MCW

Lactic acid

Citric acid

Oxalic acid

0

343.33 ± 18.37

28.07 ± 0.02

12140.36 ± 34.47

1465.79 ± 12.86

10.12 ± 0.43

Table 2. Production of amino acids by LALB strain after 24h of MCW fermentation
Amino acids (mg/L)

Sample

GABA

Glutamic

Alanine

Proline

L-Dopa

343.00 ± 0.01

181.50 ± 0.02

273.00 ± 0.04

86.50 ± 0.03

21.50 ± 0.03

389.50 ± 0.02

150.00 ± 0.08

440.50 ± 0.03

160.00 ± 0.02

120.50 ± 0.04

Mature
coconut
water
Fermented
product

CONCLUSION
Through this fermentation technology, LAB can increase the content of bioactive compounds
such lactic acid (as a natural preservative) which can extend the product life of more than 6
months without the use of synthetic preservatives. In this study, we examined how
phytochemicals of MCW are altered through microbial fermentation by evaluating the changes
of metabolites in fermented MCW. The LAB is an important group of industrial microorganisms
with ‘Generally Recognized as Safe’ (GRAS) status that indicates them as safe for human
consumption and has been used in food industries.
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INTRODUCTION
A busy lifestyle requires easy food preparation / convenient as well as nutritious to maintain
the good health. For example, protein is needed for cell renewal and muscle strength while
minerals are for metabolism. This scenario has increased the market demand for alternative
food in the form of powder drink that is very quick to prepare and also rich in nutritional
composition as a food substitute. In order to diversify and further enhance the value of using
local agricultural resources in Malaysia, a complete composite powder drink from a mixture of
local agricultural resources such as purple sweet potatoes, mango, bananas and legume was
developed. This composite drink can be a substitute for daily diets and is ideal for vegetarian
consumers where the source of this drink is from plant sources. The drink which is formulated
in the powder form is expected to extend the shelf life of the product as well as facilitate the
process of storage and distribution of products. The use of a rich source of local resources
with a variety of nutrients in composite powder can optimize the content of substances in
drinks
MATERIALS AND METHODS
Preparation of Premix Drink
Puree samples (Banana and purple sweet potato) was produced by washing the samples
using chlorinated water, blanching, manual trimming, removal of any black portions of the peel
and separation of stone/peel. The blanched and cleaned local sources went through a pulping
machine/chopping machine and grounded into slurry/puree. All the purees (mango, purple
sweet potato, nuts) were mixed together and ready to dry. A double drum dryer was used to
dry the mix slurry. The drum dryer was set to rotate at 200 rpm with a steam pressure of 2 bar
and a 0.1 mm drum gap (Kalogianni et al 2002). The drum temperature was allowed to stabilize
before feeding the puree. This prepared puree was poured evenly over the hot pool area
between the two drums. The powder was grounded and sieved. Powder immediately collected
and were combined with other ingredients to make a composite drink and packed in aluminium
polyethylene (AL/PE) sachet and kept in room temperature until analysis.

113

Experimental Design of Premix Powder
The optimum formulation was developed by using mixture design as an experimental design.
14 formulations were carried out with two variable factors which are purple sweet potato and
banana.
Analysis of Premix Powder
The entire samples were tested on nutrient analysis, antioxidant analysis, microbiological
analysis, physical analysis during 12 month of storage.
RESULTS AND DISCUSSION
NUTRI MEAL Product are able to supply 410 kcal of energy, 14.5g / 100g of protein, 11 / 100g
of dietary fibre, as well as other micronutrients needed to supply complete nutrition for the
health of adult men / women. These drinks can be a food substitute for the daily diet. With a
serving size (100g pack), men need 5 packs a day while women need 4 packs a day to meet
daily nutrient needs based on RNI 2017; MOH for adult women and men. This product is very
convenient and easy to brew using cold or hot water. NUTRI MEAL product can be classified
as a medium glycemic index food (58 eGI value). Low-GI and medium-GI foods are those
which are slowly digested, absorbed and metabolised which resulted in stable fluctuation in
blood glucose level. High in antioxidant activity (based on DPPH analysis) and the shelf life
of this product can last for one year in room temperature.
Table 1. Nutrition composition of NUTRI MEAL during 12 month storage
Parameter

per meal (100g)
0 month

4 month

8 month

12 month

414

410

412

410

77.8±0.2 a

77.4±0.02 b

77.7±0.2 a

77.0±0.05c

Protein (g/100g)

14.6±0.5 a

14.5±0.02 a

14.5±0.2 a

14.53±0.1 a

Fat (g/100g)

5.0±0.1 a

4.6±0.04 c

4.9±0.1 ab

4.8±0.03 b

10.9±0.2 c

11.6±0.2 a

11.2±0.1bc

11.4±0.11 b

1.5±0.3 a

1.1±0.2 a

1.4±0.4 a

1.2±0.2a

92.4±0.2 ab

90.4±0.2b

93.6±0.3 a

91.0±2.0 b

2.3±0.5a

2.0±0.6a

2.3±0.5a

2.1±0.1a

176.3±0.4b

178.3±0.2a

178.6±0.6a

178.1±0.2a

198±0.6a

191±0.3 c

190±0.4d

192.3±0.3b

Energy (kcal/100g)
Total carbohydrate
(g/100g)

Total Dietary fibre
(g/100g)
Pottasium (g/100g)
Magnesium (mg/100g)
Iron (mg/100g)
Calcium (mg/100g)
Phosporus (mg/100g)
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Sodium (mg/100g)
Vitamin A (beta
carotene) (ug/100g)
Vitamin C (mg/100g)

68.4±0.1c

68.8±0.9 bc

69.0±0.6ab

69.3±0.6 a

40.1±0.2 a

39.3±0.7b

37.9±0.1c

25.8±0.2d

70.6±0.2 a

55.4±0.3 b

43.8±0.6c

36.8±0.17d

** Based on 2000kcal/day as recommended in RNI Malaysia;

Serving size: 100g x 5

meal sehari
abc

different letter in column showed significant different (p<0.05)
Table 2. Antioxidant value of NUTRI MEAL during 12 month storage
FRAP

DPPH

TPC

(g FeSO4 Eq/100g)

(% absoption)

(g GA Eq /100g)

0

1.72±0.18b

92.47±0.27a

1.54±0.17a

4

2.26±0.03a

91.59±0.99a

1.59±0.05a

8

0.36±0.01c

89.41±0.47b

1.33±0.03b

12

0.37±0.00c

86.92±0.20c

1.36±0.04b

Month

abc

different letter in column showed significant different (p<0.05)

CONCLUSION
This product will be able to be an alternative food in order to reduce dependence on raw
materials imported rice, wheat and beef to ensure food supply sustainability. This product also
will increase the utilization of local resources and fruits, while developing the economy of
farmers and small entrepreneurs.
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INTRODUCTION
Lemon Myrtle leaves (LML) contain citral, the volatile compound that is easily damaged during
processing including drying. Conventionally, Lemon Myrtle leaves (LML) are dried by using
hot air drying where hot air (temperature of 40°C) is supplied into the drying chamber and
requires a longer time to reduce the moisture content [1]. The long period of drying tends to
decrease the quality of the dried leaves including their colour properties and hence increases
the risk of biochemical content deterioration and loss of the volatiles compound [2].
Re-circulated heat and low temperature dryer or heat pump dryer (HPD) is a designer
dryer that operates at low temperature and makes it suitable for drying of heat-sensitive
materials. The key to successful drying operation in HPD is lowering the relative humidity thus
enhance the drying efficiency and resulted in a cost-efficient dryer as the utilisation of both
latent and sensible heat can be covered. The mechanism of re-circulating heat into the drying
chamber as a controlled closed-system operation did give an advantage to the drying as it
ensures the hygienic security of the product. Therefore, this study was aimed to investigate
the feasibility of applying HPD on drying LML for maximum retention of the dried LML quality.
Oven and vacuum drying also has been applied to compare the quality retention of dried LML.
MATERIALS AND METHODS
Drying of Lemon Myrtle Leaves and its Performances
Samples of 500 g of LML were dried by using heat pump dryer (HPD) at the temperature of
45C. For comparison, oven drying (OD) and vacuum drying (VD) were performed at the same
temperature range of 40-60C with the pressure of 50 mbar for VD. The samples were dried
until a constant weight was obtained. Drying performances evaluation for moisture diffusivity
(De) and activation energy (Ea) for each drying method were determined by using Fick’s and
Arrhenius equation, respectively.

116

Determination of Dried LML Quality
The greenness (a* value) of dried samples was determined using a colour meter (HunterLab
ColorFlex EZ). Extraction of dried Lemon Myrtle leaves essential oil by using simultaneous
distillation-extraction (SDE) procedure for 4 h at atmospheric pressure. LML essential oil was
analysed by gas chromatography equipped with mass spectrometry (GC-MS, QP2010 PlusShimadzu). All data were expressed as mean ± standard deviation and were done in triplicate
independent analyses. Data were analyzed using one-way ANOVA using SPSS version 16
(SPSS Inc., Chicago, Illinois, USA).
RESULTS AND DISCUSSION
Table 1. Drying time, final moisture content and greenness (a*) of fresh and dried samples
Drying method
(condition)

Drying time (h)

Moisture content (w.b) (%)

Greenness (a*)

Fresh

-

63.27  4.66

-5.87  0.11

OD40

52

10.36  0.94

-2.9  0.04

OD50

32

8.57  0.98

-2.58  0.1

OD60

12

5.38  0.01

-0.48  0.34

VD40

76

8.42  0.62

-2.49  0.66

VD50

52

7.39  0.52

-3.37  0.03

VD60

34

5.62  0.35

-2.97  0.1

HPD

30

10.36  0.61

-4.00  0.15

Time of drying, final moisture content and greenness (a*) value for each drying method are
shown in Table 1. HPD gave second shortest drying time after OD60. HPD also resulted in
the highest a* value for dehydrated leaves compared to fresh leaves. High value of a*
indicated the good preservation of the green colour of LML as a result of good chlorophyll
preservation during HPD [2]. During the drying process of agricultural food products, moisture
diffusivity is the most crucial transport property for the calculation of moisture transfer inside
the product. The moisture diffusivity, De of LML were found to be as 8.07 x 10-10 to 4.35 x 109

m2s-1 for OD while 4.167 x 10-10 to 1.188 x 10-9 for VD and 1.31 x 10-9 for HPD. The activation

energy, Ea was calculated by plotting ln De versus the temperature of, 1/T(K). HPD resulted in
lowest Ea as an indication of effective drying at low temperature.
The retention of the dried LML EO is in correspondence to the chemical composition
of LML EO mentioned in Table 1. From Table 2 the total maximum retention of volatile
compounds was obtained from HPD as the drying method was slightly higher than VD50 and
the least was from OD50. This result may be due to drying time which HPD had the shortest
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drying time compare to VD50 and OD50. This result also was in line with the reports by [3]
and [4].
Table 2. Identified volatile compound for OD50, VD50 and HPD
Identified volatile compound (% concentration)

OD50

VD50

HPD

0.18

39.63

38.88

nd

45.67

45.08

67.99

nd

0.67

Linalool

nd

0.36

nd

Citronellal

nd

0.17

nd

2,7-dimethyl-2,7-octanediol

nd

1.41

3.02

68.17

87.24

87.65

Cis-citral
Trans-citral
Epoxy-linalooloxide

Total (%)

CONCLUSION
HPD gave the shortest time of drying with high De and greenness value with low Ea as an
indication of effective drying. HPD also resulted in the highest retention of volatiles (citral)
comparable to VD while OD caused the loss of citral (neral and geranial). The final moisture
content is safe for a long period of storage and the corresponding water activity is low. As HPD
has lower capital and operating cost than VD, it is preferable to dehydrate LML using HPD
with the shortest drying time and maximum volatiles retention.
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INTRODUCTION
Jackfruit (Artocarpus heterophyllus) belongs to the family of Moraceae and is the largest edible
fruit in the world. The weight of jackfruit range from 5 to 50 kg with 50 to 500 edible bulbs.
Jackfruit usually consumed as fresh or processed into canned, juice and chips. The annual
production of jackfruit is about 28,000 metric tons per year [1]. Fresh jackfruit has the potential
to penetrate the China and USA market. Jackfruit usually market in the form of whole fruit or
freah-cut as minimally processed fruit. The fresh-cut or ready to eat form has greater market
compared to whole fruit because of their large size, difficulty in peeling and risk of obtaining
poor-quality bulbs.
The process of extracting the edible bulbs is difficult due to the inherent nature of the
fruit. The jackfruit bulbs are embedded between centre core and inner skin, covered with thin
strips of epidermal cells and cuticle layer [2]. Furthermore, extracting process is tedious as the
fruit contained gummy latex that sticks to the hands and knives. The process is also time
consuming and requires skilled worker to avoid tissue injury during processing. Tissue injury
will accelerate the deterioration process due to the increase of respiration rate, ethlyene
synthesis, enzymatic browning and microbial growth [3].
Looking at the industry demands, a jackfruit edible bulb extractor was developed
specifically for large scale processing of fresh-cut jackfruit. The extractor has simple design,
thus unskilled workers are able to operate it without any hassle. The machine requires only
one worker for operation. The machine main purpose is to separate the edible bulb from
jackfruit skin whilst minimize risk of injury and significantly reduce processing time. The aim of
this study is to evaluate the performance of jackfruit opener against manual operation.
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MATERIALS AND METHODS
Jackfruit of the variety Tekam Yellow (honey jackfruit J33), of weight in the range of 10 to
15 kg, was obtained from DRS Trading Sdn. Bhd., Kajang, Selangor. Jackfruits with
maturity at index 3 were used for this study. Jackfruits at index 3 have the characteristics:
1) fruit colour turns into green or greenish yellow; (2) the fruit spines become less sharp
and widely spaced; (3) an aromatic odour develops. The evaluation was conducted by
comparing the performance of the prototype of jackfruit edible bulb extractor versus
manual on the basis of time taken to complete the extracting of all bulbs from the whole
fruit. The manual method was carried out using a knife. After each operation, t he edible
bulbs were sorted and the percentage of injured bulbs were calculated. The bulbs with
visual cut and tear were considered as injured. The percentage of injured bulbs was
calculated by the following equation (1):

Where;

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 (%) =

𝑊𝑊𝑑𝑑
𝑊𝑊𝑡𝑡

× 100%

(1)

W d = Weight of damaged bulb (kg)
W t = Total weight of bulb separated (kg)

(b)

(a)

Figure 1. Jackfruit bulbs extracting process by (a) jackfruit bulb extractor, and (b)
manual using knife
RESULTS AND DISCUSSION
Based on the results presented in Figure 2, it is very clear that jackfruit bulbs extractor is
capable to extract edible bulbs from jackfruit skin almost 3 times faster as compared to manual
method. The average time for extractor to completely extracting the edible bulbs from the
whole fruit is 6 minutes, while manual method consumed around 17 minutes. From the studies,
jackfruit bulbs extractor is capable to process about 10 whole jackfruit per hour per operator.
Figure 2 also presents the extracting process using machine produced higher recovery than
manual method with injured bulbs percentage of 12% and 23%, respectively. Therefore, by
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using jackfruit bulbs extractor the mechanical injury can be reduced by almost half as
compared to manual method. The extractor can minimize the mechanical injury of jackfruit
bulbs because the height of the cutting knife can be adjustable according to the thickness of
jackfruit skin. Thus, it reduces the wastage due to improper cutting.

Figure 2. Performance comparison between jackfruit bulbs extractor and manual method
CONCLUSION
The jackfruit bulbs extractor can speed up the process of extracting jackfruit bulbs from skin
of whole fruit by 3 times faster than manual method. Furthermore, the post-harvest losses due
to the improper handling during process can be reduced using the extractor. Therefore, the
production capacity can be increased which is suitable for commercial scale production of
fresh-cut jackfruit industry.
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INTRODUCTION
Pineapple is one of the commodities that contribute high income to Malaysian farmers.
Malaysia has about 16000 hectares of planted area for pineapple the worth to RM530 million
that give about RM30000 per hectare a season [1]. This production volume stills not enough
to meet global market demands, especially from Japan and China [2]. To enhance and sustain
the production volume, supporting in term of mechanization is a needed. Pineapple is
cultivated primarily on peat and mineral soil. Mineral soil production system has opened wide
the prospect of using mechanization in the pineapple production system and give it an
advantage. One of the issues that need to be enhanced is pineapple planting operation, which
is an intensive labour practice that requires at least 16 people a day to plant one hectare of
land. To facilitate the planting activity, the MARDI’s Engineering Research Centre has
developed a machine called semi-automatic pineapple transplanting machine. The machine
is developed based on the existing transplanting machine. It improves the feeding mechanism
to make the job of planting easy and less effort. This paper discusses more about the
innovation of the machine and testing performance comparing with manual operation.
MATERIALS AND METHODS
A machine for transplanting pineapple sucker was designed locally that has three main
components; an automatic feeder, a cage for seeds, and a planting mechanism. The design
improves the existing transplanting machine by adding automatic feeding mechanism
replacing the hole punching mechanism with some issues related to field efficiency and safety.
The machine was sent to a local foundry for fabrication based on technical drawing, as in
Figure 1. The machine is a tractor mounted implement that requires three operators: a tractor
driver and the rest two are the machine operators.
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The automatic feeder is a set of 6 cylinders, rotate like a gun barrel, using Geneva
gear to rest for a moment of rotating to allow pineapple sucker to fall to the ground. There are
two sets of automatic feeders allowing the machine to plant two rows concurrently. The
machine was also designed with a moveable three-point hitch to ensure the ground wheel
used to drive the mechanism always touched to ground. This function is enhanced by using
spring arms like motorcycle forks. The machine has tested the functionality and compared to
manual operation.

Figure 1. Technical drawing of pineapple transplanting machine
RESULTS AND DISCUSSION
The machine was fabricated in two months period (Figure 2.). Several of modification has
been made due to fabrication limitation and design fault. The machine seed cage can hold up
to 4000 pineapple suckers in ranging size of 36 to 68 cm long. The automatic feeding
mechanism gives the operator more time and chance to feed pineapple suckers to the planting
mechanism. The operators can feed more than 2 suckers simultaneously, making the planting
operation faster than the previous machine. The planting mechanism automatically feeds
sucker into soil furrow at a precise and even distance of 30 cm apart. The distance between
plants can be adjusted by changing the sprocket size. The moveable three point-hitches
enable the machine to be used on a wide range of ground terrain, flat to a slightly undulating
surface.
Table 1 shows that the machine performance test result shows that the machine work
rate is 0.21 ha per man-day that 223 % faster than manual planting of rated 0.065 ha per manday. It will give a reduction in labour use of 68% from 16 to 5 people only. By having wages of
labour RM30 per day per person, the reduction labour use can contribute labour saving cost
of RM330 per ha planting. It will give high revenue margin to farmers.
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Figure 2. Prototype of pineapple transplanting machine
Table 1. Performance comparison between manual and mechanized pineapple planting
Item

Manual

Mechanized

Improvement

0.065

0.21

223% improvement

Labor use (man.day /ha)

16

5

68% reduction

Cost of labour (RM)/ha

480

150

RM330 saving

Planting rate (ha/man.day)

CONCLUSION
The use of the machine would increase planting productivity by raising the production rate and
reducing costs. Higher productivity will contribute to an increase in income for farmers. Two
classes of primary users that can be categorised, farmers and service providers. Individual
farmers are more focused on production companies, while small farmers may benefit from
technology through service providers.
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CONVECTIVE DRYER
Yahya Sahari*, Mohd Shahrir Azizan, Amir Syariffuddeen Mhd Adnan, Sha’fie Alwi,
Mohammad Shukri Johari, Mohd Zaimi, Zainol Abidin and Amir Redzuan Shamsulkamal
Engineering Research Centre, MARDI Serdang, Selangor.
*E-mail: ybs@mardi.gov.my

INTRODUCTION
In the coconut industry, drying coconut flesh reduces its moisture content that inhibits the
growth of bacteria and the action of enzymes that causes spoilage [1]. According to FAO, the
coconut is grown, or it occurs naturally in 94 out of 284 countries and territories in the world
[2]. Coconuts are Malaysia's fourth largest industrial crop behind oil palm, rubber and rice with
most of the plantations found in Sabah and Sarawak. It is also considered as one of the oldest
agro-based industries. In Malaysia, the domestic demand for coconut products is in the form
of fresh coconut, tender coconut, coconut oil and processed cream powders. Desiccated
coconut has a high nutritional value containing 68.99 % carbohydrates, 25.59 % fat and 0.85
% protein [3]. Desiccated coconut is the dried, white, particulate or shredded food product
manufactured from freshly peeled coconut kernels. Desiccated coconut is obtained from
drying of shredded, ground coconut after separating from the brown testa [4]. Matured
coconuts are dehusked and de-shelled whereby both processes can be done using machines
available in a market. The grated coconut is then dried in the hot air dryer at a temperature of
80 – 90 °C for about 10 hours to reduce the moisture content up to 3 %. Previous studies
exhibited that 60 – 120 °C temperature of air with a velocity of 2.5 m/s could reduce the
moisture level from 105 % dry basis to 3% dry basis [5]. Nevertheless, enzymatic browning
can be a significant problem limiting the shelf life of much dried products. Previous studies
have also emphasized in drying kinetics and thin layer drying for shredded coconut, which
most of them used heated air dryer or convective type dryer. Various dryers are available in
the market such as cabinet dryer, flat bed dryer, fluidized bed dryer, rotary dryer and etc. It
was found that the drying regime of coconuts had a falling rate period characteristics [6]. The
constant rate period was not observed in the coconut samples because of the complex nature
of the internal moisture movement mechanisms. Nonetheless, preceding drying studies
provided no attempt or data of using alternative conductive drying technique for desiccated
coconut. Desiccated coconut is hygienically dried to about 3 – 4 % moisture. It is the main
flavouring ingredient in chocolate bars, filler in nut-based product and as decoration for icecream and other frozen food products [7]. In new dry process of getting virgin coconut oil
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(VCO), the dried grated coconut or desiccated coconut was pressed mechanically to obtain
oil [8].
In this study, therefore, the focus is on the drying behaviour of grated coconut using
a rotary convective dryer. The effect of air temperature, air velocity and rotational speed of the
tumbler on the drying time were investigated.
MATERIALS AND METHODS
Sample Preparation and Experimental Procedure
Grated coconuts used in the drying experiments were purchased from Pasar Borong Serdang.
The grated coconut was purchased from the same supplier with the same grating size. This
drying study was conducted at Postharvest Laboratory, Engineering Research Centre,
MARDI, Serdang. Figure 1 shows the schematic diagram and the rotary convective dryer
prototype, respectively. The dryer (54 x 61 x 63 cm) consists of an axial blower, 1 kW heater,
a temperature controller and a motor to run the tumbler. The tumbler has a volume of 0.0297
m3 with 0.42 m and 0.30 m of length and diameter, respectively. Experiments were performed
to determine the effect of air temperatures (50 and 60 ˚C), airflow rates (2.06 and 4.13 m/s)
and rotational speed (3 and 6 RPM) on drying time as well as drying rate. About 3 kg of wet
grated coconuts were placed in a tumbler. Moisture content reduction of grated coconuts
during drying were measured at selected interval time. Drying of grated coconut was stopped
when the moisture content reached to 3 – 4 % wet basis.

(a)

(b)

Figure 1. Schematic diagram (a) and prototype of a rotary convective dryer (b) Drying rate
analysis
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The drying rate (DR) of grated coconut was calculated using the following equation:
𝐷𝐷𝐷𝐷 =

𝑀𝑀𝑡𝑡 −𝑀𝑀𝑡𝑡 +∆𝑡𝑡
∆𝑡𝑡

(1)

where 𝑀𝑀𝑡𝑡 is the moisture content (wet basis) at any time, 𝑀𝑀𝑡𝑡+∆𝑡𝑡 is the moisture content at

𝑡𝑡 + ∆𝑡𝑡 (kg water /kg dry matter) and 𝑡𝑡 is time (min).

Experimental Design: Factors, Level and Response
To determine the mathematical model between response and factors, one response was
identified: drying rate. In order to investigate, an experimental design was carried out choosing
three factors, namely temperature, rotational speed and air velocity. These three factors were
named A, B and C, respectively. Each of this factor was corresponded to low and high levels
of treatment and coded as (-1) and (+1), respectively. Factors and levels were given in Table
1. A 23 full factorial design was used to set the mathematical relationships and to represent

how drying rate depends on the temperature, rotational speed and air velocity. The data
resulted from the experiments were analyzed using Design Expert 12.0 software to determine
main effects, interaction as well as p-value, standard error, a sum of squares errors, F statistics
and contour and surface plots.
Table 1. Experimental factors and levels
Parameters values
Factors

Temperature
(˚C)
Rotational speed
(RPM)
Air velocity
(m/s)

Low level

High level

(-1)

(+1)

A

50

60

B

3

6

C

2.06

4.13
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RESULTS AND DISCUSSION

Moisture content, m.c. (%w.b)

Drying Behaviour and Statistical Analysis

60
6 RPM, 60 degree celsius,
4.31 m/s

50
40

6 RPM, 50 degree celsius,
4.31 m/s
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20

3 RPM, 60 degree celsius,
4.31 m/s

10

3 RPM, 50 degree celsius,
4.31 m/s

0

0

50

100

150

200

250

Drying time, t (min)

6 RPM, 60 degree celsius,
2.06 m/s

Drying rate (%d.b./min)

Figure 3. Drying curve of moisture reduction
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Drying time, t (min)
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6 RPM, 60 degree celsius,
2.06 m/s

Figure 4. Drying rate of every combination of drying factors
Figure 3 and 4 illustrated the drying curve moisture reduction and drying rate of grated
coconut, respectively. Initially, a higher drying rate was obtained followed by slower moisture
removal rate. Using experimental factorial design, mathematical model was set to analyse the
effects of drying parameters to determine the drying time as a response. It was clearly
observed that the factors (60 °C, 6 RPM and 4.31 m/s) resulted in the shortest drying time as
well as the highest drying rate compared to others. In contrast, combination of factors (50 °C,
3 RPM and 2.06 m/s) shows the longest drying time with the least drying rate. Factors
represented in the model were temperature, rotational speed and air velocity, respectively.
The ANOVA results in Table 2 indicates that those 3 factors (temperature, rotational speed
and air velocity) were significant at p < 0.05 in 95 % confidence interval.
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Table 2. Analyses of variance for the factorial model (Response: drying time)
Source

Sum of squares

DF

Mean of Squares

F-value

P-value
Model

13512.50

3

4504.17

65.52

1012.50

1

1012.50

14.73

1250.00

1

1250.00

18.18

11250.00

1

11250.00

163.64

Residual

275.00

4

Cor Total

13787.50

7

0.0007
Temperature
0.0185
Rotational Speed
0.0130
Air velocity
0.0002
68.75

CONCLUSION
Drying behaviour of grated coconut was explored using a specially designed rotary convective
dryer with varies combination of drying parameters. The moisture content of the grated
coconut decreased from 50 – 54 % (w.b.) to final moisture content of 3 – 4 % (w.b.).
Throughout this study, it was proven that the three factors (temperature, rotational speed and
air velocity) played a significant role in drying time as well as drying rate. Combination factors
of 60 °C, 6 RPM and 4.13 m/s was found the best in achieving higher drying rate as compared
to others.
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INTRODUCTION
Sago starch is widely used as an ingredient in food processing such as sago pearl, bread,
glass noodles and vermicelli (1). The demands for sago starch keep on increasing every year.
In 2015, the production of sago starch in Sarawak, the major contributor of sago starch in
Malaysia, was recorded at 184,163 metric tonne that is equivalent to the value of RM 164.2
million (2). Sago palm of which the source of the sago starch comes from is mostly available
in Sarawak, such as in the area of Mukah and Dalat River. Malaysia can benefit from a larger
production of this product in the future with the increasing demand for sago starch every year.
It is reported that there were about ten modern sago operation factories in Sarawak as
of 2015, and the production of these factories amounted at about 47,000 mt/month (3). Apart
from these modern factories, there are also small and medium factories that produce sago
starch. The aim of this project is to improve and modernize this small and medium wet sago
factories. CRAUN Research Sdn. Bhd. whom funded the project, is involved with various
research related to sago crops for commercial production. The wet system that was developed
in this research consists five processing units; sago log splitter, sago log conveyor, sago log
grater, sago extraction system and sedimentation tank.
MATERIALS AND METHODS
System Concept Revisited and Fabrication Process
Several visits to the existing wet sago production system in Mukah, Sarawak were made by
project members. Information on the production system were collected by means of
interviewing and observing the actual operations. Measurements, pictures and videos
recording were also taken during the visit. The project team then carried out preliminary
experiments using different mechanisms to improve sago starch extraction, sedimentation rate
of wet sago starch, relation of sago extraction technique to wet sago recovery, evaluation of
different sizes of grated sago produced by different machines and effects of grated sago to
water ratio on the recovery of wet sago starch during extraction process. The raw material for
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the study (sago logs) was acquired from Labu, Negeri Sembilan and Kuala Klawang, Negeri
Sembilan. Results from the preliminary studies served in determining the improved concept
for the system, and later on awarding fabrication works to designated fabricator. The final 3D
system layout of the production system is as illustrated in Figure 1. Once the fabrication of the
system has finished and the system underwent factory acceptance test at the fabricator’s site,
Power Booster Sdn Bhd in Krubong, Melaka, the system was then disassembled and shipped
to Mukah, Sarawak where the system was then re-assembled at its final location.

Figure 1. A 3D machine layout of the wet sago production system
RESULTS AND DISCUSSION
Modernized Wet Sago Production System Prototype
The modernized wet sago production system consists sago log splitter, sago log conveyor,
sago log grater, sago extraction system and sedimentation tank. A comparison between the
existing SME wet sago production system and the CRAUN-MARDI wet sago production
system is presented in Table 1.
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Table 1. Comparison between the existing SME wet sago production system and the
CRAUN-MARDI wet sago production system

CONCLUSION
A modernized wet sago production system was successfully fabricated, tested and reassembled at CRAUN Research Sdn Bhd., Sungai Talau Research Station, Mukah, Sarawak.
The system is capable of handling the production of sago starch process starting from splitting
the sago logs into wedges, then grating the logs, then extracting sago starch from the pith and
lastly, sago starch sedimentation process inside the sedimentation tank. From the modernized
wet sago production system developed by MARDI and CRAUN Research Sdn. Bhd, the
production system can be utilized as test-bed for SME, whereby sago planters can send their
sago logs for processing.
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INTRODUCTION
Nowadays, sweet potato has become one of the major crops planted in BRIS soil, especially
in Kelantan and Terengganu. Sweet potato has been recommended as an alternative industrial
crop to replace the tobacco plantation (Zaharah, 2010). As a result, there is an increment in
total planting acreage in Malaysia since 2016 until 2019 as reported in Vegetables and Cash
Crops Statistics by Department of Agriculture Malaysia (DoA).
Based on normal monsoon conditions, there are two planting seasons in a year for
sweet potato cultivation, especially in Kelantan and Terengganu. The first and second season
starts from January until May and July until November respectively. However, the second
season is quite troublesome for the farmers due to heavy rainfalls (Tan S.L, 2006).
To solve the problems, the raised bed planting system is recommended by the
agronomist from MARDI. Furthermore, the use of a raised bed planting system is thought to
increase the yield. Raised bed also helps to prevent the crops from being flooded during
monsoon season. According to Maniyam N. et al., (2012), the highest root yield was obtained
on raised planting bed, >0.4m compared to normal planting bed. The higher yield recorded is
probably due to better soil aeration permitted and less tendency for soil compaction.
Thus, MARDI has developed a new planting bed maker, called 3 in 1 integrated disc
ridger. The purpose of using the 3 in 1 disc ridger is to perform a raised planting bed up to
0.55m. Other mechanisms have also been added to carry out other operations such as
fertilizing and mechanical weeding through soil earthing up, which is performed simultaneously
during fertilizing.
The objective of this study was to evaluate the machine’s performance in the aspect of
Theoretical Field Capacity (TFC), Effective Field Capacity (EFC) and Field Efficiency (FE)
during plant-bed forming as well as fertilizing and mechanical weeding. This study was also
carried out to determine the effect of raised plant-bed and normal plant-bed on sweet potato’s
total yield.
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MATERIALS AND METHODS
Preparation of Plant-bed
The plot was ploughed to a depth of 30cm using a rotavator after decomposed manure was
broadcasted at a rate of 8-10 tonne per hectare. Six ridges of 1.2m x 50m x 0.5m (width x
length x height) for raised bed and 6 ridges of 1.2m x 50m x 0.3m (width x length x height) for
normal bed were made by using disc ridger and rotor-ridger respectively with three replications.
Preparation of Planting Material
Three varieties of purple flesh sweet potato were selected in this experiment namely Anggun
1, Anggun 2 and Anggun 3. The vines were cut into 0.3m in length as planting materials.
Machine Description
The 3 in 1 disc ridger was used for three major operations in sweet potato production which
were; making a raised plant-bed, fertilizing and mechanical weeding. A raised planting bed
was made using this machine during land preparation. Meanwhile, after three weeks of
planting, the machine was used again for the 1st fertilization and mechanical weeding. Then,
the next fertilization process was performed on the 6th and 9th week of planting.
Data Collection
During the machine performance study, Theoretical Field Capacity (TFC), Effective Field
Capacity (EFC) and Field Efficiency (FE) were measured. Other data that have been collected
are the effect of the raised plant-bed (3 in 1 disc ridger) and normal plant-bed (rotor-ridger) to
the total yield.
RESULTS AND DISCUSSIONS
Machine’s Performance
The data analysis shown in Table 2, shows that the effective field capacity (EFC) shows slight
differences between both implements for plant-bed forming.
Table 2. Machine parameter and performance evaluation during bed forming
Data

Item
Prime Mover
Area (ha)
Implements
Power take off

Machine Parameters
FIAT, 70Hp

FIAT, 70Hp

0.5

0.5

3 in 1 Disc Ridger

Rotor-ridger

-

540 R.P.M
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Height of plant-bed

0.5-0.55 m

0.3 - 0.35 m

TFC (ha/hr)

0.31

0.35

EFC (ha/hr)

0.29

0.32

FE (%)

93.5

91.4

Performance Evaluation

The EFC of bed forming by using disc ridger is slightly higher because of the factor of
traction. It is because; more power of tractor is needed to pull the soils in order to make the
raised bed, which results in higher operation time. In terms of field efficiency, 93.5% was
recorded by using 3 in 1 disc ridger compared to 91.4% by rotor-ridger indicating that the disc
ridger more efficient in conducting plant-bed forming than the existing machine. In terms of
plant-bed quality, the 3 in 1 disc ridger managed to form a significant plant-bed height, which
is approximately 0.5m to 0.55m height compared to 0.3m height made by rotor-ridger. At this
height, it offers better soil aeration and fewer tendencies for soil compaction, which is good for
the development of the tubers.
Table 3. Machine parameter and performance evaluation during fertilizing and weeding
Machine Parameters
Prime Mover
Area (ha)
Implements

FIAT, 70Hp
0.5
3 in 1 Disc Ridger
(Fertilizing & weeding)

Power take off

1200 R.P.M

Performance Evaluation
TFC (ha/hr)

0.31

EFC (ha/hr)

0.28

FE (%)

90.3

Average of NPK fertilizer amount per bed (50m)
Average discharge per plant

1.53 kg
7.65g

From the experiment, the fertilizer that has been sown is located in the middle of the
plant-bed, which is good to prevent it from falling into the furrow. Besides, the soil earthing up
also helps make sure the fertilizers are intact and covered with the soils on the plant-bed.
Meanwhile, the weed control during the soil earthing up is a surplus for this machine.
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Yield Performance
Table 4 shows the comparison of the total yield of sweet potato between raised plant-bed and
normal plant-bed.
Table 4. Effect of bed system on the total yield of sweet potato
Data
Item

Sweet Potato Variety
Anggun 1

Type of bed
Average yield per
bed
Total yield per
hectare

Anggun 2

Anggun 3

Raised

Normal

Raised

Normal

Raised

Normal

Bed

Bed

Bed

Bed

Bed

Bed

161.25 Kg

102.27 Kg

126.20 Kg

105 Kg

159.2 Kg

148 Kg

26.87 MT

17.04 MT

21.03 MT

17.50 MT

26.53 MT

24.67 MT

As stated in the introduction, it is proven that the height of the plant-bed is one of the
important factors that influence the yield. From the result, the yield is increased by 7.5%
(Anggun 3) up to 57.7% (Anggun 1). Therefore, it is proven that a higher plant bed provides
better aeration for tubers’ optimum development.
CONCLUSIONS
The 3 in 1 disc ridger has been developed and evaluated. It shows a promising performance
in 3 operations; raised plant-bed forming, fertilizing and weeding. Through the experiments
that have been conducted, the Theoretical Field Capacity (TFC), Effective Field Capacity
(EFC) and Field Efficiency (FE) were evaluated. The EFC for plant-bed forming, fertilizing and
weeding was at 0.29ha/hr and 0.28ha/hr respectively, while the field efficiency (FE) was
recorded at 93.5% and 90.3%.
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INTRODUCTION
In Malaysia, conservation tillage practices were less applied in many agricultural practices
especially in grain corn. Farmers are prune to adapt the conventional practices due to lack of
knowledge and its normal practices. In 1994 Hoyt reported that conservation tillage has been
widely adopted for agronomic crop production. Strip tillage, which implies the cultivation of a
narrow strip in the row field, has the positive effects of providing an appropriate grain corn
seedbed (Zea mays L.) production with minimum energy expenditures, while leaving surface
residues in the inter-row area to reduce soil erosion. Schneider et al. (2009) confirmed the high
potential of erosion control of strip tillage in the Middle-German Loess Area. Strip tillage that
involves cultivation of narrow bands, or strips in the r+ow area which separated by bands of
undisturbed soil. The potential and advantages of this technique, it has the great potential of
providing suitable seedbed for local grain corn crop establishment, while leaving surface
residues in the inter-row are to reduce soil erosion. In 1993, Vyn and Raimboult reported that
strip tillage has the potential to combine the benefits of conventional tillage and no-tillage by
intensive tillage of the soil in the area of the plant rows and leaving the inter-row with complete
residue cover. Strip tillage equipment commonly consisted of a modified rototiller (rotory strip
tiller) (Petersen et al., 1986) or subsoiling (shank and fluted coulter system) (Wilhoit et al.,
1990).
Strip tillage consists of seedbed tilth in strips 15–20 cm wide by 15–20 cm deep in
correspondence with crop rows alternated to between-row strips of undisturbed soil (Hendrix
et al., 2004). The main advantages of no-tillage, a high level of erosion control and a good
conservation of soil structure and soil moisture can also be reached with strip tillage (Licht &
Al-Kaisi 2005). The advantage of strip tillage is the faster warming of the soil, a higher
biological activity in the tilled strips, better germination and often better yields than with no-till
have been reported (Overstreet & Hoyt, 2008, Morrrison, 2002). Nash investigated the N2O
emissions of corn production with different tillage systems. He determined lower N2O
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emissions with strip tillage (“deep banded N treatments”) compared to no-tillage (“surface
broadcast N treatments”).
Since 2007 the effects of strip tillage on sugar beet have been investigated (Hermann,
2008) and extended on corn (Hermann et al., 2010). Hermann confirmed the faster warming
of the tilled soil in the strips compared to mulch tillage without seedbed preparation. The
objective of this experiment was therefore to evaluate strip tillage conducted by an original
passive tool for the cultivation of grain corn as representative crop and climate in Malaysia.
Strip tillage was measured against conventional practise focused on effects of crop
establishment.
MATERIALS AND METHODS
Field tests have been conducted at MARDI Seberang Perai, Pulau Pinang. The experimental
design was a paired t test, with two tillage treatments: 1) strip tillage and 2) conventional tillage.
Each field served as a replicate, with eight total fields plots. Fields were selected with relatively
uniform soil type and vegetative cover for the field, with sandy loam soil types and grain corn
with three cropping histories.

Strip Tillage
Corn Seeder and
95 HP
Implement
Fertilizer Spreader
Tractor
Figure 1. Strip Tillage Implement attach to Gaspardo (row seeder implement) and pull by
95HP tractor
The test was carried out using locally produced strip tillage, which was designed,
constructed and used for grain corn production. The testing implement (Figure 1) was designed
for four rows of grain corn at 750 cm apart. It consisted of a metal frame having in front of the
attachments to be mounted on the tractor three hitch point. At the back of the frame, a grain
corn seeder was attached. The grain corn seeder have planting and fertilizer tools at 1 m apart.
Two tines for each row were mounted on the frame. One shallow spring tine working at a depth
of 0.12 m and a rigid working at 0.25 m. The frame consists of a shallow spring disk coulter at
the front working at depth 30 cm to cuts through grain corn crop residue, weeds and soil. A
rigid disc harrow working at depth 25 cm was mounted at 400 cm in front of the spring disk to
avoid any interaction. A spring press wheel mounted 400 cm after the disc plough and work
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to firm and smooth soil for good grain corn seedbed. Corn stand establishment was estimated
in all tillage experiments plots by counting the number of corn plants in a 3 m x 5 m of row at
3 randomly selected locations in each experimental plot. This sampling occurred on the 14th
days after planting when plants were typically at 5 to 10 cm tall.
RESULTS AND DISCUSSION
Data were analysed using SAS (version 9.3; SAS Institute, Cary, NC). Replication was treated

Crop Establishent After 15 DAP

as a random factor. Mean separation was performed statements using the LSD method.

80
70
60
50
40
30
20
10
0

Effect of the use of strip tillage machine on the growth of grain corn crop
establishment
67
66.25

Control

Strip Tillage
Treatment

Figure 2. Effect of using strip tillage machine on the growth of grain corn crop establishment
The effect of using strip tillage machine on the growth of grain corn crop establishment
show in Figure 2. Conventional tillage or control treatment showed slower growth compared to
strip tillage due to the delay of emergence but finally gave with the strip tillage the highest
plants. However statistical analysis gave no significant differences for plant population for both
treatments.
Table 1.
Treatment

Rep 1

Rep 2

Rep 3

Rep 4

Mean

Std
Dev

Control

74

65

67

62

67

6.2449

Strip tillage

61

68

67

69

66.25

3.5939

Table 1 shows grain corn crop establishment 15 DAP (days after planting) in 3 m x 5
m quadrat. No significant difference was found for control and strip tillage treatment. The use
of strip tillage is a better planting method because it can minimise operational costs but can
also have a positive effect on the cultivation and development of grain corn. Strip tillage will
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cut down on operational or ground preparation costs such as ploughing, haring, and rotor. The
cost is approximately RM900-RM1000 for each activity. Moreover, this approach will raise
farmers' and grain operators' incomes by minimizing production costs.
CONCLUSION
From the research obtained, it can be inferred that strip tillage can replace conventional tillage
in grain corn production and potentially have a beneficial effect on grain yield. It provides great
opportunity for conserving energy and reducing costs. Additional environmental benefits are
expected from the adoption of tillage strips, which might help farmers, adapt to the conditions.
This involves environmental, agronomic and economic benefits such as minimizing runoff and
soil erosion, sustaining soil water and organic matter material, protecting soil bearing efficiency
improvement in biodiversity, and tractor traction in the undisturbed inter-row line, minimizing
inputs (traction, fuel, labour) and costs.
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INTRODUCTION
Pineapple (Ananas comosus) is an important tropical fruit crop in our country since 1900 as
an export commodity that contributes to Gross Domestic Product (KDNK). LPNM reports that
the physical pineapple cultivation in Malaysia is 15,774 hectares with a harvested area of
around 13,148 hectares which has produced fruit of 391,714 metric tonnes of pineapple with
a production value in 2016 around RM515.248 million [1]. The pineapple industry needs a lot
of suckers with the seed requirement rate is 17,000 suckers per acre (or 42,000 seed suckers
per hectare) per planting. If calculated with simple numbers on crop area, then as many as
662.5 million pineapple crops were planted in 2016 in stages. If planting is carried out in stages
for 12 - 14 months for Moris and MD2 pineapples and some other varieties, then the need for
pineapple suckers in the country is around 50 - 55 million a month [2].
After the pineapple crop is 1 year 3 months old, the pineapple will be harvested. The
pruning process will be done before fertilization work begins. Normally in conventional method,
farmers will use a sharp machete or sickle to pruning the leaves because pineapple leaves
and cob have high fibres, causing the leaves and cob break easily. Convention method takes
a lot of time as well as the need for a large labour force, and in this regard, the cost of
production will also increase. In 10th Malaysian plan (RMK-10), MARDI has come out with a
machine that pruning and cut the pineapple crop, which is the practice in mineral soil. This
machine is adopting the concept of a lawn mower that is a horizontal shaped blade pointed
with strong swing force. Unfortunately, the result of the cut by the machined was seen breaking
the pineapple cob and leaves. In 11th Malaysia plan (RMK-11), a new concept and prototype
were developed. The objective of the study is to mechanize the work of pruning a pineapple
crop that has been done conventionally practically. With the mechanization approach, this work
can be done quickly, economically and uniformly. There is no existing machinery in the markets
nowadays.
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MATERIALS AND METHODS
New Design Concept
In 11th Malaysia plan (RMK-11), a new concept and prototype were developed with two circular
blade discs with 16-diameter width, powered by gearbox 1:10 ratio as a power converter with
high-speed rpm between 4500-6000rpm rotating clockwise and adjustable height for cutting
blade and machine itself as in Figure 1. This machine able to operate in mineral and peat soil
conditions. This machine is attached to 38hp of high-clearance tractor rubber trek with powered
by PTO max speed 540 and tractor rpm 1500. This tractor and machine are able to enter the
pineapple plantation and carry out pruning work in the field, as shown in Figure 2.

Figure 1. New prototype

Figure 2. Attachment to High

pineapple pruning machine

clearance tractor that can enter the
pineapple plantation

Performance and Evaluation Test
The machine prototype was tested and evaluated at MARDI Pontian, Johor. Using two different
speed rate of 1.87 km/hr and 2.03 km/hr with 3rd gears low and 4th gear low and the speed of
the PTO is 540 rpm driven for same gear using fixed 1500-rpm tractor speed for the same
gear. Experimental plot distance of 12m X 9m with six replicates and total area of 0.010
hectares show in Figure 3 and time had been taken and recorded for analysis. The main aim
is to ensure that pineapple crop will cut through in the middle with 30cm height form the land
surface using two different gears but the same PTO speed.

Figure 3. Experimental plot
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RESULTS AND DISCUSSION
Data and Analysis
Data collection from performance evaluation testing (Table 1). Analysis using a t-test to make
a comparison of the speed and height of the crop after cutting. The comparison of height after
pruning showed no significance value (p> 0.05) using two tractor speed. This shows that
despite using different speeds, the height of the crop is the same and formally show in Table
2. The pruning results obtained are clean-cut and uniform height, as show in Figure 4.
Table 1. Data collection from performance
evaluation testing
L1 L2
Parameter

L3

L4

L5

L6

Rpm 1500

Rpm 1500

Gear 3 Low

Gear 4 Low

Work rate

0.47 ha/hr

0.85 ha/hr

(ha/hr)

(Average)

(Average)

1.87 km/hr

2.03 km/hr

2.1 hr/ha

1.2 hr/ha

Tractor speed
(km/hr)

Table 2. T-test analysis comparison for
speed

Operating
time
(hr)

Figure 4. Clean-cut and uniform
CONCLUSION
From the studies conducted, we can conclude that it does not have a different effect on the
height of the pineapple crop by using different speeds. In contrast, in terms of saving operating
time, seen using a speed of 2.03 km/ha it can prune by 0.85 ha/hour and for a speed of
1.87km/ha can only prune by 0.47 ha/hour. The work-rate can reach to 6.8 ha/day by using
one operator only compared to the conventional method using at least 8-10 employees, and
one worker can prune as much as 0.125 ha/day by meaning for ten workers is 0.96 ha/day.
Also, using this brand new prototype can reduce of hire labour and save time.
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INTRODUCTION
Heavy attack by pests may result in total crop failure and threatening the livelihoods of our
vulnerable farmers and food security [1,3]. Thus, pest surveillance improves management
decisions by providing information on pest population levels [2,4]. Currently, crop pest
monitoring and sampling activities are still done manually. In addition, processing and
identification of insects is now being done using the naked eye and require trained and skilled
workers in identifying and distinguishing them from other species. For a large coverage area,
this activity requires more time as well as more workers, further slowing down the process of
information delivery, monitoring and pest management [5].
MARDI has developed a Pest Image Identification System (PiMIDS) that equipped with
newly design light trap and image capturing processing tool. Subsequently, the system
distinguishes, identifies and calculates the number of BPH in the image automatically. This
substantially speeds up the identification process and reduce human error. The ability and
accuracy of the technology in providing patterns and levels of BPH populations, in particular
migratory and adult BPH, will be evaluated.
MATERIALS AND METHODS
The light trap was used to replace manual pest sampling activity and operates
automatically. Four light traps have been installed in the rice field and set to be operated
twice a week for 3 hours a day from 7.00 p.m. to 10.00 p.m. The samples collected in the
field then brought back for process. Then, the insect sample image will be taken using the
image capturing system. Sample processing takes place within 3 days of each week as the
integrity of the samples collected lasts less than a week.
The images taken are further processed and generated into a format than can be
used to be analysed using machine learning. Identification based on differences in color,
wing, morphology and size compares to other species. Comparative statistical analysis
was conducted to evaluate the effectiveness of the PiMID system in comparison with the
conventional method. The whole experimental design process was illustrated as in Figure 1.
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Figure 1. PiMID process flow
RESULTS AND DISCUSSION
Modular Light Trap
Figure 2 shows the BPH populations pattern in the field over the entire crop season. To
anticipate the probability of an outbreak event, it is important to know the level of the insect
population especially at the early crop stage. The presence of migratory BPH has been
detected as early as 14 days. Based on the BPH life cycle which is 25 to 29 days, this number
is expected to increase when the paddy is at reproductive and ripening stage [2,3,4]. Thus,
better pest monitoring is needed during both stages as they will determine the final crop yield.

Figure 2. Brown planthopper (BPH) population pattern
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Image Capturing and Counting
The results from the automatic (mean = 36.47) and manual (mean = 30.80) counting methods
show that there was no significant difference between the two methods t (15) = t 0.38, p<0.05,
(Figure 3). Where manual counting was performed by trained and experienced workers. This
indicate that the use of PiMID system can provide BPH population level that are very close to
the actual population number.

Figure 3. Comparison between automatic and manual counting method
CONCLUSION
Based on study conducted, it has been shown that the developed system was able to provide
more precise BPH population level and pattern. These data are very useful for the development
of risk prediction models for a better decision making in controlling major rice pest. Better pest
monitoring and management methods can benefit from the use of the developed pest image
identification system.
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INTRODUCTION
The market value of cleaned swiftlet edible bird’s nests (EBNs) are in the range from $ 1 000
to $ 10 000 per kilogram depending on the grade, type and origin [1]. EBNs are popular and
expensive, as they are known as high nutritious foods (glycoproteins, amino acids, sialic acid
etc.) [1]. In Malaysia, EBN export volume has reached to 5,654.7 metric tonnes in 2019 [2].EBN
products from Malaysia is expected to increase Malaysia's export value to RM3 billion by year
end, from RM1.15 billion in 2019 [2]. However, currently, almost all swiftlet industries are still
relying heavily on intensive labour for the EBN cleaning process, which is very tiring and
exhausted. The workers have to use a lot of visual strength to find the impurities (i.e. feathers,
droppings and dirt) and experience hand muscle aches to pinch impurities (repetitive actions)
by clipping the tweezers to remove impurities from the EDN. Even the skilled workers are
unable to work for the long period. Unfortunately, it will take quite a long period of times and
effort to train new workers to skilled and experience workers. Another issue is, more than 30%
crude protein contain will be lost by soaking in the water for more than 20 minutes using the
conventional method [3]. Hence, a smart vision computer based robot for cleaning edible

bird’s nest was developed to solve the problem.
MATERIALS AND METHODS
Figure 1 shows the new innovation machine integrates 6 axis collaborative robot, smart vision
camera system and special designed suction mechanism to clean EBNs without the need to
be immersed in water to loosen or dissolve interwoven structures to remove impurities. A two
stages vacuum pump with electrical power, 220V AC, 50Hz, ¾ HP is used to generate the
vacuum pressure of less than 0.25 bar absolute pressure throughout the suction operation.
Before the cleaning process is initiated, the softened EBN is placed on special design platform
made of food grade material to support the EBN curve form. Then surface image is taken by
color camera (MicroHAWK, MV-40, smart camera) with built-in computation processor. After
analysing the image, identifying and locating the impurities on the EBN, the information is sent
to the collaborative robot system to move suction tip and scaler (model ART-SP1) for cleaning
EBN. The suction tip was rotated preferably range 10-30 rpm. The design of the rotating
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suction tip 4 is in such a way that it can perform rotating while in the suction motion and
preferably rotation speed at range 5-30 rpm, this is to prevent suction of parts of EBN into the
suction tip if the tip is continuous staying on the same spot of the EBN surface. The scaler was
activated and replaced the suction tip automatically after the suction process is unable to
remove the impurities at the same spot. The scaler is vibrating at range 20-30 KHz with the
fine water droplets with spraying pressure at the range 160-410 KPa. This is to loosen the
sticky impurities on the EBN surface. The scaler process was followed by the suction process
again until the impurities are successfully removed before proceed to another destined
locations.

Vision Camera

Special Design
Suction Mechanism

EBN platform
Six-axis
collaborative robot
arm
Cyclone separator
Figure 1. The overview set up of the new innovation
The removed impurities were filtered by the cyclone separator and discharged in the
storage container.
RESULTS AND DISCUSSION
Table 1 shows the comparison between manual experience labour and this new innovation
method. This developed machine is capable to clean up to 70% - 80% cleanness for less
than 20 minutes per piece nest (3 times faster than manual method). Moreover this new
method can reduce the loss of sialic acid less than 8% (Figure 2) and nitrite can be reduced
to 18.9 mg/Kg far below the threshold level 30 mg/Kg set by the Food Safety and Quality
Division, MOH [4].
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Table1. Comparison current and new innovation
Sialic Acid

method

16.00%

Current Method

14.00%

New Innovation Method

12.00%
10.00%
8.00%

Sialic Acid

6.00%
4.00%

Need skill, tiring and

No training is required and

2.00%

exhausted, muscle aches

not tiring

average 1 piece / 1 hour

less than 20 minutes per

0.00%

Before
After
Celaning Cleaning

Figure 2. Sialic Acid contain before
and after cleaning

piece
Possible of human contact

Prevent contamination

contamination

caused by human contact

CONCLUSION
With the development of this system, labour force issue can be solved by this innovation.
Moreover, EBNs can be retained, as many nutrients and original form as possible, so that can
be made into a high-value premium product. This innovation has a huge market and
commercial potential as 11,583 bird’s nest farms under 7,929 producers have registered with
the DVS [3].
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INTRODUCTION
In recent years, increased attention has been paid to the nano-heterogeneous system, known
as the “organized environment” where increasing the rate of chemical reaction in the presence
of surfactant micelles reaction systems is known as micellar catalysis [1-3]. This can be derived
from surface-active agents. Hence, the present technology breaks the colloidal aggregates
into smaller molecules of surfactant in the form of nanoparticle with specific interest of large
unilamella vesicle (LUV) structure [4].
The fertilizer industry is under a lot of pressure as it is being asked to solve problems
on high demands of fertilizer. Population growth, reduced farming land available, increase in
intensive farming and the use of sub-prime farmland has surge the emergence of new
technologies and new product of fertilizer [5,6]. Conventional fertilizers caused salt deposition
and clogging in fertigation and aeroponic farming systems [7]. These issues motivate the
development of a new process or technology for the conversion of foliar/colloidal fertilizer to
nanofertilizer through micellar catalysis technology.
Due to the importance to solve these issues, the objectives of this study are to develop
a new process for reducing the colloidal molecular size and structure through micellar
technology and to retain the affinity of counter ions binding for micellar-enhanced nanofertilizer
produced.
MATERIALS AND METHODS
All materials used in the present experiments were ANALAR Grade. The 20 g fertilizer were
dissolved in the distilled water in 100 mL of volumetric flask and sonicated for 15 minutes.
Particle Size Analysis
The samples were analysed by adding 1000µl of foliar nanofertilizer in new cuvette at room
temperature. The samples were measured using Dynamic Light Scattering Nanosizer (Brand
Omnibrook).
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RESULTS AND DISCUSSION
Micellar Catalytic Transformation
The catalytic effects of sonication on flexible nanoparticle (FN) of nanofertilizer in colloidal
system is presented in Figure 1. In the present study, the kinetic and rheological studies for
flexible nanoparticle (FN) in the chemical reaction have been reported in previous literatures
[8,9]. However, for better understanding of knowledge, the development of kinetic probe to
determine relative counterion binding constant (RXBr) of cationic flexible nanoparticle (CFN)
system in the presence of salts|H2O|surfactant is recommended in the future study. The
binding affinity has been attained in the molecular interaction between counter ions where the
studies has been reported in previous study [1]. The molecular size has been reduced through
sonication process. Table 1 showed the transformation of micellar aggregates.
Before sonication (nm)

After sonication (nm)

1535 ± 235

145 ± 35

Figure 1. Catalytic effects of sonication on flexible nanoparticle (FN) of nanofertilizer in
colloidal system
CONCLUSION
The invention of presented technology supports the industrial revolution (IR) 4.0 in precision
farming and sustainable development goals (SDG) in food safety and sustainability. The
product of this new heterogenous micellar catalytic conversion method can solve the issue of
salt deposition in fertigation and aeroponic farming systems.
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INTRODUCTION
Escherichia coli (E. coli) O157:H7 is a harmful bacteria that can result in severe infections to
humans [1]. A fluorescence quenching assays involving GQDs and CDs with AuNPs and
AgNPs nanoparticles for the determination of E. coli O157:H7 have been explored. GQDs and
CDs act as the fluorophore, while AuNPs and AgNPs as the quencher. Target oligos have
been utilized to establish the distance between fluorophore and quencher in close proximity.
MATERIALS AND METHODS
Real Sample Analysis of Fluorometric Assay
In order to evaluate the potential application of the fluorometric assays in real sample analysis,
the performance of the fluorometric assays for the analysis of food samples (chicken, meat
and cheese) spiked with E. coli O157:H7 was tested. The schematic diagram for the analysis
of the real samples is shown in Figure 1.

Figure 1. Schematic diagram of the workflow for real sample analysis
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RESULTS AND DISCUSSION
Enumerations of Flic Gene of E. coli O157:H7 in Spiked Food Samples
As summarized in Table 1, the determination of the E. coli O157:H7 fliC gene using amplicon
DNA in the fluorometric method allows the detection in the range of 0.54 - 43.01 ng/μL while
real-time PCR methods were in the range of 0.045 - 41.90 ng/µL. The spiked chicken sample
showed the lowest positive signal for the fliC gene indicating the least favourable of E. coli
O157:H7 to grow.
Table 1. Quantity of spiked food samples for quantification of the E. coli O157:H7 fliC gene
using fluorometric and real-time PCR method
Parameters

GQDs-AuNPs

CDs-AuNPs

CDs-AgNPs

Real-time PCR

LOD

1.14 ± 0.71

0.36 ± 0.71

0.07 ± 0.71

0.48 ± 0.03

(ng/µL)

R2 = 0.981

R2 = 0.964

R2 = 0.984

R2 = 0.997

Chicken

3.94 ± 0.30

0.54 ± 0.64

2.62 ± 0.11

(ng/µL)

t-testa: 1.11

t-testa: 0.07

t-testa: 1.96

Meat

18.69 ± 0.34

14.67 ± 0.19

10.94 ± 0.20

(ng/µL)

t-testa: 2.17

t-testa: 2.06

t-testa: 0.35

Cheese

39.60 ± 0.27

43.01 ± 0.54

41.78 ± 0.04

(ng/µL)

t-test : 0.75

t-test : 0.18

t-testa: 0.31

a

a

0.045 ± 0.001

10.14 ± 0.02

41.90 ± 0.07

Note: a the critical value, t4 = 2.78 (p = 0.05)
Figure 2 shows the relationship between the fluorometric and real-time PCR methods
used to measure the concentration of DNA in spiked food samples based on the targeted
amplicons.

In general, fluorometric and real-time PCR method shows the same DNA

concentration (amplicons) in cheese and chicken. Although all samples were spiked at the
same bacteria load of 1.0 × 10−4 CFU/mL, E. coli O157:H7 showed a preferred medium of
growth towards cheese compared to meat and chicken. This might be due to cheese that was
made from pasteurised fermented milk is rich in lactic acid compared to chicken which is high
in complex protein that will take time to consume [2].
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Figure 2. Relationship between methods and spiked food samples on amplicon
concentration.
Statistic to evaluate the two means of fluorometric and real-time PCR method was also
carried out. Notably, the calculated t-value is less than the critical t-value (tcalc.< 2.78) indicating
that the new fluorometric method and real-time PCR method are comparable and in good
agreement. The detail on the calculation of real samples analysis for fluorometric and real-time
PCR method was documented in Table 2. The present findings for real samples analysis are
also compared with five other molecular diagnosis methods that were concurrently performed
along with the preparation for the construction of fluorometric method (Table 2).
Table 2. Comparison of five different molecular diagnosis methods
Methods

Chicken

Meat

Cheese

MPN

1.9 × 106 CFU/mL

3.0 × 107 CFU/mL

1.0 × 108 CFU/mL

PCR

No band

Band at 381 bp

Band at 381 bp

Spectrophotometric

726.6 ng/µL

760.3 ng/µL

1141.6 ng/µL

Real-time PCR

0.01 ng/µL

37.19 ng/µL

68.06 ng/µL

Fluorometric assay

0.93 ng/µL

35.87 ng/µL

67.38 ng/µL

The results show that fluorometric method has the same trend as observed in four other
molecular diagnosis methods, namely most probable number (MPN) testing, PCR,
spectrophotometric and real-time PCR. Spectrophotometric results show an overestimation of
the genomic DNA extract solution. This finding reinforces the notion that the
spectrophotometric method is sensitive to the chemical properties of the target material
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depending on whether the extracted DNA is contaminated with organic or inorganic material
[3].
CONCLUSION
By this comparison, it can be concluded that the fluorometric method is more comparable to
real-time PCR method than to other methods. The study performed here open new areas in
the development and application of fluorometric method for E. coli O157:H7 quantification
based on the targeted genomes.
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INTRODUCTION
Plant diseases are among the major constraints affecting the production and productivity of
crops in terms of quality and quantity. Disease management through biological control has
currently gain attention as an alternative strategy to synthetic chemicals due to environmental
concerns and other health hazards associated with the use of chemicals. Biological control
involves the use of beneficial organisms, their genes, and/or products such as metabolites that
can reduce the negative effects of plant pathogens and promote positive responses by plants.
It has been shown that selected plant growth-promoting rhizobacteria (PGPR) can enhance
plant growth and yield with the ability to control soil borne and foliar pathogens. Although a lot
of research papers have described the ability of microbial consortium to promote plant growth
and disease reduction in diverse crop and plant species however, the mechanisms underlying
PGPR-plant interactions, the genetic basis and signal transduction elements that are involved
in the growth promoting effects and disease tolerance of PGPR in plants are hardly
understood. To date only a few studies have been conducted to unravel the molecular changes
in plants under PGPR colonization and most of them are focused on Arabidopsis and rice. This
study investigated the global changes in gene expression associated with the application of
the microbial consortium and clarified the mechanisms involved in plant growth promotion and
dieback disease tolerance in Carica papaya.
MATERIALS AND METHODS
Total RNA Extraction
RNA extraction was carried out using Sepasol Super G method according to the
manufacturer’s protocol (Nacalai Tesque, USA) with slight modification. The DNA
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contamination was removed using Invitrogen™ TURBO DNA-free™ Kit (Invitrogen, USA). The
RNA Integrity Number (RIN) analysis and 28S/18S ratio were determined using Agilent 2100
Bio Analyzer (Plant RNA Nano Chip, Agilent, USA).
RNA Sequencing
A total of 12 RNA samples consisting of 6 consortium-treated and 6 control samples were
sequenced using the Illumina Hiseq 4000 platform (Illumina Inc., San Diego, CA). The
sequence was determined in paired-end 150 nucleotide mode at the Beijing Genomics Institute
(BGI) (Beijing, China) resulting in 12 transcriptome datasets.
Read Quality Assessment and Pre-processing, Reference Mapping & Expression and
Differential Expression Analysis
Quality of the sequencing reads were accessed by FastQC (ver.0.11.3). The raw sequencing
reads were trimmed using Trimmotic (ver.0.38). Clean reads of each sample were mapped to
the reference genome Carica papaya r.Dec2008 using hisat2-2.05. The resulting coverage of
reads mapped from the alignment file generated in reference mapping were translated to
expression value which were then represented in FPKM (fragments per kilobase of transcript
per million mapped fragments) value via Cufflinks-2.2.1. The FPKM values of treated samples
were compared to that of control samples and statistically significant differentially expressed
(SSDE) genes were called with arbitrary cut-off values of log2 fold change ≥ 1 and q-value
≤0.05 (false discovery rate (FDR) less than 5%).
Gene Ontology (GO) & Pathway Enrichment Analysis
SSDE genes were separated into 8 gene sets and each gene set were used for enrichment
analysis against the reference full gene set of r.Dec2008 genome. For GO enrichment
analysis, blast2GO (build 04022013) software was used by deploying Fishers’s exact test
method with a filter of FDR < 0.05. For pathway enrichment, R v3.0.2 was used to calculate
the enriched KEGG (Kyoto Encyclopedia of Genes and Genomes) pathways using the
Fischer’s exact test method as well. The process of data analysis pipeline is shown in Figure
1.
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Figure 1. A schematic diagram of RNA sequencing data analysis pipeline
RESULTS AND DISCUSSION
Differential Expression and GO Enrichment Analysis
A global analysis of leaf transcript modifications associated with the papaya-microbial
consortium interaction in relation to its responses to a dieback disease pathogen was
performed using RNA sequencing to investigate the molecular mechanisms underlying the
growth-promoting effects and disease tolerance observed in microbial consortium treated
plants. Since previous studies tend to reveal that priming is a common feature of the resistance
responses induced by beneficial microorganisms [1], we chose to compare four classes of
samples; control leaves (control uninfected, CU), consortium-protected plant leaves (treated
uninfected, TU), E. mallotivora-challenged plant leaves (control infected, CI) and consortiumprotected E. mallotivora-challenged plant leaves (treated infected, TI). As shown in Table 1, a
total of 73, 134, 1059 and 745 genes were found to be significantly differentially expressed
across the 4 comparisons group, respectively. To figure out microbial consortium-responsive
genes (response of plant to consortium) SSDE genes in comparison 1 (CU over TU) were
examined. A total of 73 genes were found differentially expressed which represented 26 upregulated and 37 down-regulated genes. Among the important most significantly enriched GO
terms found in this comparison are “detoxification of cadmium ion” associated with heavy metal
stress tolerance, “diterpene phytoalexin biosynthetic process” and “alkane biosynthetic
process” related to plant defence, “positive regulation of cytokinin-activated signalling pathway”
related to plant growth and development, “substituted mannan metabolic process” associated
with cell wall construction, “maltose transport”, “L-glutamate import across plasma membrane”
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and “sucrose transport” associated with nutrient transport and “positive regulation of protein
kinase B signalling” associated with plant immunity. The enriched GO terms associated with
the specifically expressed genes in consortium treated plants are shown in Figure 2.
Table 1. Composition of SSDE genes comparing between samples
Comparison

1

2

3

4

Condition A

Control Uninfected

Control

Control

Treated

(CU)

Infected

Uninfected

Uninfected

(CI)

(CU)

(TU)

Treated Uninfected

Treated

Control

Treated

(TU)

Infected

Infected (CI)

Infected (TI)

Condition B

(TI)

Total genes

27,792

27,792

27,792

27,792

Total SSDE

73

134

1059

745

26

52

674

541

4

5

20

19

37

72

323

163

6

5

42

22

genes
Up-regulated in
condition B
Expressed only
in condition B
Downregulated in
condition B
Expressed only
in condition A
Among the major up-regulated papaya genes are (i) Cytochrome B5 isoform D
associated

with

biotic

and

abiotic

stress

tolerance;

(ii)

Xyloglucan

endotransglucosylase/hydrolase 9 participating in cell wall construction and internode cell
elongation; (iii) Thioredoxin-like protein CXXS1 involved in plant defence, plant immunity and
oxidative stress tolerance; (iv) GA requiring 3 involved in early step of gibberellic acid
biosynthesis; (v) Nodulin MtN21/ EaMA like transporter participating in amino acid and auxin
(hormone) transporter; (vi) Bi-functional inhibitor involved in plant defence; (vii) RING/ U-Box
involved in plant growth and tolerance to abiotic and biotic stress; (viii) Stay green protein
involved in photosynthesis; (ix) Sucrose-proton symporter 2 involved in amino acid,
carbohydrate and antioxidant transport and (x) Cysteine proteinase COT44 involved in
mobilization of storage proteins during germination and young seedling growth.
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Figure 2. Top 15 most significantly enriched GO terms associated with SSDE genes in
consortium treated plants under uninfected condition (Comparison 1)
The bacterial colonization triggered down-regulation of genes coding for transcription
factors involved in stress signalling such as heat shock transcription factor A6B, NAC (No
Apical Meristem) domain transcriptional regulator superfamily protein and auxin-responsive
protein IAA1-like as well as salicylic acid and jasmonic acid responsive genes such as linoleate
13S-lipoxygenase 2-1 chloroplastic-like and salicylate carboxymethyltransferase-like. Results
obtained are in agreement with [2] who reported the down-regulation of genes coding for
transcription factors of ethylene-responsive genes as well as salicylic acid and jasmonic acid
responsive genes upon colonization of Arabidopsis thaliana by root endophytic bacterium,
Bacillus megaterium isolated from black pepper.
To understand the response of control plants and consortium protected plants to E.
mallotivora infection, SSDE genes in comparison 2 (CI over TI), comparison 3 (CU over CI)
and comparison 4 (TU over TI) were inspected. In comparison 2, a total of 134 genes were
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found differentially expressed which represented 52 up-regulated and 72 down-regulated
genes. Among the important most significantly enriched GO terms found in this comparison
are “type I hypersensitivity” associated with pathogen-associated molecular pattern-triggered
immunity (PTI), “oxidation reduction process”, “miRNA transport” and “very long chain fatty
acid metabolic process” associated with plant defence and disease resistance. The enriched
GO terms associated with the specifically expressed genes in consortium treated plants in
comparison 2 is shown in Figure 3. Among the important up-regulated papaya genes
associated with plant defence and immunity include (i) THO2 involved in micro RNA (miRNA)
production; (ii) ABC transporter A family member I; (iii) Phosphoenolpyruvate carboxylase
kinase 1-like involved in hypersensitive response; (iv) 3-ketoacyl-CoA synthase 19 participated
in biosynthesis of very long-chain fatty acids (VLCFAs); (v) Thioredoxin superfamily protein
associated with redox signalling and oxidative stress response; (vi) MLP-like protein 31 and
(vii) Dormancy/auxin associated family protein associated with plant stress tolerance. The THO
2 and ABC transporter A family member I genes are found to be expressed only in consortium
treated plants suggesting its significant role in papaya dieback disease tolerance. THO2, a
core member of the THO/TREX complex has a role in small interfering RNA-dependent
processes in plants. The THO/TREX complex is a conserved protein complex that functions in
pre mRNA processing and mRNA transport as well as involved in enhanced disease resistance
of Arabidopsis to powdery mildew pathogen, Golovinomyces cichoracearum [3]. Moreover, the
role of miRNA in anti-viral, anti-bacterial as well as anti-fungal resistance have been described.
In anti-bacterial resistance, miR393, is involved in inducing resistance against Pseudomonas
syringae by negatively regulating F-box auxin receptors namely transport inhibitor response 1
(TIR1), auxin signalling F-Box protein 2 (AFB2) and AFB3 and thereby inhibit the growth of the
pathogen in Arabidopsis [4]. On the other hand, ABC transporters act to transport compounds
across cellular membranes and are involved in a diverse range of physiological processes that
allow the plant to adapt to changing environments and cope with biotic and abiotic stresses.
For example, secretion of anti‐microbial plant secondary metabolites, an important first line of
defence against host and non‐host pathogens are mediated by ABC transporters. Functional
characterization of NpPDR1, a full‐size ABCG protein of Nicotiana plumbaginifolia, was the
first report of a plant ABC transporter being implicated in pathogen defence and the first
description of active terpenoid transport in plants [5].
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Figure 3. Top 15 most significantly enriched GO terms associated with the specifically
expressed genes in consortium treated plants under infected condition (Comparison 2)
To understand response of normal plant as well as response of consortium treated
plants to E. mallotivora infection in a separate/ individual event, SSDE genes in comparison 3
(CU over CI) and 4 (TU over TI) were investigated. Both control plants and consortium
protected plants gave nearly similar responses to pathogen infection through similar
expression of 451 genes and 239 shared enriched GO terms. However, there are 527 and 246
of genes specifically expressed and 154 and 110 GO terms specifically enriched only in control
plants and consortium protected plants, respectively. Among the important specifically
enriched GO terms in consortium treated plants are “glycolipid transport”, “primary miRNA
binding”, “defense response to bacterium, “incompatible interaction”, “defense response by
callose deposition in cell wall”, “positive regulation of flavonoid biosynthetic process”, “very
long-chain fatty acid biosynthetic process”, “lignin metabolic process”, “induced systemic
resistance” and “positive regulation of cellular defense response”, where all are related to plant
defence and immunity. Priming is a common feature of ISR responses induced by beneficial
microorganisms where in primed plants, defence responses are not activated directly, but are
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accelerated upon pathogen or insect attack, resulting in enhanced resistance to the attacker
[1]. In Arabidopsis, Rhizobacteria-mediated ISR is often associated with priming for enhanced
expression of JA/ET-responsive genes and increased deposition of callose at the site of
pathogen entry [6].
Pathway Enrichment Analysis
Pathway enrichment analysis showed that 25 pathways are enriched in 4 out of 8 gene sets
tested. It is noted that most of these statistically significant enriched pathways i.e. 23 pathways
are found in the gene sets where genes are upregulated in infected group over uninfected
group (comparison 3 and 4). Out of the 23 pathways, 10 are shared between the two
comparison groups suggesting slightly similar response of the two plant groups to E.
mallotivora infection (Table 2 and 3). However, there are 4 and 6 pathways that are uniquely
expressed in control plants and consortium treated plants, respectively, which differentiates
their responses to pathogen attack. Among the important pathways that are specifically
enriched in consortium treated plants are Phenylalanine, tyrosine and tryptophan biosynthesis,
Glycerophospholipid metabolism, Glycerolipid metabolism and Selenocompound metabolism.
The role of lipids and lipid metabolism in plant defence responses has been extensively
studied, especially in genes associated with biosynthesis of fatty acids and sphingolipids [7],
[8]. In addition, accumulation of a certain family of lipids such as sphingolipids, phospholipids
or linolenic acid triggers reactive oxygen species (ROS) accumulation followed by the
beginning of the hypersensitive response (HR) during plant defence responses [9]. LTryptophan (Trp), L-phenylalanine (Phe), and L-tyrosine (Tyr) are aromatic amino acids that
serve as precursors of numerous natural products involved in diverse plant physiological
processes including defence against pathogen attacks. Trp is a precursor of phytoalexins and
indole glucosinolates (plant antibiotics) whereas Tyr is a precursor of isoquinoline alkaloids
and Phe is a common precursor of numerous phenolic compounds, which include flavonoids,
condensed tannins, lignans, lignin and phenylpropanoid/benzenoid volatiles which play a
crucial role in plant defence system [10].
Table 2. Significantly enriched pathways in control plants under infected condition
(Comparison 3). Shared pathways with Comparison 4 are highlighted in blue
Pathway ID

Pathway Name

P-value

map00360

Phenylalanine metabolism

0.001206

map00350

Tyrosine metabolism

0.001452

map00130

Ubiquinone and other terpenoid-quinone biosynthesis

0.001573

map00960

Tropane, piperidine and pyridine alkaloid biosynthesis

0.001927
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map00966

Glucosinolate biosynthesis

0.001934

map00941

Flavonoid biosynthesis

0.002469

map00052

Galactose metabolism

0.007510

map00940

Phenylpropanoid biosynthesis

0.009229

map00943

Isoflavonoid biosynthesis

0.010515

map00270

Cysteine and methionine metabolism

0.014385

map00950

Isoquinoline alkaloid biosynthesis

0.017889

map00250

Alanine, aspartate and glutamate metabolism

0.026452

map00240

Pyrimidine metabolism

0.033009

map00401

Novobiocin biosynthesis

0.040417

Table 3. Significantly enriched pathways in consortium treated plants under infected
condition (Comparison 4). Shared pathways with Comparison 3 are highlighted in blue
Pathway ID

Pathway Name

P-value

map00130

Ubiquinone and other terpenoid-quinone biosynthesis

0.001305

map00350

Tyrosine metabolism

0.003207

map00966

Glucosinolate biosynthesis

0.004147

map00360

Phenylalanine metabolism

0.007846

map00941

Flavonoid biosynthesis

0.008069

map00052

Galactose metabolism

0.008078

map00250

Alanine, aspartate and glutamate metabolism

0.009448

map00960

Tropane, piperidine and pyridine alkaloid biosynthesis

0.012075

map00400

Phenylalanine, tyrosine and tryptophan biosynthesis

0.014258

map00401

Novobiocin biosynthesis

0.017124

map00680

Methane metabolism

0.022510

map00670

One carbon pool by folate

0.028369

map00950

Isoquinoline alkaloid biosynthesis

0.029526

map00564

Glycerophospholipid metabolism

0.046052

map00561

Glycerolipid metabolism

0.046388

map00450

Selenocompound metabolism

0.047187

CONCLUSION
In conclusion, microbial consortium-mediated plant growth promotion and disease tolerance in
Carica papaya is governed by up and down-regulated genes newly identified in this study in
addition to those previously reported. Most of these genes are associated with nutrient uptake,
cell biogenesis, plant immunity and defence. Further investigation and manipulation of the
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identified candidate genes and processes could lead to important information on their possible
role during papaya-microbial consortium-pathogen interactions.
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INTRODUCTION
The rising incidence of non-communicable diseases is in the spotlight. The occurrence of
diabetes, cardiovascular disease, cancer and some diseases has sparked the development of
modern medicines. However, what is at stake is that these modern medicines exhibit some
unwanted side effects on internal organs after a prolonged usage [1]. As such, finding a cure
for these diseases has always been a challenging task. Natural products, in turn, have been
stealing the limelight as an alternative solution in combating against these diseases.
The root cause of non-communicable diseases was due to inflammation in the cells [2].
Previous studies on G. procumbens (GP) and C. gynandra (CG) have shown that their extracts
possessed anti-inflammatory activities [3-4]. However, none of the past study has shown the
efficacy of these herbs to act as an anti-inflammatory agent when they are formulated as herbal
mixtures. The formulated herbal extracts between GP and CG will have better efficacy in
treating inflammation compared to their individual extracts due to the synergism in the bioactive
metabolites. As such, the present study was proposed to investigate the efficacy of herbal
extract formulations between GP and CG using 1HNMR metabolomics approach assisted with
UHPLC-ESI-Orbitrap-MS/MS against inflammation.
MATERIALS AND METHODS
Freeze-dried leaves from both herbs (4g) were extracted with different concentrations of
ethanol (water, 20%, 50%, 70% and 100%). Extracts were dried and tested for their total
phenolic content, DPPH and nitric oxide (NO) scavenging and NO inhibition using RAW 264.7
cell-based assay. All extracts were analysed via 1HNMR and identified for their primary
metabolites too. Extracts with the best representation of their bioactivities were chosen for
subsequent analysis using UHPLC-ESI-Orbitrap-MS/MS and integrate with data generated
using1HNMR. Multivariate data analysis such as principle component analysis (PCA), partial
least square (PLS) and hierarchical cluster analysis (HCA) were used to identified key
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metabolites that might contribute for the bioactivities of the extracts. The results from bioassays
and analytical analyses were then used to formulate the best extracts from both herbs in
specific ratios (1:1, 1:3 and 3:1). The extract formulations were re-tested for their ability to
scavenge DPPH, NO and inhibition of NO compared to their extracts. Interaction study
between the formulations was also performed to determine their synergism.

RESULTS AND DISCUSSION
Bioactivity, Multivariate Data Analysis and Designation of Best Extract Formulations
GP at 100% ethanolic extract was found to be the best extract which has the highest phenolic
content and lowest IC50 values for all the bioassays. In return, 20% ethanolic extract of CG
was found to have the lowest IC50 for DPPH scavenging. In contrast, 100% of CG has the
lowest IC50 for NO inhibition. Pearson’s correlation coefficient (PCC) shows a good relationship
between the phenolic content and the bioactivities of the samples. 1HNMR analysis identified
38 metabolites comprising 26 primary and 12 secondary metabolites. UHPLC-ESI-OrbitrapMS/MS analysis identified 58 metabolites with 24 of them were newly identified in both herbs’
species. Multivariate data analysis shows that kaempferol, quercetin, caffeoylquinic,
dicaffeoylquinic acids, gallic acid, mallic acid, citri acid, phenylalanine, and choline were among
the key metabolites that might be contributed to the bioactivities in GP and CG. Six herbal
extract formulations were designed from the best extracts.
Efficacy of Herbal Extracts Formulations and Their Extract Synergism
The results showed that none of the formulations was able to scavenge DPPH significantly
compared to 20% CG extract. However, formulations of GP+100% CG at 1:3 and 3:1 ratio
significantly (P<0.05) scavenged and inhibit the NO production, respectively compared to their
extracts. The synergism pattern of the formulations was calculated via combination index (CI)-
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fraction affect (Fa) plot at 20%, 50%, 70% and 90% activities. In general, the formulations
showed a synergistic > additive > antagonistic interaction from low to high Fa activities.
CONCLUSION
The present study offers the idea of how metabolomics approach can be utilized in developing
poly-herbal based products. A proper and standardised extract formulation can be developed
by integrating data from bioactivities studies, UHPLC-ESI-Orbitrap-MS/MS and 1HNMR
spectroscopy. In conclusion, this study provides a strong justification of GP/CG herbal extract
formulations as a potential anti-inflammatory agent in functional food prospect.
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INTRODUCTION
Rice (Oryza sativa) is a staple food for more than half of the world’s population especially in
Asia. Rice diseases are among the most significant limiting factors that affect rice production.
Rice blast disease is the destructive disease caused by the fungal pathogen Pyricularia oryzae,
which can reduce the rice yield as high as 50% [1]. Fungicide is the main form of control of rice
blast disease. Extensive and intensive use of fungicides have resulted in environmental
pollution, development of multi-resistant species, decreased food safety and side effects in
non-target organisms [2]. One of the alternative methods to replace the usage of the
conventional fungicides is by using essential oil because it’s environmental friendly and less
toxic. Essential oils are aromatic and volatile liquids extracted from plants and have been
shown to exert broad spectrum of the antifungal activity [3].
We evaluated in-vitro antimicrobial activities of nine (9) plant essential oils, namely
kaffir lime (Citrus hystrix), cinnamon (Cinnamomum zeylanicum), tea tree (Melaleuca
alternifolia), lemongrass (Cymbopogon citratus), citronella (Cymbopogon nardus), paper bark
(Melaleuca cajaputi), lemon myrtle (Backhousia citriodora), neelam (Pogostemon cablin) and
garlic (Allium sativum) against P. oryzae. The objective of this study is to screen selected
essential oils for their antifungal activity against the pathogenic fungal P. oryzae. The
experiments were carried out using agar dilution method for screening the most effective
essential oils against P. oryzae and to determine the minimum inhibitory concentration (MIC)
of the essential oils. The outcome of this study helps to identify potential candidates for the
antifungal treatment of the rice blast disease.
MATERIALS AND METHODS
Screening of Antifungal Activity of Essential Oils (EO)
Essential oils from kaffir lime (Citrus hystrix) cinnamon (Cinnamomum zeylanicum), tea tree
(Melaleuca alternifolia), lemongrass (Cymbopogon citratus), lemongrass (Cymbopogon
naradus), paper bark (Melaleuca cajaputi), lemon myrtle (Backhousia citriodora) and neelam
(Pogostemon cablin) were from MARDI Kuala Linggi. P. oryzae pathotype 7.0 were from
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MARDI Seberang Perai. Potato dextrose agar (PDA), Tween-20, Tween-80 and dimethyl
sulphoxide (DMSO) were purchased from Sigma Aldrich. Screening of antifungal activity of
different type of essential oils (EO) was done through the agar diffusion method [4]. Potato
dextrose agar (PDA) plates containing 0.1% EO in 0.05% of Tween-20 were prepared and 106
spore/mL of P. oryzae was dropped on the middle of the agar plate. Plates were then incubated
at 28±1°C for 21 days and measurement of mean radial colony diameter was taken.
Determination of Minimal Inhibitory Concentration (MIC)
MIC tests were carried out through the agar diffusion method [4]. PDA plates were prepared
with different concentration of EOs ranging from 0.1 µL/mL to 12 µL/mL (v/v) and 0.05%
Tween-20 with the interval of 0.3. Dilution of EOs was done in Tween-20. Each plate was then
inoculated with a mycelial disc (5 mm) of P. oryzae in the centre and incubated at 28±1°C for
21 days. Mean radial colony diameter was measured. MIC was defined as the lowest
concentration of EO that inhibited visible growth.
Statistical Analysis
All the experimental results were analysed by analysis of unidirectional variance (ANOVA),
followed by Tukey’s multiple comparison tests α = 0.05 to determine statistical differences.
RESULTS AND DISCUSSION
Five essential oils among the nine tested samples showed complete growth inhibition against
P. oryzae (Figure 1). Those five essential oils were kaffir lime, citronella, cinnamon,
lemongrass and lemon myrtle. Meanwhile, four essential oils; paper bark, neelam, tea tree and
garlic were unable to inhibit P. oryzae growth at all.

Figure 1. Effects of essential oils on P. oryzae growth in 21 days. Concentration of 0.1
uL/mL was used for this experiment
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The minimum inhibitory concentration (MIC) was determined only for essential oils that
presented strong anti-fungal activities as shown in Figure 1. The MIC values for kaffir lime,
cinnamon and citronella essential oils were 0.04 uL/mL while for both lemongrass and lemon
myrtle essential oils the MIC value were 0.6 uL/mL (Table 1).
Table 1. MIC value for selected essential oils
Essential oil

Minimum Inhibitory Concentration
(µL/mL)

Kaffir Lime

0.06

Cinnamon

0.06

Lemon Myrtle

0.04

Lemongrass

0.04

Citronella

0.06

CONCLUSION
From the studies conducted, we can conclude that lemongrass and lemon myrtle essential oils
were the best essential oils that can inhibit the growth of P. oryzae. Both essential oils exhibited
strong antifungal activity, thus regarded as potential candidates for the antifungal treatment of
the rice blast disease.
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INTRODUCTION
Alternative female morphologies (polyphenism) in eusocial hymenopteran insects are bound
to differential gene expressions rather than genetic polymorphisms, and honeybee is the best
studied organism in the animal kingdom when it comes to alternative adult forms – queen vs.
worker [1]. Stingless bees (Meliponines) are closely related to the honeybee tribe; hence, our
study aims to decipher caste differentiation pathway in stingless bee and elucidate its
relatedness to other sister tribes using omics. Our current works in transcriptome and genome
sequencing (and de novo assemblies) on Heterotrigona itama queen are the first reports
published for stingless bees of Indo-Malayan/Australasian region. These data serve as
invaluable nucleotide sequence resources that enable deep learning of various molecular
processes from H. itama especially on morphological plasticity. The transcriptome of the queen
has been deposited in two NCBI databases; Sequence Read Archive (Accession no.
SRP230250) and Transcriptome Shotgun Assembly (Accession no. GIIH00000000) [2].
Additionally, the draft genome has been deposited in the European Nucleotide Archive (ENA)
(Accession no. PRJEB34838) [3].
MATERIALS AND METHODS
Transcriptome Sequencing
Larva instar 3 (feeding stage) was selected for RNA sequencing since this stage was reported
to be the ‘deciding stage’ for caste differentiation in female stingless bee larvae [4]. Total RNA
from larvae of worker and queen castes were extracted from whole larva using Aurum™ Total
RNA Mini Kit (Bio-Rad) according to the manufacture's protocol and they underwent
preliminary quantitation (Nanodrop), degradation and contamination tests through agarose gel
electrophoresis, and final integrity and quantitation tests (Agilent 2100). The, cDNA was
reverse transcribed from mRNA and prepared into cDNA libraries which later were sequenced
using Illumina sequencing machine (Illumina HiSeq™3000). The raw data from Illumina was

177

transformed to Sequence Reads by base calling and recorded in a FASTQ file and the contigs
were clustered with Corset to remove redundancy. Gene functional annotations were carried
out using Diamond (v0.8.22), KAAS (r14 0224), hmmscan (HMMER 3), NCBI Blast (v2.2.28þ),
and blast2go (b2g4 pipe_v2.5) software.
Genome Sequencing
Genomic DNA was extracted from a single queen pupa following a modified cetyl trimethyl
ammonium bomide (CTAB) protocol [5] and processed for quality assessment. Next
generation sequencing library preparations were constructed following the manufacturer's
protocol (VAHTS Universal DNA Library Prep Kit for Illumina) and the library was sequenced
using llumina HiSeq X Ten instrument according to manufacturer's instructions (Illumina, San
Diego, CA, USA). The sequencing was carried out using a 2150 paired-end (PE)
configuration; image analysis and base calling were conducted by the HiSeq Control Software
(HCS) + OLB + GAPipeline-1.6 (Illumina). Finally, the draft genome was de novo assembled
using Velvet v1.2.10 [6].
Functional Annotations and Bioinformatic Analysis
The contigs from stingless bee transcriptome was annotated using a total of seven databases
including Nr, Nt, KO, Swiss-Prot, Pfam, GO and KOG. Differential gene expression study was
also conducted to capture differentially expressed genes (DEGs) of queen larva vs. worker
larvae. In addition to this, the genome was annotated using MAKER v3.0 [7] genome
annotation pipeline which combines repeat masking, different prediction tools with evidencebased

quality

control

and

gene

model

editing.

The

KEGG

Mapper

tool

(www.kegg.jp/kegg/tool/map_pathway.html) was employed to map sequenced orthologous
genes related to insect/molting hormones from both transcriptome and genome datasets and
the pathway was re-visualised manually.
Topical Treatment of a Synthetic Acyclic Sesquiterpenoid (SAS) on Young Larvae
Young larvae (instar 2) were harvested from healthy colonies, grafted onto 80 L food
dispensed in acrylic 96-well plates and incubated (temperature = 28C; humidity = 95-98%)
inside a special incubator. The food was harvested from healthy colonies beforehand and
stored in 4C not exceeding seven days prior to the use. One week after larval grafting and
incubation, SAS was topically applied to the larvae and the subjects were returned to the
incubator. The identity of the SAS was determined based on the KEGG pathway and customsynthesised by a chemical company abroad. Once the larvae entered pupation stage, the
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humidity was reduced to 85-90% and gynes (virgin queens) would emerge within 4th to 5th
week after the initial grafting.
RESULTS AND DISCUSSION
Bioinformatics of Transcriptome and Genome of H. itama
The genomics (genome and transcriptome) resources of H. itama generated from this research
project are the first report for Indo-Malayan/Australasian species group; however, the genome
sequence is the third in the world after Melipona quadrifasciata, Lepidotrigona ventralis
hoosana (revised as Taiwan’s L. hoozana) and Frieseomelitta varia [8, 9]. The transcriptome
and genome were published by Tamizi et al. [2] and Wee et al. [3] respectively.
The nucleotide sequences from both datasets were thoroughly analysed using various
channels and tools to narrow down a specific pathway that govern the caste, or queen vs.
worker, differentiation. Differentially expressed genes from the transcriptomics of worker and
queen showed that a few key genes belonging to juvenile hormone biosynthesis pathway were
highly expressed in queen larvae. This was consistent with findings reported in related insects
and the genome data was utilised to fully map the pathway in order to further decipher all
metabolites involved with this route (Figure 1). It was hypothesised when treated with the
metabolite related to this pathway, a looping effect would be triggered which in turn induce
other gene expression cascades specializing in queen development.

Figure 1. Mapping of orthologous genes associated to queen determination pathway
captured through transcriptome (orange boxes) and genome (green-filled boxes) sequence
analyses. The pathway map is reconstructed on KEGG Mapper
(www.genome.jp/kegg/tool/map_pathway.html) using annotated genes and re-visualised
manually. The numbers/alphabets inside the boxes are Enzyme Commission (EC) IDs or
accession numbers of enzymes and the metabolites associated to the pathway are
turquoise-coloured.
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Effect of a Synthetic Acyclic Sesquiterpenoid on the Fate of Young Larvae
Our combined analyses on both nucleotide resources have successfully determined the
complete set of genes participating in juvenile hormone (JH) biosynthesis – a conserved,
master regulatory pathway for queen differentiation in social insects. The genes were further
characterised and the identities of associated JH metabolites (Figure 1) belonging to acyclic
sesquiterpenoids were identified. Subsequently, a preliminary in vitro study to test the effect of
the synthetic acyclic sesquiterpenoid on young female larvae resulted in queen emergence
between 70% to 80% successful rate. Effect of the same compound on male larvae resulted
in oversized drones and these insects were preserved in 70% alcohol (Figure 2D).
These 1- to 3-day-old gynes (virgin queens) were later introduced to queen-less
colonies made up of a layer of brood, some food pots, 20-50 workers and at least 10 males. It
was observed young workers had a very high tolerance towards the in vitro gynes (Figure 2F)
but matured workers tended to harass and kill the new queens. The genomics study on H.
itama has contributed to the field of molecular entomology in Malaysia and discovery of a
queen-making compound will aid in propagating new colonies of stingless bees sustainably,
consequently reducing the dependence of local beekeepers on wild colonies. Although it was
conducted on a lab scale and still on early stage, the system showed a promising result and
can be applied for a larger scale study in the future.

Figure 2. In vitro rearing of gynes (virgin queens) of H. itama with the treatment of an artificial inducer
to facilitate queen differentiation. A) Larvae at stage instar 2, or younger, are collected from healthy
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colonies and grafted onto food. B) A synthetic sesquiterpenoid is topically applied to larvae at late
stage instar 2 or early instar 3 (~1 week after grafting). C) Larvae turned to pupae are transferred to
clean wells to prevent fungal infection and get further incubated until final emergence. D) Male larvae
accidentally picked during the larval harvest will turn into drones with enlarged abdomens and
thoraxes. E) Female larvae turning gynes and individuals showing normal behaviors similar to natural
gynes (wing and antennae cleanings; wing beatings; rapid crawling) are transferred to new colonies.
F) The acceptance of the in vitro gynes by workers can be observed within a week and the lightcoloured gyne (red arrow) is easily spotted before it full matures and turns darker

CONCLUSION
The study highlighted the integration of omics and bioinformatics with laboratory application
and a preliminary field test in understanding the biology of caste differentiation in a local
stingless bee species, H. itama. The treatment of the artificial inducer had shown a rather
promising result, though this was still considered as an early finding. In the future, the study
can be further expanded – not limited to H. itama species – into looking at the actual capability
of the new queens to successfully mate with male(s); hence, producing healthy offspring and
sustaining new colonies, which is the ultimate aspiration of this genomics study. We hereby
conclude that Malaysian stingless bee, H. itama, is bound by an evolutionarily conserved
metabolic pathway for female caste determination as has been reported in other social
Hymenopteran insects such as wasps, ants and honey bees. Worker vs. queen fate is not
determined by the genetic structure but more on the differentiated gene expressions in
totipotent female larvae which is resulted from ‘differentiated upbringing’ ushered by the
workers.
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INTRODUCTION
Papaya dieback disease (PDD) has been a significant hurdle to rejuvenate and boost
Malaysia’s papaya industry since its first outbreak in 2003 [1]. Due to the lack of resistance
genes in the existing gene pool [2], the genetic engineering approach was embarked to
develop transgenic papaya plants with the ability to disrupt the growth and colonisation of the
bacterial pathogen causing PDD, Erwinia mallotivora [3], by dampening the central quorum
sensing system of the bacterial pathogen during infection, or a process known as quorum
quenching [4].
Two highly potential acyl-homoserine lactonase genes, aiiA-SP24 and aiiA-CHB37,
have been isolated [4], characterised and introduced individually into Eksotika papaya genome
via Agrobacterium-mediated transformation. The regenerated transgenic plants were then
challenged with E. mallotivora in a contained environment [2]. For the plants to bear fruits (T 1
seeds), the transgenic plants need to be planted outside of the polybag in the contained
environment. Therefore, a confined field evaluation was proposed in order to evaluate the true
potential of the transgenic lines against the disease on the field [5], to collect biosafety data,
and to harvest the T1 seeds for gene stability assessment.
In Malaysia, any activities involving living modified organisms (LMOs) or known as
genetically modified organisms (GMOs) and their products are regulated under Biosafety Act
2007 [3]. Confined field trial is the most advanced stage of research involving LMOs in
Malaysia. To date, there are only four events have been approved for confined field trial by the
National Biosafety Board, including this confined field trial [6]. This research is the second
confined field trial of GM papaya in Malaysia.

183

MATERIALS AND METHODS
Planting Transgenic and Control Papaya
The confined field trial was conducted in the Nethouse 3, Transgenic Glasshouse, MARDI
Serdang, with the net size of 21 m x 18 m x 5.2 m. Regenerated transgenic papaya T 0 plants
were hardened and acclimatised in the contained environment before planting in the net house.
Both transgenic and non-transgenic (control) plants were planted in a completely randomised
design. The planting distance of the plants was 2.2 m between rows and 2 m within rows. A
total of 25 independent transgenic plants were grown under insect-proof netting to assess their
morphological and resistance characteristics against papaya dieback disease. The plants were
fertilised

monthly

with

NPK

green

fertiliser

(NPK

fertiliser

with

1:1:1

ratio

of

nitrogen:phosphorus: potassium), while pest and disease control were applied whenever
necessary.

Figure 1. Planting of papaya plants in the nethouse. (A) Biohazard signage was placed
outside of the nethouse. (B-D) Soil preparation and planting of transgenic and control plants
Bacterial Culture and Inoculation
A single colony of E. mallotivora was inoculated in 50 µL LB broth inside a 250 mL conical
flask and grown overnight at room temperature with shaker speed at 180 rpm. Then, the
overnight culture was adjusted to OD600 = 0.5 (cell count = 2.5 x 109 CFU/mL) and resuspended
in 1X phosphate buffer saline (PBS) solution with the same volume. All 25 transgenic papaya
lines were manually pricked with sharp, sterile toothpicks at one point in the middle between
the apical shoot and the last petiolate section of the main stem to assist infection. Two leaf
cuttings were also made on the leaves near the apical shoot. A total of 10 mL of E. mallotivora
inoculum was sprayed close to the stem, especially at the wounding sites, for each transgenic
and control plants.
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Disease Severity Score
Scoring of disease severity was adapted from the protocol described by Dela Cueva et al.
(2017) and in-house protocol (Table 1).
Table 1. Papaya dieback disease severity score
Score

Description of symptom

0

No symptom (free from disease).

1

Small or localised water-soaked spot(s) at wounding sites.

2

Yellowing on leaves, few black spots on leaves and fruits, and water soaks on petiole
and stem. Water soak may start turning necrotic

3

Wilting of the leaf followed by petiole and stem (flag leaf symptom). Brown lesions on
fruits and canker/necrosis on stems. Apical shoots start bending due to bacterial
intrusion at wound sites.

4

Brown lesions spread to the crown and leading to dieback (apical shoot bent over due
to rotting). Only a few leaves/leafstalks on papaya trees.

5

Stems and all plants part become rotten as well as the death of papaya trees (plant
death).

RESULTS AND DISCUSSION
Based on the observation for 42 days, all control plants were severely infected at Stage 5 as
early as 14 days post-infection (DPI) (Figure 2). Interestingly, a few potential transgenic lines
were able to resist the development of dieback disease for up to 42-DPI. The best transgenic
line, CHB-L2, exhibited very localised water-soaked at the wounding sites with the disease
severity at Score 1 until 21-DPI, and eventually, it recovered completely at 28-DPI. Likewise,
the other two potential transgenic lines, AHL-L5 and AHL-L3, resisted the spreading of the
disease at Score 3 at 28-DPI.
Days post infection (DPI)
Name
1
2
3
4
5

CHB-L2
AHL-L5
AHL-L3
AHL-L11
AHL-L10

5

7

10

12

14

17

21

28

35

42

1
1
1
1
1

1
1
1
1
1

1
1
1
2
2

1
1
1
2
2

1
1
1
2
2

1
1
2
2
2

1
2
2
3
3

0
3
3
3
4

0
3
4
3
4

0
4
4
4
5
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1
2
3
4
5
6
7
8
9
10

CTR 21
CTR 11
CTR 25
CTR 14
CTR 29
CTR 15
CTR 26
CTR 7
CTR 19
CTR 12

1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2

3
2
3
3
2
2
3
3
2
3

Infected Control (WT)
3
5
5
3
4
5
3
3
5
3
4
4
3
3
4
3
4
4
3
4
4
3
4
4
3
4
4
3
4
4

5
5
5
5
5
4
4
4
4
4

5
5
5
5
5
5
5
5
4
4

5
5
5
5
5
5
5
5
4
4

5
5
5
5
5
5
5
5
5
5

Figure 2. Disease severity score of the top 5 potential transgenic lines against papaya
dieback disease

Figure 3. Performance of CHB-L2 transgenic line as compared to the control plant at 28DPI
CONCLUSION
Our initial studies on T0 transgenic papaya line harbouring acyl-homoserine lactonase gene in
confined field trial showed that several transgenic lines exhibited tolerance against the papaya
dieback disease as compared to the control plants. The potential transgenic lines will be further
evaluated in T1 generation for the gene stability and transcriptomics analyses.
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INTRODUCTION
Cassava is widely cultivated due to its carbohydrates source in tropical and subtropical
regions. However, cassava is remains unexplored although it has been carried out
agronomically important traits (i.e. drought and heat tolerance). Cassava can also survive in
minimal agricultural fertilizer application, which would reduce the field maintenance. Cassava
is a very useful crop against famine as it can be kept in the ground for a long period of time
around 6 to 24 months after planting [1]. Cassava (2n = 36) is originated from Latin America,
and contribute in about 233 million tons of worldwide production in which 50% of it from Africa,
33% from Asia and 15% from America [2]. In Malaysia, a starch extraction from cassava is
widely used in producing of monosodium glutamate (MSG) as a flavour enhancer [3].
Genetic diversity study is very important for genetic improvement in cassava as it
provides genetic information for parental selection in breeding program.

Among all the

available molecular markers (i.e SNP, AFLP, ISSR and CAPs) simple sequence repeat (SSR)
is one of the most preferred and widely used in genetic diversity study [4][5]. SSR is a
codominant marker, multi-allelic, high-rate of reproducible, high level of polymorphism and
amenable to high-throughput platform.
MATERIALS AND METHODS
Thirteen SSRs (13) were selected from Raghu et al. 2007 and Moyib et al. 2007 (Table 1).
These SSRs were used in screening of 231 individuals from MARDI’s germplasm accessions
obtained from the Rice and Industrial Crops Research Centre (RIC) MARDI headquarters,
Serdang. Total genomic DNA of each individual was isolated using the standard high
throughput plant DNA extraction method established at Centre for Marker Discovery and
Validation laboratory, MARDI headquarters, Serdang. The integrity of DNA was observed on
0.8% pre stained (ethidium bromide) agarose gel and visualized under ultraviolet light,
Quantum ST4 3000 (Thermo Scientific, USA). The DNA quantification was performed using
Thermo Labsystems Floroskan Ascent

TM

(Thermo Scientific, USA) and was normalized to

30ng/ul (working concentration) using automated workstation, Janus (Perkin Elmer, USA).
Polymerase chain reaction (PCR) amplification was performed using thermal cycler (Applied
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Biosystems, USA) in a total reaction volume of 10uL. Fragment analysis was conducted using
DNA Analyzer, ABI3730XL (Applied Biosystem, USA). Data scoring of fragment analysis was
conducted using GeneMapper version 4.0 (Applied Biosystems, USA). The observed and
expected heterozygosity was analysed using GENEPOP version 3.4 (Raymond and
Rausset1994) and polymorphic information content (PIC) was calculated using Power Marker
version 3.5 (Liu and Muse 2005).
RESULTS AND DISCUSSIONS
High number of alleles would produce high value of expected heterozygosity which indicates
high value of genetic diversity. Table 1 shows details of potential SSR markers. These SSR
markers have wide degree of polymorphism with number of alleles ranged from 2 to 10 and
the average of 5.5 alleles per locus. The observed and expected heterozygosity varied from
0.2549 to 0.9391 and 0.3902 to 0.8192 with an average of 0.6308 and 0.6066 respectively.
Significant of deviation from Hardy –Weinberg equilibrium (HWE) was calculated where three
loci show significant deviation from HWE (SSRY39, SSRY324 and SSRY51) after FDR
correction (P<0.005) while the other 10 loci accord statistically with HWE. The deviation from
HWE might be due to the presence of null alleles, large allele ‘dropout’ artifacts in the PCR
process, mixing resources of the sample or homoplasy size [6].
Table 1. Thirteen (13) polymorphic SSR markers for Cassava sp.
Primer

No. of

Observed

Expected

alleles

heterozygosity

heterozygosity

(CA)14 CT(CA)2

8

0.6089

0.6714

0.9942

SSRY28

(CA)3(AT)3AC(AT)2

7

0.7263

0.6946

0.9971

Ca_4

SSRY32

(CA)11

5

0.8458

0.6618

0.9798

Ca_6

SSRY39

(CT)24AT(CT)3(AT)3

8

0.7778

0.7086

0.998

Ca_13

SSRY235

NI

3

0.6383

0.6397

0.862

Ca_18

SSRY45

(CT)27

3

0.5255

0.4512

0.6705

Ca_21

SSRY50

(CA)6(N)6(GA)31

4

0.4394

0.4335

0.7192

Ca_24

SSRY78

(CT)22

5

0.835

0.6535

0.9755

Ca_29

SSRY106

(CT)24

2

0.2549

0.3902

0.3893

Ca_14

SSRY324

NI

10

0.6349

0.8192

0.9999

Ca_16

SSRY3

(CA)17

4

0.4365

0.3616

0.6451

Ca_20

SSRY51

(CT)11CG(CT)11(CA)18

6

0.5389

0.6289

0.985

Ca_28

SSRY111

(GA)29

6

0.9391

0.7725

0.999

Locus

Repeat Motive

Ca_1

SSRY8

Ca_3

ID

PIC
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PIC value represents the strength of markers to evaluate polymorphism in a population. The
PIC value was calculated based on the number of detected allele and distribution of allele
frequency (Liu and Cordes 2004). The most informative markers carried the highest PIC value.
In this study, SSRY324 has the highest (0.9999) PIC value, while SSRY 106 has the lowest
(0.3893) PIC value.
CONCLUSION
In this study, the candidate SSR makers showed high levels of polymorphism which can be
suggested to be used in the population and genetic variation studies as well as cultivar
identification of cassava in Malaysia. A wide degree of polymorphism was identified in these
13 SSR markers, where number of alleles ranged from 2 to 10 with the average of 5.5 alleles
per locus.
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INTRODUCTION
Fusarium wilt of banana, caused by Fusarium oxysporum f. sp. cubense Tropical Race 4 (FocTR4), is a major factor limiting banana production in Malaysia. Currently, there are no effective
measures to control this disease. Before any disease control strategies are initiated,
investigating the genetic diversity and virulence of Foc-TR4 isolates is necessary. An effector
gene known as Secreted in Xylem (SIX) has been explored to broaden the molecular
diagnostic toolbox for Foc. Numerous effector genes which express small, secreted proteins,
such as SIX1, are specifically enhanced during infection [4]. Musa acuminata cv. Berangan
plantlets inoculated with Foc-TR4 that showed highly virulence (T30) and low virulence (T36)
based on pathogenicity assays were evaluated for expression profiling. The expression of SIX1
and SIX8 was investigated in order to study the circumstances requiring the use of hostspecific effectors in F. oxysporum f. sp. cubense (Foc) TR4 and to identify the host cue that
causes the production of these proteins. qRT-PCR was conducted using a commercial kit to
analyze the transcription level of SIX genes at various stages of infection. The aim is to
elucidate whether the expression of Foc-SIX1 and Foc-SIX8 genes in high and low aggressive
isolates play a role in the pathogenicity response of Foc-TR4 on banana plantlets during
infection. In addition, the detection of virulence factors expressed in highly aggressive isolates
may, in the future, help to develop targeted disease control pesticides and to explore the
factors that challenge the host plant.
MATERIALS AND METHOD
SIX1 and SIX8 Gene Expression Profiling with qRT-PCR
SIX1 and SIX8 genes were used along with TEF and TUB2 as references genes for
standardization and the cDNAs of the T30 (high aggressive) and T36 (weak aggressive)
isolates as the template. All genes were evaluated in the standard curve to ensure the
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efficiencies for each primer pair before performing the expression analysis of the candidate
genes on T30 and T36 cDNA samples. The expression profiling of the SIX1 and SIX8 genes
was performed using Quantinova SYBR Green PCR Kit in a 96-well plates BIO-RAD CFX96
Real-time PCR System thermocycler. The results on the construction of standard curve and
melt curve analysis were generated and analysed by using Applied Biosystems Step one
software. Specificity of the primers was evaluated from the normal PCR reactions and meltcurve analysis while the efficiency of the primers was evaluated from the standard curve
analysis. The analyses were carried out with auto baseline and manual threshold chosen from
the exponential phase of the PCR amplification. The graph of normalised expression folds of
SIX1 and SIX8 in the T30 and T36 were constructed using the Bio-RAD CFX96 Manager
Software. The Cq values of each candidate genes between different cDNA samples were
performed according to relative quantification ∆∆CT formula in the 2-∆∆CT method [2] using
multiple reference genes for normalization.
RESULTS AND DISCUSSION
SIX1 and SIX8 genes were detected in all twenty-seven Foc-TR4 isolates from Peninsular
Malaysia. The expression profiles for SIX1 and SIX8 genes in 2 Foc-TR4 isolates differed
significantly over time. Both Foc-SIX1 and Foc-SIX8 have been shown to be up-regulated
during the early and late stages of infection of banana plantlets (Figure 1). This suggest their
involvement in pathogenicity responses in banana roots inoculated with T30 and T36 isolates.
The transcription levels of the Foc-TR4 SIX genes showed that the transcript was relatively
low when in the vegetative mycelia, while it was highly expressed when inoculated to the plants
[1]. The expression of SIX1 and SIX8 increased in all phases of infection compared to control,
indicating that these genes are extremely responsive to the infection process and play an
important role in the infection and colonization of Foc-TR4 banana plantlets. By constructing
the SIX1 and SIX8 knock-out mutants, both were found to be necessary for the virulence of
Foc-TR4 to Cavendish banana [1,4], indicating that SIX1 and SIX8 specifically contributed to
the elimination of banana plantlet defences. These findings provided an important overview of
the SIX genes expressed in this molecular interaction of plant pathogens, which could lead to
elucidation in understanding the molecular basis of the pathogenicity response mechanisms
involved in banana plants during Foc-TR4 infection.
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Figure 1. Quantitative gene expression analyses of SIX1 and SIX8 in banana roots
inoculated with T30 and T36 isolates of Foc-TR4. Un-inoculated banana root was used as
the control sample
CONCLUSION
Expression profiles of the SIX1 and SIX8 genes in the banana roots inoculated with 2 Foc-TR4
(T30 and T36) isolates revealed the relationship of gene expression in each sample and
demonstrated that the genes were expressed during early and late infection of banana
plantlets. SIX1 and SIX8 were expressed after being induced by the host and may therefore
act as a diagnostic tool for detecting the signs of Fusarium wilt.
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INTRODUCTION
Bacterial leaf blight (BLB) caused by Xanthomonas oryzae, was among the major diseases
which could threaten the Malaysian rice industry. The established infection leads to noticeable
lesions on the leaf surface which reduces the green leaf area, resulting in the reduction of
photosynthesis rate, blockage of nutrient and water supply, and increase transpiration rate of
the plant (Wurff, Streminska, & Elings, 2016). This could cause a yield loss as high as 50%
especially during the wet season with high humidity conditions. Currently, there were no
varieties in Malaysia that were found resistant against this disease including MR219, a high
yielding MARDI rice variety in Malaysia. Therefore, it is necessary to control this disease for
at least to be able to maintain Malaysia's self-sufficiency level (SSL) which currently only
around 70%. The introduction of resistant variety was a better option compared with other
techniques such as chemical control which could harm the environment and costly. However,
a sole conventional approach for the development of resistant variety is not efficient and took
quite some time to achieve the goal. In this experiment, DNA marker technology was used
such as marker-assisted selection (MAS) as a supporting tool to insert and tag the gene in our
breeding population. Therefore, our main objective of this project is to improve the resistance
characteristic of MR219 rice variety against the BLB attack.
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MATERIALS AND METHODS
Evaluation of parents’ resistance level
Parental rice varieties IRBB7 and MR219, including two control varieties, MR263 and
MR220CL2, were screened with BLB pathogen, Xanthomonas oryzae (isolate MX01410) to
confirm their resistance characteristic. The inoculation was done by using the leaf clipping
technique as described (Mew, Cruz, & Reyes, 1982). The tip of rice leaves (2 to 3 cm) of 40day old rice was cut with a scissor dipped into Xoo bacterial suspension. The inoculated leaves
(lesion length) were evaluated at 3, 5, 7, 9, 11, 14, 17, 19, 21, 23, 25, 27 and 30 days after
inoculation. The experiment was conducted in the glasshouse at MARDI Seberang Perai using
a randomized completely block design (RCBD) with 3 replicates.
Development of Improved-MR219 resistant lines
Rice variety IRBB7 (Xa7 gene donor) was crossed with MR219 (recurrent parent) to initiate F1
seeds. The F1 plant was then backcrossed until the BC3F1 stage. Finally, the selected BC3F1
individuals were allowed to self-pollinate to produce a homozygous population until the BC3F4
stage. In each generation, markers were used to tag and to select the Xa7 gene by using two
STS markers namely ID7 and ID15.
Assessment of BLB resistance of the BC3F4 lines and yield performance
All generated 21 BC3F4 lines including the parents were evaluated for their resistance against
BLB infection similar to in the first experiment approach. However, the data was recorded only
after 25 inoculations. This time, the resistance level was categorized based on lesion length,
as follow: 1 - 5 cm (= Resistant, R), 5 – 10 cm (Moderately Resistant, MR); 10 – 15 cm
(Moderately Susceptible, MS) and >15 cm (Susceptible, S). For yield evaluation, the
experiment was conducted in the field using a randomized complete block design (RCBD) with
three replicates. The plot size was 4 m x 4 m, with 0.25 m x 0.25 m per planting distance.
Observed data were subjected to analysis of variance (ANOVA) using the Statistical Analysis
System (SAS 9.4).
RESULTS AND DISCUSSION
Figure 1 confirmed IRBB7 variety, donor parent for Xa7 gene shows resistant characteristics
as similarly found by Chen, et al (2008). Lesion length was found less than 3 cm even after
30 days inoculation date. Meanwhile, variety MR263 was the most susceptible variety where
lesion length was found above 20 cm after 30 days inoculation. Recurrent parent MR219 and
MR220CL2 was also can be classified as susceptible because the lesion was above 15 cm.
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Figure 1: Progression of lesion length development on the leaves of four varieties at different
days after inoculation with Xanthomonas oryzae pv. oryzae
The polymorphic genotyping result in the BC3F4 population for the second experiment was
shown in Figure 2. Xa7 gene was appeared IRBB7 and in all 19 lines. This indicated the Xa7
gene was successfully introgressed in MR219 progenies. The figure also shows the original
parent MR219 and MR263 and the other two lines did not have the Xa7 gene. Table 1 also
provided strong evidence of phenotypic data that our objective was already achieved. All 19
introgressed lines contained showed highly resistant character against BLB pathogen
compared with recurrent parent MR219 and control variety MR263 including two lines without
the resistant gene. The yield was also found without a significant difference with MR219 but
interestingly, two lines PB-2-107 and PB-2-34 were better.

Figure 3. PCR product alleles of parents and BC3F3 lines as amplified by marker ID7, a
linked marker to the Xa7 gene.
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Table 1: Lesion length and resistance class recorded after 25-days after disease inoculation
and yield performance (CCT kg/ha).
Lesion
No.

Lines

R-gene length

Yield
Class (kg/ha)

(cm)

Lesion
No.

Lines

Yield

R-gene length Class

CCT

(kg/ha)

(cm)

CCT

1

PB-2-91

Xa7

2.23d

R

7417abc

13

PB-2-34

Xa7

2.61d

R

7667ab

2

PB-2-107 Xa7

2.70d

R

8000a

14

PB-2-38

Xa7

2.50d

R

7417abc

3

PB-2-156 Xa7

1.86d

R

7000abc

15

PB-2-150 Xa7

1.43d

R

6583bc

4

PB-2-224 Xa7

2.14d

R

7250abc

16

PB-2-223 Xa7

2.30d

R

6417bc

5

PB-2-234 Xa7

2.74d

R

6917abc

17

PB-2-252 Xa7

0.76d

R

6667bc

6

PB-2-238 Xa7

1.24d

R

6583bc

18

PC-3-14-3 Xa7

1.16d

R

7333abc

7

PB-2-258 Xa7

1.74d

R

6667bc

19

PC-3-23-1 Xa7

1.79d

R

7167abc

8

PB-2-29

Xa7

2.19d

R

6625bc

20

PB-2-32

-

12.89c

MS

6667bc

9

PB-2-77

Xa7

2.30d

R

7000abc

21

PC3-5-2

-

12.38c

MS

6417bc

10 PB-2-226 Xa7

1.96d

R

7000abc

22

IRBB7

Xa7

0.70d

R

5233.33d

11 PC-3-26-2 Xa7

1.93d

R

6667bc

23

MR219

-

16.46b

S

7417abc

12 PC-3-39-3 Xa7

1.69d

R

6250cd

24

MR263

-

18.44a

S

-

Note; R: Resistant; MR: Moderately resistant; MS: Moderately Susceptible; S: susceptible
Means in a column with the same letter are not significantly different at p ≤ 0.05 when based
on Duncan’s multiple range test (DMRT)
CONCLUSION
This study showed that the Xa7 gene controlling BLB resistance was successfully introgressed
by marker-assisted backcrossing into the BC3F4 lines of a cross involving an elite rice variety,
MR219. Two lines, PB-2-107 and PB-2-34 showed outstanding agronomic performance as
well as resistance to the disease and could a potential variety for release in future
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INTRODUCTION
Malaysia is one of the countries using CaC2 in fruit ripening especially mangoes [1] and it is
still a preferred choice until now. CaC2 that is used for fruit ripening can be found in the form of
small blocks or powder. In Malaysia, small blocks of CaC2 are often used due to cheaper price
and availability. The industrial type of CaC2 is used in the ripening activity which contains
arsenic and phosphorus; hazardous to human health if consumed [2].
This artificial method of fruit ripening has become dubious in recent years when various
health-related issues begin to arise [3]. The use of carbide has a bad effect on human health
through inhalation. Health effects triggered by CaC2 include skin irritation which can cause
rash and redness, and lung irritation which can initiate cough or shortness of breath (SOB) [4].
Pulmonary oedema with acute SOB may occur with high and recurrent exposure, it can cause
bronchitis with coughing, phlegm, or shortness of breath [4]. When CaC2 is applied on fruits, it
will react with moisture and released acetylene which has ripening attributes analogous to
ethylene, a natural biological ripening agent [2].
Generally, acetylene gas released from the carbide reaction is not considered to be a
major contributor to serious toxic hazards to humans but the association of the impurities
contained therein, where one of it is phosphine causes health problems [5] especially to
pulmonary system and cardiovascular system [6]. Phosphine is a colourless gas with garlic
scent and it can enter the body through inhalation. Phosphine is categorized as a lung
damaging agent [7]. Inhalation of phosphine by farmers can cause cough, chest tightness, and
may lead to lung damage [6] while excessive exposure may cause pulmonary oedema [4].
When phosphine is inhale, phosphoric acid is produced and reacts with moisture in the
lungs and subsequently damages the alveolar membrane [8]. Moreover, the pulmonary toxicity
may also be caused through the inhibition of mitochondrial cytochrome C oxidase by
phosphine where the inhibition disrupts the mitochondrial morphology and instigates the
oxidative respiration to be reduced by 70% [9]; consequently causes the cells to perish rapidly
[10].
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The magnitude of the problem from the phosphine exposure is shown via several
human epidemiology studies of occupational exposure to phosphine. Findings of a previous
study showed that out of 121 cases of phosphine poisoning derived from aluminium phosphide
as grain fumigant, 78 (64.4%) cases showed signs of dyspnea [11]. A similar study on
phosphine poisoning originated from aluminium phosphide as grain fumigant was also carried
out. This study indicated that out of 32 cases, 25 cases (78%) exhibited symptoms of dyspnoea
[12]. There were evidences that pulmonary oedema, necrosis of individual hepatic cells, and
anoxic change in purkinje cells of the cerebellum were amid the human cases of death from
acute exposure to phosphine [13]. A histopathology analysis on rat tissues has revealed that
the rats’ lungs showed augmentation in weight when different concentration of CaC2 was given
orally to them every day for one month [14].
Several other studies related to exposure of phosphine involving animals have also
been carried out in order to estimate the safe occupational exposure levels [15]. A study on
rats, cats, and guinea pigs showed that when these animals were exposed to phosphine at 5
ppm for 31.5 hours, 5 ppm for 41.5 hours and 5 ppm for 26.6 hours respectively, all the test
subjects were found dead with inner organ congestion and pulmonary oedema [16].There was
a recent physiochemical study on Wistar rats conducted by Essien, Onyegeme-Okerenta and
Onyeme, 2018 where 56 Wistar rats were fed with mango ripened with CaC2 and some of the
parameters such as hormonal parameters, oxidative stress enzymes, haematology indices,
histopathology and semen analysis were observed and from this study it was found that eating
fruits ripened with carbide may weaken the immune system and caused hormone imbalance
and this may lead to sterility [17]. However, there are very limited numbers of recent studies
on CaC2 exposure towards workers.
MATERIALS AND METHODS
The study population for exposed group consists of male farmers, fruit traders and agricultural
workers involved in postharvest section, with age between 18 - 70 years old who were involved
directly or indirectly with handling CaC2. Only local male respondents were chosen because
based on an earlier observation, most farmers, agricultural workers and fruit traders were men
and most of them were also local people. The sample size for this study was 172 respondents
who was exposed to CaC2.
The study location was conducted in mango farms that used CaC2 as a ripening agent
in Perak, Kedah and Perlis. There were three types of mango farms included in this study
which included mango farm that are operated by the government agencies, farms operated by
registered farmers on a land provided by the government agencies and monitored under
contract farming and farms operated individually on the farmer’s land but monitored by several
government agencies. In addition, fruit traders who use CaC2 in their stall were included in this
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study. The study design used to assess the potential health risk of CaC2 to farmers, fruit
traders, agricultural workers and government’s staffs was cross sectional study.
The ToxiRae Pro was used to monitor and measure the personal and ambience of
exposure levels of phosphine among mango farm workers. This device gives a real time
measurement and alarm signal is activated when exposure exceeded limit. It has a continuous
data logging to ease the gas monitoring for each subject and location. For this study, the
exposure limit was set for short term exposure limit (STEL) which is 1ppm. The instruments
were calibrated annually to ensure its accuracy.
The procedure for sampling followed the Malaysian Guidelines on Monitoring of
Airborne Contaminant for Chemicals Hazardous to Health [18]. Basically two types of sampling
were carried out which were area sampling and personal sampling. The measurement for
farmers, fruit traders and their workers was conducted in the morning between 10 am to 6 pm
during the day. The monitoring was started with fruit traders in the morning then proceeded
with farm workers.
For area sampling, the device was positioned at the fixed points in the area where
chemical ripening and carbide wrapping activities took place. For personal sampling, the
device was attached to the workers shirt collar in the breathing zone. Breathing zone is an
area where the width of the nostrils is 20-30cm from the respondent’s face [18]. There were
two conditions where measurement was taken which were when respondents open the CaC2
packaging and wrapped the carbide block with newspaper and when respondents open the
ripening chamber or container to check the fruits.
Three work units were assessed at the mango farms and 2 work units at the fruits stall.
However, in most farms or fruits stalls, the same staff/worker worked in all work units. It was
found that for both locations in each work unit, the exact amount of CaC2 used for ripening was
unknown because they did not weigh the carbide before wrapping it. Table 1 shows the work
unit assessed and their working hours.

Table 1. Work unit and their working hour
Mango farms
Code

Work unit

Fruits stall
Working

Code

wrapping and

Working

hours

hours

Carbide
A

Work unit
Carbide

10am – 6 pm

B

ripening staff

wrapping

and

2 pm -3 pm

ripening staff
C

Staff in charge
of sales

10 am – 6 pm
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RESULTS AND DISCUSSION
Response Rate
The total response rate was 100%. This study was carried out at 25 different locations in Perak,
Perlis and Kedah as shown in Table 2. Farmers was chosen from 3 states because the main
area of mango plantation is on the Northern Region of Peninsular Malaysia including Perak,
Perlis, and Kedah where total production (metric tons) in 2016 were 6377.1, 1388.1, and 298.6
respectively [19].
Table 2. The sampling location and the number of exposed respondents in Perak, Perlis and
Kedah
Region

Respondents category

Number of
respondents

Perak
Lekir

Farmers and farm workers

10

Lekir

Fruit traders

9

Bidor

Farmers and farm workers

2

Bidor

Fruit traders

3

Farm workers

5

Parit

Fruit traders

3

Tapah

Fruit traders

4

Chemor

Fruit traders

6

Sg. Siput (u)

Fruit traders

5

Kuala Kangsar

Fruit traders

16

Gopeng

Fruit traders

3

Kinta

Fruit traders

9

Pengkalan

Fruit traders

1

Gerik

Fruit traders

1

Taiping

Fruit traders

3

Seri Iskandar

Fruit traders

4

TelukIntan

Fruit traders

6

Farmers and farm workers

12

Farm workers

3

Kangar

Farmers and farm workers

4

Kangar

Fruit traders

1

TgTualang

Perlis
Arau
Bukit Bintang
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Beseri

Farmers and farm workers

2

Tambun Tulang

Farmers and farm workers

21

Jejawi

Fruit traders

3

Pauh

Fruit traders

10

Sintok

Farm workers

5

Pendang

Farm workers

11

Fruit traders

10

Kedah

KubangPasu
Total

172

The highest respondents for farmers, farm workers and fruit traders were recorded in
Perak. This is because the location of the largest mango farm planted with Chokanan type was
located in Lekir, Perak with 80 hectares of total area planted [20]. Moreover, the number of
exposed respondents among fruit traders was found high in Perak because most of the
respondents were registered with Fresh Fruit Stall program under FAMA and they have been
informed earlier and were requested to present during the survey.
Comparing with Perlis, although most of the mango’s farmers are registered with
related government agencies, the farms planted with Harumanis type were found scattered
and the distance between one farm and another was distant and due to time and officer’s
availability constraints, it caused the survey failed to cover the entire Harumanis farms in Perlis.
Furthermore, the number of farm workers in each farm was small with a minimum of 2 workers
included farmer per farm and most of them are family members. While in Kedah, most of the
respondents were among the government’s staff who worked in the farms. The number of fruit
stall owner (GBBS stall) was also low because there was no involvement from the agency.
Overall, the response rate for exposed respondents was high (100%).
The sample size for this assessment was 172 respondents consists of male farmers,
fruit traders and agricultural workers involved in postharvest section, with age between 18 - 70
years old who were involved directly or indirectly with handling CaC2. Two types of sampling
were carried out which were area sampling and personal sampling. The average personal and
ambiance phosphine exposure did not exceed the 15 minute short-term exposure limit (STEL)
of 1 ppm. However, the measurement of ambiance exposure (peak and average) was found
lower than personal exposure (peak and average). There are several factors that may lead to
the greater personal exposure value. The exposure of CaC2to workers occurred during
wrapping of carbide block using newspaper where the carbide dust may accumulate on
worker’s mucous membrane [21] and there was a possibility that the dust may react with
moisture and released phosphine gas. Besides, a secondary contamination may occur via
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respondent’s clothes [6] where phosphine may be released from the reaction between the
CaC2 dust accrued on the respondent’s clothes with moisture.
The Measurement of Phosphine Exposure
Table 3 showed that the mean of peak exposure of phosphine concentration at fifteen minutes
measurements for personal and ambience were 0.162 ± 0.195 ppm and 0.089 ± 0.131 ppm,
respectively while for average exposure the mean were 0.042 ± 0.063 ppm for personal
exposure and 0.022 ± 0.443 ppm for ambience exposure. The peak exposure was referring to
the highest reading achieved by the sensor within 15 minutes measurement. The average and
peak exposure was not exceeded the limit set by the ACGIH, OSHA and US NIOSH which is
15 minute short-term exposure limit (STEL) of 1 ppm.
Table 3. Descriptive analysis for phosphine gas concentration (ppm) among exposed
respondent (n=172)
Variable

Mean ± SD (ppm)

Min-Max

Peak Personal Exposure

0.162 ± 0.195

0 – 0.8

Average Personal exposure

0.042 ± 0.063

0 – 0.3

Peak ambience exposure

0.089 ± 0.131

0 – 0.5

Average ambience exposure

0.022 ± 0.443

0 – 0.2

Table 4 display the mean of peak and average exposure for personal and ambience
base on work units in three states which was Perak, Perlis and Kedah. The average phosphine
personal exposure and ambience were found high at the fruit stall compared to those at the
farms. It was found that for personal exposure, the peak and average of phosphine
concentration was found to be lower recorded by respondents in work unit A (farm) compared
to those who were in work units B and C (stall). The peak and average phosphine concentration
recorded in work unit A for personal exposure was 0.11± 0.14 and 0.03± 0.05, respectively.
While for work unit B and C, the peak and average phosphine concentration recorded for
personal exposure was 0.20± 0.22 and 0.05± 0.07, respectively. Same result was observed
for ambience exposure where the peak and average of phosphine concentration was found to
be lower recorded by respondents in work unit A (farm) compared to those who were in work
units B and C (stall). The peak and average phosphine concentration recorded in work unit A
for personal exposure was 0.08± 0.12 and 0.01± 0.03, respectively. While for work unit B and
C, the peak and average phosphine concentration recorded for personal exposure was 0.09±
0.14 and 0.03± 0.05, respectively. Mann – Whitney test was used to compare differences
between work units due to non-normality of data (p<0.05). It was found that for personal
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phosphine concentration, the p value was less than 0.05 (p =0.003). Thus, null hypothesis was
rejected and there was a significant difference between work unit A and work unit B and C for
personal exposure while for ambience phosphine concentration, the p value was less than
0.05 (p =0.029). Thus, null hypothesis was rejected and there was a significant difference
between work unit A and work unit B and C.
Table 4. The descriptive analysis for phosphine gas concentration (ppm) at the farm
and fruit stalls in Perak, Perlis and Kedah
Personal exposure

Ambience

(Mean ± SD)

Exposure (Mean ± SD)

STEL limit

ppm

ppm

(ppm)

Variables
Work unit A

Work unit B&C

Work unit A

Work unit B&C

Peak

0.11± 0.14

0.20± 0.22

0.08± 0.12

0.09± 0.14

1

Average

0.03± 0.05

0.05± 0.07

0.01± 0.03

0.03± 0.05

1

Most of the wrapping activity and ripening process in the farm or at the stall were carried
out in an open space area. Moreover, the release of phosphine was contained within a
newspaper that used to wrap the fruit’s basket and the exposure to the respondents may occur
when they opened the newspaper after 24-48 hours of ripening. Thus, the phosphine was
straightforwardly released and this may contribute to a personal exposure value. Furthermore,
the personal exposure value will increase if the fruits were contained in an enclosed chamber
instead of basket because phosphine is denser than air [6] and the released of phosphine in a
confined space with bad ventilation may intensified the phosphine concentration in the
chamber and thus, when the workers open the chamber, the personal exposure value will
increased.
However, from this study it was observed that the value of personal and ambience
exposure was higher during carbide wrapping and also when they opened the enclosed
ripening chamber within 24-48 hours compared with exposure from the fruit basket after the
ripening process. This finding suggested that the workers were primarily exposed to phosphine
from the carbide dust during wrapping and from the ripening chamber. The lower value of
ambience exposure possibly because of the phosphine gas was diffused into the air after it
has been released due to the activities were performed in an open space area with good
ventilation. It was also discovered that the concentration of phosphine released were higher at
the stall (work unit B & C) compared to the farm (work unit A). This is because at the stall, most
of the fruits seller used enclosed wood chamber to ripen the fruits especially for those who sell
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banana. Thus, the exposure became higher when they open the chamber within 24 - 48 hours.
The exposure not only derived from the wrapping process but also from the release of PH3
during ripening process which acquired 24-48 hours.
CONCLUSION
The study on carbide exposure to workers was the first study conducted in Malaysia. Most
studies on carbide referred to carbide's effect on physical and chemical changes of fruit.
Through this study the characteristics of carbides used in agriculture can be identified where
it has been used as a source of acetylene gas. The reaction between CaC2 with moisture will
produce acetylene and consequently proceed to ripening. However, this chemical can cause
harm to farmers and fruit traders through the presence of impurities contained in carbide,
namely phosphorus and arsenic as well as phosphine gas released during fruits ripening
process and carbide wrapping
Phosphine is disseminated as a gas in outdoor air and indoor air and it can be absorbed
to human body via inhalation. The target organs of phosphine include respiratory system
alimentary system, nervous system, kidney and hematopoietic system. The symptoms of
phosphine intoxication can be divided into acute, higher exposure and long term exposure. For
acute intoxication, the symptoms are diaphragm pain, nausea, and vomiting while for an
exposure above the limit set by the OSHA which is 0.3 ppm for an 8 hour work shift can lead
to pulmonary oedema and shortness of breath while bronchitis, anemia, gastrointestinal effects
and visual, speech and motor problems are the results from long term phosphine exposure.
Nonetheless, there is a regulation on phosphine exposure limit where the 8 hour-timeweighted average airborne concentrations value is 0.3 ppm as stated in the Occupational
Safety and Health (Use and Standards of Exposure of Chemical Hazardous to Health)
Regulations 2000. However, the ceiling limit is not indicated in the regulations while for CaC 2,
the permissible exposure limits is not available. Although the phosphine concentration
obtained from this study was very low (less than the STEL limit), it is feared that continuous
exposure for a long periods of time without any protection may affect the health and safety of
farmers and fruit traders as the risk assessment results present significant risks.
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INTRODUCTION
Chilli and tomato which belongs to the Solanaceae family are among the important crops grown
commercially because they have high economic value and are often consumed daily in most
parts of the world. However, chilli and tomato have inconsistant seed quality and vigoudue to
disease and low germination of seeds, which may drastically reduce the quality and yield of
crops. [1] stated that seed quality could be enhanced using several methods, including seed
priming. Seed priming is a modern technique to modify the seeds to be more effective in
germination and resistance to harsh conditions and promote rapid plant growth. It has been
proved to advance germination for many plant species in agriculture, like in soybean [2] and
pepper [3]. Priming also improves the uniformity of germination and seedling establishment
under stress conditions [4]. It is also considered a feasible and cheap technique [5]. The most
widely reported priming techniques were halopriming, hydropriming and hormonal priming.
Potassium nitrate and salicylic acid are among the commonly used chemicals in priming and
reported to promote seed germination [6],[7]. There is no study reported on the used of the
priming techniques and chemicals on local Malaysian seed of chilli cv. L5 and tomato var.
MAHA 18. Therefore, this study aims to determine the effect of different priming treatments on
seed germination, emergence and seedling growth of the local Malaysian chilli and tomato.
MATERIALS AND METHODS
Seeds of chilli cv. Line 5 and tomato var. MAHA 18 were obtained from the Commercialization
Technology and Business Centre (CB), Malaysian Agricultural Research and Development
Institute. The experiment was carried out using a completely randomized design with three
replications. Nine treatments were used in this study which consist of control (no priming, T1),
hydropriming (priming with distilled water for 4 days, T2 and 24 hours, T3), halopriming
(priming with 0.2% (T4), 0.7% (T5), and 1.2% (T6) KNO3 solution for 4 days) and hormonal
priming (priming with 50 mg/L (T7), 100 mg/L (T8) and 150 mg/L (T9) for 24 hours). Afterwards,
primed seeds were allowed to dry back to their original moisture content in the laminar airflow
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before seed quality assessment. The primed seeds were subjected to germination test using
peat moss medium at ambient temperature of 33-35°C ±3 during daytime and 20-23°C during
night. Hypocotyl protrusion above the soil was considered seed emergence. Germination was
checked daily up to 14 days. The observation on the parameters viz., germination percentage
[8], mean germination time (MGT)[9], germination index (GI) [10], seedling vigour index
(SVI)[11], shoot length (cm) and root length (cm) were recorded. Data were subjected to
analysis of variance (ANOVA) and significant differences among means were determined by
the Least Significant Difference (LSD) test at 5% probability using the SAS statistical software
(SAS 9.4).
RESULTS AND DISCUSSION
Effect of Priming Treatments on Chilli Cv. L5
Seed priming treatments had significant effects on all parameters except root length (RL) of
chilli (Table 1). Significantly higher germination percent (100) was shown when seeds were
primed with T9, followed by T7 and T8. Seed priming with water (T3) and salicylic acid (T7, T8
& T9) improved MGT and germination index (GI). Shorter emergence of MGT in T3 (4.76)
followed by T7 (5.03) and T9 (5.35) days. The higher GI was reported in T7 (29.07), followed
by T9 (27.75) and T3 (26.57). In terms of seedling vigour (SVI), chilli seed was significantly
improved by seed priming treatments, where seeds primed with the highest concentration of
salicylic acid (150 mg/L) increased SVI significantly by 46.4% as compared to control.
However, no increment in shoot length, where the maximum was control (T1) (4.31 cm)
followed by T2 and T8 had the same measurement (4.20 cm).
Table 1. Effect of nine priming treatments on seed germination percentage, mean
germination time, germination index, seedling vigour index, shoot length and root length of
chilli cv. L5
Germination
Treatments

percentage
(%)

Control (T1)
H2O for 4 days
(T2)
H2O for 24 hours
(T3)
0.2% KNO3 (T4)

Mean
germination Germination
time, MGT

index, GI

(days)

Seedling

Shoot

Root

vigour

length,

length,

index,

SL

RL

SVI

(cm)

(cm)

97.33ab

5.56cd

26.16ab

744.8bc

4.31a

3.35

96ab

6.09cd

23.20b

823.7abc

4.20ab

4.41

89.3ab

4.76d

26.57a

725bc

3.72cd

4.40

18.7e

10.5a

1.66d

139.6e

2.81e

4.62
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0.7% KNO3 (T5)

86.7c

8.63b

13.12c

698c

3.39d

4.69

1.2% KNO3 (T6)

54.7d

6.76c

11.78c

422.5d

3.55d

4.22

50 mg/L SA (T7)

98.7a

5.02d

29.07a

793.6bc

3.94bc

4.09

100 mg/L SA (T8)

98.7a

5.55cd

26.46a

973.2ab

4.20ab

5.70

150 mg/L SA (T9)

100a

5.35cd

27.75a

1090.7a

4.01abc

6.90

Note: Means with a different subscript letter are significantly different by LSD t-test at p <0.05
Effect of Priming Treatments on Tomato var. MAHA 18
Seed priming treatments had significant effects on all parameters of tomato seed. There was
a significant difference in treatment between control and primed seed (Table 2). A significantly
higher germination percentage (90.7) was reported in treatment T5, followed by T3, T7 and T8
(80). Seed priming with salicylic acid (T7 and T8) has improved MGT and speed of GI. Shorter
emergence of MGT in T7 (4.68) followed by T1 (4.9) and T8 (4.98) days. A higher speed of
germination (GI) was reported in T7 (25.13), followed by T8 (24.29) and T1 (23.41). In terms
of seedling vigour, tomato seed was significantly improved by seed priming treatments, where
seeds primed with water for 24 hours increased SVI significantly by 36.5% compared to control.
The maximum shoot length was when the seed primed with T5 (3.82 cm) followed by T4 (3.77
cm) and T3 (3.76 cm). The maximum root length (3.14 cm) was recorded by T3 and followed
by T9 (2.77 cm) and T6 (2.57 cm).
Table 2. Effect of nine priming treatments on seed germination percentage, mean
germination time, germination index, seedling vigour index, shoot length and root length of
tomato var. MAHA 18
Germination
Treatments

percentage
(%)

Control (T1)

Mean
germination Germination
time, MGT

index, GI

(days)

Seedling

Shoot

Root

vigour

length,

length,

index,

SL

RL

SVI

(cm)

(cm)

77.3abc

4.9bc

23.41ab

405.3bc

3.51b

1.74c

61.3cd

5.97ab

12.71c

344.7c

3.12c

2.42abc

80ab

5.62abc

21.34ab

553.4a

3.76ab

3.14a

0.2% KNO3 (T4)

72bcd

5.47abc

19.74b

439.1abc

3.77ab

2.3bc

0.7% KNO3 (T5)

90.7a

6.24a

22.18ab

533.4a

3.82a

2.08bc

1.2% KNO3 (T6)

56d

6.36a

13.18c

348.7c

3.69ab

2.57ab

50 mg/L SA (T7)

80ab

4.68c

25.13a

449.3abc

3.54b

2.09bc

H2O for 4 days
(T2)
H2O for 24 hours
(T3)
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100 mg/L SA (T8)

80ab

4.98bc

24.29ab

459.0abc

3.67ab

2.06bc

150 mg/L SA (T9)

77.3abc

5.07bc

22.77ab

494.5ab

3.65ab

2.77ab

Note: Means with a different subscript letter are significantly different by LSD t-test at p <0.05
In general, the solanaceous seeds viz., chilli and tomato have responded differently to
different priming treatments and duration. For chilli cv., L5, priming with salicylic acid with
various concentrations increased germination percentage and emergence. Meanwhile, for
seeds of tomato var. MAHA 18, priming with 0.7% KNO3 improved germination percentage up
to 17.3% compared to the control. Our findings are in agreement with [13]; they reported that
tomato seeds primed with KNO3 were related to the activity of the enzyme nitrate reductase in
the production of nitrite/nitric oxide, which promoted faster germination.
CONCLUSION
The different priming treatments showed significant increases in the germinability and vigour
of chilli and tomato seeds. In terms of seedling vigour, it is recommended to primed chilli seeds
with salicylic acid with a concentration of as low as 50 mg/L for 24 hours and tomato with 0.7%
KNO3 for 4 days.
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INTRODUCTION
Crowned as The King of Fruits throughout Southeast Asia, durian is the most sought-after fruit
in Malaysia. Its’ popularity has gained even more momentum with the government initiative for
the 11th Malaysia Plan (Rancangan Malaysia ke – 11) where special emphasis is given to 9
premium species with durian topping the list [1]. With a total planting area of 73,740 hectares
planted all around Malaysia in 2018 [2], the demand for high quality durian seedlings is still on
the rise. MARDI has been producing quality durian planting material for the public since 2002
through the Seed, Planting Material and Livestock Breed Production Unit. Production of durian
seedlings were based in 5 stations throughout Peninsula Malaysia namely MARDI Sintok,
MARDI Jerangau, MARDI Kuala Kangsar, MARDI Serdang (Headquarters) and MARDI
Jelebu.
A total of 86,978 durian seedlings produced and sold since 2011. Durian clones sold
include D2, D24, D99 (Kop Kechil), D145 (Beserah), D168 (Hajjah Hasmah) D175 (Udang
Merah), D188 (MDUR78), D189 (MDUR79), D190 (MDUR88), D197 (Musang King) and D200
(Black Thorn). The production of a durian seedling starts with acquiring durian seeds. The
seeds then will be processed and sown to produce rootstock. These rootstocks will then be
grafted with buds from chosen clones. Types of grafting include bud or wedge grafting. To
produce a fully grown durian seedling would take around 6 – 12 months. Initial planning is very
important so that the durian seedling produced are of the right clones demanded by the market.
Therefore, this study was conducted to analyse a 10-year production period (2011 – 2020) of
quality durian clones produced by MARDI. The analysis will then be used to plan durian future
durian seedling production and determine popularity of each clones and why MARDI durian
seedlings are popular among the masses.
MATERIALS AND METHODS
Sales data for durian seedlings from 2011 – 2020 were collected from annual report of Dana
Unit Benih dan Baka. Durian seedlings sold were separated by clones and translated into chart
form. Interviews with customers were also conducted after purchase and through online
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method using Facebook and Whatsapp. Questions asked to obtain information regarding why
customers prefer MARDI durian seedlings and clone preferences.
RESULTS AND DISCUSSIONS
MARDI has sold a total of 86,978 durian seedling since 2011 [3]. Durian seedlings were sold
highest in 2013 at 15,155 seedlings in total (figure 1). This spike may be contributed by
promotions done during the 2012 Malaysian Agriculture, Horticulture and Agrotourism (MAHA)
exhibition. The sales however plummeted to more than half in 2014 to only 5,911 seedlings.
This may be contributed by the lack of seedlings produced during that year since each seedling
requires almost a year to produce. The lack of rootstocks may also contribute to the reduction
of seedlings produced within the year. The sales of durian seedlings rose once again in 2016
to a total of 13,894 seedlings. This might be contributed by promotions activity during MAHA
2016. Another factor might be because towards the end of 2015, news of durian fruits
particularly the Musang King can be exported to China circulated in the mass media.

Total Sales of Durian Seedlings
2011

2012

2013

2014

2015

15,155

2016

2017

2018

2019

2020

13,894

12,179

6,543
5,911

6,155

2014

2015

11,061
8,698

7,360

3,616
2011

2012

2013

2016

2017

2018

2019

2020

Figure 1. Durian seedling sold by MARDI from 2011 – 2020
Throughout that period, the highest seedling produced was for D197 with a total of
37,498 seedlings, followed by D168 with 12,493 and D190 with 11,942 seedlings (Table 1). A
total of 58,030.67 hectares of durian has been planted in Peninsula Malaysia in 2018. If 100
seedlings planted per hectare, MARDI has contributed 1.5% seedlings planted in Peninsula
Malaysia since 2011. What makes MARDIs’ durian seedling a popular choice by planters is
the fact that all clones produced follow strict procedures certified by MS ISO 9001:2015
certification. Seedling produced by MARDI are also certified true-to-type by using molecular
marker technology from MARDIs’ Centre for Marker Discovery and Validation (CMDV). Pricing
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of the seedlings also play an important factor of choice since MARDI sells durian seedlings 20
– 30% cheaper than seedlings sold at commercial nurseries.
Table 1. Durian clones sold by type and area covered
Durian Clones

Total Sold

Hectarage Covered

D24

4,811

48.11

D99

4,821

48.21

D168

12,493

124.93

D197 (Musang King)

37,498

374.98

D145

3,392

33.92

D188 (MDUR78)

1,427

14.27

D190 (MDUR88)

11,942

119.42

D189 (MDUR79)

3,257

32.57

D2

1,144

11.44

D200

4,344

43.44

D175

1,849

18.49

86,978

869.78

Total
CONCLUSION

From the analysis, it can be concluded that MARDI durian seedlings were preferred by
customers because of the quality assurance. The production of MARDI durian seedlings
adheres strict procedures following MS ISO 9001:2015 which guarantees high quality seedling.
Seedling purity plays and important factor for planters since durian trees takes at least 5 – 6
years before bearing fruits. MARDI guarantee durian seedlings sold are true-to-type using
molecular marker technology to identify durian clones in their budwood nursery. It can also be
concluded that the highest durian clones sold is D197 followed closely by D200. Durian
seedling demand was also affected by demand of fruits which has very high market value.
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INTRODUCTION
Rice is always stored in paddy form and then milled for market distribution. The product usually
stays in the market for a short period before it is sold. Storage is therefore an important
requirement, however it causes rice to age. Ageing is a natural phenomenon involving gradual
changes in the physical and chemical characteristics of rice that modify the cooking, eating
and nutritional qualities. Storage of rice for three to four months after harvesting is a simple
natural ageing method which has great impact on the cooking quality of grains. Several studies
confirmed that ageing can influence the cooking quality characters of rice and play a vital role
in rice trading. It shows higher kernel elongation, water absorption, volume expansion and less
dissolved solid contents which make the cooked grains flaky [1]. In addition, ageing of rice can
influence the cooking and eating quality [2]. Thus, aged rice ensured good eating and cooking
quality which is popular to the rice consumer. It was reported that ageing induced the
physicochemical changes and that can be noticed in the minimum of three month period in
stored rice [3]. It was supported by [4] revealed that the storage paddy for a few months, it
causes the rice to age. Ageing may also lead to a progressive decrease in amylose content.
The reduction of amylose content was probably due to alpha and beta amylase attacking paddy
starch during storage, converting it into dextrin and maltose [5]. Some rice varieties require
quality enhancement particularly with respect to cooking and eating quality through the ageing
process. Under the normal situation, these varieties require at least a 3-4 months ageing
period. [6] who reported the milling characters was significantly affected by storage period.
MATERIAL AND METHODS
The fragrant rice of locally varieties namely MRQ 76, MRQ 103, MRQ 104 and MRQ 105 with
12-13% moisture content were stored at ambient temperature for 3-6 months. The varieties
were illustrated as in Figure 1.
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Figure 1. Four types of fragrant paddy and rice used in the study
The dried and cleaned paddy were packed in the woven beg and placed on the wooden
pallets for the aeration purposes. A total of 32 bags with a 20 kg each (four replicates for each
variety) which the samples taken at three months interval. Analysed were carried out to
determine the quality of milling, cooking and physico -chemicals. All the data obtained were
statistically analysed. Gel Consistency was determined based on the length of cold gel in a
horizontally-held test tube (13mm x 100mm) for 1 hour [7]. The rice samples were classified
as hard (26-40 mm), medium (41-60 mm) or soft (61-100 mm). Gelatinization Temperature
was estimated from the Alkali Spreading Value (ASV) of 10 grains of milled rice soaked in 15
mL of 1.7% KOH for 23 h at room temperature [8]. GT can be grouped as low (55-69 ᵒC),
intermediate (70-74 ᵒC) and high (75-79 ᵒC). Cooking Characteristics were determined by
boiling 8 g of rice sample in a cylindrical wire basket (Height: 98 mm; Diameter: 43.5 mm)
following the lab scale cooking method [9]. Water Uptake Ratio was calculated from the ratio
of the weight of cooked rice to that of raw rice. Volume of Expansion was calculated from the
ratio of the height of the cooked rice to that of raw rice. Cooking Time was estimated according
to the method of [9]. Elongation Ratio of pre-soaked rice after cooking was estimated based
on the length of 10 cooked and raw kernels [10]. Total Solids were determined from the
residues of 10 mL cooking liquid by oven drying at 100 ᵒC for 2.5 h.
RESULTS AND DISCUSSION
The physicochemical and cooking properties of aged rice varieties were determined along the
storage up to 6 months and the results are in Table 1.
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Table 1. Quality changes as the extended of storage period to six months
MRQ 76
Parameters

6

months

months

67.96 ±

65.65 ±

66.05 ±

(%)

0.09a

0.54b

0.17b

Head rice

37.78 ±
1.40b

6

months

months

70.01±

68.00 ±

68.84 ±

0.13a

0.43c

0.24b

37.20 ±

55.39 ±

59.23 ±

0.94b

0.45a

7.84a

6

months

months

69.25 ±

67.51 ±

68.83 ±

0.04a

0.06c

0.32b

63.28 ±

58.29 ±

58.75 ±

3.21a

0.37b

1.15b

42.73 ±
0.17a

42.58 ±

41.28 ±

42.30 ±

0.57a

0.15b

0.0a

42.73 ±

40.98 ±

43.10 ±

0.32a

0.44b

0.0a

17.15 ±

17.26 ±

17.11 ±

0.0a

0.14a

0.14a

16.28 ±

17.15 ±

17.26 ±

0.13b

0.12a

0.19a

2.06 ±

1.98 ±

0.01a

0.07b

1.98 ±

1.91 ±

1.89 ±

0.01b

0.03a

0.01a

0.50 ±
0.0a

0.46 ±

0.47 ±

0.42 ±

0.04a

0.0a

0.01a

3.62 ±

3.64 ±

3.87 ±

0.02b

0.02b

0.06a

59.00 ±

54.50 ±

0.0a

3.42a
7.00 ±

5.73 ±

0.0a/

0.67b/

(L)

(L.)

1.24a

Whiteness

Cooking
time (min.)
Elongation
ratio

Solid loss

Volume of
expansion
Gel
consistency

MRQ 105

3

40.40 ±

(%)

MRQ 104

3

Initial

Milling yield

MRQ 103

3

3

6

months

months

68.96 ±

68.06 ±

68.82 ±

0.06a

0.08c

0.07b

64.73 ±

82.16 ±

81.78 ±

79.46 ±

1.08a

0.14a

0.31a

2.65a

42.68 ±

40.18 ±

37.11 ±

36.58 ±

35.73 ±

0.15b

0.24c

0.09a

0.15ab

1.07b

16.00 ±

16.23 ±

16.38 ±

15.37 ±

15.34 ±

15.30 ±

0.0b

0.15a

0.09a

0.06a

0.14a

0.17a

1.83 ±

1.85 ±

1.83 ±

1.77 ±

1.72 ±

1.68 ±

1.61 ±

0.04b

0.02a

0.02a

0.02b

0.03a

0.02a

0.02b

0.40 ±

0.31 ±

0.34 ±

0.45 ±

0.39 ±

0.51 ±

0.52 ±

0.55 ±

0.0b

0.0c

0.01c

0.05a

0.01b

0.0b

0.0b

0.02a

3.66 ±

3.90 ±

4.06 ±

3.72 ±

3.88 ±

4.12 ±

3.53 ±

3.58 ±

3.69 ±

0.02c

0.0b

0.12a

0.02c

0.01b

0.04a

0.01a

0.02b

0.04a

58.25 ±

42.44 ±

47.25 ±

43.25 ±

40.57 ±

54.00 ±

46.25 ±

40.00 ±

54.50 ±

49.50 ±

2.36a

0.43b

1.26a

1.50b

0.43b

4.62a

4.35b

0.0b

3.70a

4.65a

3.88 ±

4.00 ±

7.00 ±

4.50 ±

4.13 ±

7.00 ±

6.83 ±

6.90 ±

0.41b/

0.0b/

0.0a/

0.96b/

0.05b/

0.0a/

0.24a/

0.20a/

(Int.)

(Int.)

(L)

(Int.)

(Int.)

(L)

(L)

(L)

Initial

Initial

Initial

(mm)
ASV/(GT)

7.00 ±
0.0a/ (L)

7.00 ±
0.0a/ (L)

Mean values for each variety in the same row with different letters are significantly different using DMRT
with p < 0.01

Milling Quality
The milling recovery of all samples for initial and stored were about 68-70% and 66-69%
respectively, while the head rice recovery were about 40-82% and 37-82% respectively.
During the three months storage there was no any increase in milling yields for all varieties.
Obviously, the milling yields was significantly increased after six months storage.
The variety of MRQ104 had a highest increased by 1.96%.

The head rice recovery

for MRQ104 was also significantly increased after six months storage. The increased was by
11.05% compared to 0.79% (three months).
Cooking and Physico Chemical Properties
Gel Consistency was significantly increased after three months storage. The variety of
MRQ105 had a better increased by 36.25% followed by the MRQ104 which increased by
33.10%.

Gel consistency of rice is an index for texture of cooked rice. Both varieties were

medium soft of cooked rice. Gelatinization temperature of MRQ76 and MRQ105 were not
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change at low GT before and after three months storage. Only MRQ 103 and MRQ105 were
showed decreased in GT but not significantly different (p>0.01) after six months storage.
However the cooking time for MRQ 105 was much lower of 15.30 minutes as compared to
MRQ 103 of 17.26 minutes. In MRQ 104 showed that the GT slightly higher with the increased
to six months storage but not significantly difference.
Solid Loss was significantly (p<0.01) decreased in aged rice varieties of MRQ103 and
MRQ104 during six months storage. The reduction was higher in MRQ103 by 22.50% whereas
in MRQ104 by 13.33%. It was reported a decreased in the extractable solids in the cooking
water of cooked aged samples [11]. The significant difference in solid loss probably reflects
the increased in water insolubility of rice starch and protein during ageing. In addition, the
condensation of carbonyl compounds from fat oxidation with starch and/or protein molecules
thus making starch and protein less soluble in water.
The Volume of Expansion was significantly (p<0.01) increased in all stored rice
varieties during six months storage. The increased was higher in MRQ103 (10.93%), followed
by MRQ104 (10.75%), MRQ76 (6.91%) and MRQ105 (4.53%) respectively. The oxidation of
ferulate ester of hemicellulose fraction of the cell wall during aging may contribute to greater
resistance of the grain disintegration during cooking [12].
CONCLUSION
The study showed several physical and physicochemical changes of rice after storage for 3-6
months. Most of the changes are greatly desired by millers such as higher milling yield, head
rice recovery, better volume of expansion and reduced solid loss. But the ageing does not
much influence the elongation ratio of cooked rice of these varieties neither three nor six
months storage period. However, MRQ 76 has had a higher value of elongation ratio as
compared to others.
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INTRODUCTION
Flooding is one of the major constraints to rice production worldwide. The report stated over
16 % of lowlands rice worldwide and more than 20 million hectares of rainfed lowlands in Asia
are adversely affected by floods every year [1]. Rice fields in these flood-prone areas are
subject either transient flash flood leading to total submergence or to long-term partial floods
(also referred as stagnant flooding).
Common cultivated rice (Oryza sativa L.) are generally planted in dry or irrigated areas,
and are comparatively tolerant to water compared to other crops such as maize and wheat [2].
However, rice does not have complete tolerance to flooding. Complete submerged and prolong
flooded can cause serious damage or death due to oxygen restriction between the soil and the
atmosphere [3]. Recent studies identified that rice plants can evolved to overcome two different
flood types, i.e. ‘flash flood’ (i.e. submergence tolerance) and ‘deepwater flood’ [4].
Submergence tolerance is conferred by a major quantitative trait locus designated
Submergence 1 (Sub1) situated on chromosome 9 [5]. The plant has ability to save their
energy consumptions under complete submergence by restriction growth, and use the energy
for regrowth when water recedes.
In this study, the selected rice germplasms were screened under submergence
conditions and were identified for Sub1 gene using targeted functional polymorphism marker
for identified submergence tolerant variety.
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MATERIALS AND METHODS
Plant Materials
Thirty-two rice germplasms were selected based on their origin country which have
experienced on flood. FR13A was used in this study as tolerant control variety. FR13A is a
traditional cultivar from western India, with a high level of submergence tolerance. Pregerminated seeds of the rice germplasms and control varieties were planted in plastic trays.
Nine plants of each variety were planted in each tray. The trays were arranged in random in
each cement trough. The seedlings were grown at normal water level until they were 35 days
old (DAS). Then, the plants were fully submerged for 20 days. The experiment was laid out in
a split-plot design with treatments as main plots and varieties as subplots, with two replications.
Measurements
Plant height, tiller number and chlorophyll content were determined after submergence. The
plant height was measured from the soil surface to the tip of the tallest leaf. Tiller number per
plant was recorded as the tillers having at least three green leaves. The greenness or relative
chlorophyll content of leaves were measured using the Konica Minolta SPAD-502Plus. Plant
survival was determined after 7 days of recovery, where the plant still remained sturdy and
vigorous.
Molecular Analysis
A total genomic DNA of each variety was extracted using CMDV high throughput DNA
extraction protocol. Each variety was genotyped using functional marker GnS2, a CAPS
marker targeting functional polymorphism of Sub1 gene. PCR reactions were carried out in
an Eppendorf Mastercycler Gradient (initial denaturation 95°C 4 min; 30 cycles of denaturation
95°C 1 min, annealing 60°C 1 min and extension at 72°C 1 min; final extension 72°C 7 min).
All PCR products were digested with 0.5 μL AluI enzyme (Promega, USA) at 37°C for 5 min.
The digested PCR products were analyzed on 1% (w/v) agarose gel and were viewed under
UV light. The non-detection of the absence (null) fragment before the digestion indicated the
absence of Sub1A gene meanwhile the presence of band indicated the presence of Sub1A
gene. Digestion with Alu I on the PCR product produced an intact 241 bp fragment confirmed
the presence of tolerant alleles (AA) controlling its submergence tolerance, meanwhile the
PCR product with two bands (134 and 107 bp) represents intolerant allele.
RESULTS AND DISCUSSION
Morphological Traits under Submergence Condition
The study observed the examined traits showed significant difference among varieties,
environment and variety*environment (Table 1). The mean differences between the rice
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varieties with control variety, FR13A observed several rice varieties showed significant
differences in plant height, tiller number, and chlorophyll content. However, Satya did not show
any significant difference in those traits with FR13A. Similarities based on Gower Similarity
Index showed Satya is close to control variety, FR13A and IR49830-7-1-2-2. Identification of
sub1 gene among the rice varieties observed Satya and several varieties carrying the gene
namely IR49830-7-1-2-2, Kataktara, Goda Heenati, Pakkhali, and Dular. As a conclusion,
Satya (MRGB01521) can be promoted as a potential rice variety for submergence tolerance
due to similar performance with tolerant control variety, FR13A under submergence condition
and also carrying Sub1A gene.
Table 1. The statistical analysis of three traits based on variety, environment and
variety*environment
Source

Anova

Mean

F

SS

Square

Value

34

31210.04

917.94

18.64

<.0001

34

79.88

2.35

9.63

<.0001

Reading

34

1040.07

30.59

6.72

<.0001

Plant Height

1

5552.98

5552.98

112.74

<.0001

1

3.86

3.86

15.84

0.0003

Reading

1

1851.05

1851.05

406.68

<.0001

Plant Height

33

3337.92

101.15

2.05

0.0202

33

27.89

0.85

3.46

0.0003

33

580.08

17.58

3.86

<.0001

Traits

DF

Plant Height

Pr > F

Tiller
Variety

Number
Spad

Tiller
Environment

Number
Spad

Tiller
Variety*Environment Number
Spad
Reading
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MEAN DIFFERENCES
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(c)

-2
0

-4
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-10
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Figure 2. Mean differences among FR13A with selected germplasms (a) plant height (b) tiller
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Figure 3. Genetic similarities of rice germplasms for submergence tolerance
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Figure 4. Identification of Sub1 gene using targeted functional polymorphism marker
CONCLUSION
Satya is identified as a potential submergence tolerant rice variety because it showed
similarities with control varieties FR13A based on plant height, tiller number, and chlorophyll
content under submergence condition and also carrying submergence tolerant gene, Sub1.
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INTRODUCTION
The genus Lepisanthes (Sapindaceae) consists of 24 species [1] and widely distributed from
India and Sri Lanka in the west, throughout Malaysia and to the Phillippines and Papua New
Guinea in the east. Out of these, five species can be found in Malaysia - Lepisanthes amoena,
L. fruticosa, L. tetraphylla, L. rubiginosa and L. senegalensis [2]. The natural habitat of those
species is the tropical rainforest where they are widely distributed from lowland to lower
montane forest [3]. These species are usually planted and conserved for its edible fruits [4]. A
few Lepisanthes species such as L. fruticosa and L. rubiginosa are usually used in traditional
medicine by rural folks [5] [6].
Leaf epidermal characteristics in particular the morphology of cuticular wax and
trichome structure can give relevant information that can be used in plant systematics
classification [7] [8] [9] [10]. Previous studies involving Sapindaceae species from temperate
regions were conducted on certain species such as Hippobromus and showed a diverse range
of epidermal characteristics with no diagnostic characters [11] [12] [13]. Noraini et al. [14]
through observation on some Parashorea (Dipterocarpaceae) successfully identified some
characteristics on the leaf epidermal surfaces such as the presence of papillose epidermal
cells and stomatal type that can be utilized as diagnostic characters for this particular genus.
Observation on those characteristics enumerates a lot of information that can be synthesized
taxa identification and classification in various plant families, specifically those genera or
families that showed several morphological similarities [15]. This paper discussed the useful
taxonomic evidences from microstructure analysis of five Lepisanthes species in Peninsular
Malaysia.
MATERIALS AND METHODS
Five taxa were used in this study (i.e. L. amoena, L. fruticosa, L. rubiginosa, L. senegalensis
and L. tetraphylla). Small pieces of the Lepisanthes leaves were cut (1cm x 1cm) from the
same area of the leaf lamina, affixed to aluminium stubs using double sided adhesive tape
(3M). These leaf specimens then sputter-coated with a thin film of gold to enhance and improve
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electrical conducting properties of the leaf lamina surface. Finally, critical point-drying and gold
coating step were conducted as follows - samples were dried in a critical point drier and
mounted on aluminium stubs. Samples were gold-coated using sputter coater and examined
under a variable pressure scanning electron microscope (Leo 1450 VP Zeiss) and the
micromorphology characters for abaxial and adaxial lamina surfaces then described
accordingly to each taxon.
RESULTS AND DISCUSSION
The results of this study have shown that variation in the micromorphological characters can
be useful in species identification for Lepisanthes. Some similarities were observed in all
species studied, such as hypostomatic and combination of superficial and paraficial stomata.
Six types of cuticular waxes were observed such as film-like, grain-like, crust-like, flakes,
granular and sheet (Table (1). Combination of film like, crustose and grain-like types can be
observed in Lepisanthes amoena and L. fruticosa, crustose and grain like can be found in L.
rubiginosa, while crustose and granular were observed in L. tetraphylla. Crust-like wax can
only be found in L. senegalensis, as additional to flakes and grain-like waxes on both its
epidermal surfaces that can be useful in this spesies authentication. According to Hsiao [16],
existence of one or two different types of wax on the epidermal surfaces can be useful in
species identification, as in Melastoma sanguineum which showed flakes wax that differentiate
this species from the other species in that Melastoma genus.
Leaf epidermal structure characters such as stomatal types and the occurrence of
cuticular striation are useful in Lepisanthes species identification. All species has elliptical
shaped stomata except in L. amoena with rounded stomata. Cuticular striation was observed
in L. rubiginosa, L. senegalensis and L. tetraphylla. Cuticular striation in L. rubiginosa present
in adjacent to the guard cells, radiating cuticular striation encircling stomata in L. senegalensis
and cuticular striation encircling stomata found in L. tetraphylla. According to Wu et al. [17]
cuticular sculpturing plays an important role in determining diagnostic characteristics for some
species that can be useful in describing the micromorphological characteristics in some
genera.
The trichome morphology of Lepisanthes consists of non-glandular and glandular
trichomes. Lepisanthes fruticosa has four types of trichomes - simple, unicellular (short,
pointed tip), simple, unicellular (long, pointed tip), simple, unicellular (long, pointed tip, echinate
ornamentation) (Fig. 1 A, B and C) and capitate glandular (multicellular terminal) (Fig. 1D), L.
rubiginosa has peltate glandular trichomes (Fig. 1E) and L. senegalensis has combination of
capitate glandular (multicellular terminal) (Fig. 1F) and peltate glandular trichomes (Fig. 1G).
However, L. amoena and L. tetraphylla did not showed any occurrence of trichomes on both
adaxial and abaxial epidermal surfaces. This study agrees with Metcalfe and Chalk [18] on the
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general study of the Sapindaceae members that stated the combination of non-glandular and
glandular trichomes were observed for majority of Sapindaceae species, and some species do
not have any existence of indumentum on its epidermal surfaces. Diagnostic leaf epidermal
characteristics was observed in L. fruticosa in the presence of four different types of trichomes
on its abaxial and adaxial epidermal surfaces that can give significant taxonomic value in
species identification in Lepisanthes.
In conclusion, findings in this study enumerates some significance and important
micromorphological characters that can be useful in identifying Lepisanthes species, such as
presence of cuticular waxes types, stomata striation and trichome morphological
characteristics. Combination of these micromorphological characteristics can be illustrated as
interesting information that can be really useful in Lepisanthes species identification.

(A)

10 µm

(B)

20 µm

(C)

100 µm

(D)

10 µm

(E)

2 µm

(F)

(G)

10 µm

2 µm

Figure 1. Trichomes morphology on the abaxial and adaxial of leaf epidermis: (a) Simple
unicellular trichome (long, pointed tip, echinate ornamentation), (b) Simple unicellular
trichomes (long, pointed tip), (c) Combination of long and short simple unicellular
trichomes, (d) Capitate glandular trichomes, (e) Peltate glandular trichome, (f)
Capitate glandular trichome (multicellular terminal), (g) Peltate gandular trichomes
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Table 1. Type of waxes micromorphology in five Lepisanthes species studied
Species
L. amoena
L. fruticosa
L. rubiginosa
L. senegalensis
L. tetraphylla

Abaxial epidermal

Adaxial epidermal

surface

surface

Film-like, Crustose &

Film-like, Crustose &

Grain-like

Grain-like

Film-like, Crustose &

Film-like, Crustose &

Grain-like

Grain-like

Crustose & Grain-like

Crustose & Grain-like

Flakes, Sheet-like, Grain-

Flakes, Sheet-like, Grain-

like

like

Crustose & Granules

Crustose & Film-like

CONCLUSION
In conclusion, leaf microstructure showed significant taxonomic value in the genus Lepisanthes
and can be used as additional data for species identification and this is the first report involving
microstructure analysis of Lepisanthes conducted in Malaysia.
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INTRODUCTION
Rice in Malaysia had a production value of RM 2.95 billion (USD 688 million) in 2018 [1]. With
a planted area of 699,980 ha and an average yield of 3.8 t ha-1, the productivity of the industry
has stagnated over the last decade. A report published by a government institute found that
rising input cost and shortage of labor is forcing the government and estate farmers to find
ways to be more efficient in producing the crop as it is one of the most important agro-food
commodities in Malaysia [2]. As the rice industry is heavily subsidized by the government, any
savings achieved would lessen the burden on the government. Precision agriculture could be
exploited to address these issues.
[3] Used the active canopy reflectance sensor to estimate the N content for corn and
incorporated a simple learning algorithm to develop a variable rate fertilizer application system
using a virtual reference concept. This system continuously updated a histogram to calculate
the reference vegetation index in lieu of a N-rich strip in the field. The authors compared two
strategies of variable rate fertilizer application using the virtual reference concept.
To the best of the authors’ knowledge, no on-the-go variable rate fertilizer application
system exist for rice. Hence, there were two objectives of this research. The first objective was
to develop a machine learning based model to classify the N status of rice plants by using
measurements from an active crop canopy sensor and several derived vegetation indices as
inputs to the model. The machine learning approach allows the inputs to be analyzed
collectively in producing an output. The second objective of this research was to use the model
to develop an on-the-go variable rate fertilizer application system for rice production. This
research is important because it has the potential to save time, effort and cost for rice growers
in Malaysia. It can also help the government in formulating policies regarding the use of
precision agriculture practices in rice production.
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MATERIALS AND METHODS
Four experiments were carried out in the district of Northern Seberang Perai in the state of
Penang, Malaysia (5°32'28.7"N and longitude 100°27'43.7"E) from April 2017 to February
2019. Main purpose of the experiment is to study the relationship between the canopy
reflectance of rice plants measured from the active canopy sensor and the nitrogen (N) status
of the rice plants.
The experiments were done using a randomized complete block design experiment
with 5 treatments of N fertilizer (0, 50, 100, 150 and 200 kg N ha-1) and 8 replicates. The N
fertilizer source was granular urea applied as four splits 20% at tillering, 35% at stem
elongation stage, 25% at panicle initiation stage and 20% at heading stage. Readings of the
active canopy sensor were taken for each plot right before fertilizer application at the three
latter stages.
Across all four experiments, a total of 160 sensor data and plant samples were taken
at each fertilizer application stage. Figure 1 shows the data being taken with the active crop
canopy sensor at panicle initiation stage of crop growth.

Active crop
canopy sensor

Figure 1. Data acquisition with active crop canopy sensor at panicle initiation stage of crop
growth
RESULTS AND DISCUSSION
The performance of the model in classifying the N status into “Low”, “Medium”, “High” for the
MR297 rice variety is shown in table 1. The model performed the worst during the stem
elongation stage of crop growth with value of 35% prediction accuracy. The best prediction
accuracy in this stage was obtained with six input features with value of 54%.
The number of features played an important role in the performance of the model. It
was shown that six input features produced the best prediction accuracy ranged from 54% to
83%. With only three input features, the model did not have enough information to differentiate
between the classes. On the other hand, using nine features distorted the prediction capability
of N.
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Table 1. Performance for SVM classification algorithm in terms of prediction accuracy across
different stages of crop growth for increasing number of input features
Crop Growth Stage
Stem

Panicle

SVM Parameters

elongation

Initiation

Heading

All Stages

3 Features (Red,

35 %

63%

60%

67%

54%

75%

71%

83%

43%

67%

62%

69%

Red Edge, NIR)

6 (Red, Red Edge,
NIR, RESAVI,
MRESAVI,
RERDVI)

9 (Red, Red Edge,
NIR, REDVI,
RESAVI, MRESAVI
NDRE, RERDVI,
CI)

1

CONCLUSION
This work tackled the issue of instantaneous fertilizer application for a local paddy variety
MR297. A method was developed to apply fertilizer on-the-go by utilizing an active crop
sensor. A support vector machine learning algorithm was used to classify the nitrogen status
to “Low”, “Medium” and “High”.
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INTRODUCTION
Guava (Psidium guava) is a popular fruit in Malaysia as a fruit to eat fresh and also suitable
for various process products. Its contain rich nutrient where the pulp and peel have a high
content of dietary fiber [1]. Historically, guava was first grown commercially in Perak and
Selangor around the early 1980s and is now grown in many areas in Johor, Pahang and
several other states [2]. Guava also has a high economic value and suitability for cultivation in
Malaysia due to country's climate, which is hot and humid throughout the year. Malaysia has
been cultivating large-scale guava cultivation and grown for the purpose of local consumption
and export. Guava production in 2017 recorded the highest value in the last 10 years, with a
value of RM210.7 million (Figure 1).
The government aims to make the agricultural sector the third economic growth
machine in the country. One of the objectives of the National Agriculture Policy (2011 - 2020)
is to ensure an adequate and safe food supply. With this, the involvement of small farmers is
important to ensure the food supply is permanent and continuous. In achieving this goal, the
MOA introduced the contract farming system in 2006

to sustain food security [3]. The

participants were bonded by the agreement for a guaranteed market where they need to
produce the product as the agreement such as quantity, quality, type, variety, packaging, grade
as well as period of producing [4]. This program is seen as a system that is able to provide a
'win-win' situation to both parties involved. It is also seen to be able to increase revenue with
a more systematic distribution of information, especially in terms of technology distribution,
marketing, new market exposure and post-harvest facilities. Guava is listed as one of the fruits
that were planted in the contract farming program. However, the production and hectarage of
guava were decreased 2018 (Figure 1). Thus, the objective of this study is to evaluate the
economics of production of guava in order to sustain the supply through contract farming
program.
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Figure 1. Guava‘s production and hectarage (2009-2018)
MATERIALS AND METHODS
The method of evaluation performed is empirical. Secondary and primary data are used for indepth quantitative and qualitative analysis. A stratified random sampling design is used to
obtain primary A total of 36 guava contract farming participants throughout Malaysia were
interviewed to obtain information related to production costs, yields and returns. The data was
analyzed using the Cost of Production and Cost Structure method to estimate the cost of
production. At the same time, the Cobb-Douglas Production Function with Maximum Likelihood
Estimation (MLE) evaluates the elasticity of guava production [5].
RESULTS AND DISCUSSION
Table 1 shows the cost structure of guava production per hectare per season. From the
analysis, the total cost of guava production is RM42,531.78 / ha / season, with an average cost
of RM1.43 / kg. Labor cost is the highest cost in the production of guava crops (52.27%),
followed by fertilizers (20.91%) and pesticides (11.61%). The remaining 15.21% is the cost of
seeds, depreciation, utilities, maintenance and other costs. Thus, it clearly shows the
involvement of labor force is very important to ensure that the yield production is at the
maximum level in addition to fertilizer and pesticide input. Table 2 is the result of the CobbDouglas production function using Maximum Likelihood Estimation (MLE). There are five
production factors that are considered, such as area, labour, fertilizers, pesticide and seeds.
The coefficient of guava crop production factor is estimated to indicate that pesticide has a
significant correlation with production at a 5% level. Pesticide factors have a significant positive
correlation indicating that increased pesticide will increase the production levels. The other
four factors, namely area, labor, fertilizer and seeds are seen to have no significant relevance
to production. The elasticity was estimated at 1.08. A value of more than 1 indicates that most
guava farmers are at the level of increasing returns on a scale. An increase of 1% production
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factor will increase production at a rate of more than 1%, which implies that the use of current
technology practiced is still at a productive level and the combination of inputs can be further
enhanced to produce higher output.
Table 1. Cost structure of Guava production
Parameter

Average Cost (RM/Ha)

(%)

Seed

2,470

5.81

Fertilizer

8,892

20.91

Pestisides

4,940

11.61

Labour

22,230

52.27

Utility

185.25

0.44

Maintenance

618

1.45

Depreciation

2,097.03

4.93

Others Cost

1,100

2.59

42,531.78

100.00

Total Cost/Ha (RM)
Cost/Kg (RM)

1.43

Table 2. Production function & elasticity of Guava production
Variables

Coefficient Value (
)

Standard Error

t-value

0(onstant)

1.1535

3.2623

0.3536

1Area

0.2639

0.2586

1.0205

2Labour

0.1821

0.3783

0.4816

3Fertilizer

-0.0881

0.3051

-0.289

4Pesticides

0.6197

0.2902

2.1353**

5Seeds

0.1026

0.643

0.1596

2 = u2 + v2

0.9978

0.2578

3.8704***

1.892E-08

0.0001

0.0001

 = 2u/2
Log Likelihood Value
Elasticity ()

-42.5348
1.08

Increasing return on scale

CONCLUSION
Guava production is labour intensive. Pesticide factors have a significant positive correlation
indicating that increased pesticide will increase the production levels. In future, the injection of
the technology element and the production factor need to be emphasized to boost the guava
industry. Guava showed a decreased trend in hectarage as well as production more than 50%
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in 2018. As it was listed as a priority fruit in RMK-11, the guava production needs to be more
comprehensive in order to sustain the production.
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INTRODUCTION
Bitter gourd (Momordica charantia L.) is also known as peria, balsam pear, bitter melon, bitter
cucumber and African cucumber [1]. The demand for bitter gourd appears constantly high and
the production in 2019 was 17,578 metric tonnes with 1,538 ha. of plantation (Peninsular,
Sabah and Sarawak) [2]. As important Cucurbitaceae family and considered valuable
vegetable, bitter gourd is getting increased in popularity due to its health benefit i.e. antidiabetic
compound called charantin [3]. The project started from germplasms collection. The
accessions were back-crossed for purification, self-pollinated and evaluated. Reciprocal
crossings were performed and obtained 43 combinations and be further evaluated for potential
lines. The project aimed at varietal improvement of bitter gourd with the objective of obtaining
potential hybrids with high yield, quality and nutrition for home consumption and product
development. Analysis of antioxidants, phytochemicals and charantin were also performed to
support the potential traits.
MATERIALS AND METHODS
Crossing, Field and Traits Evaluations for Potential Hybrids
The project started with germplasms collection of eight (8) local accessions [P10, P11, P13,
P92, P94, PK and PK12] including four (4) Indian accessions [P96, P98, P97 and P101]. Local
check accession of dwarf bitter gourd, Peria Katak was used in this study. Evaluation and
selection were conducted until the 7 th generation which obtained six purified lines - P11,
P13, P92, P93, P94 and P96 for further evaluation. Crossings were performed between the
lines together with P105 (China) and genebank collections (P167, P206, P373, P375, P428
dan P462). Reciprocal crossings were performed and 43 combinations were successfully
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obtained and further evaluated. Field establishment was carried out at Research Plot,
MARDI Serdang, Selangor. The experiment was laid out using randomized block design
with three replications each. Each accession was represented by 10 plants in each
replication; with a total of 30 plants for each accession. Data recorded for yield dan related
traits fruit weight (g), fruit length (mm), fruit circumference (mm), fruit flesh thickness (mm),
fruit number/plant and yield/plant. Analysis of variance was conducted using SAS statistical
package.
Quality Assessment
Quality evaluation included physical (visual appearance, colour; lightness (L*), hue (h°) and
chroma (C*) and chemical (pH, soluble solids concentration (SSC), titratable acidity (TTA) and
ascorbic acid content) characteristics were performed.
Antioxidant Analysis - Free Radical Scavenging Assay (FRAP)
All the crude extract was tested for its free radical scavenging assay as described earlier with
minor modifications [4].
Phytochemical Analysis - Total Phenolic Content (TPC) and Charantin Level
Total phenolic content of the crude extract was determined by the Folin–Ciocalteu method with
some modifications [5]. Analysis of charantin was performed using High-Performance Liquid
Chromatography (HPLC) at 204 nm based on the method developed Kim et al. (2014) [6].
Economic and Market Analysis
Surveys were conducted with snow-ball and purposive samplings approach in selected areas
in Peninsular, Sabah and Sarawak which involved 31 local sellers and 200 public respondents.
RESULTS AND DISCUSSION
Field Evaluation – Yield and Traits Assessment
Three potential hybrids [P11 x P92, P11 x P375 and P13 x P92] showed optimum fruit length
and not significantly different to the parental lines. The hybrids also showed early first female
flower appearance (22-27 days) compared to other parental lines and hybrids (max 40 days).
This is a good indicator which will contribute to higher yield as manual crossing can be
performed early to obtain fruits. Data also indicated that the three hybrids P11 X P92, P11 X
P375 and P13 X P92 showed high yield i.e.13.0 ± 9.5 kg/ plant, 19.0 ± 7.2 kg/ plant and 17.8
± 4.5 kg/ plant, respectively compared to the parental lines and other hybrids (ranged from
11.2 to 13.0 kg/ plant) (Figure 1). The size of the fruits is acceptable and information on quality
as well as phytochemicals which will be discussed in other sections is aimed to support the
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potential hybrids. Checked varieties i.e P92 (local bitter gourd), P13 (wrinkled dwarf bitter
gourd) and P105 (commercial bitter gourd – China) were used in this study as comparison.

Figure 1. Yield of bitter gourd per plant
Quality Assessment
The quality values of the hybrids are shown in Table 1.
Table 1. Data of the chemical [soluble solids concentration (SSC), titratable acidity (TTA)] and
ascorbic acid content) and physical [visual appearance, colour; lightness (L*), hue (h°) and
chroma (C*)] evaluations

The results from Table 1 showed the three hybrids were not significantly different
compared to their parents in term of SSC and TTA, however P13 x P92 showed significant
(p<0.05) higher sugar to acid ratio and vitamin C compared to other hybrids. P11 x P92 and
P11 x P375 showed very light green colour and more saturated (more light green) compared
to P13 x P92 that was more green and less saturated (higher value in hue colour) (dark green).
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Antioxidant and Phytochemical Analysis (Total Phenolic Content and Charantin Level)
The three potential hybrids showed moderate total phenolic content but P11 x P92 showed the
highest (3,741 mg GA/ 100g) compared to other parents and hybrids, ranged from 1,740 to
3,443 mg GA/ 100g). The level of antioxidant is also moderate for all the potential hybrids and
significantly lower (p<0.05) compared to their parents. Charantin which is a combination of two
compounds i.e. sitosteryl glucoside and stigmasterol glucoside is the main phytochemical acts
biomarker in bitter gourd which responsible to the anti-diabetic properties. Analysis of charantin
showed that the value is moderate (28 – 57 mcg/ml) compared to their parents which indicate
that the hybrids have potential for home consumption but not for medicinal purposes.
Economic and Market Analysis
Surveys showed that the on-farm price of bitter gourd is between RM 2.80 to RM 3.50 and the
retail price is from RM 3.50 to RM 5.00 per kg. The farmers or sellers can obtain RM 855.20
per months as their side income. Surveys in term of acceptance of bitter gourd showed that
their interest of purchasing is due to the availability of the vegetable at the market as well as
the health benefits (i.e anti-diabetic) shown by the dwarf bitter gourd.
CONCLUSION
The three hybrids P11 X P92, P11 X P375 and P13 X P92 obtained high yield compared to
the parental lines and other hybrids but showed moderate level of antioxidant, total phenolics
and charantin level. Further crossing would be properly conducted to obtain bitter gourd with
high yield and high level of charantin for health purpose. Evaluation at farmers’ plots could also
been done to verify the potential hybrids.
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INTRODUCTION
Grafting is a common practice in high value-added vegetable crops of Cucurbitaceae and
Solanaceae family. Grafting in vegetable was reported in Japan in the late 1920s [1, 2] and
scattering to neighbouring countries like Korea, China and others. Commercial tomato grafting
began in early 1960s [1] and has now become an important practice for tomato cultivation in
many parts of the world. Grafting is regarded as a tool to control soil borne diseases, coping
biotic and abiotic stresses (in response to climate changes). Cleft and splice grafting are
common techniques used for tomato crops. Scion can be grafted onto rootstock belonging to
the same botanical species (intraspecific grafting) or different species from the same genus
(interspecific grafting). Interspecific grafting is a more recent development to help further the
environmental tolerances of vegetable crops. The success of grafting depends on the selection
of grafting techniques and compatibility between scion and rootstocks. The objective of the
project is to understand the influence of the different grafting techniques on the success of the
grafting process.
MATERIALS AND METHODS
Experimental Site, Plant Material and Data Collection
The experiment was conducted from January 2019 until November 2019 at the Vegetables
Research Plot, Horticulture Research Centre, MARDI Headquarters. Commercial tomato
cultivar (Baccarat) was used as a scion, while two eggplant cultivars ‘pea eggplant’ (S. torvum)
and ‘yellow eggplant’ (S. melongena) were used as rootstocks. Two different grafting methods
have been carried out were cleft grafting and splice grafting. Different accessories such as
plastic clips, silicone, and latex tubes have been used to unite the cut surfaces in contact after
grafting. Grafting methods were as follows: STL (splice graft – joined using latex tube), STS
(splice graft – joined using silicone tube), SC (splice graft – joined using clip) and CC (cleft
graft – joined using clip). Once the grafting is complete, the grafted plants are placed in the
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healing chamber at a humidity 80% - 90% for the acclimatization process. The experiment was
arranged in a randomized complete block design (RCBD) with four replications. Data were
statistically analysed using SAS statistically software (SAS Institute, Cary, NC, USA). The
method of implementation of the grafting study has been illustrated as in Figure 1.

Figure 1. Methods of implementation of grafting study on tomatoes
RESULTS AND DISCUSSION
Survival Rate and Adventitious Root Formation
Splice grafting technique using a latex tube was found to be the best with a survival rate of
97%. The use of elastic latex tubes to unite the scion and rootstock provides a smoother grip
and minimizes water loss from the graft wounds. Compared to other techniques, latex tubes
will be released by themselves as the plant grows. Post-grafting healing was performed in a
greenhouse with a self-built healing chamber at a relative humidity of 80% - 90%. The splice
grafting technique using a latex tube has taken about 6-7 days to heal, which is faster than the
others. Formation of adventitious roots (AR) from the scion base can result in poor quality
plants and loss of the rootstock function (Picture 1). Possible causes of the formation are poor
graft union, water pressure, high humidity and hormonal reactions to wounds [3]. However, it
has been found that adventitious roots are not formed at the base of the scion with splice
grafting using a latex tube after acclimatization process compared to other techniques (Graph
1). Through preliminary observations, it was found that the survival rate of tomato grafted onto
pea eggplant (S. torvum) rootstock was 97%, higher than yellow eggplant (S. melongena) of
85%. Evaluation on different rootstocks will be conducted for further study.
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Graph 1. Survival rate and adventitious root formation after acclimatization process as
affected by different grafting techniques

Picture 1. Formation of adventitious root (AR) with different grafting techniques
CONCLUSION
In this study, it has been concluded that splice grafting technique using latex tube is the best
for grafting tomatoes at seedling stage (stem diameter 1.5 mm to 3 mm). The success of
grafting depends on the grafting technique, the post-graft healing environment and
compatibility between scion and the rootstock.
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INTRODUCTION
Growing in controlled environment system using artificial lighting has been taken into
consideration for sustainable and high quality of vegetables production. Light emitting diodes
(LED) has been proposed as a light source for indoor farming facilities and space based plant
growth chambers due to less heat produced, small mass, safety, low energy consumption and
durability (Yano & Fujiwara, 2012, Yorio, at al., 2001). Plant growth performances strongly
influenced by the light spectrum and each spectrum have their own rules and function. Red
spectrum encourages stem and vegetative growth, flowering and fruit production, and
chlorophyll production. Blue involve in plant processes such as phototropism, photomorphogenesis and stomatal opening leaf photosynthetic function. While, green light plays a
smaller role in plant growth. Sometimes is used as a tool for eliciting specific plant responses
such as stomatal control, phototropism, photomorphogenic growth and environmental
signaling.
Studies of combined Red and Blue (RB) spectrum to promote growth have been done
on many crops including lettuce. There are three main reasons why RB is widely used: 1) more
efficient than green LEDs at converting electricity into photons, 2) photons from RB are often
considered the most effective at stimulating chlorophyll a & b as main photoreceptor for
photosynthesis and 3) green light is poorly absorbed by the two types of chlorophyll when
extracted in solution
The function of green light is less well understood than the other spectrum, and there
are only certain species of plants that require green light for normal growth. However,
combined LED light spectral can improve crop yield, quality & bio compound. Combination of
blue and red light can control the rates of photosynthesis through the opening/closing stomata,
thus increasing effect on plant biomass and yield is promising (Sabzalian, at al., 2014,
Shimazaki, et al., 2007). Combination of red and blue LED can increase the accumulation of
primary metabolites such as anthocyanin, total polyphenols and flavonoids (Heo, et al., 2012).
Adding green or yellow will increase antioxidant properties and anthocyanin accumulation
(Lekkham, et al., 2016). LEDs spectral including red, blue, green and white can also improve
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the nutritional quality of harvested vegetables by increasing the accumulation of vitamin C,
anthocyanin and total phenolics (Lee, at al., 2014, Kanazawa, et al., 2012).
Although green wavelength (500 to 600 nm) is photosynthetically inefficient, it has been
shown to have specific effect on various plant processes. Enhanced lettuce growth when green
light was supplemented to combined red and blue light was attributed to the better penetration
of green light into the deeper canopy. The utility of green light in plant growth applications has
been demonstrated by multiple researchers. Under higher proportions of green, some
experiments indicate that green light can promote extension growth, somewhat similar to the
effects of far-red radiation. Therefore, the effects of green depend on its intensity, the crop and
what other wavebands and intensities of light are delivered.
The aim of this experiment is to evaluate the effectiveness of green spectrum as partly
substitute in red and blue spectral combination of LED grow lighting on growth performance
and quality of Butterhead lettuce
MATERIALS AND METHODS
Experiment was conducted at Plant Factory, Horticulture Research Centre, MARDI
Headquarters, 43400 Serdang, Selangor. Two combination of LED light spectrum; Blue: Red
(RB) and Blue: Red: Green (RBG) was evaluated on Butterhead lettuce (Figure 1). The study
was conducted in a close controlled environment with a temperature of 25oC, air humidity
65%, CO2 concentration 550ppm. Lettuce seeds are sown in germination sponge and placed
in ebb and flow multilayer hydroponic system for nursery stage. When the seeds germinated
(third day after sowing) full spectrum lighting is given for 6 hours. A concentration of hydroponic
fertilizer 0.5 mS/cm3 is given and maintained throughout the nursery period. After the
seedlings emerge two true leaves, the seedlings were transferred to 2 racks of 7 layers of
hydroponic Nutrient Film Technique (NFT) system under 2 spectrum combinations (1 rack, 1
spectrum combination). The pH of water was ensured to remain in the range of 5.5-7.0. After
transplanting, lighting was given for 8 hours for the first 5 days (PAR: R:B-186umol/m2/s,
R:B:G- 192 umol/m2/s, DLI: 5.36 mol/m2/day). Then, 10 hours for the next 10 days (PAR: R:B224umol/m2/s, R:B:G- 238DLI: 8.06 , mol/m2/day) Finally, 12 hours for the last 15 day (PAR:
R:B- 318umol/m2/s, R:B:G- 327umol/m2/s, DLI: 13.73 mol/m2/day). Fertilization is also given
according to the growth stage where the electrical conductivity (EC) was set at 0.8-1.0mS/cm3
(first 5 days), EC 1.2-1.5mS/cm3 (next 10 days) and 1.6-1.8mS/cm3 (last 15 days). Study was
conducted using Randomized Complete Block Design (RCBD) with 4 replications.
Morphological data are recorded weekly until the 4th week. Physiological data were taken on
the 25th day after transplanting. While, yield and postharvest quality were recorded on the
harvesting day (day 30).
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Figure 1. Spectrum combination and wavelength of LED grow light used for this study.
RESULTS AND DISCUSSION
Result showed fresh weight (55.93g and 49.72g) and total leaf area (1069cm 2 and 1004cm2)
were significantly higher for lettuce planted under RGB light. However, no significant different
on dry weight, leaf number and total leaf area. Visually, Butterhead lettuce planted under RB
more compact and semi headed form. While, Butterhead lettuce planted under RGB more
dwarf and open canopy. The plant growth performance under RGB LED light also better than
RB. Low ratio of total leaf area and dry weight of Butterhead lettuce planted under RB
contribute to significantly higher of specific leaf area.
Table 1. Yield and morphology of Butterhead lettuce planted under 2 spectrum combinations
(R:B & R:B:G)
Parameter

Red:Blue (RB)

Red:Blue:Green (RBG)

Fresh weight (g)

49.72b

55.93a

Dry weight (g)

2.35a

2.76a

24a

23a

Visual shape (Top)

Visual shape (Side)

Leaf no.
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Total leaf area (cm2)
Specific

leaf

area

1004a

1069a

430.17a

391.53b

(cm2/g)
Means followed by the same letter in the same row of each parameter are not significantly different by
DMRT at P<0.05

Two factors analysis shows that, the combination of spectrum and growing weeks were
no significant difference between the combinations of spectrum for all parameters studied
except for the specific leaf area. Meanwhile, there were significantly differences for all
parameters for each growing weeks. However, only specific leaf areas show the interaction
between the combination of spectrum and growing week.
Table 2. Effect of spectrum combinations and growing week on growth and morphology of
Butterhead lettuce
Factor(s)

Leaf No.

Fresh

Dry

Total leaf

Specific leaf

Weight (g)

weight (g)

area (cm2)

area

LED spectrum (S)
Red:Blue

18.65a

22.38a

1.55a

457.90a

276.58b

Red:Blue:Green

19.10a

24.70a

1.58a

498.11a

321.06a

1

10.06d

5.57c

0.42d

122.86d

294.41ab

2

14.27c

11.40c

0.74c

220.41c

293.75ab

3

22.10b

28.70b

1.97b

545.16b

277.38b

4

29.06a

48.50a

3.13a

1023.58a

329.74a

ns

ns

ns

ns

**

Growing week (W)

Interaction

(S x W)

Means separation within columns and main effect by Duncan’s Multiple Range Test (DMRT) at
p≤0.05.

Butterhead lettuce net photosynthesis rate shows the same light respond curve under
both combination of spectrum. However, the RBG spectrum affects higher net photosynthesis
rates. Net photosynthesis rates below the RB and RBG spectra were 11.91 and 13.72,
respectively. Both of these rates occurred at PAR 320µmolm-2s-1. After that PAR,
photosynthesis activity still increase but with declining rates. Although in many studies
conducted say that the green spectrum is less effective on the process of photosynthesis of
green leaves, it still has a positive effect on crop growth performance (McCree 1972, Inada
1976, Gates 1980).
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Figure 2. Light response curve of Butterhead lettuce under two spectrum combinations (R:B
& R:B:G).
Table 3. Physiological activity of Butterhead lettuce under 2 spectrum combinations.
Spectrum

SPAD
Value

Net

Stomatal

Leaf

photosynthesis

conductance

transpiration

rate (A) µmol/m2/s

(gs) mol/m2/s

(E) mmol/m2/s

Intercellular
CO2

R:B

38.66

11.91

0.292

2.91

458.3

R:B:G

32.06

13.72

0.334

3.21

488.6

Means followed by the same letter in the same column of each parameter are not significantly different
by DMRT at P<0.05

Both combinations of LED spectrum does not affect pH, titratable acidity, SSC / TTA
ratio, total chlorophyll and phenolic content. Butterhead lettuce planted under the RGB
spectrum looks greener than under the RB spectrum. Fresh weight was increased in proportion
from 32.5g (day 20) to 86.78g (day 35) and it was higher under the combination of RBG
spectrum with an average of 56.16g. The ascorbic acid content and antioxidant content
showed a significant difference according to the harvest day which on the 30th day showed
the highest reading. After 30th day it was found that the content of ascorbic acid and
antioxidants decreased.
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Table 4. Effect of harvesting day and spectrum combinations on fresh weight and

Total phenolic

74.49

43.58b

0.03

25

39.45c

3.13

5.77b

0.10

31.62

4.18ab

77.25

45.63b

0.03

30

51.57b

2.98

5.81a

0.10

30.12

4.50a

82.50

52.38a

0.04

35

86.78a

3.01

5.70c

0.11

29.33

4.06b

73.63

44.31b

0.03

F-Test Significant

**

NS

**

NS

NS

*

NS

*

NS

Red:Blue

48.99b

2.90b

5.77

0.09

30.04

4.04b

79.01

48.97a

0.03

Red:Blue:Green

56.16a

3.43a

5.77

0.11

30.95

4.27a

74.92

43.96b

0.03

F-Test

*

*

NS

NS

NS

*

NS

*

NS

NS

*

**

NS

NS

*

*

**

NS

content

% Antioxidant

3.88b

(mg/ml)

30.93

chlorophill

0.12

Total

SSC/TTA ratio

5.79a

Harvesting day (D)

(mg/100g FW)

TTA (%)

3.47

Ascorbic Acid

pH

32.5d

Factor

(g)

20

Fresh weight

SSC (°BRIX)

postharvest quality growth of Butterhead lettuce.

Spectrum (T)

Significant

Interaction (DxT)

Means separation within columns and main effect by Duncan’s Multiple Range Test (DMRT) at
p≤0.05.
NS, *, ** Non significant or significant or highly significant at p≤0.05, respectively.

CONCLUSION
The RB spectrum was sufficient for growth performance and photosynthesis processes. The
addition of green spectrum in RB LED spectrum combination can increase yield,
photosynthesis rate and ascorbic acid (Vitamin C). The green spectrum can also reduce the
glare of purple light (a combination of red and blue LED spectrum) and make it more
comfortable for the eyes of the operator to work.
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LOW OXYGEN KEEPS “MUSANG KING” DURIAN FRESHER FOR LONGER
Wan Mohd Reza Ikwan Wan Hussin* and Mohamad Fikkri Abdul Hamid
Horticulture Research Centre, MARDI Serdang, Selangor.
*E-mail: wanreza@mardi.gov.my

INTRODUCTION
Controlled atmosphere (CA) storage technique involves keeping fresh produce especially fruits
in atmospheric composition that is different from air composition, by reducing oxygen (O2) and
increasing carbon dioxide (CO2) [3]. Typically in Malaysia, durian is harvested when it naturally
falls off the tree upon ripening. Tree-dropped ripe Musang King durian has inherent short shelf
life; it can only last for 2-3 days at ambient temperature. On the other hand, its optimum storage
temperature was found to be 7ºC, whereby it can be stored for 14 days [2]. CA storage has
been focusing on fruits harvested at pre-climacteric phase, and durian is no exception. The
response of the ripe durian fruits which are naturally fall off the tree towards low O2 storage is
unknown. The study was carried out to evaluate the effects of low-O2 atmosphere on storage
life and quality of tree-dropped ripe Musang King durian (D197).
MATERIALS AND METHODS
Tree-dropped Musang King durian fruits were packed in corrugated fibre boxes and subjected
to storage under five different O2 level, namely 21% (control), 1%, 2%, 3%, or 4%, whereas
CO2 was set at 0.03 % in all treatments. The boxes containing the fruit samples were placed
in gas-tight cabinets, in which 3 boxes were allocated for each cabinet. The experiment was
laid out in a complete randomized design (CRD) with three replications. Each replicate was
represented by a box which consists of 4 fruits. Storage was done at 7ºC for up to 4 weeks.
Parameters measured were total soluble solid (TSS), total titratable acidity (TTA), pulp colour,
disease expression as well as fermentative volatiles compound (ethanol, acetaldehyde and
ethyl acetate) content.
RESULTS AND DISCUSSION
Low-O2 atmosphere completely suppressed disease incidence up to 4 weeks of storage
indicated by no disease symptom observed on fruits stored under 1-4% O2 (Table 1). On the
other hand, storage under 21% O2 resulted in a severe disease symptom characterized by
white thick mycelial strands of the fungus, which likely caused by Sclerotium rolfsii (Figure 1)
at 3 weeks of storage. Fruits stored in 21% O2 were also found to be prone to husk dehiscence
(Table 1). This could be a result of high endogenous ethylene and CO2 production in the husk
of fruits stored under normal air [1,5]. Judging from physical appearance of external husk,
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internal husk and pulp, it can be suggested that fruits stored under 1-4% O2 can be kept up to
3 weeks, compared to only 2 weeks for 21% O2 stored fruits.
Overall, fruits stored under low O2 regardless of level had significantly lower respiration
rate; about 2-fold lower than that of storage in air (21% O2). This is in agreement with [4] who
reported that respiration and ethylene production rate of Monthong durian fruit stored under
reduced O2 at 2%, 5%, and 7.5% did not change much and remained at a pre-climacteric rate.
The lowest O2 level (1%) prompted a considerable increase in ethyl acetate content
(Figure 3). It recorded the highest ethyl acetate level after 2 weeks of storage (17.65 ppm),
and remained constant until the end of storage. Other low O2level treatments resulted half as
much (6-9%) of the former and did not differ much with air (21% O2) storage. This is supportive
of sensory evaluation finding (Table 2) which found that the panellists did not prefer fruits
stored in 1% O2 due to a slight inferior taste in pulp after 2 weeks of storage, suggesting an
anaerobic fermentation took place. Therefore, this suggests that 2% is the lowest tolerable O2
level for tree-dropped Musang King durian.
CONCLUSION
Storage under low- O2 atmosphere, particularly 2-4% could extend storage life of tree-dropped
ripe Musang King durian a week longer than that of regular air (21% + 0.03%) by suppressing
disease expression, delaying husk dehiscence and maintaining a good physical appearance,
without risk of anaerobic respiration.
ACKNOWLEDGEMENTS
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FIGURES AND TABLES

Figure 2. Respiration rate (mg CO2 /kg-h)
after storage under different O2 level.
Bars represent the standard error

Figure 1. Physical changes after 3 and 4
weeks of storage under different O2 levels

Figure 3. Production of ethyl acetate after storage under different O2 level. Means followed
by different letters within respective storage period are significantly different (p <0.05)
Table 1. Physical evaluation of durian (disease expression and husk dehiscence of the
external husk and b* value of pulp colour) after storage under different O2 level. Means
followed by different letters within respective storage period are significantly different (p
<0.05)
Parameters

Treatments

Storage Period
Week 0

Week 2

Week 3

Week 4

21% O2

1.00 a

1.00 a

2.00 a

4.00 a

Disease

1% O2

1.00 a

1.00 a

1.00 b

1.00 b

expression

2% O2

1.00 a

1.00 a

1.00 b

1.00 b

(Score)

3% O2

1.00 a

1.00 a

1.00 b

1.00 b

4% O2

1.00 a

1.00 a

1.00 b

1.00 b

21% O2

1.00 a

1.00 a

2.25 a

3.33 a

1% O2

1.00 a

1.00 a

1.00 b

1.33 b

2% O2

1.00 a

1.00 a

1.00 b

1.33 b

3% O2

1.00 a

1.00 a

1.00 b

1.33 b

Husk
dehiscence
(score)
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4% O2

1.00 a

1.00 a

1.00 b

1.50 b

Table 2. Sensory evaluation of pulp after storage for 2 weeks under different O2 level. Means
followed by different letters within respective storage period are significantly different (p
<0.05)
Treatments

Overall

Freshness

Colour

Texture

Taste

Aroma

21%

4.53 b

4.64 a

4.28 a

4.28 a

4.28 a

4.10 a

1%

4.75 a

4.65 a

4.27 a

3.59 b

3.96 b

3.52 b

2%

4.72 a

4.53 a

4.34 a

4.52 a

4.22 a

4.21 a

3%

4.61 a

4.61 a

4.51 a

4.44 a

4.39 a

4.29 a

4%

4.81 a

4.55 a

4.31 a

4.79 a

4.37 a

4.38 a

(O2 level)

acceptability
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INTRODUCTION
Bactrocera dorsalis fruit flies is one of the most important quarantine pests of agriculture in
Southeast Asia and worldwide [1]. They are considered as major threats and quarantine
restrictions for export market of most horticultural products [2]. Phytosanitary irradiation (PI)
treatment was proven technically effective to disinfest variety of insect pest and traded
commodities. PI is the most widely applicable postharvest treatment to overcome quarantine
barrier to permit exports of commodities to stringent importing countries [3]. The efficacy of an
irradiation treatment against Tephritids fruit flies can be measured based on prevention of the
adult emergence from third instars [4]. This treatment did not necessarily cause immediate
death and larvae may continue to develop to the next stage. Consequently, if a living larvae
detected in a shipment, it would cause export risks and lead to market access implications by
rejection of the consignments. Thus, it is very important to develop a simple and accurate
method for detection and verification of irradiated insect sample for the quarantine
requirement. The phenoloxidase (PO) enzyme plays an important role in the melanization and
responsible for the darkening of insect cuticle and tissue at injury sites or after death [5]. It can
be a simple and reliable detection method for verifying irradiated insect samples because it is
easy to quantify and exists in all insects. The aim of this study was to determine the possibility
of using a melanization changes test and PO enzyme assay in developing potential detection
method of irradiated fruit fly samples for quarantine purposes.
MATERIALS AND METHODS
Studies on the effect of gamma radiation on the melanization and phenoloxidase (PO) activity
in third instar larvae of the Oriental fruit fly, Bactrocera dorsalis (Hendel) was determined. Fruit
fly larvae were irradiated at target dosages ranging from 50 to 400Gy by using Cesium cell137 source (Gamma Cell Biobeam GM 8000) at Malaysian Nuclear Agency, Dengkil, Selangor,

260

Malaysia. Melanization rate of irradiated larvae was examined by observing the degree of
melanization in dead larvae which killed by freezing-thawing methods. The PO enzyme activity
was measured at the increase of optical density at 490nm based on the conversion of L-Dopa
substrate to Dopachrome by using spectrophotometer.
RESULTS AND DISCUSSION
Results on melanization test have revealed that unirradiated and irradiated larvae at 50Gy
showed no significantl difference (p <0.05) and rapidly melanized, whereas larvae irradiated
with higher dosages (100 - 400Gy) show reduction rate of typical melanization after freezing
and thawing (Table 1). This study also successfully recognized three significant groups of
melanized insect samples based on the degree of cuticle melanization changes of samples.
Insect samples with 75-100% melanized body were considered as melanized group sample
that majority were represented by unirradiated samples (Figure 1a) while insect with 0-25%
melanization on its body were indicated as non-melanized group (mostly from irradiated
samples) (Figure 1b). However, samples that produce 50% of melanization changes were
considered as invalid or inconclusive sample for this test (figure 1c). PO enzyme activity can
be detected at 24 hours post-irradiation treatment and the activity remarkably increased after
48 and 72 hours of treatment. However, no significant effect of PO activity was observed
among all irradiated larvae (50 - 400Gy) and showed suppression as compared to unirradiated
after 48 and 72 hours of treatment.
Table 1. Mean percentage of melanization changes of irradiated fruit fly sample at various
radiation doses
Radiation dose (Gy)

Melanize

Non-melanize

Inconclusive

Untreated

38a

22e

40a

50

27b

46d

27b

100

8c

69c

23b

150

11c

76b

12c

200

11c

61c

27b

250

2d

73b

25b

300

1d

55d

44a

350

1d

89a

10c

400

0d

90a

10c

Means within columns followed by the same letter are not significant (95% confidence interval).

Table 2. Effect of various gamma radiation dosages on PO enzyme activity changes of third
instar larvae of B. dorsalis
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Dose (Gray)

PO Enzyme Activity (U/µl/min)
24 hours

48 hours

72 hours

Untreated

0.0027 ± 0.002 a

0.22 ± 0.03 a

0.54 ± 0.37 a

50

0.0017 ± 0.001 a

0.10 ± 0.04 b

0.14 ± 0.05 b

100

0.0017 ± 0.001 a

0.12 ± 0.03 b

0.15 ± 0.04 b

150

0.0023 ± 0.001 a

0.12 ± 0.02 b

0.15 ± 0.1 b

200

0.0027 ± 0.002 a

0.11 ± 0.02 b

0.06 ± 0.03 b

250

0.0020 ± 0.001 a

0.14 ± 0.01 b

0.02 ± 0.01 b

300

0.0023 ± 0.001 a

0.12 ± 0.02 b

0.02 ± 0.01 b

350

0.0023 ± 0.001 a

0.09 ± 0.05 b

0.02 ± 0.01 b

400

0.0023 ± 0.001 a

0.10 ± 0.07 b

0.01 ± 0.01 b

Means within columns followed by the same letter are not significant (95% confidence interval).

a

b

c

Figure 1. Degree of melanization for irradiated and non-irradiated larvae of B.dorsalis fruit fly
larvae killed by freezing method. 1a) 75-100% of melanization; 1b) 0-25% of melanization;
1c) 50% of melanization
CONCLUSION
It can be concluded that radiation induced changes in melanization and PO enzyme activity.
However, measuring the activity of PO enzyme in B. dorsalis larvae was a more sensitive and
reliable indicator of irradiation treatment, which may serve as test for verifying phytosanitary
irradiation treatment on the B. dorsalis fruit flies.
ACKNOWLEDGEMENT
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INTRODUCTION
Eggplant is one of the important nutritious vegetable and has been cultivated across tropical
and sub-tropical region. In Malaysia, eggplant is one of the most favourite cooking vegetables
with yearly production more than 40,000 mt (DOA 2018). The root-knot nematode (RKN),
Meloidogyne incognita was globally distributed with a broad host range including Solanaceae
group (Papolu et al., 2016). Previous studies have reported on RKN infestation on eggplant
genotypes causing a significant reduction on plant growth and yield (Papolu et al., 2016).
Infection of Meloidogyne spp. has been reported to cause eggplant yield reduction up to 40%
in the tropics (Ali et al., 2015). General symptoms of RKN infestation includes root galling, slow
growth and yield reduction (Ali et al., 2015). The objective of this study was to determine the
RKN resistance levels among the 20 Malaysia local eggplant genotypes.
MATERIALS AND METHODS
Two S. torvum (NTH 08-0024 and NTH 08-0041) and eighteen S. melongena eggplant
genotypes (DINO 03-0200, DINO 03-0056, NTH 08-0077, DINO 03-0028, DINO 03-0045,
DINO 03-0223, DINO 03-0144, DINO 03-0091, DINO 03-0009, DINO 03-0014, DINO 03-0038,
DINO 03-0075, DINO 03-0162, NTH 08-0131, DINO 03-0222, MTe-01, MTe-02 and DINO 030062) were obtained from MARDI germplasm collection and sowed in a germinating tray
contained with peat moss for germination. The seedlings were inoculated with 5,000 eggs (Pi)
surround plant base at two weeks after transplant. Each inoculated plant (non-inoculated plant
as control) was replicated four times and the experiment was repeated once. Plants were
arranged in a randomized complete block design (RCBD) and were fertilized and watered as
needed throughout the experiments. The infected roots were then rated on a gall index (Bridge
and Page, 1980) from 0 (no galls) to 10 (100% galled) scale. Data on eggs per gram root (ER)
and the reproductive factor (Rf) were then calculated, where Rf = the total final eggs (Pf)
divided by initial inoculum eggs (Pi=5,000 eggs) (Sasser et al., 1984).
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RESULTS AND DISCUSSION
Generally, most of the eggplant genotypes showed a gall symptom on the root system except
for S. torvum genotypes. S. torvum genotypes (NTH 08-0024 and NTH 08-0041) produced an
immune reaction against M. incognita infection where no nematode egg was detected on both
genotypes, whereas reproduction factor and gall index were also not detected on both
genotypes (Table 1). Previous studies observed the similar immune response in S. torvum
genotypes against RKN infection (Ali et al., 2015).
While on S. melongena, genotype DINO 03-0200 and DINO 03-0056 showed the
lowest number of eggs per root (142 eggs and 131 eggs respectively) followed by genotype
NTH 08-0077 (389 eggs) (P < 0.05). Both genotypes DINO 03-0200 and DINO 03-0056 also
produced the lowest Rf value (1.18 and 1.23 respectively) and GI value (1.11 and 1.64
respectively) compared to other S. melongena genotypes. (P < 0.05). The highest GI value
was recorded on genotype MTe-01 and MTe-02 with value of 7.55 and 6.95 respectively.
Based on the root damage values, genotypes DINO 03-0200 and DINO 03-0056 can be
categorized as resistant while genotype NTH 08-0077 as tolerant. Resistant plants might
prevent or limit root penetration of M. incognita juvenile stage 2 (J2) where physical root tissue
barrier and biochemical secretions may involve in these resistance mechanism (Ali et al.,
2015).
Table 1. Means comparison of three root damage scale on 20 eggplant genotypes
Accession

ERa

Rfb

GIc

Host statusd

NTH 08-0024

0g

0k

0k

I

NTH 08-0041

0g

0k

0k

I

DINO 03-0200

2142 ± 160 f

1.18 ± 0.01 j

1.11 ± 0.20 jk

HR

DINO 03-0056

2131 ± 151 f

1.23 ± 0.02 j

1.64 ± 0.21 j

HR

NTH 08-0077

11389 ± 780 dfg

1.87 ± 0.14 ji

2.39 ± 0.25 ji

MR

DINO 03-0014

18709 ± 911 dc

4.55 ± 0.31 fe

3.54 ± 0.30 ih

S

DINO 03-0009

21656 ± 1205 fg

4.54 ± 0.46 fe

3.76 ± 0.73 gh

S

DINO 03-0045

12744 ± 913 dfg

3.43 ± 0.40 hg

3.81 ± 0.47 gfh

MR

DINO 03-0222

17543 ± 1288 dc

4.07 ± 0.68 fg

3.86 ± 0.94 gfh

S

DINO 03-0223

11363 ± 876 dfg

2.23 ± 0.14 j

4.00 ± 0.46 gfe

MR

DINO 03-0038

22248 ± 2469 fg

5.18 ± 0.56 ed

4.11 ± 0.92 gfe

S
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DINO 03-0144

11660 ± 898 dfg

2.74 ± 0.22 hi

4.76 ± 0.42 gdf

MR

DINO 03-0028

11798 ± 967 fge

2.8 ± 0.18 ji

4.98 ± 1.32 gdf

MR

NTH 08-0131

26802 ± 1746 dfc

5.97 ± 1.05 cbd

5.09 ± 0.53 dfc

S

DINO 03-0075

22053 ± 1372 fg

5.31 ± 0.61 ced

5.18 ± 0.85 dce

S

DINO 03-0062

32279 ± 4905 a

6.18 ± 0.53 cb

5.39 ± 0.98 dc

S

DINO 03-0091

21271 ± 1295 fg

4.58 ± 0.64 fe

5.68 ± 1.65 bc

S

DINO 03-0162

21931 ± 1304 fg

6.44 ± 1.02 b

5.8 ± 0.54 bc

S

MTe-02

27011 ± 2467 b

8.1 ± 0.86 a

6.95 ± 0.37 ba

S

CONCLUSION
Five accessions (NTH 08-0024, NTH 08-0041, DINO 03-0200, DINO 03-0056 and NTH 080077) out of 20 have a potential to be used as rootstocks or as parental lines in breeding
program to improve plant protection against M. incognita infestation.
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INTRODUCTION
Arundina graminifolia is commonly propagated through division of the root mass, seed culture
and tissue culture. The rate of propagation via this technique is very slow and take a long
growth period to produce more planting materials. Previous studies show that the use of closed
permanent immerse systems (CPIS) has been successful in accelerating the shoot induction
of A. graminifolia [1] and a study on the optimization of the CPIS system with dissolved oxygen
(DO) also has been successful to accelerating the root induction on A. graminifolia shoots [2].
However, the percentage of shoot rooting is very low. Furthermore, study on rooting treatments
which is using synthetic auxin 1-naphthaleneacetic acid (NAA) and indol-butyric acid (IBA) at
0, 0.5, 1.0 and 1.5 ppm concentration direct into CPIS systems to increase the percentage of
root induction on A. graminifolia shoot were carried out.
MATERIALS AND METHODS
Planting materials
Three nodes cuttings (Figure 1) about 12-14 cm long were used as explants [3]. All leaves on
the cuttings were removed and the cuttings were soaked with twenty-20 solution to disinfect
pathogens in the explants and washed in running tap water for 20 min before planting. These
cuttings were then inserted in a propagator system, namely close permanent immerse system
(CPIS) (Figure 2).

Figure 1. Three nodes cutting of A.

Figure 2. Close permanent immerses system

graminifolia already to inserting in CPIS

(CPIS) with presence of air bubbles

system
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Experiment 1: Optimization of CPIS system by adding the dissolve oxygen (DO) to
induce the root induction of A. graminifolia shoots
This experiment was conducted under 90% level of shade with the light intensity ranging of
50-100 μmol m²/s¹. The temperature and humidity of the system were 36±2 °C and 94±3%
respectively. The CPIS system was prepared with and without DO using polystyrene box and
sponges.
Experiment 2: Difference concentration of auxins which is NAA & IBA to increase the
percentage of root induction on A. graminifolia shoot
The study on the effects of auxin which is NAA and IBA at 0, 0.5, 1.0 and 1.5 ppm
concentrations to increase the percentage of root induction on A. graminifolia shoot were
performed.
RESULTS AND DISCUSSION
Experiment 1
The results on the effect of CPIS system with the presence of DO gives resulted in a significant
increase in the shoot width, shoot height and shoots gap (3.15 ± 0.06 mm, 16.15 ± 1.27 mm
and 10.56 ± 2.08 mm) compared to CPIS system without the presence of DO (2.91 ± 0.07 mm,
13.90 ± 0.83 mm and 6.66 ± 0.54 mm). In fact, within a month, the resulting shoots in the CPIS
system with the presence of DO are also capable of producing root (10% of rooting shoot)
compared to CPIS system without the presence of DO that do not generate root directly (Table
1).
Table 1. Growth rate of A. graminifolia shoots in CPIS with DO and without DO
System

CPIS with DO

CPIS without DO

Shoot width (mm)±SE

3.15±0.06ᵃ

2.91±0.07ᵇ

Shoot height (mm)±SE

16.15±1.27ᵃ

13.90±0.83ᵇ

Shoot gap (mm)±SE

10.56±2.08ᵃ

6.66±0.54ᵇ

4 weeks

Not rooted

10%

0%

1.28±0.23ᵃ

0

Shoot rooted
No. of shoot rooted
Root length (mm)±SE

Means with the same letters within the row do not differ significantly according to LSD
(p<0.05) Mean±SE
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Experiment 2
The results on auxin of IBA and NAA at 0, 0.5, 1.0 and 1.5 ppm concentrations for root induction
of A. graminifolia shoots also showed significant differences between the hormone
concentrations (Table 2). The 1.5 ppm NAA concentration gave the longest root length average
of 17.18 ± 4.45 mm after eight weeks of observation. It can be seen clearly using of NAA
hormone with increasing concentrations increased the mean length of the root, but the
opposite goes on in IBA hormone. The highest average shoots were also on the use of NAA
1.5 ppm hormone (31.55 ± 2.31 mm).
Table 2. Growth rate of A. graminifolia shoots using difference concentration of auxin
Hormone
concentration

Shoot width

Shoot height

No. of leave

Rooted

(mm)±SE

(mm)±SE

(mm)±SE

(weeks)

(ppm)

No. of
shoot
rooted (%)

Root length
(mm)±SE

Control (0)

3.53±0.05ᵇᶜ

27.6±2.93ᵇᶜ

4.25±0.11ᵇᶜ

4-8

12

2.56±1.10ͤ

NAA 0.5

3.81±0.12ᵃᵇ

27.19±2.90ᵇᶜ

4.5±0.12ᵃᵇ

4-6

35

4.03±1.60ᶜᵈ

NAA 1

3.76±0.23ᵃᵇ

24.83±2.36ᵇᶜ

4.75±0.11ᵃ

4-6

70

11.96±3.02ᵃᵇᶜ

NAA 1.5

3.72±0.13ᵃᵇ

31.55±2.31ᵃᵇ

4.5±0.12ᵃᵇ

4-6

75

17.18±4.45ᵃ

IBA 0.5

3.67±0.09ᵃᵇᶜ

28.59±2.63ᵇᶜ

4.54±0.12ᵃᵇ

4-6

18

7.12±3.01ᵇᶜᵈ

IBA 1

3.68±0.11ᵃᵇᶜ

23.48±2.42ᶜ

4.54±0.12ᵃᵇ

4-6

15

6.17±2.01ᵇᶜᵈ

IBA 1.5

3.96±0.04ᵃ

28.58±1.76ᵇͨᶜ

4.75±0.11ᵃ

4-6

2

5.87±1.74ᵇᶜᵈ

Means with the same letters within the column do not differ significantly according to LSD (p<0.05)
Mean±SE

CONCLUSION
In conclusion, the CPIS system with the presence of DO and 1.5 ppm NAA hormone able to
induce and increase the percentage of rooting on A. graminifolia shoots in a short period as
long as one month.
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INTRODUCTION
Fruits and vegetables are very perishable, and they need proper handling from farm to the
table. Immediate cooling after harvest is one of the best ways to maintain quality and prolong
storage and shelf life. The benefit of pre-cooling is that it can slow down the metabolism rate
by removing the field heat [1]. For every 10 °C decreases in temperature, respiration
decreases two to three times; this will extend shelf life to 2-3 times longer.
The highest water loss occurs in hot produce. Pre-cooling help reduces water loss by
cooling the produce faster. Other than that, farm temperature is an optimum temperature for
many organisms that cause fruit damage. By lowering the temperature of the fruit, it greatly
reduces the development of pathogens.
In Malaysia, pre-cooling is done typically by using conventional room cooling which
takes almost 24-hours to cool down the produce until it reaches desired storage temperature.
Conventional forced-air cooling system in the market is usually permanently fixed to the cold
room unit. In this study, a mobile forced-air cooling system was developed to cater a need of
rapid pre-cooling in any cold room, without having to install a special cold room with permanent
force air cooling system, hence reduce the cost. In addition, most of the forced-air cooling
techniques developed previously were tailored to the need of temperate fruits, for example,
strawberry and blueberry.
The objectives of this study are to develop a mobile forced-air cooling system that is
suitable for tropical fruits for example pineapple and to evaluate quality of MD2 pineapple
cooled with the mobile forced-air cooling system in comparison with conventional room cooling.
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MATERIALS AND METHODS
Plant Materials
MD2 variety of pineapple was used in this study. The fruits were sorted from any obvious visual
defects and randomized into two groups of treatments; (i) pre-cooling with mobile forced-air
cooling system and (ii) pre-cooling with room cooling (control).
Development of Mobile Forced-air Cooling System
The mobile forced-air cooling apparatus has a cooling chamber, with a dimension of
0.12x0.05x0.1 m, constructed with stainless steel metal body. The apparatus has a separate
centrifugal fan (MSFV 200, Massive Fan, Malaysia) unit that has a propylene blade impeller
with 1400 RPM fan capacity. The cooling chamber was designed tapered at one end for the
ease of attachment to the centrifugal fan unit and creating a pressure differential in the cooling
chamber. Baskets were used in this experiment as it has a ventilation ratio of 42% for the
promotion of better air distribution. The schematic diagram of the forced-air cooling apparatus
is illustrated in Figure 1.
a)

b)

Figure 1. The side view for a) cooling chamber b) centrifugal fan unit
Experimental Setup
The developed mobile forced-air-cooler was placed inside a 20.6 m3 cold room. The setting
temperature of the cold room was the optimum storage temperature of pineapple, which was
10 °C. Four baskets of fruits were stacked inside the cooling chamber and placed in the middle
of the cold room. The centrifugal fan unit was attached to the cooling chamber before the
experiment. The experiments were carried out concurrently with the room cooling as a control.
The forced-air cooling was initiated by switching on the fan and stopped after seven-eight
cooling time was achieved. Three temperature probes (HOBO, Massachusets) was inserted
to the core of the fruits to log the core temperature of the fruits at every five minutes interval.
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Fruit quality assessment
After pre-cooling experiments were carried out, the fruits were then stored for four weeks in
the cold room. Quality evaluation was done at weekly interval throughout storage. The fruit
qualities were assessed subjectively for their visual appearances. Then, samples were
immediately analyzed to determine the changes in quality. Postharvest quality evaluation
included firmness and compositional (pH, soluble solids content (SSC), total titratable acidity
(TTA) and ascorbic acid content) characteristics. The experimental design was a completely
randomized design with three replications. The obtained data was analyzed using analysis of
variance (ANOVA) and the means was separated by Duncan Multiple Range Test at the 5%
level of significant.
RESULTS AND DISCUSSION
Two prototypes with different suction type were developed in this study, namely Prototype 1
(axial fan suction type) described in report by Sharifah Hafiza [2] and Prototype 2 (centrifugal
fan suction type). Prototype 2 was proven to be more efficient in reducing the cooling time of
produce from the initial temperature to seven-eighth (⅞) cools. Fraser [3] had stated that the
⅞ cool time is the reference of time requirements in removing seven-eighth (87.5%) of the
produce temperature difference. By achieving the ⅞ cooling, it helps to ensure that most of the
field heat has been removed at the same time reducing the respiration rate of the produce and
approaching their optimum storage temperature [3]. This newly developed mobile forced-air
cooling system could accelerate the decrease in internal fruit temperature; it took 3 hours to
achieve ⅞ cooling compared to 5 hours by using room cooling. The time-temperature response
of these two different pre-cooling methods is shown in Figure 2. Forced-air cooling helps in
quickly remove field heat with a rate around 75-90% faster than room cooling, which saves a
lot of time [4].
The visual appearance of pineapple after pre-cooling treatment and subsequent
storage for 4 weeks was demonstrated as in Figure 3. The fruits underwent mobile forced-air
cooling were appeared fresher compared to control even after four weeks of storage. Without
this treatment, MD2 pineapple could last only three weeks in the cold storage of 10 °C. The
rapid cooling maintains the quality of the pineapple by slowing down the ripening process
(delay the colour advancement) and maintains the freshness of the pineapple bract. A study
on forced-air cooling of mango fruit gives effects toward its physiological appearances such as
firmness and delaying fruit decay during storage [5]. There was no difference in terms of
chemical parameters between these two pre-cooling methods, as reported in Table 1.
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Figure 2. The time-temperature response of the two different pre-cooling methods.

Figure 3. The visual appearance of pineapple after pre-cooling treatment and stored for 4
weeks.

Table 1. Composition data of pineapples pre-cooled with two different pre-cooling methods.
Parameters

Room cooling

Mobile forced-air cooling

Firmness (N)

45.92a

42.97a

pH

3.83a

3.85a

TSS (%)

15.17a

15.64a

TTA (%)

0.49a

0.48a

TSS:TTA

33.72a

35.68a

Ascorbic acid (mg/100g)

45.92a

42.97a

Means in each column with the same letter are not significantly different separated using
Duncan’s Multiple Range Test.
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CONCLUSION
The results from pre-cooling using mobile forced-air cooling system showed that the cooling
curve for mobile forced-air cooling was slightly lower than the room cooling curve when plotted
linearly. This newly developed mobile forced-air cooling system could shorten the cooling time
almost half as much the conventional room cooling practise. The rapid cooling effect in mobile
forced-air cooler developed maintains the freshness of the pineapple. Further investigations
on the mobile forced-air cooling system with improvement on the experimental parameters are
needed to increase the efficiency of this pre-cooling method.
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INTRODUCTION
Guava (Psidium guajava L.) is one of the most common fruits that has commercial significance
in Malaysia. Guava cultivation has received popularity due nutritional contents and valueadded products. Guava is a great fruit because it contains key nutrients like vitamin C,
carotenoids, folate, potassium, fiber, calcium and iron. The fruits are mainly eaten fresh or
processed into juice. In Malaysia, guava can generally be grouped into two types, for fresh
consumption and for processing. White flesh guava is used for fresh consumption, whereas
pink guava is used for processing. With the expansion of product demand and planted acreage,
guava has succumbed to the attack of root-knot nematodes (Meloidogyne incognita). Guava
roots are hypersensitive to infestation by these nematodes, resulting in the malformation of
tissues. Control of nematodes by chemicals is not only costly and inconsistent, but also
hazardous to humans and the environment. Therefore, there is the pressing need on
developing resistant or tolerant varieties of guava as all commercially-cultivated varieties are
currently susceptible to nematode. Guava hybridization program was initiated to develop high
quality guava F1 hybrids for yield, fruit quality and resistance to root-knot nematodes.
MATERIALS AND METHODS
Germplasm collection
Total of 74 accessions of Psidium spp. were collected from local and overseas which were
planted at MARDI Serdang from 2003 to 2007. The accessions include Psidium guajava,
Psidium littorale, Psidium friedrichsthalianum and Psidium acutungulum.
Parents selection
Parents selection was based on resistance level to root-knot nematodes. The protocol used in
this study was developed by Crop Nematode Research and Control Project (CNRCP) with
slight modification [1]. High fruit quality accessions but susceptible to root knot nematode were
screened to be as parents (Table 1).
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Hybridization
Assisted cross pollination between 13 parents has successfully generated 2,531 F1 hybrid
seeds. These seeds were sown and 475 F1 seedlings were successfully transferred into the
field for further evaluations at two locations which were MARDI Serdang, Selangor and MARDI
Sintok, Kedah.
Establishment of F1 evaluation plot
There were 237 F1 seedlings planted at MARDI Serdang and 238 F1 seedlings planted at
MARDI Sintok. Standard cultural practices recommended by MARDI [2] were applied at the
evaluation plots.
F1 screening and evaluation
Fruits were harvested at maturity index 3. Fruit quality parameters, namely fruit weight (g),
fruit length (cm), fruit width (cm), core width (cm), TSS (°Brix), fruit shape, skin colour, flesh
colour and surface relief were measured and recorded [3]. Ten (10) fruits were harvested per
F1 lines for the assessment. The selection criteria for first stage screening were based on big
fruit size (>500g), flesh colour (white, pink or orange) and TSS (>10°Brix) [4]. Analysis of
variance using ANOVA and Duncan Multiple Range Test (DMRT) to distinguish the plant
means and cluster analysis using SAS 9.4 [5] were applied.
Table 1. Selected parents of Psidium spp. for hybridization programme
No.

Accessions

Botanical name

Vernacular
name
Malaysia

Special traits

1.

MG01

P. guajava

2.

MG03

P. guajava

-

Seedless, irregular/star shape

3.

MG08

P. littorale (yellow)

-

Seeded, Yellow Fruit

4.

MG09

P. littorale (red)

5.

MG12/MG31

P. guajava

6.

MG15/MG21

P. guajava

Beaumont

7.

MG18

P. guajava

Lohan

8.

MG23

P. guajava

Gerap

Wild, small leaves, ornamental

9.

MG37/MG65

P. guajava

Sungkai

Pink flesh

10.

MG41/MG64

P. guajava

Semenyih

Pink flesh

Red

Strawberry
guava
GU8,
Kampuchea

All morphological maroon in colour

Seeded, Red Fruit
Seeded
Pink flesh
Seeded, round smooth skin, light
green skin, 900gm
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11.

MG49

P. guajava

Holmberg

Nematode resistant

12.

MG19

P. acutungulum

-

Wild, nematode resistant

13

MG44

-

Wild, nematode resistant

P.
friedrichsthalianum

RESULTS AND DISCUSSION
This paper is only discussed on the evaluation of F1 hybrids at MARDI Serdang which involved
14 cross combinations. Fruit quality characteristics of 27 F1 lines were successfully evaluated.
Result from cluster analysis shows that 27 hybrids could be classified into three major groups
at truncation level of 1.0 in coefficient scale (Figure 1). Cluster 1 consists of 22 hybrids with
small fruit size and hybrids with the lowest and the highest TSS (7.6 °Brix and 18.2 °Brix).
Cluster 2 consists of 4 hybrids with medium fruit size, TSS range 12.5-15.1°Brix and white
flesh colour. Meanwhile, cluster 3 belongs to big fruit size with the highest fruit weight of 595g
and white flesh colour. The data shows that there were wide variations between each hybrid
lines in guava F1 populations.
Preliminary fruit quality evaluation showed various variations among F1 lines. Hybrid
1837-11 showed big fruit sized (595g) with white flesh, hybrid 1815-25 had pink flesh and
medium size fruit, whilst hybrid 0137-20 has the highest TSS (18.2 °Brix) with white flesh
(Table 2).
Table 1. Distribution of genotypes in clusters
Cluster

Hybrids

Traits

1

1837-12, 1815-25,

 Small sized fruit:

4918-2, 3137-18,

151.6-308.1g

1237-9, 1237-10,

 TSS: 7.6- 18.2°Brix

1237-1, 1815-2,

 Flesh colour: white

4918-10, 1501-1,

1

and pink

4918-1, 1812-3,
3137-1, 1237-13,
1512-23, 1837-2,
1237-14,0137-20,
1512-15, 1512-16,

2
3

1237-40, 1812-1
2

4918-4, 1237-24,
3137-7, 1812-1,

 Medium sized fruit:
373.5-413.7g
 TSS: 12.5-15.1 °Brix
 Flesh colour: white

3

1837-11

 Big sized fruit: 595.4g
 Flesh colour: white

Figure 1. Hierarchical clustering pattern
based on nine morphological traits

 TSS: 13.3 °Brix
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Table 2. Mean different of some potential selected hybrids with desirable traits. Data for a,b,c
and d please refer to [3]
Line

Fruit

Core

width

width

(cm)

(cm)

110.4

100.1

259.3

79.9

273.5

75.3

Weight

Length

(g)

(cm)

1837-

595.4

11
013720
181525

TSS

Fruit

a

Skin

b

Flesh

c

Surface

d

(°Brix)

shape

colour

colour

relief

5.9

13.3

3.5

3

1

3

79.8

4.2

18.2

6

1

1

3

72.1

4.1

9.9

2

1

3

2

CONCLUSION
Hybridization program has successfully created variations among F1 generation. Some
combinations showed improvement of certain desired traits compared to the parents, whereas
others caused deterioration. The evaluation needs to be carried out until all 344 hybrids are
completed. Nematodes resistant level screening at nursery stage and development of guava
selection index at second phase of screening will need to be carried out to screen high fruit
quality guava with resistant to root knot nematodes.
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INTRODUCTION
Malaysia papaya industry is threatened by a lethal disease known as papaya dieback disease
(PDD), which is caused by Erwinia mallotivora bacteria. The detail of the symptoms was
explained by Mat Amin et al. [1]. Two cultivars commonly grown in Malaysia, which are Sekaki
and Eksotika, are very susceptible to the disease which led to a decline in local papaya
production. Viorica was mentioned as a high tolerance papaya variety to PDD, which was
developed by MARDI’s researcher through selection and purification using composite
controlled pollination [2]. However, Viorica has a low eating quality that does not meet the taste
of the consumers, hence limit the market value. Nevertheless, this variety has been used as
one of the parent in developing ‘Hybrid I’ papaya which was found to be the most promising
hybrid in terms of high tolerance level to PDD incidence, high yield, high total soluble solids
(TSS) and moderate plant height [3].
A double-cross (DC) is a technique that involves cross pollination between two different
hybrids. Development of DC hybrids has four phases; 1) selection of inbred parents; 2)
production of F1 hybrids; 3) production of DC hybrids; and 4) assessment of DC hybrids. The
study was aimed at improving the resistance level to PDD, yield and fruit quality of local papaya
via heterosis expression using the DC technique.
MATERIALS AND METHODS
Development of DC hybrids involved four phases as mentioned described earlier. The study
was started since 2016. Phase 1 activity involved the assessment of parents. More than 200
papaya accessions were evaluated for their resistance level to PDD as well as the fruit quality.
Nine accessions were selected as parents, namely Viorica, Eksotika, Sekaki, Yellorica,
Dwarica, P15, Niensee, M01 and Line 19. Viorica was selected as a highly tolerance
accession, while the rest of them were identified as high-quality accessions including two
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commercial varieties, which were Eksotika and Sekaki. In phase 2, cross breeding activity of
the selected parents and evaluation of F1 hybrids population on PDD hotspot plot were
involved, resulting on the selection of 10 promising F1 hybrids. The F1 hybrids cross
combination are as follows: B (P15 x Niensee), C (P15 x Dwarica), D (Viorica x Eksotika), E
(P15 x M01), F (Viorica x M01), I (Viorica x P15), J (Viorica x Dwarica), K (Niensee x Viorica),
L (Eksotika x Niensee) and M (Eksotika x P15). Cross breeding of the selected F1 hybrids was
performed in phase 3, which has produced DC hybrid seeds. Then, 35 DC hybrids combination
were selected randomly for phase 4. In this phase, evaluation of disease severity of 350 DC
hybrid plants were conducted on the PDD hotspot area at MARDI Serdang. The 2-month-old
DC hybrid seedlings were planted on the field including Eksotika and Sekaki as check varieties.
Data on disease severity, fruit number, fruit weight, total soluble solid (TSS) content, flesh
colour and height to first fruit were recorded on 9-month-old plants.
RESULTS AND DISCUSSION
Table 1 highlights that from the total of 350 plants, 9.1% were tolerant to PDD and the rest
were susceptible and highly susceptible. None of the DC hybrids were resistant or highly
tolerant to PDD. Plants that tolerant to PDD had shown symptoms of yellowing and black spots
of leaves.
Table 1. Disease score of papaya dieback on 9 months old double-cross hybrid plants
Disease score

Disease score translation Number of accessions (%)

0

Resistance

0

0.1 - 1.0

Highly tolerance

0

1.1 - 2.0

Tolerance

9.1

2.1 - 3.0

Susceptible

19.1

3.1 - 5.0

Highly susceptible

71.8

Table 2 displays that more than half of the DC hybrids population had produced lower
than 20 fruits per plant. However, around 8% of the plants were managed to bear more than
40 fruits/plant. Eksotika produced 24 fruits/plant while Sekaki 19 fruits/plant on PDD hotspot
plot. The results of the TSS content on DC hybrid fruits showed around 20% of the population
had possessed TSS more than 13% Brix which is more than Eksotika and Sekaki varieties.
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Table 2. Fruit number per plant and TSS content on 9 months old double-cross hybrids
Fruit

Number of

TSS (%)

Number of

number/plant

accessions (%)

< 20

53.6

< 9.0

14.3

20 – 29

26.2

9.0 – 10.9

39.1

30 – 39

11.6

11.0 – 12.9

25.7

> 40

8.6

> 13.0

20.9

accessions (%)

The rank-sum method analysis was used to simultaneously consider all selection
criteria. The rankings of all characters were combined to give the rank-sum for selecting the
promising DC hybrids. Three potential DC hybrids were selected, namely IM02, BI04 and DL09
(Table 3). The IM02 DC hybrid [(Viorica x P15) x (Eksotika x P15)] showed of improved overall
desirable traits with tolerance to PDD, high yield, high TSS and moderate fruit height compared
to Eksotika and Sekaki.
Table 3. Potential double-cross hybrids characters
Genotype

Disease score

Fruit

Fruit

TSS

Flesh

Height to first

number

weight (g)

(%)

color

fruit (cm)

IM02

Tolerance

53

712

14.0

Yellow

65

BI04

Tolerance

42

558

13.5

Yellow

73

DL09

Tolerance

48

1245

12.1

Orange

80

CONCLUSION
IM02 appeared to be the most well-balanced DC hybrid with tolerance to PDD, high yield (37.7
kg/plant/year), high TSS (14%) and moderate fruit height. However, detailed data on
multilocation trials of potential DC hybrids are of importance which will be conducted in the
near future. The data will contibute to support the hybrid for better selection.
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INTRODUCTION
Fungal growth and pathogenicity are the main cause of considerable economic loss during
postharvest and handling of vegetable crop and fruits. Colletotrichum gloeosporiodes and
Botryodiplodia is a cosmopolitan fungus that includes pathogenic and saprophytic members.
The pathogenic members are best known for causing anthracnose and stem end rot diseases
of many economically important crops (Tripathi et al., 2009). Until now, synthetic fungicides
are used as primary means to control diseases.
Today a number of synthetic fungicides have been found to cause adverse effects to
humans and the environment and for this reason many of them have been banned. It is difficult
to control fungal growth because fungi have developed resistance to many conventional
fungicides such as benzimidazoles and dicarboximides (Elad et al., 1992). Moreover, these
traditional fungicides are becoming ineffective due to the development of new physiological
races of the pathogens (Ocamb et al., 2007). To overcome resistance, it is important to explore
novel anti-fungal agents, which may replace current control strategies. In recent years,
nanoparticle (NP) materials have received increasing attention due to their unique physical
and chemical properties, which differs significantly from their conventional counterparts
(Stoimenov et al., 2002).
Recent studies have demonstrated antimicrobial efficacy against bacteria, viruses and
eukaryotic microorganisms of various NP materials, including silver, copper, titanium dioxide,
magnesium, gold, alginate and zinc oxide (Liu et al., 2009). However, to the best of our
knowledge, the effect and mode of action of AgNO3 NPs on the growth of fungi such as
Colletotrichum gloeosporiodes and Botryodiplodia have not been studied. The objectives of
these study are to investigate the fungicidal effects of the AgN03 against Colletotrichum
gloeosporioides and Botryodiplodia in in vitro condition and to evaluate the AgNO3 composite
coating for its efficacy for prolong shelf life of mango.
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MATERIALS AND METHODS
Materials
Fresh mangoes (Chokanan variety), purchased from a local farm (TKPM Lekir, Perak,
Malaysia). Mango that reach commercial maturity for export markets (Index 2 – green with one
yellow trace skin colour) were used in this study. Fruit were harvested in the morning and sent
to the MARDI Postharvest Complex at Serdang, Selangor in the same day for further
treatment. AgNO3 NP suspensions with size of 70±15 nm were purchased from Peeos Aquatic,
Penang.
Antifungal Test
Colletotrichum gloeosporiodes and Botryodiplodia were cultured on PDA at 25°C. Antifungal
tests were performed by the Poison Food Method with slight modifications. The autoclaved
PDA media with AgNO3 NPs at concentrations of 0, 10, 100, 1000ppm and a NP-free solution
were poured into the Petri dishes (9 cm diameter). A plug (1 cm) of fungal mycelia was taken
from the edge of 7-day-old plate, placed in the center of each Petri dish and incubated at 25°C.
The efficacy of AgNO3 NP treatment was evaluated at the time intervals of 2, 4, 6, 8, 10 and
12 days by measuring the diameter of fungal colonies. All tests were performed in triplicate
and the diameters were expressed in centimetres.

The following formula was used for

calculation of the inhibition rate (%). Where R is the radial growth of fungal mycelia on the
control plate and r is the radial growth of fungal mycelia on the plate treated with AgNPs.
Preparation of Coating Formulation and Fruit Treatment
An optimised carrageenan and alginate -based edible coating was prepared by dissolving
carrageenan and alginate powder (0.5, 1 and 2 % w/v) in hot water (45 ˚C) while continuously
shaking it until the solution became clear. After cooling to 20 ˚C, 1 % (v/v) glycerol as a
plasticizer. For formulation, AgNO3 NP were added later and homogenised using homogenizer
(POLYTRON® PT-MR 2100, KINEMATICA AG).
Mangoes fruit were washed with clean with tap water and air dried at room temperature.
Then, the fruit were randomly categorised into four groups. The alginate and carrageenan
coating treatments were performed by dipping the fruit into fresh coating solutions for 1 min to
ensure uniformity of the coating over the whole surface. The control fruit were washed with
distilled water and for fungicide treatment; the fruit were dipped into 250 ppm propiconazole
solution, followed by air drying at room temperature for about 1 h. Then, the fruit were packed
in corrugated fiber boards (commercial boxes) with 4 fruit per box. Storage study was
conducted at 13 ˚C ± 1 ˚C with 85-88 % relative humidity until the fruit were decayed. Three
replicates from each treatment (from different boxes and different positions of storage) were
subjected to analysis in an interval of one week. Meanwhile for effectiveness test of formulation
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on mango, fruits were coated with formulation and without treatment and Propiconazole (250
ppm) as an control. Weight loss, colour, texture, disease and biochemical changes are data
taken for analysis.
Statistical Analysis
Statistical analyses of the treatment responses were conducted using Analysis of Variance
(ANOVA) and Least Significance Difference (LSD) 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
Inhibition Effect of AgNO3 NP
The inhibition effect of AgNO3 NP at different concentrations was analyzed in PDA (Figure 1).
All concentration AgN03 were significantly (p ≤ 0.05) affected mycelia growth of fungi compared
to the controlling most cases, higher inhibition of fungal growth was recorded at a concentration
of 100 ppm. In addition, most fungi showed growth inhibition with the increment of incubation
time, and the increment of AgNP. The lowest level of inhibition was observed against on PDA
treated with a 1 ppm concentration of AgNPs. In addition, treatment with a 100 ppm
concentration of AgNPs resulted in 90% inhibition Therefore; the results suggested that
maximum inhibition was obtained on PDA treated with a 100 ppm concentration of silver
nanoparticles.

Figure 1. Antimicrobial activity of different concentration of AgNO3 NP
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Effect of Different Concentration Alginate and Carrageenan Based Surface Coating
Treatment
Results obtained in this study indicated no significant differences between treatments for
biochemical changes. Percentage of disease of fungicide treatment better than others. Weight
loss of mango coated with % alginate and 0.5% carrageenan was significantly lowest (P <
0.05) compared to uncoated fruit during storage duration. Control and propiconazole treated
fruit showed a drastic increase in the percentage of weight loss until week 3. This study proved
that transpiration of water from the stomatal is a major cause of weight loss. However in this
case, stomatal aperture of mango pulp was covered with carrageenan and alginate, thus
coating could maintain the fresh weight of the mango fruit by decreasing the fruit’s transpiration
and respiration rate.
Effect of Nanocomposite and AgNO3 Coating Formulation on Mango
During storage, mango coated with coating formulation darkened with a slightly decreasing
value of L*, which is significantly different compared to the control fruit and fruit treated with
fungicide propiconazole for up to 4 wk. However, in the third week of storage period, control
and fungicide fruit treatments were classified as decayed but data was still taken for a final
measurement. Fruits coated with 1% alginate with 100ppm of AgN03 less in diseases insidious
scoring and percentage weight loss compared with others (Figure 2 and 3). The reduction of
weight loss and disease scoring values was significantly greater for coated fruit compared the
control and fruit treated with fungicide propiconazole. The coating treatment had the greatest
effect in the delayed surface-colour changes and control weight loss of fruit compared to the
control fruit and fruit treated with fungicide propiconazole. These results may be due to the
coating acts as a barrier to slow down the metabolic, as well as enzymatic, reaction activities
and then, the degradation of chlorophyll was slower (Bisen et al., 2012).

**1-5 (1 = no lesion; 2 = 1-3 lesion; 3 = 4-6 lesion; 4 = 7-15 lesion and 5 =more 30 fruits
have lesions. (Akhtar and Alam,2002).

Figure 2. Diseases incidious scoring for all treatments during storage duration
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Figure 3. Percentage of weight loss for all treatments during storage duration
CONCLUSION
The current study showed that the application of formula fruit coating containing
nanocomposite and AgNO3 formulation was effective in retarding the ripening process of the
mango up to 4 wk stored at 13 ˚C. The antifungal agent from AgNO3 was effective in controlling
anthracnose and stem end rot disease in mango during storage. This formulation was able to
control weight loss, retard rate of respiration and metabolism which helped delay the ripening
process of mango.
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INTRODUCTION
Jackfruit is an important tropical fruit with high commercial value but with relatively short
storage life. Storing at optimum temperature combined with packaging seems to be promising
for delaying fruit ripening for about two weeks [1] but also increased the risk of decay during
ripening at room temperature. As a result of this, the potential to export them is generally limited
to countries where the distribution time to market does not exceed 2 weeks. Cold storage is
effective for extending the postharvest life of many fresh produces [2] and as a quarantine
treatment against fruit fly in fruit crops such as guava [3] and mango [4]. However, tropical
fruits like jackfruit are susceptible to chilling injury (CI) when stored at suboptimal temperature
(<12°C). In jackfruit, CI are displayed as peel browning, pitting, ripening failure and proliferation
of pathogens. Advanced maturity fruit stage such as peach [5], apricot [6] and mango [4] are
reported to have better chilling tolerance during cold storage due to higher soluble
carbohydrates. Literature on the postharvest treatments to extend storage life of whole jackfruit
is still very limited. Therefore, we investigated the effects of low temperature on the storage
quality of commercial mature and artificial-ripened jackfruit with ethylene and determined the
minimum number of days to eradicate oriental fruit fly (Bactrocera dorsalis) in artificiallyripened jackfruit during cold treatment.
MATERIALS AND METHODS
Postharvest qualities of control and artificially induced jackfruits at different storage
temperature
Physiologically mature jackfruits, J33 (12-14kg per fruit) were harvested at 90-95 days after
bagging from a local grower at Lancang, Pahang, Malaysia. The fruits were treated with 250
ppm chlorine for 2 min and left to dry (1 hr) prior to artificial or induced ripening (IR). Control
fruits (without induced ripening) were wrapped in white paper and placed in corrugated
fibreboard before cold storage. IR fruits were ripened with 200 ppm ethylene for 24 hr at 25°C.
IR fruits taken out from the ripening room the next day and left to ripen at room temperature
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for 2 days in order to obtain uniform ripening before packing. Both control and IR fruits were
kept at 2, 7 and 12°C. Fruits were removed weekly for physicochemical analysis. Control fruits
were placed in room temperature for normal ripening process to begin for 3 days before
analysis. For IR fruits, the fruits were processed on the same day after removal. Parameters
measured included weight loss, firmness, decay incidence (DI), CI index and biochemical
(soluble solids content, pH, titratable acidity, and ascorbic acid content). The experiment was
conducted using a completely randomized design (CRD) with three replications. All data were
subjected to analysis of variance (ANOVA) and means separated using Duncan Multiple
Range Test (DMRT) by using SAS 9.4 (SAS Institute Inc., USA).
Determination of mortality rate of oriental fruit fly (Bactrocera dorsalis) in artificial
ripened jackfruit by using different storage temperature
Oriental fruit fly (Bactocera dorsalis) used in this study obtained from a laboratory colony
maintained at Quarantine Treatment Laboratory. Two hundred larvae were artificially
inoculated in the IR jackfruits by cutting four small holes (depth measuring at 8-10 cm from the
fruit surface) of and 50 third instar larvae (the most tolerant stage of this fly) into each fruit hole.
The plug of the jackfruit peel previously removed were placed back to the hole and sealed
using polymer clay. Infested fruits were wrapped in muslin cloth and placed in corrugated
fibrebox prior to storage at 2, 7, 12 and 25°C. Infested fruits were assessed weekly on the
mortality rate of B. dorsalis in IR jackfruit at different temperature storage. The experiment was
conducted using a completely randomized design (CRD) with four replications. All data were
subjected to analysis of variance (ANOVA) and means separated using Duncan Multiple
Range Test (DMRT) by using SAS 9.4 (SAS Institute Inc., USA).
RESULTS AND DISCUSSION
Postharvest qualities of control and artificially induced jackfruits at different storage
temperature
The control group (without artificial ripening) stored at 2°C and 7°C failed to ripen normally
when transferred to ambient temperature after two weeks of storage due to severe chilling
injury. Fruit weight loss, decay incidence and CI index were significantly higher in control fruits
(Table 1) when placed at ambient temperature to allow normal ripening to occur. Low
temperature storage hinders normal ripening in control fruits stored at 2 and 7°C due to CI
symptoms (peel browning, pitting and skin hardening) after prolonged cold storage. Storing at
suboptimal temperature caused ripening failure due to reduce ability or damage of cellular
membrane -associated proteins related to ethylene receptors [7]. Artificially induced ripening
jackfruits had significantly higher SSC than control fruits (Table 1). Higher soluble
carbohydrates such as sucrose and glucose concentration alleviate chilling symptom in peach
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[5] and apricot [6]. The changes in soluble carbohydrates (soluble sugars and sugar alcohols)
may serve multiple roles as osmoregulators, cryoprotectants, signalling molecules [8] and
reactive oxygen scavengers [9] to defend plants against chilling stress during cold storage.
Although the fruits stored at 12°C had higher SSC, AA content and lower CI index
compared to fruits stored at 2 and 7°C, the storage life was reduced to less than two weeks in
storage due to higher decay incidence (Table 1). Jackfruits had significantly higher % titratable
acidity than control fruits kept at 2 and 7°C (Table 1) due to slower metabolism activities thus
delaying ripening and senescence [10]. Overall, jackfruit treated with artificial ripening resulted
in satisfactory levels of consumer acceptance of its pulps in term of taste, aroma and texture
for at least 3 weeks.

Mortality rate of oriental fruit fly (Bactrocera dorsalis) in artificial ripened jackfruit by
using different storage temperature
Studies to use cold temperature treatment as an alternative quarantine treatment were
conducted after storage studies at temperatures of 2 and 7 ° C were able to maintain the quality
of jackfruit for 3 weeks without decay incidence. Mortalities of B. dorsalis larvae in jackfruits
kept at 2, 7, 12 and 25 °C are shown in Figure 1. No survivors were obtained after two weeks
of storage at 2 °C. Similar studies showed that cold treatment is effective in achieving 100%
mortality among fruit flies in carambola [11] at 1 ± 0.6 °C for 12 days and guava [12] at 6°C for
13 days. In jackfruit, results confirmed that at 2 °C for 14 days was able to achieve at an
efficacy level of 100% mortality of B. dorsalis without compromising the fruit quality.
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Figure 1. Mortality rate (%) of oriental fruit fly (Bactrocera dorsalis) in jackfruit by using
different storage temperature (2, 7, 12 and 25 °C). Vertical bars represent means ± SE.
Different letters indicating a significant different at P<0.05
CONCLUSION
In this study, we concluded that cold storage of 2 and 7°C using artificially ripened fruits
significantly reduced decay incidence and compared to non-induced fruits. By storing ripe and
ready-to-eat fruit, jackfruit could be stored up to three weeks of storage using sub-optimal
temperature. This low-cost technology is applicable for all jackfruit stakeholders and also as
an alternative commercial quarantine treatment for jackfruit in the international trade.
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INTRODUCTION
Cauliflower (Brassica olearaca var. botrytis) has greatly increased in demand, well recognized
as a highly market demand and highly imported from China (RM279.56 Million in year 2018)
[1]. In Malaysia, cauliflower is cultivated in very limited highland areas in Cameron Highlands
and Ranau. Technology of lowland cauliflower production was developed by MARDI to cater
for high local demand of this temperate vegetable thus, reducing the extreme usage of limited
highland areas. In general, consumers prefer cauliflower that is white, sweet and crisp, same
as cauliflower imported from China available in our local market. According to [2], slightly
yellowish curds are not necessarily a sign of inadequate postharvest handling but are rather a
consequence of incomplete shading and exposure of the curd to sunlight during maturation on
the plant, resulting in increased chlorophyll synthesis. Although slightly yellow curds are not as
acceptable in terms of appearance, they are still good for consumption and contributed higher
nutritional values. Cauliflower is a highly perishable vegetable and compositional quality
deteriorates very quickly if handled improperly. Dark spotted, riciness (loose or protruding floral
parts), or fuzziness curds are signs of over mature and start to senescence. Thus, this study
was conducted to gain the new information for lowland cauliflower in postharvest aspects and
to determine the postharvest quality effect to prolong storage life with performed higher
nutritional values in lowland cauliflower.
MATERIALS AND METHODS
Determination of curd development
Lowland cauliflower was grown using fertigation system under rain shelter. To determine the
curd growth, cauliflower’s curd were tagged after 55 to 60 days after transplanting (DAT). Data
of curd development and harvesting time was taken at 70 DAT until 90 DAT.
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Determination of leaf-cover technique
The curds were protected from sunlight during their growth from a diameter of 7-9 cm until
harvest at 90 DAT. The curds were protected by breaking the midrib of the plants' inner leaves
and folding these leaves over the curd and tired using rubber band. The curds were exposed
to sunlight act as control samples.
Determination of suitable packaging on quality
After harvested at optimum day, cauliflower curds were selected, leaves were trimmed and the
curbs were packed with two different packaging; (i) plastic film wrapping that made of
polyethylene (PE) based materials with 0.008mm thickness, and (ii) paper packaging, whereas
the curbs without packaging serves as control. All the samples were stored at 5°C for 5 weeks.
The experimental design was a Completely Randomized Design (CRD) with four replications.
The obtained data was analyzed using analysis of variance (ANOVA) and means separated
by Duncan Multiple Range at the 5% level of significant treatment effects within the analysis
of variance. Unless otherwise specified, all significant differences in this paper were p≤ 0.05.
RESULTS AND DISCUSSION
Determination of curd development
Best quality for lowland cauliflower has a creamy-yellowish colour, with medium compact, firm
and relatively smooth curds. Thus, optimum harvesting day of lowland cauliflower was found
to be around 75 to 85 DAT with good marketable quality. Mature curds harvested at this stage
are at least >15 cm in diameter and 400-450 gm in weight. On the other hand, curds harvested
at later stage (90 DAT) tend to have riciness (loose or protruding floral parts), bolting and
fuzziness that may reduce the appearance quality and acceptability in consumption.
Determination of leaf-cover technique
In the present study, leaf-cover technique reduced the accumulation of carotenoids in florets.
Curd became more white (high L*, lower hue value) compared to uncovered samples that had
more saturated creamy-yellowish colour (lower L*, high C* and high hue values). The colour
of fruits and vegetables is mainly attributed to plant pigments, such as chlorophylls,
carotenoids, and flavonoids [3]. Table 1, shows that harvesting at 80-85 DAT gave higher value
in ascorbic acid, percentage (%) inhibition of DPPH and total phenolic compound (TPC)
compared to harvesting at 75 DAT. % inhibition of DPPH and TPC in the florets of cauliflower
covered by leaves was increased significantly compared with uncovered samples. On the other
hand, uncovered samples recorded significantly higher value of SSC, ascorbic acid, total
carotenoid and floret texture. Besides that, quercetin value in uncovered samples was higher;
435.72 ug/g compared to cauliflower covered by leaves (229.44 ug/g). Exposure of growing
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curds to sunlight may result in production of pink- and yellow-coloured curds, and the pigments
responsible was flavonoids [4]. The total flavonoid concentration is greater in uncovered curds
compared to covered curds.
Table 1. The effects of different harvesting day and leaf-cover technique on physicochemical properties of lowland cauliflower

Determination of suitable packaging on quality
Lowland cauliflower packed with plastic film polyethylene with 0.008mm thickness had an
improved overall quality during 3-4 weeks storage at 5°C. However, after 4 weeks storage, the
curd appeared less compact and firm. A brownish discoloration developed in some of the
florets and had higher weight loss. Paper packaging and control sample rapidly cause
deterioration and shelf life reduced less than 2 weeks. The quality of cauliflower reduced
drastically in loss of weight, texture and chemical content.
CONCLUSION
The optimum harvesting day and exposing curd to sunlight resulted in many positive effects
on appearance (yellow-creamy coloured curd), promotes high nutritional value (high
flavonoids) and edible quality of lowland cauliflower. Thus, postharvest handling technology of
lowland cauliflower with 3-4 weeks storage life has been developed and ready to be used for
industry.
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INTRODUCTION
Durian is identified as highly self-incompatible and possesses late-acting incompatibility [1, 2,
3]. Among durian clones which has this character are “Musang King”, “Chanee”, “D24”, and
“Monthong”. However, some durian clones are not self-compatible, such as “Kradumthong”
[3]. Hybrid “15-3” and “11-11” are the two potential durian hybrids produced from crosspollination between clone “D24” and “D98”, and clone “D99” and “D53”, respectively. There is
no information on self-compatibility and cross-compatibility of durian hybrid “15-3” and “11-11”.
Information on each durian’s compatibility characters is important for planning their best
planting design to obtain optimum yield. A compatibility study was performed to both hybrids
to evaluate their compatibility characters.
MATERIALS AND METHODS
Compatibility Study and Data Collection
This study was conducted on 12-year-old durian hybrid “15-3” and “11-11” planted at MARDI
Sintok, Kedah in February to April 2020. Four conducted treatments were automatic autogamy,
assisted self-pollination, open pollination, and assisted pollination with pollen from “D99” durian
clone (cross-pollination). Assisted self-pollination and cross-pollination were carried out
artificially by hand. Flower clusters were thinned to two to nine flowers per cluster and the
flowers were emasculated during afternoon. After emasculation, the flower clusters were
covered with netting bags to prevent contamination from undesirable pollen, and the flowers
were pollinated at anthesis around 8.00 pm on the same day, when pollen of paternal plant
dehisced. Pollination was performed manually using brush. After pollination, flower clusters
were recovered with netting bags and kept for at least 2 weeks. In assisted self-pollination
treatment, pollination was made using pollen from the same tree. In cross-pollination, collected
pollens from “D99” durian clone were used as paternal pollen source. Meanwhile, open
pollination and automatic autogamy were designed as controls. Flowers were not emasculated
or bagged for open pollination, while flowers were bagged before anthesis for automatic
autogamy.
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Table 1 shows the number of flowers used in this study. All treatments were performed
on three plants for each hybrid. Observations on fruit setting were made every two weeks after
pollination until week sixth. The experiment was design according to Randomized Complete
Block Design (RCBD). Data were analysed by ANOVA and means were compared by Duncan
Multiple Range Test (DMRT) at (P<0.05).
Table 1. Total number of flowers used for compatibility study on durian hybrid “11-11” and
“15-3”
Pollen

Maternal
parent
Durian Hybrid
11-11
Durian
hybrid 15-3

Pollen from same tree
79 (15) *
71 (14)

“D99”

Open

Automatic

pollination

autogamy

80 (15)

92 (15)

82 (14)

100 (15)

71
(15)
61
(10)

* Number of parenthesis shows the number of clusters.
RESULTS AND DISCUSSION
Fruit Setting
Statistical analysis showed that there were significant differences on percentage of fruits
setting after week 2, 4 and 6 from pollination. Figure 1 shows fruit setting after pollination
treatment on durian hybrids “15-3” and “11-11”. There was no fruit setting after two weeks of
pollination for treatment assisted self-pollination and automatic autogamy on durian hybrids
“11-11” and “15-3”. Fruit setting from open pollination treatment were 1.1 % for durian hybrids
“11-11”, while 2.4 % for durian hybrid “15-3” on week sixth after pollination. Meanwhile, fruit
setting from cross-pollination with “D99” were 25.2 % for durian hybrid “11-11”, and 19.7 % for
durian hybrid “15-3”. This study indicates that durian hybrids “11-11” and “15-3” are completely
self-incompatible, while durian clone “D99” can be used as paternal pollen source for both
durian hybrids to produce fruits.
CONCLUSION
From this study, we can conclude that durian hybrid “11-11” and “15-3” are completely selfincompatible and need pollen from other durian clones to set fruit, while durian clone “D99”
can be used as paternal pollen source for the hybrids to produce fruits.
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*Means within same week with the same letters are not significantly different at P < 0.05 according to
DMRT.

Figure 1. Fruit setting after pollination on hybrid durian “15-3” and “11-11”
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INTRODUCTION
Harumanis mango is one of the several mango fruit trees that possess polyembrionic
genotype. Polyembryony is defined by the development of more than one seedling in a single
seed, and one may be zygotic and the rest are nucellar [2], in some reports all could be nucellar
[3]. The identification of nucellar seedlings by morphological criteria is impossible or hard to be
performed. Different morphological and biochemical markers had been used to distinguish
nucellar from zygotic seedlings, but none was as efficient as molecular marker [4]. Thus, the
use of molecular or isoenzymatic markers is necessary to observe the differences. The
objectives of this work were to identify zygotic or nucellar seedlings of Harumanis
polyembryonic seeds using SSR molecular markers and thereafter relating it to the seedling
germination sequence and vigour.
MATERIALS AND METHODS
Germination Sequence and Seedling Vigour Determination
A total of 45 seeds of Harumanis were sown in sandy seedbed after removing the seed coat
Seedlings that germinated from each seed were colour-tagged according to their germination
sequence until 30 days of germination period. The vigour seedlings were determined based
on plant height (mm), stem diameter (mm), number of leaves and leaf area (cm 2) of each
seedling. The logistic regression model was used to estimate the sequence of germination for
a certain odd ratio of nucellar: zygotic seedlings. Pearson correlation coefficient (r) was
determined between the sequence of germination and all the vegetative parameters at p ≤
0.05%.
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DNA Extraction and Molecular Analysis
Leaf samples from seedlings (45 seeds evaluated) of Harumanis mango were extracted
according to [5] methods. A total of 9 SSR markers primer were used according to [4] while
PCR was performed as described by [6]. The output files (fsa. file) from ABI3730 DNA analyzer
were analyzed using GeneMapper 5.0 (Applied Biosystems). The seedlings alleles were
compared with the parental alleles.
RESULTS AND DISCUSSION
Polymebryonic of Harumanis
The results in this study revealed that there were 3.07 seedlings per Harumanis mango seed
on average; ranging from 1 to 7 seedlings. Most of the seeds; 51.1% had 2 or 3 seedlings per
seed while only 4.4% had 7 seedlings. The difference between the numbers of seedlings in
species of Mangifera is due to the genetic differences between the species [3]. Based on the
result from the SSR molecular analysis of 136 seedlings (45 seeds) showed four zygotic
seedlings were identified in seeds 1, 15, 29 and 43 representing 8.9% of seeds evaluated the
end of germination sequence except for seed number 15 while the remaining seedlings were
considered as nucellar seedlings. There was no occurrence of double zygotic seedling in a
single seed of Harumanis. Allelic size of nucellar and zygotic seedlings were compared with
their respective parent (Harumanis) on locus MiIIHR06 (Figure 1). Allele size for nucellar
seedlings is 123 bp similar with parent (Harumanis). However, zygotic seedling received an
extra allele (125 bp) from external pollen source.
Table 1. Seedlings evaluated from 45 seeds of Harumanis mango
Germination

Germination

Germination

Seed

sequence

Seed

sequence

Seed

sequence

1

1, 2, 3, 4, 5, 6, 7

16

1

31

1, 2, 3, 4, 5

2

1, 2, 3, 4, 5

17

1, 2, 3

32

1, 2, 3, 4

3

1

18

1, 2

33

1, 2, 3, 4, 5

4

1, 2, 3

19

1

34

1, 2, 3

5

1, 2, 3

20

1, 2

35

1

6

1

21

1, 2

36

1, 2

7

1, 2, 3, 4

22

1, 2

37

1, 2

8

1, 2, 3, 4, 5

23

1, 2, 3

38

1, 2, 3

9

1, 2, 3

24

1, 2, 3

39

1, 2

10

1, 2, 3

25

1

40

1, 2, 3, 4

11

1, 2, 3

26

1, 2

41

1, 2
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12

1, 2

27

1

42

1, 2, 3, 4, 5, 6, 7

13

1, 2, 3

28

1, 2, 3, 4

43

1, 2, 3, 4, 5

14

1, 2, 3, 4, 5, 6

29

1, 2, 3, 4

44

1, 2

15

1, 2, 3, 4

30

1, 2

45

1, 2, 3, 4, 5, 6

*Numbers underlined on the germination sequence column are zygotic seedlings; not underlined are nucellar

Figure 1. Allelic size of nucellar and zygotic seedlings with their respective parent
(Harumanis) on locus MiIIHR06. S1G1 (Seed 1, Germination sequence 1), S1G6 (Seed 1,
Germination sequence 6)
Relationship of Genetic Material in Accordance with Germination Sequence and Vigour
Based on the fitted logistic regression, the predicted sequence to obtain 90% nucellar
seedlings is 5.47 (Table 2). This means that, the germination sequence of less than 6 has 90%
chance of getting nucellar seedlings compared to zygotic. Figure 2 below shows the logistic
regression plot for the germination sequence vs. predicted probability of getting nucellar
seedlings. Using germination sequence as a reference in getting nucellar seedlings for source
of cutting materials serve some challenges as the nurserymen have to closely monitor
germination and tag the seedlings. Alternatively, morphology characters such as leaf number,
stem diameter and leaf area could also be used as references with germination sequence.
There were significant (p <0.01) relationships between germination sequence and all the
growth variables (Figure 3). All growth variables were negatively correlated with germination
sequence. Therefore, choosing vigour seedling and germination sequence less than 6 has
90% the chance of getting nucellar seedlings, which can be used as cutting source for true-totype planting material or for breeding purposes.
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Table 2. Parameter estimates of logistic regression model of nucellar seedlings on
germination sequence (Sequence)
Variable

Coef.

Std. Err

z

p

95% CI

Constant

5.2925

1.2441

4.254

< 0.001

3.22, 8.27

Sequence

-0.5676

0.2909

-1.952

0.05

-1.18, 0.01

Figure 2. Predicted probability plot of

Figure 3. Matrix plot of germination

getting nucellar seedlings (Pr (X=1))

sequence with vegetative variables

CONCLUSION
Harumanis is a polyembryonic mango with average 3 seedlings per seed. Based on SSR
molecular markers, zygotic seedlings were found towards the end of germination sequence
with 8.9% of total seeds evaluated. Choosing vigour seedling will increase the chances of
getting nucellar seedlings, which can be used as cutting source for true-to-type planting
material or for breeding purposes.
REFERENCES
[1]

Ravishankar KV, Mani BH, Anand L, Dinesh MR. Development of new microsatellite
markers from Mango (Mangifera indica) and cross-species amplification. American
Journal of Botany. 2011 Mar 3; 98(4):96-99.

[2]

Degani C, Cohen M, Reuveni O, El-Bastri R, Gazit S. Frequency and characteristics
of zygotic seedlings from polyembryonic mango cultivars, determined using isozymes
as genetic markers. Acta Horticulturae. 1993 May; 341:78-85.

[3]

Elisa Del CMO, Andrade‐Rodríguez M, Mario RR, Angel VM. Identification of zygotic
and nucellar seedling in polyembryonic mango cultivars. Pesquisa Agropecuária
Brasileira. 2012 Oct 22; 47(11):1629-1636.

305

[4]

Mace ES, Buhariwalla KK, Buhariwalla HK, Crouch JH. A high-throughput DNA
extraction protocol for tropical molecular breeding programs. Plant Molecular Biology
Report. 2003 Dec; 21(4):459-460.

[5]

Schuelke M. An economic method for the fluorescent labeling of PCR fragments.
Nature Biotechnology.2000 Feb; 18(2):233-234.

306

POTENTIAL PINEAPPLE – OVERVIEW ON YIELD PRODUCTION,
QUALITY AND MARKETABILITY
Nurul Shamimi Abdul Ghani1*, Mohd Saiful Nizam Razali1, Rozlaily Zainol2,
Norsyuhaida Ahmad Shafawi3, Joanna Cho Lee Ying2, Azlan Azizi Mohamad Nor4,
Noorman Affendi Marzukhi5, Johari Sarip2 and Noorlidawati Ab. Halim6
1Horticulture
2Horticulture

Research Centre, MARDI Serdang, Selangor.

3Horticulture
4Soil

Research Centre, MARDI Pontian, Johor.
Research Centre, MARDI Kluang, Johor.

Science, Water & Fertilizer Research Centre, MARDI Cameron Highlands, Pahang.
5Director

6Socio-Economic,

General Office, MARDI Seberang Perai, Pulau Pinang.

Market Intelligence & Agribusiness Research Centre, MARDI Serdang, Selangor.
*E-mail: nshamimi@mardi.gov.my

INTRODUCTION
Pineapple (Ananas comosus (L.) Merr.) is listed as one of the important fruit crops in Malaysia
with the production of 357,805 metric tons (MT) in 14,605 hectares (ha) of cultivation areas [1].
Malaysia used to be as one of the top pineapple producers in the world during 1970s. However,
Malaysia was unable to maintain the status due to several factors, such as the shortage and
inadaptability of the existing commercial varieties, yield losses and disease infection.
Therefore, pineapple breeding program in MARDI took the initiative to develop new pineapple
hybrids, namely J53116(6) through combination of local pineapple variety, Josapine and 53116
which is an Australian piping-leaf variety, to fulfil market demand in terms of high yield, good
taste and tolerance to bacterial heart rot (BHR) disease.
J53116(6) needs to be pre-commercialized to the growers to assess its growth
performance, yield production and fruit quality. Therefore, the objective of this study was to
evaluate the performance of J53116(6) for yield and fruit trait at local farmers’ plot under
common growers’ practices. In addition, this study also aimed at evaluating consumer
acceptance of this pineapple hybrid together with the existing varieties (Josapine and MD2)
and to determine J53116(6) pineapple market potential for the future.
MATERIALS AND METHODS
Evaluation of Growth Performance, Yield Production and Fruit Quality
This project was started by transferring the pineapple suckers to the grower between 2014 to
2018. The evaluations were carried out at different growers’ plots including one plot in MARDI
Pontian, Johor. The J53116(6) hybrids were planted in a double bed row design with 300 rows
in total. Each row consisted of 100 plants using standard planting design of 30 cm x 60 cm x
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90 cm. In term of fertilization for the 14 months of planting cycle, standard cultural practices
were applied in MARDI’s plot [2]. Twice applications of NPK Green 15:15:15
(20g/plant/application) on the third (3rd) and sixth (6th) month, an application of NPK Blue
12:12:17 (20g/ plant/ application) on the eight (8th) month and twice foliar applications of
Bordeux mixture on the 1.5 and 4.5 months after planting. On the other hand, the farmers used
their own fertilizer packages based on their usual standard practices. The flower inductions
were conducted at nineth (9th) month after transplanting with 50 ml Ethrel and 180 g urea in 18
L water at the rate of 50 ml of the solution per plant. The parameters that were recorded and
evaluated in this study are plant height, D-leaf length, peduncle length, slips number, fruit and
crown weight, fruit length, core size, total soluble solid content (TSS) and total titratable acid
(TTA). The data were analysed by using t-test analysis to determine the comparison of the
growth performance in different experimental plots.
Consumer Preferences Study
The next method involved in this study was the determination of marketability potential by
conducting consumer preferences study using fruit samples from growers’ plots. The mean
scoring was identified and analysed statistically by using DMRT analysis. This study was
conducted based on primary data which were collected through surveys of 355 respondents
by using a questionnaire. The fruit samples were provided to respondents to evaluate physical
and internal characteristics such as shape, size, skin thickness, aroma and flesh colour.
Besides, there were two varieties, Josapine and MD2 which were used as comparison (control)
to assess the level of consumer acceptance against three varieties. Respondents were
requested to give a score on the characteristics which were determined based on hedonic
scale (a scale of 1 until 9) on the external and internal characteristics of tested pineapple. In
addition, respondents need to provide an overall score acceptance of the pineapple hybrids
[3].
RESULTS AND DISCUSSION
Growth Performance, Yield Production and Fruit Quality
The growth performance, yield and fruit quality were analysed using t-test. Table 1 shows ten
(10) parameters and t-test results for each parameter in two different plots. There are
significant results between the two different plots in term of plant height, peduncle length, fruit
length, core size and acidity content. There is a higher mean fruit yield in MARDI’s plot (1.57
kg) compared to 1.32 kg in farmer’s plot. This is probably due to the accurate application of
the standard agronomic practices for pineapple planting in MARDI. However, the fruit yield in
farmer’s plot is still acceptable within the range of medium fruit size. The hybrid has cylindrical
fruit shape and flat eyelets that provide high percentage of flesh recovery.
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Table 1. T-test results for growth performance, yield and fruit quality in both experimental
plots
Parameters

Location

n

m

Location 1 (MARDI)

15

90.53

Location 2 (Grower)

15

96.69

Location 1 (MARDI)

15

80.30

Location 2 (Grower)

15

79.60

Peduncle length

Location 1 (MARDI)

15

35.73

(cm)

Location 2 (Grower)

15

41.53

Peduncle

Location 1 (MARDI)

15

2.68

diameter (cm)

Location 2 (Grower)

15

2.38

Location 1 (MARDI)

15

5.07

Location 2 (Grower)

15

4.80

Location 1 (MARDI)

15

1.57

Location 2 (Grower)

15

1.32

Location 1 (MARDI)

15

11.13

Location 2 (Grower)

15

12.23

Location 2 (Grower)

15

12.23

Location 1 (MARDI)

15

2.15

Location 2 (Grower)

15

1.75

Location 1 (MARDI)

15

15.53

Location 2 (Grower)

15

16.71

Location 1 (MARDI)

15

0.62

Location 2 (Grower)

15

0.46

Plant height (cm)
D-leaf length (cm)

Slip
Fruit weight (kg)

Fruit length (cm)

Core size (cm)
TSS (oBrix)
TTA (%)

Difference

t

p

-6.16

-3.260

0.0057

0.70

0.490

0.6344

-5.80

-5.370

<0.0001

0.30

1.910

0.0768

0.27

0.550

0.5894

0.25

3.410

0.0042

-1.10

-3.450

0.0039

0.40

4.610

0.0004

-1.18

-1.490

0.1579

0.16

4.380

0.0006

Generally, this hybrid has vigorous plant vegetative growth with the height of 90.53 –
96.69 cm. This J53116(6) hybrids has long and strong peduncle but it is formidable, can hold
heavy fruit with many slips and not easily dislodged. New hybrid showed better fruit weight
compared to its parent, Josapine. Furthermore, it has higher total soluble solid (TSS) content
than Josapine with 15.78% compared to 13.78% (Table 2). 53116(6) has better taste because
it has higher TSS content with slightly lower acidity content (0.48 %) that indicate better eating
quality. Chan & Lee (1999) stated that a balance of high total soluble solid and acidity content
would impart the good taste of pineapple [4].
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Table 2. T-test for 16 parameters among the J53116(6) and Josapine
Parameter

Genotype

m

J53116(6)

99.38

Josapine

90.30

J53116(6)

81.00

Josapine

74.32

J53116(6)

4.96

Josapine

5.40

Peduncle length

J53116(6)

43.80

(cm)

Josapine

19.60

Peduncle diameter

J53116(6)

2.50

(cm)

Josapine

2.82

J53116(6)

5.32

Josapine

0.00

J53116(6)

0.00

Josapine

1.57

J53116(6)

0.28

Josapine

0.24

J53116(6)

1.34

Josapine

1.25

J53116(6)

1.624

Josapine

1.364

J53116(6)

13.60

Josapine

14.00

J53116(6)

1.82

Josapine

2.38

J53116(6)

15.78

Josapine

13.78

J53116(6)

0.48

Josapine

0.52

Plant height (cm)
D-leaf length (cm)
D-leaf width (cm)

Slip
Aerial sucker
Crown weight (kg)
Fruit weight (kg)
Fruit yield (kg)
Fruit length (cm)
Core size (cm)
TSS (oBrix)
TTA (%)

Difference

t

p

9.08

1.78

0.1505

6.68

2.47

0.0687

-0.44

-2.6

0.0599

24.2

41.5

<.0001

-0.32

-1

0.376

5.32

5.80

<.0001

-1.57

-3.84

0.0041

0.036

1.15

0.3134

0.084

0.39

0.714

0.2601

3.43

0.0042

-0.40

-0.37

0.7292

-0.56

-3.43

0.0264

2.00

1.14

0.317

-0.046

-1.03

0.3598

Marketability Potential
ANOVA test (Table 3) shows that there is a significant difference among the internal attributes
of tested pineapple hybrid at p≤0.05. Overall, score analysis related to the level of consumer
preferences found that the new hybrid obtained the highest score (7.56) (Table 4). This
indicates that the J53116(6) hybrids shows the most preferred by consumers, followed by MD2
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and Josapine. The findings of this study show a tendency for consumer to accept this new
pineapple hybrid is high.
Based on the consumer preferences study, it is found that J53116 (6) hybrid is
comparable to MD2 variety in terms of fruit quality; crunchy pulp taste, juiciness and
sweetness. Consumer positive acceptance toward the external and internal characteristics of
the fruits indicates that this hybrid is able to satisfy the demand and interest from local
consumers market [3].
Table 3. DMRT for consumer acceptance scale on the internal attributes of pineapple
hybrids in Malaysia
Attribute

J53116(6)

MD2

Josapine

Biting taste

6.95a

6.92a

6.16b

Sweetness

7.70a

7.53b

8.18c

Juiciness

7.33a

7.30a

6.49b

Crunchiness

7.36a

7.11b

6.49c

Aromatic

6.87b

7.31a

6.61c

Flesh color

7.04b

7.19a

6.84c

Mean on the same letters horizontally had no significant difference between each other (p≤0.05)
Source:[3]

Table 4. Mean score for all evaluated hybrids
Score

Hybrid

Mean

Overall

J53116(6)

7.56a

MD2

7.39b

Josapine

6.20c

Mean on the same letter had no significant difference between each other (p≤0.05)
Source: [3]

CONCLUSION
This J53116(6) hybrids has good agronomic characteristics, fruit quality and yield in the
grower’s plot by reaching medium fruit size of 1.60 kg per plant that generated 40 tons/ ha to
48 tons/ ha with estimated revenue of RM 78,000 per hectare [5]. The objective of the study
has been achieved by determinating the actual yield and fruit quality in the upscaled plot. It
was also found that this hybrid is tolerant to bacterial heart rot disease and can ensure uniform
fruits yield. In addition, the growers responded positively on the piping-leaf characteristic and
abundant slips because the hybrid managed to overcome the drawback of Maspine which has
limited source of planting materials and only dependent on the crown as well as stem for
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propagation, hence save a lot time about 8 to 12 months to obtain new suckers for the next
planting cycle. Moreover, the grower favoured the good eating quality of this hybrid and it is
comparable to MD2 variety. This study provides information on the growth performance, plant
characteristics, fruit quality and yield that will be beneficial to other farmers, pineapple
producers and researchers. Furthermore, this J53116(6) hybrids also has potential to be a
superior parent for future hybridization program that may produce wider potential varieties. It
is also expected to be an alternative choice for the Malaysian pineapple industry and
acceptable by the consumers for fresh market.
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INTRODUCTION
Cendawan kukur or split gill mushroom (Schizophyllum commune) is an edible mushroom that
has high potential for commercialization because of its delicious taste, high medicinal
(antibacteria, antifungus) and nutritional value (protein, vitamins, lipids, minerals, fibers) [1, 2,
3, 4, 5]. Beta-glucan in mushroom is capable to exhibit biological activities such as antitumor,
antimicrobial, anti-allergy, anti-inflammation, cardiovascular regulator, radio-protective,
antioxidant, antidiabetic, anti-obesity and immune protective response [6]. Traditionally wild S.
Commune mushroom grows abundantly during the raining season in small quantity. Recently,
this mushroom was cultivated using planting medium for commercial in large scale and can be
produce all year-round [7]. Effort from various institution to domesticate this plant using
planting medium were successful and this mushroom has recently started to be marketed with
high price. However, basic knowledge and technology for postharvest handling of S. Commune
are very limited. Therefore, postharvest handling studies were proceed to reduce postharvest
losses and to cater market needs. Studies on maturity indices, time-temperature relation,
packaging, drying methods and combination treatments were carried out. Significant finding
on suitable harvesting maturity, optimum storage temperature, storage life, suitable packaging,
combination of postharvest treatments and suitable drying techniques were identified.

MATERIALS AND METHODS
Study on Quality and Storage Life of Fresh and Dried S. Commune Mushroom
Study on quality and storage life includes: (1) study on maturity index; (2) study on quality
changes during storage at ambient temperature (250C); (3) study on quality changes during
storage at low temperature (20C); (4) study on quality changes during holding at ambient
temperature after cold storage; (5) study on the effect of pre-cooling period on quality during
storage and (6) study on the effect of different packaging materials on quality during storage.
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Maturity indices study were carried out by tagging the S. commune mushroom after cutting the
medium bag. S. commune mushroom started fruiting after 3 days. S. commune mushroom
were harvested and evaluated at day 3, 4, 5, 6, 7 after fruiting. For storage study, S. commune
mushroom (5 – 6 days after fruiting) were harvested and stored at ambient (250C), low
temperature (20C), and holding at ambient after cold storage to determine the storage life,
problem during storage and potential to be marketed.

S. commune mushroom were pre-

cooled at different storage period (24 – 38 hours) before postharvest handling operation to
determine potential to prolong the storage life. S. commune mushroom were packed in
different packaging materials to determine the most suitable packing material to preserve the
quality during storage. S. commune mushroom were dried using different drying methods: sun
drying, solar drying, air drying and oven drying (500C and 700C) to determine the most suitable
drying methods to prolong the storage life of dried S. Commune.
Determination of Quality Parameters
Physiological (evaluated visually), physical (colour L, hue and chroma) and chemical (soluble
solids concentration (SSC), pH, total titratable acidity (TTA), ascorbic acid content and antioxidant) characteristics of mushrooms were evaluated from early fruiting until the mushroom
deteriorate for maturity study and quality parameters were determine every day during storage
at ambient and every 3 days to 1 weeks for storage studies at low temperature.
RESULTS AND DISCUSSION
Studies showed that common problem during postharvest handling of S. commune are lost of
moisture significant within 32 hours exposed to ambient temperature, mixed maturity during
harvesting, browning and blackening during development and storage, off-flavour (musty smell
and urine like smell). S. commune still edible with acceptable taste, without foreign smell until
10 days at ambient temperature. Pre-cooling at 24 hours better that 48 hours. LDPE 0.04 mm
can maintain quality and freshness of fresh S. commune for 2-3 weeks at 20C storage, better
that other packaging. Vacuum pack, PP 0.08mm and cling wrap cannot prevent browning of
fresh S. commune during storage. Dried S. commune using sun drying and solar drying can
be stored for 4 months at ambient storage temperature without changed of colour, odour, antioxidant content and SSC. Oven drying can reduce drying period significantly but it cannot
prevent browning and urine like smell. Air drying need the longest drying period and the fastest
quality changes.
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CONCLUSION
Postharvest handling technology of fresh S. commune with long storage life and stable quality
during storage has been developed with 10 days storage life at ambient and 3 weeks at 20C,
and dried S. commune last for 4 months at ambient temperature. This technology ready to be
used for market distribution and industry.
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EVALUATION OF TACUNAN DWARF COCONUT VARIETY AS PLANTING
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INTRODUCTION
In the year 2018, the total coconut planting acreage under small holders’ management in
Malaysia was 78,800 ha comprising of 48,414 ha in Peninsular and 30,386 ha in Sabah and
Sarawak. The hybrid coconut is the most preferred choice as coconut planting material for
Malaysian farmers. This is due its lucrative high yielding capacity (32,000 nuts per ha per year).
However few establishments in the country produce MATAG seedlings. Meanwhile, the
number of farmers interested in cultivating coconut had increased tremendously. Currently,
farmers endure shortage of good and high yield coconut seedling. There is a great need to
produce non hybrid planting material in Malaysia. The coconut variety must be an early
flowering, has a medium fruit size and a higher yield. Among the new popular coconut variety
is the Tacunan variety from the Philippines. Tacunan is categorized as dwarf coconut type as
it has a slow growth rate. Tacunan in the origin country showed good plant characteristic such
as early flowering and bigger fruit size compared to other dwarf plants. The fruits are heavy
with thin husk and yield an average of 100 nuts per palm per year. In this study, the yield
performance of Tacunan in MARDI Bagan Datuk was observed to determine the suitability of
Tacunan as planting material in Malaysia.

MATERIALS AND METHODS
Tacunan seedlings were planted in MARDI Bagan Datuk (MBD) in 2016 in four rows with a
planting distance of 6.5 x 6.5 m. Twenty (20) trees were used as sample trees to collect yield
and fruit characteristic data. All the trees were rain fed. One (1) kg of NPK blue fertilizer was
applied in 4 splits in the first year per tree and 2 kg of fertilizer in the second year. Three (3)
kg of fertilizer per year per tree was applied in the subsequent years. The first yield data was
collected in April 2019. The yield data was observed by counting the harvestable matured nut.
The number of bunches were also recorded. The yield data was taken in every two months.
Twenty (20) nuts were subjected to fruit composition analysis parameters such as fruit weight
(g), nut weight (g), husk weight (g), shell weight (g), water weight (g) and kernel weight (kg).
There was no replication in this experiment as no other varieties were used for data
comparison or observation. All the yield and fruit composition data was analysed using simple
statistic to determine mean values.
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RESULTS AND DISCUSSION
Table 1 shows the mean of yield of Tacunan coconut in MBD. The average number of bunches
harvested in every observation was 1.89. Tacunan trees on average gave two fruit bunches in
every harvest. The minimum number of bunches was observed in the first and fourth harvest.
The maximum bunches was observed in the seventh harvest. Meanwhile, the average nut
yield in every harvest was 11.2 nuts. The lowest and highest yield was observed at the first
harvest (6 nuts) and the seventh harvest (24 nuts) respectively. The number of coconut per
bunch was highest at sixth (7 nuts) and seventh harvest (6 nuts). The average number of fruits
per bunch was 4.27. The first yield recorded the lowest number of fruit per bunch at 1 fruit per
bunch. The total number of bunches harvested in six harvest in this observation was 11.3
bunches per palm. Arulandoo et al, in 2003 reported the number of bunches per palm was 17
for Tacunan dwarfs [1]. They also reported the three year mean for number of bunches per
palm was at 15.9 bunches. The number of nuts per palm per year in United Plantation Bhd
was recorded as 100 nuts. However, the average nut per palm per year for Tacunan trees in
MBD was 67.2 nuts. The Philippines Coconut Authority (PCA) had reported the nut per palm
per year in their country at 94 nuts [2]. Meanwhile, matured Tacunan in Cote d Ivoire only
produced 30 – 50 fruits per palm [3].
Table 1. Mean of yield of Tacunan coconut in MARDI Bagan Datoh
No of
harvest
1st
2nd
3rd
4th
5th
6th
7th
Mean
CV
SE

No of bunches

Nut yield

Nut per bunch

1.15
1.5
1.95
0.95
2.0
2.15
3.55
1.89 ± 1.47
78.0
0.12

4.2
6.3
11.1
4.85
13.7
14.5
24.05
11.2 ± 12.0
106.8
1.0

1.33
2.51
4.0
3.29
5.83
6.69
6.26
4.27 ± 3.87
90.9
0.32

Table 2 shows the evaluation on Tacunan characteristic in MBD. The average of Tacunan fruit
weight was 1411 g where the smallest fruit weight observed was 880g and the highest fruit
weight observed was 2128 g. The average nut weight of Tacunan was 1027.7 g and the lowest
nut weight observed was 565 g while the heaviest nut weight was 1574 g. The mean husk
weight value at 383.2 g for Tacunan coconuts. The shell weight for Tacunan was 222.8 g in
average. While the mean of water weight in Tacunan was 371.1 g where the highest and lowest
water weight observed was 884 g and 121 g respectively. In this study, the mean of kernel
weight in Tacunan was 433.7 g. It showed the lowest Tacunan kernel weighs at 260 g while
the highest kernel weight was at 665 g. The PCA had reported that the Tacunan fruit was larger
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than normal dwarf. Bourdeix et al had reported that Tacunan maximum fruit weight at 1350 g
[3]. The weight of other dwarfs in MBD was observed as 732.7 g for Malayan Yellow Dwarf,
1040.4 g for Malayan Brown Dwarf and 1118.1 g for Niu Leka Dwarf [4]. The average nut
weight of Tacunan in MBD was 1027 g and average Tacunan nut weight in Vanuatu was
recorded at 1028 g [5]. This finding indicates Tacunan has similar nut weight in both locations.
Tacunan has bigger nut weight compared with other dwarfs such as MGD in Indian ecotype at
635 g [6] and MRD in Sri Lankan ecotype at 489.4 g [7]. Tacunan in MBD also exhibit similar
kernel weight when compared to kernel weight of MATAG (432.0 g) in MBD as reported in
2009 [8].
Table 2. Mean values of physical characteristic of Tacunan in MARDI Bagan Datoh
No of
harvest
1st
2nd
3rd
4th
Mean
CV
SE
Min
Max

Fruit weight
(g)

Nut
weight (g)

Husk
weight (g)

Shell
weight (g)

Water
weight (g)

Kernel
weight

1137.0
1591.6
1566.3
1358.6
1411.0 ±
373.5
23.9
38.9
880.0
2128.0

889.1
1123.6
1115.5
983.2
1027.7 ±
225.7
21.9
26.0
565.0
1574.0

247.9
468.0
450.7
375.4
383.2 ±
133.8
34.9
15.4
204.0
712.0

207.8
243.2
234.1
202.7
222.8 ±
45.1
20.2
5.2
142.0
320.0

291.7
416.0
427.2
350.9
371.1 ±
152.6
41.1
17.6
121.0
884.0

389.5
464.3
454.2
429.5
433.7 ±
73.31
16.9
8.46
260.0
665.0

In Malaysia, there are many dwarf varieties and these varieties are high yielders and early
bearers but the limitation to these varieties is the small fruit size. Tacunan which is also a dwarf
variety however produces bigger and heavier fruits. Even though only first year data is
gathered currently, Tacunan dwarf showed promising characters as planting material in Bagan
Datuk research station. Further observation is needed to gather more data for safely introduce
Tacunan as planting material for farmers in Malaysia.
CONCLUSION
Tacunan is being promoted as quality high yield seedlings for farmers in the Philippines and
currently are being sought by Malaysian farmers. Tacunan fruits were noticeably bigger in fruit
size and heavier in fruit weight when compared with other dwarf fruits such as MGD, MYD and
MRD. Tacunan dwarf has the potential as a high quality planting material for Malaysian
farmers.
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INTRODUCTION
Coconut (Cocos nucifera L.), is a perennial crop cultivated largely in the tropics and subtropics of
India, the Philippines, Malaysia, Sri Lanka, and Indian Ocean and South Pacific Islands. It is grown
in more than 90 countries, with world production concentrated in Asia and the pacific. The
Philippines, Indonesia, India, Sri Lanka, Thailand, Malaysia, and Papua New Guinea all together
account for about 80% of the total area planted with coconuts worldwide [2]. In Malaysia, coconut
is ranked at fourth place among other industrial crops behind oil palm, rubber and paddy in terms
of total planted area. The major variety grown is the Malayan tall, constitute about 92.2%, followed
by the MATAG hybrid with 4.3%, MAWA hybrid about 4.3%, aromatic dwarf (pandan) with 1.7%
and Malayan dwarfs only 0.2% [6]. Recently MATAG hybrid gain popularity among growers due
to its promising characters in terms of the productivity. It is capable of producing better yield about
10-22 coconuts per time compared with other varieties [4]. This hybrid shows high production of
nuts approximately about 25,000-30,000 nuts ha-1 [5]. To this date reliable data on MATAG
productivity is still lacking even though the economic life span of coconut can attain up to 50 -70
years, depending on the variety and nutrient/soil management.[3]. Due to the knowledge gap
especially on MATAG coconut variety, this research was conducted to generate available and
reliable data absolutely to better understanding of the potential and achievable yield of
approximately 30 years old MATAG coconut trees. Thus, this study was aimed to determine
potential yield and make assessment of fertilizing practices on MATAG variety as well as to
enhance their productivity through fertilizer manipulation.
MATERIALS AND METHODS
The plot of MATAG hybrid established in 1987 at MARDI Kluang, Johor was selected as
experimental site. Planting distance of MATAG coconut variety is 8 m x 8 m in triangle planting
system with plant population approximately about 180 plants/ha. The plot was then arranged
in randomized complete block design (RCBD) with 5 replications. The treatments applied is
three fertilizer rates of NPK 12:12:17 viz. 1 kg/plant, 2 kg/plant, 3 kg/plant, and 0 kg/plant
(control). Fertilizer were given in 4 split time at every 3 months interval by broadcasting the
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fertilizer in build basin surrounding the trunk. Matured coconut fruit was collected by same
workers counted for record to evaluate the effect of fertilizing on production. Fruit component
analysis (FCA) was conducted as well to determine the effect of fertilizer rate on fruit quality.
Data of yield and FCA were then analyzed using statistic, Analysis of variance (ANOVA) and
mean comparison was conducted as well but subject to significant different (p<0.05) as
indicates in ANOVA.
RESULTS AND DISCUSSION
Yield
Result of ANOVA analysis from the study shows fertilizer significantly affects the numbers of
nut production (Table 1). Highly significantly difference (p <0.01) for number of nut production
as effected by fertilizer rate were detected by monthly production of September, November,
December, January, February, March, April, May, Jun, July and August but not in October. In
addition, significant interactions between fertilizer rate and season were also detected as well
in month of September (p <0.05), November (p <0.01), February (p <0.01) and July (p <0.05).
Significantly difference of monthly number of nut production contributes to the significant
different of total volume production of each season and there were significant difference
interactions (p <0.05) between fertilizer rate and season production. Total number of nuts
produce by coconut tree was found significantly difference due to fertilizer application detected
in Season two and Season three. In the second season (2018), result obtained indicates
increasing of fertilizer rate at 0, 1, 2 and 3 kg/tree/year contribute to yield production of 7548,
9276, 11532 and 12552 coconuts, respectively. As for comparison over control (non-fertilized
plant) the production increased about 22.82%, 52.78% and 66.29 % higher than control plant.
Meanwhile in the third season (2019), the total production volume was about 3528, 5364, 7332
and 8244 number of coconuts produced for each treatment respectively. The yield production
increased about 52.04% (1 kg/plant), 107.82% (2 kg/plant) and 133.67% (3 kg/plant) as
compared over control (0 kg/ plant).
Table 2. Means squares for combined ANOVA for study effect of fertilizer rate on coconut
production (MATAG) over three season
Source
Season
Rep
Rep (Season)
Treatment
Season*Treatment
Grand mean
CV%

Sept.
Oct.
Nov.
2023980** 1905540** 1514940**
160560 ns 197010 ns 29640 ns
90405 ns 66240 ns 50565 ns
431680** 143740 ns 167740 **
163900 * 97540 ns 90220 **
736
581
583
34.29
54.91
30.54

Dec.
Jan.
Feb.
March
April
May
Jun
175680 ns 1299120** 2331420** 839580 ** 4612020** 2299920** 2431860**
185040 ns 37860 ns 37650 ns 66960 ns 148440 ns 280890 ns 153690 ns
41355 ns 36870 ns 22620 ns 25830 ns 43995 ns 79020 ns 108960 ns
258000 ** 389760 ** 415120 ** 977280 ** 305280 ** 345500 ** 791200 **
145920 ns 80640 ns 156460 ** 31500 ns 88740 ns 93200 ns 56020 ns
712
498
616
670
724
592
673
33.13
53.63
44.24
30.74
29.96
37.61
39.97

July
Aug.
Total
5258940** 2851380** 168714000**
58290 ns 42690 ns 8135640 ns
83265 ns 34005 ns 850950 ns
475280 ** 616800 ** 42210140**
119180 * 58980 ns 4019120 *
602
648
6987
31.51
28.88
17.46

Note: ns = Not significant, *Significantly different at p <0.05; **Significantly different at p <0.01

Jadual 1 menunjukkan keputusan analisis ANOVA
pengeluaran hasil kelapa kesan daripada kadar
pembajaan 12:12:17+Mg bagi ketiga-tiga musim penilaian
yang telah dijalankan keatas kelapa MATAG yang telah
berumur lebih 30 tahun di MARDI Kluang. Keputusan
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Figure 1. Significant interaction between fertilizer rate and season towards number of nut
production
Fruit Component Analysis
Fruit component analysis (FCA) also showed the application of fertilizer at 2 kg/ plant/ year
yielded significant improvements in fruit diameter (9.81%), fruit height (8.81%), nut diameter
(5.81%), nut height (5.14%), fruit weight (20.46%), nut weight (22.11%), shell and copra
weight (16.91%) and shell weight (30.02%).
Table 2. Means squares for ANOVA for study effect of fertilizer rate on fruit component
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Figure 2. Effect of fertilizer rate on fruit component (a) Fruit diameter, (b) Fruit weight, (c) Nut
diameter, (d) Nut height, (e) Fruit weight, (f) Nut weight, (g) Shell & copra weight and (h)
Shell weight
CONCLUSION
Result from this study indicates fertilizing of coconut with different fertilizer rates from 0
kg/plant/ year up to 3 kg/ plant/ year poses significant effect on nut production which
consequently increase crop productivity. However, yield production is still directly
proportional to the range of fertilizer rates used in the study. There is a probability that the
need for fertilizer rates is higher than 3 kg/ plant/ year to encourage over 30 years old
onwards coconut crops to enhance more their productivity.
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INTRODUCTION
Mas Cotek (Ficus deltoidea) is a potential herb for medicinal purposes in Malaysia. It is a wellknown herb that has gained commercial importance due to its numerous health benefiting
properties. It has been used as a tonic for women’s health, rejuvenation and treatments of
pneumonia, migraine, stroke, dysentery, hypertension, diabetes and for improving blood
circulation [1, 2]. Currently, commercialization of Mas Cotek as an ingredient in bottled drinks,
herbal medicines capsules, sachets of coffee has led to an increase in market demand. For
pharmaceutical applications, a consistent and high level of bioactive compounds of this herb
is crucial. Manipulation of water stress enables consistent or increase bioactive compounds
of the plant.
Little or no attention has been given to the species adaptations to watering regimes
that can be manipulated to induce higher production of bioactive compounds. By using
conventional practices, herbal industries usually get inconsistent and low quality and quantity
of bioactive compounds and no studies to date reported on effect and adaptations of mas cotek
to watering regimes. This study can gain a new knowledge and information growth and physiobiochemical of mas cotek and can be consider as a new technique to get consistent or higher
production of bioactive compounds and at the same time reduce cost of irrigation and plant
maintenance. The present study was undertaken to examine the effects of different watering
regimes on growth, physiology, leaf anatomy and production of bioactive compounds in Mas
Cotek. This approach can be a possible short-term strategy to solve problems at farm level
with simple water manipulation for herbal industries.
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MATERIALS AND METHODS
Planting Material, Growth Conditions and Experimental Location
Schematic layout of the whole experimental design was as illustrated as in Figure 1.

Figure 1. A schematic diagram of overall methodology
Experiment 1
Measurements of morphological parts of plants were done at two-month intervals. Number of
branches, leaves and fruits were counted manually for each plant. Leaf area was measured
using a leaf area meter (LI-3100). Growth analysis were performed at 60, 120 and 180 days
after treatments followed standard procedures by Hunt [3]. Plants were harvested and
partitioned into roots, stems, fruits and leaves to determine the dry weights using a digital
balance after oven-drying at 650C for 48 hours. Then, the dried leaves samples were ground
and extracted using methanol prior to High Performance Liquid Chromatography (HPLC)
analysis and Folin-Ciocalteau Assay. The HPLC followed the procedures by Zunoliza [4] with
some modifications. The commercial external standard, vitexin and isovitexin were used to
identify and quantify the level of vitexin and isovitexin in the samples by comparing their
spectral characteristics and retention time. Total phenolic content was determined by FolinCiocalteau method as described by Singleton and Rossi [5] with some modifications, involving
Folin-Ciocalteau reagent and gallic acid as a standard.
Experiment 2
Leaf gas exchange were determined using a LI-COR 6400 Portable Photosynthesis System
on matured, fully expanded leaves for each treatment. All readings were taken between 8.00
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- 11.00 am at harvest which was presumed that photosynthetic rates would be maximal. The
relative chlorophyll content was measured on the same leaves as leaf gas exchange using
SPAD-502 Chlorophyll Meter. Chlorophyll fluorescence was measured using portable Plant
Efficiency Analyzer (Handy PEA). Leaves of plants used for anatomical study for both wellwatered and water-stressed treated plants followed the procedures of Mohd Norfaizal [6] with
some modifications. The samples were viewed using Leitz Diaplan polarizing microscope fitted
with JVC CCD camera.
RESULTS AND DISCUSSION
Experiment 1
According to Figure 2 and Table 1, cyclic water stress (CWS) reduced growth and affected dry
matter yield and partitioning of mas cotek. Plant subjected under 7 days cyclic water stress
(CWS) produce more leaf dry weight which is 60.37% as compared to other treatment while
higher root dry weight for plant subjected under 21 days of CWS. Figure 3 shows that
harvesting time at different DAT imposed and CWS treatments significantly affected production
of vitexin, isovitexin and total phenolic content. Cyclic water stress for 7 days gave highest
concentration of vitexin and isovitexin which gave the lowest percentage of reduction of growth
on most of the parameters measured as compared to other water stress treatments.

Figure 2. Whole plant percentage of dry matter partitioning
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Figure 3. Water stress effect on vitexin (A), isovitexin (B) and total phenolic content (C)
Table 1. Percentage reduction of plant dry matter

Experiment 2
Water stress significantly decreased photosynthesis rate, stomatal conductance, transpiration
rate, water use efficiency and relative water content as compared to well-watered (control)
plants (Figure 3). Table 2 shows the effect of water stress on mean value of different leaf tissue
thickness of Mas cotek. It was observed that thickness of upper epidermis, palisade,
mesophyll, lower epidermis and leaf lamina were not significantly affected by water stress. In
contrast, only spongy cells showed significant effect under water stress conditions. The upper
leaf epidermis of water-stressed plants was 0.78 % thinner than well- watered. Similarly, all
leaf tissues of water stressed (spongy, mesophyll, lower epidermis and leaf lamina) showed
thinner cells as compared to leaf tissues of well-watered plants by 13.4, 5.6, 4.3 and 3.4 %
respectively. In contrast, only palisade cells show an increase of thickness by 32.03 %.
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Figure 3. Physiology parameter at different weeks as affected by well water (WW) and water
stress (WS) treatments on mas cotek plants

Figure 4. Cross-sections of leaves of Mas Cotek subjected to well-watered and water stress
treatments. UE: upper epidermis, HY: Hypodermis, P: Palisade, S: Spongy, M: mesophyll,
LL: leaf lamina, LE: Lower epidermis
Table 2. Leaves anatomy of Mas Cotek plants subjected to well-watered and water stressed
Table 5.2: Leaves anatomy of Mas Cotek plants subjectedtreatments
to well-watered and water stressed treatments
Thickness (µm)

Treatment
Upper epidermis

Palisade

Spongy

Mesophyll

Lower Epidermis

Leaf lamina

Well-watered

37.10ns

165.66ns

721.00*

898.67ns

36.12ns

1024.26ns

Water stressed

36.81ns

218.73ns

624.20

848.30ns

34.57ns

988.95ns

T-test was performed at P≤0.05 (n=12). ns: not significant and *: Significant P≤0.05.
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CONCLUSION
From the studies conducted, we can conclude that by using this water manipulation technique,
higher vitexin, isovitexin and total phenolic content can be expected. This technique can be a
possible strategy to solve inconsistent of bioactive compounds and to get higher production of
bioactive compounds for herbal industry
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INTRODUCTION
In Malaysia, sweet potato ranks second among the tuber crops next to cassava (Hanim et al.,
2014) and the purple-fleshed sweet potato has been reported to contain vital nutrients and
bioactive compounds. Fungal diseases cause a considerable loss of crop yields in agricultural
industries worldwide. Curvularia species are important phytopathogens reported worldwide.
They are closely related which consist of major destructive pathogens mainly for grasses and
cereal plants including rice but new to purple sweet potato cultivation in Malaysia. Farmers are
using chemical fungicides in plant agriculture to control fungal diseases which are toxic to
humans, pollute the environment or have potential to cause fungicide residues in food
products. Biological controls using herbal plants against plant diseases, offers an alternative,
environmentally friendly strategy for controlling agricultural phytopathogens.
In this study, we investigate the antifungal potential of herbal plant extracts of the three
herbs using poisoning agar assay to overcome the infection of Curvularia leaf spot disease in
new variety of local purple sweet potato. These combinations of plant extracts were selected
based on excellent activity observed against Curvularia sp. in the previous experiment using
pathogenicity test and serial dilution assay.
MATERIALS AND METHODS
Curvularia leaf spot disease samples were collected and the fungal isolate was cultured on a
potato dextrose agar (PDA). The same medium was used for sub-culturing until pure fungal
isolates were obtained. Pathogenicity tests were carried out on the purple sweet potato leaves
by inoculating with the isolated fungus.
Plant extract samples, such as garlic, black pepper and tobacco were obtained from
the market. The samples were washed under running tap water to remove any debris and
impurities, dried and grounded in a double distilled water using a Warring Blender The
treatments were prepared accordingly. The samples were then centrifuged at 10 000 rpm for
10 minutes.
The antifungal activities of three types of plant extracts and its combinations were
assayed through screening of the Curvularia sp., by the poisoning agar technique on PDA
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growth medium. The fungal plug was standardized to 10 mm diameter of each fungal was put
onto the surface of the Petri dishes. As control sample for the experiment, no extract PDA agar
was used. The plates were then incubated at (28 ± 2) °C. Each extract form was evaluated
with 3 replications. The assessment was conducted after 24 h by measuring the diameter of
the inhibition of the fungi mycelia growth (clear zone of inhibition formed around were
considered indicative of antifungal activity) for seven days.
All experiments were conducted in a completely randomized design with three
replications for each treatment. The statistical analysis of the results was conducted by
analysis of variance (ANOVA) statistics program SAS. All means were separated with
Duncan’s multiple range test (DMRT).
RESULTS AND DISCUSSIONS
Out of 10 treatments used in Figure 1, three treatments showed significantly higher antifungal
activities against the test pathogen based on the poisoned agar technique within 7 days (T1,
T7 & T8). Treatment 7 showed the highest mean percentage of inhibition which is 84.97%,
followed by Treatment 1, 84.59% and treatment 8, 84.54%. However, treatment 2, 3, 4, 5 and
6 showed moderate inhibitions (50-79%) whereas the lowest inhibition (<50%) was in T4
(Figure 2). These three treatments contain garlic extract which means the active component
in garlic (allicin) can inhibit the growth of Curvularia sp. The results also indicated that a
combination of garlic, black pepper and plant booster has strong antifungal activity followed by
the garlic extract itself (Figure 3). Since garlic treatment inhibited the growth of tested fungi up
to 84%, it could be considered as a potential bio-fungicide. In addition, the combination of garlic
treatment with black pepper as well as tobacco also showed strong phytopathogenic effect
even up to 7 days. Moreover, regarding the broad spectrum of the pathogens directly inhibited
by allicin from garlic extract, and the known effect of allicin and garlic juice in inducing plant
defence responses (Silva et al., 2001). The result also supports the use of garlic extract as a
useful, cost effective and environmentally friendly management strategy in controlling plant
disease such as Curvularia leaf spot.
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Day 3
Day 7

Figure 1. Poisoning agar results after 3 days (top) and 7 days (bottom) of inoculation of

Treatment: T1: PDA garlic extract dilution 1/6 + Curvularia sp.; T2: PDA black pepper extract dilution 1/6 + Cur

dilution 1/6 + Curvularia sp.; T4: PDA solution X 10x dilution + Curvularia sp.; T5: PDA garlic + black peppe

+ Curvularia sp.; T6: PDA garlic + black pepper + tobacco + Curvularia sp.; T7: PDA garlic + black pepper +

sp.; T8: PDA garlic + tobacco + solution X 10x dilution + Curvularia sp.; T9: PDA black pepper + tobacco +
sp.; T10: PDA + distilled water + Curvularia sp (-ve. control). Solution X refer to plant booster.
Fungus Inhibition Performance

Colony diameter
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Figure 2. Figure shows diameter inhibition of Curvularia colony on each treat
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Figure 3. Statistical analysis results obtained by analysis of variance (ANOVA) statistics
using SAS program. All means were separated with Duncan’s multiple range test (DMRT)
CONCLUSION
The antifungal of these plant extracts on Curvularia leaf spot disease of purple sweet potato
suggests that extract garlic has a potential as an alternative to commercial/ synthetic fungicides
against Curvularia leaf spot.
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INTRODUCTION
Brontispa longissima (chrysomelidae: coleoptera) was identified as one of the major pests of
coconut palm. The widespread use of insecticides without control will caused negative impacts
on the environment, consumer health and natural enemies of the insect pests. The introduction
of biopesticides is a great initiative to reduce the negative impacts due to long term usage of
the chemical insecticides. Therefore, a study on the effectiveness of selected plant extracts to
control B. longissima were conducted and the results were compared with a chemical
insecticide.
MATERIALS AND METHODS
Plant Material and Extracts
Plant extracts were prepared using water extraction method at the Product Development
Laboratory, Industrial Crops Research Centre, MARDI, Serdang. One type of laboratoryreared insect pests, viz, the coconut leaf beetle, B. longissima that was collected from coconut
plants in the field were used in the insecticidal tests. Seven plant types which were hempedu
bumi (Adrographis paniculata), kapal terbang (Chromolaena odorata), serai wangi
(Cymbopogon nardus), jatropha seed (Jatropha curcas), peria katak (Momordica charantia),
garlic extract (Allium sativum) and belalai gajah (Clinacanthus nutans) and one recommended
insecticides, Nurelle® (0.05% a.i.: Cypermethrin + Chlorophyrifos) as a positive control and
untreated check as a negative control were tested based on the direct dipping and residual
bioassay methods. Different concentrations of plant extracts at 1.0, 0.5, 0.25 and 0.125% were
tested against the larvae, adult males and females of B. longissima second generation (F2)
reared in the laboratory. The insect mortality was recorded at 0 hour before treatments and at
24, 48 and 72 h after treatments. In the field, ten insects of B. longissima species (4 instar
stages larvae and adult) were selected and labelled on the coconut plants showing symptoms
and incidence of pests. Each treatment consists of four replications and were sprayed as
follows: Formulation Y, combination of Cypermethrin + Chlorophyrifos and Control). Data
analyses were done using two-way ANOVA and Tukey’s test. Both of these data analyses
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were obtained through the MINITAB Statistical Version, Version 16. Means of mortality rates
were being transformed √ x square root of before analyzing the data.
RESULTS AND DISCUSSION
Direct Dipping Method
The mortality effect of Cypermethrin + Chlorophyrifos was the highest which killed 100% of B.
longissima at concentrations of 0.5 to 1.0 (% of active ingredient). For plant based
biopesticides, garlic extract (90%) was very effective in killing B. longissima by recording a
significant highest percentage of mortality (P<0.05) compared to others. This indicated that
both chemical insecticides and natural biopesticides can kill more pests at higher
concentrations [1, 2]. Similar results were also obtained in a study on the Leptinotars
decemlineata beetle [3]. Another finding also revealed that, increasing the concentrations or
dose of pesticides caused higher mortality of the tested insect [4].

Mean % of Mortality ± (SE)
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-20

0.125

0.25

0.5

1

Concentration (% active ingredient)

Cypermethrin +
Chlorophyrifos
Peria katak

Figure 1. Mean percentage of B. longissima mortality at different concentration and types of
biopesticides by Direct Dipping Method in the laboratory (Bioassay)
Residual Method
The mortality of B. longissima showed the highest percentage when treated with Cypermethrin
+ Chlorophyrifos (commercial insecticides) compared with garlic extract (79%), serai wangi
extract (76%), Jatropha seed extract (72%), kapal terbang extract (53%), belalai gajah extract
(49%), peria katak extract (41%) and hempedu bumi extract (30%) (Figure 2).
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Figure 2. Mean percentage of B. longissima mortality at different concentration and types of
biopesticides by Residual Method at laboratory (Bioassay)
Field Application
The commercial insecticides, Cypermethrin + Chlorophyrifos showed 100% of mortality at all
stages of B. longissima but not significantly different (P>0.05) compared to other biopesticides
in the field (Figure 2). Interestingly, the natural biopesticides (Formulation Y) had potential to
control the pests in the field application.

Figure 3. Mean percentage of mortality for ADULT dan LARVAE stages B. longissima in field
application by foliar spray
CONCLUSION
The extraction of kapal terbang, serai wangi, jatropha seed, peria katak, garlic extract has a
toxic effect on B. longissima and can act as a natural biopesticides. The foliar spray method
using formulation Y in field application (mixture of garlic, jatropha seed, kapal terbang, serai
wangi and peria katak) had the potential to be a BIO-KILLER against B. longissima.
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INTRODUCTION
Sorghum (Sorghum bicolor L.) belongs to the grass family, Poaceae. It is mainly cultivated in
drier areas and has become a crop of choice for farmers because it is resistant to drought
(Habyarimana et al., 2004). In Brazil, this crop is almost exclusively grown as animal feed, in
the form of pasture, silage and feed composition (Jean et al., 2008). Within the seed production
process, physiological quality assessment is a key factor in determining its use. The interest
in establishing rapid methods to determine seed viability, especially for storage and
commercial purposes, led to the development of the tetrazolium test. According to Tunes et al.
(2009), this test is important for quality control, because it offers rapid assessment of seed
viability, in less than 24 hours (Costa et al., 2007), and this is crucial to speed up decision
making at different stages of the seed production process (Bhering et al., 2005). It can be
conducted in a short period of time as results can be obtained within one to two days making
it advantageous to test seed species that require a long time to germinate due to dormancy.
The tetrazolium test is used to control seed quality of various plant species since it allows a
rapid evaluation of viability. Sorghum seeds may exhibit dormancy when freshly harvested,
and using the tetrazolium test is really advantageous in this case because it allows for results
of viability over a very short period of time when compared with the germination test, which
can take up to 14 days to yield results. Therefore, this study aims to determine the most
suitable method for TZ test and its efficiency in verifying viability in sorghum seeds.
MATERIALS AND METHODS
The seed used in the test were four varieties of sorghum seeds, Hybrid BMR (Brown Mid Rib),
MS (Mega Sweet) and SG (Sugar Glaze) and inbred SPV 422. Four replicates of 20 seeds
were used for moisture content determination. Moisture content of all samples were
determined on a fresh weight basis using the oven method at 103±2C for 1 hours as
recommended by ISTA (1985). Sorghum seeds were subjected to germination test conducted
with four replicates of 25 seeds. Seeds were germinated in sterilized sand in germination boxes

340

and incubated in a germination room at a temperature of 28±2°C. For the TZ test, four sub
samples of 30 seeds were used for each treatment. The seeds were immersed for 18 hours
(h) at 20 °C in 40 ml of water contained in a 100 ml glass beaker. After immersion, the seeds
were longitudinally sectioned in the centre of the embryonic axis and ¼ of the length of the
endosperm. Each seed was submersed in solution of 2,3,5- triphenyltetrazolium chloride, at
the concentrations of 0.1, 0.5 and 1.0%, in the dark, at temperatures of 30 ºC for 3, 4 and 5 h,
using four sub samples of 30 seeds, inside plastic cups. After the periods of coloration, the
solutions were drained and the seeds were washed in running water and observed under a
stereo microscope for uniformity, location and intensity of coloration of embryonic tissues,
being classified into two categories: viable and non-viable.
RESULTS AND DISCUSSION
The initial seed moisture content values were similar for the four variety of sorghum seeds,
varying between 7.91% to 9.55% (Table 1), a factor considered fundamental for standardizing
viability tests and obtaining consistent results (Marcos Filho, 1999). The seed quality
evaluation by the standard germination test (Table 1) separated the variety into high viability
variety (denominated MS, BMR and SPV) and lower viability variety (denominated SG).
Table 1. Mean germination values and seed moisture content of four varieties of sorghum
seeds
Variety

Germination (%)

Moisture Content (%)

BMR

97 a

8.51

MS

98 a

7.91

SG

80 b

9.55

SPV

96 a

8.80

Mean followed by the same letter are not significantly different from each other (P<0.05, DMRT)

The immersion staining procedure recommended by ISTA (2008) for sorghum seeds
is using TTC concentration of 1.0% at 30 °C. However, the results obtained in the present
study revealed that using a concentration of 0.1% TTC yielded the same results as using 1.0%.
Using 0.1% TTC for staining sorghum seeds is not only more economical, but also allows
proper staining of seed tissues, without reducing the classification of viability. Table 2 shows
the results of the viability of sorghum seeds by the tetrazolium test conducted with seed
preconditioning immersion. Immersion staining in the tetrazolium solution of 0.1% at three
hours produced the same seed viability classification for the lot as that of the germination test
(Table 1), variety BMR, MS and SPV were ranked as having the best quality and variety SG
was considered to have the worst performance.
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Table 2. Seed viability of four varieties sorghum conducted with pre-conditioning by
immersion with different concentration of tetrazolium salt
Staining method
3 hours

4 hours

5 hours

TTC Concentration
Variety

0.1%

0.5%

1.0%

0.1%

0.5%

1.0%

0.1%

0.5%

1.0%

BMR

93a

90a

91a

90a

86a

88a

91a

86a

92a

MS

95a

91a

93a

93a

91a

90a

91a

90a

90a

SG

73b

73b

71b

70b

70b

70b

69b

69b

70b

SPV

92a

86a

91a

86a

90a

90a

88a

91a

88a

Mean followed by the same letter are not significantly different from each other (P<0.05, DMRT)

Figure 1. Scale of the seed viability and vigour for sorghum seed
From the TZ test, a scale of seed viability and vigour were obtained to categorize the
seed according to their staining pattern (Figure 1). The formation of this scale starts with viable
seeds with high vigour on top while the lower viability seeds in the middle and the dead seeds
located at the bottom of the scale. This scale will then be used to determine other sorghum
seeds tested using the TZ test. Viable seeds were considered as that which embryo showed
uniform intense red colour, tissue with normal aspect, firm, with embryonic axis and cotyledon
node region coloured and cotyledon with more than 50% of its surface coloured (Figure 2A).
Non-viable seeds were those with totally white or incomplete staining pattern, soft tissues,
characterizing dead tissue (Figure 2B).
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A

B

Figure 2. Sorghum seeds after staining (viable and non-viable)
CONCLUSION
This study indicates that evaluating sorghum seeds through tetrazolium test is possible using
a much lower concentration of TTC at 0.1% for 3 hours compared to the recommended
concentration (1.0% TTC) by ISTA. This improved protocol for tetrazolium test for sorghum
seeds can reduce the cost and time to check for seed viability which is crucial information for
farmers to predict the amount of seed needed for planting. Reduction of TTC concentration will
reduce the amount of TTC needed for the solution which in the end will reduce the cost needed
to conduct the test.
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INTRODUCTION
Quality seed, being the basic input in agriculture, plays an important role in realizing the
optimum yield and productivity of any crop [1]. Seed coating technology provides an
economical approach to seed enhancement in cereal crops such as maize. Synthetic or natural
polymers have been used as binders/adhesives for better agrochemical adherence to the
seeds [2]. Natural polymers or biopolymers originated from plants or biological sources is an
alternative for an environmentally friendly coating to replace synthetic polymers. However,
critical to the advancement of new seed coating polymers is an assurance that there is
compatibility between the polymer and seed germination, plant growth, and timely delivery of
the pesticides [3]. Kaufman [4] suggests that the “ideal” coating would be neutral in its influence
on the speed, uniformity and germination percentage of a seed lot. In maize, it was reported
that seed germination is inhibited by coating with either polymers alone or polymers
incorporating pesticides [5, 6, 7]. Therefore, this study was conducted to evaluate the effects
of two biopolymer emulsions (vegetable oil-based and polysaccharide-based) coating on the
seed germination, seedling growth and vigour of maize var Improved Masmadu.
MATERIALS AND METHODS
Seeds of maize (Zea mays L.) var. Improved Masmadu were coated (25 mL/kg of seeds)
with two biopolymer emulsions (lipid-based, B1 and polysaccharide-based, B2) at different
concentrations (2.5, 5, 10 and 20% v/v) and dried back near its initial weight. Non -coated
seeds were used as a Control. Seed germination and health tests were following the ISTA
[8] procedures. The germination percentage was calculated based on the number of normal
seedlings in each replication of treatments. Daily germination counts were used for the
calculation of the mean germination time [9], the coefficient velocity of germination [10],
germination rate index [11], and germination index [10]. Ten normal seedlings were selected
randomly in each treatment from all the replications to measure the seedling length, the
dry weight, and the vigour index [12]. The experiments were carried out in a Completely
Randomized Design (CRD) with four replications. The SAS software was used for the
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analysis of variance (ANOVA). Treatment means were compared using the Least

Significant Difference (LSD) test with a confidence interval of 95%.
RESULTS AND DISCUSSION
The seed germination was significantly improved by biopolymer coating (Table 1). The highest
germination percentage (75%) was obtained when seeds were coated with T1 (2.5% B1) as
compared to T0 (67%). It might be due to the hydrophilic nature of the polymer that might have
increased imbibition rate, which led to faster activation of cells and resulting in the enhanced
mitochondrial activity and formation of high energy compounds and vital biomolecules that
were available during the early phase of germination due to reduced imbibition damage by
regulating the water uptake [13, 14]. However, seed coating with higher concentrations of
biopolymers (T7 and T8) decreased the germination percentage (64%) and it could be due to
the restricted oxygen supply to the embryo and the retention of water-soluble germination
inhibitors [17, 18].GRI and GI were significantly improved after coated with the biopolymers
but did not affect MGT and CVG (Tab. 1). The better speed of germination through seed
coating polymer is attributed to its hydrophilic nature, leading to faster and higher water uptake
leading to quick radicle emergence [15]. Biopolymer coating also significantly improved the
seed health of maize. Fungi incidence was significantly reduced after coating with T9 (20%
B2) but it was not significantly different when coated with either T4 (10% B1) and T7 (10% B2).
According to Robani [19], the polymer coating gives additional protection to the seeds, acting
against pathogens, ensuring more excellent safety during handling.
Table 1. Seed germination percentage (GP), mean germination time (MGT), the coefficient
velocity of germination (CVG), germination rate index (GRI), germination index (GI),
percentage of fungi incidence (FI), seedling length (SL), seedling dry weight (SDW) and
seedling vigour index (SVI) of maize seeds after coating with biopolymers.
GP

MGT

FI

SL

SDW

(%)

(days)

(%)

(cm)

(g)

T0‒Control

67ab

308ab

59a

14.9bc

T1‒2.5% B1

22.75a

339a

46b

49.1a

20.58a

308ab

3.5a

44.35a

21.58ab

71ab

3.4a

41.73a

T5‒2.5% B2

69ab

3.3a

T6‒5% B2

69ab

T7‒10% B2
T8‒20% B2

Treatments

CVG

GRI

GI

SVI-1

SVI-2

3.4a

52.7a

20.45ab

0.1020a

993bc

6782ab

75a

3.5a

51.34a

16.7ab

0.0924a

1250a

6921ab

T2‒5% B1

68ab

3.5a

45b

16.3ab

0.0992a

1101abc

6736ab

T3‒10% B1

71ab

322ab

35c

15.1bc

0.1027a

1078abc

7302a

T4‒20% B1

21.83ab

326ab

14d

12.2c

0.1007a

866c

7136a

47.73a

21.85ab

322ab

34c

15.7ab

0.0949a

1087abc

6530ab

3.4a

48.45a

21.8ab

318ab

27c

17.5ab

0.0972a

1205ab

6702ab

64b

3.6a

48.2a

19.03b

285b

15d

15.8ab

0.0962a

1009abc

6177b

64b

3.5a

41.73a

19.3b

289b

10d

18.6a

0.1003a

1201ab

6424ab

Note: Means with a different subscript letter are significantly different by the LSD test at p <0.05.
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Biopolymer coating did not cause any phytotoxicity to the seedlings. The morphology
of seedlings was normal and vigorous compared to control. The seedling length was
significantly increased after coating but reduced after coating with 20% B1 (Tab. 1). The
improvement in seedling length might be due to accelerated water uptake [20] and enhanced
metabolic activity [21, 22], leading to early germination and better seedlings growth. The
seedling dry weight of the coated seeds was not significantly different from control (Tab. 1).
The SVI-1 was significantly increased after coating compared to control but decreased after
coated with T4 (20% B1). The increase in SVI-1 was mainly due to the higher seed germination
percentage and increased seedling length.
CONCLUSION
Overall, it showed that both biopolymers enhanced the seed quality of maize var. Improved
Masmadu. Seeds coated with 2.5% v/v B1 (vegetable oil-based formulations) attain a better
germination percentage and rate, while higher concentrations (10-20% v/v) of biopolymers
gives better seed protection. It shows that both polymers can be applied as a seed coating
agent on maize seeds.
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INTRODUCTION
In conserving plant genetic material, particularly seed, it is important to know whether the
species shows orthodox, intermediate or recalcitrant seed storage behavior. Baccaurea
polyneura and Baccaurea motleyana or their respective common name jentik-jentik and rambai
which belong to the Phyllantaceae family are few of the indigenous crops in Malaysia.
Currently, these species are conserved in the field genebank which incurred high maintenance
costs and prone to biotic and abiotic stresses. Alternatively, these species can be conserved
in the seed genebank since it is cheaper and less risks of biotic and abiotic stresses. The
principles in storing seed is to know their storage behaviour, which can be categorized into
recalcitrant, intermediate or orthodox [1]. However, information on storage methods of their
seed is still lacking. In view of that, a study was conducted to evaluate seed quality; viability
and vigor of B. polyneura and B. motleyana as affected by desiccation, in order to obtain
preliminary information on their storage behavior.
MATERIALS AND METHODS
Desiccation Treatment and Data Collection
Fresh ripe fruits with removed pericarp were placed on a modified culture rack in the laminar
air flow and the sample weight were monitored periodically until the seed moisture content
(MC) reached 40, 30, 20 and 10%. The period for each species to reach targeted MC was
recorded and the MC of both species before and after desiccation were determined.
Germination test were then carried out and data of germination percentage (GP), germination
index (GI) and mean germination time (MGT) were recorded [2]. The seedlings were then
categorized A-D based on morphological description; A (ungerminated seed), B (abnormal
seedlings), C (seedlings with plumule still intact with testa), and D (seedlings with fully
expanded plumule). Treatments were arranged in a CRD with four replications; 2200 seeds
per replication. The data obtained was analysed using ANOVA in the SAS software (Version
9.4, SAS Institute Inc. Cary, North Carolina, USA) and differences between treatment means
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were compared using Tukey’s Honest Significant Difference (HSD) at P ≤ 0.05%. Pearson
correlation coefficient (r) was determined between the variables in each species at P ≤ 0.05%.
RESULTS AND DISCUSSION
Desiccation Rate
Desiccation rate in B. polyneura was 3.11 times faster as compared to desiccation rate in B.
motleyana. Seeds of B. motleyana took 52 hours to be desiccated from initial MC, 54% to
targeted MC of 20% whereas in B. polyneura, the seeds only took less than 15 hours. This
pattern of MC loss can be associated to the water chemistry in the seed. The rapid loss in MC
is because of loss in free water whereas the slower rate is associated to lose in either loosely
or tightly bound water [3].
Effects of Desiccation on Seed Quality
Regardless of the species, desiccating the seeds from initial MC to 40% MC significantly
reduced the GI by 27.6%. When further desiccated to 10% MC, the GI in both species reduced
significantly by 85.1% as compared to GI at initial MC. Significant interaction recorded in GP
revealed that the effects of desiccation on GP were highly dependable on the species.
Desiccating the seeds from 30 to 20% MC did not significantly reduce the GP in B. polyneura.
In B. motleyana. However, desiccation from 30 to 20% MC significantly reduced GP by 72.15%
(Figure 1A). This suggested that desiccation seems to affect seed viability of both Baccaurea
species but to greater extent in B. motleyana. In this study, the same pattern of mean difference
classification for MGT can be observed in both species as desiccation progressed. However,
degree of MGT that showed drastic increased was at difference desiccation interval in both
species. Drastic increased (30.7%) for B. polyneura seeds is at the further end of desiccation
interval; when the seeds were desiccated from 20 to 10% MC. On the other hand, in B.
motleyana, drastic increased (48.75%) in MGT was recorded at early desiccation interval;
when the seeds were desiccated from initial MC to 40% (Figure 1B). This showed that in view
of MGT, B. motleyana seeds were more sensitive to desiccation. This can be supported by its
higher value of correlation coefficient (r -0.87, p ≤ 0.01) between moisture content and MGT
as compared to correlation coefficient value in B. polyneura (r = 0.82, p≤0.01). Significant
interactions between species and MC indicated that percentage of seedling that is categorized
as A, B, C, D at each desiccation levels was highly dependable on species. As desiccation
progressed, percentage of seedlings categorized as C and D reduced in both species, but the
reduction degree varied between the species.
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Figure 1. Effects of desiccation on germination percentage (A) and mean germination time
(B) of B. polyneura and B. motleyana. Means in each graph with the different letters indicate
significant differences at P≤0.05% level according to Tukey’s HSD. (Mean ± S.E; n=4)
Seed deterioration resulted in abnormal seedling percentage, largely in the
intermediary moisture levels (31.5% to 28.2%) and is associated with superficial lesions which
caused reduction in this seedling type and increase in dead [4].
CONCLUSION
Both species differ markedly in response to desiccation rate and tolerance. Seeds of B.
motleyana took longer time to be desiccated and are more sensitive to desiccation, indicated
by deterioration of its viability and vigour as desiccation progressed. In terms of seed storage
behaviour, B. motleyana can be classified as recalcitrant while B. polyneura as intermediate,
in regards of desiccation tolerance.
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INTRODUCTION
Coconut eriophyid mite is an invasive coconut pest in many African, South American and Asian
countries including major coconut producing countries such as Sri Lanka, India and Philippines
[1]. The pest infests primarily on young coconut fruits of various stages and coconut seedlings.
These mite colonies establish under the perianth of the young fruits which later cause necrosis
on lower surface of the perianth. During outbreaks, it can cause serious fruit scarring and
abortion especially in developing fruits. According to [2], infestation by the coconut eriophyid
mites can reduce yield up to 60%. In Malaysia, this pest has never been the main concern as
its damage was insignificant. Recently, several farmers [3],[4] had claimed that their buyers
refused to buy the extensively scarred fruits which lead to huge loss. Therefore, this initial
study was conducted to investigate the infestation level of this pest on selected coconut
varieties to enhance our understanding of the current scenario of this mite infestations locally.
MATERIALS AND METHODS
Three coconut varieties namely Aromatic dwarf, Nias and Catigan were used in this study.
Palms aged 5-7 years old were selected and 30 palms from each variety were tagged
randomly. Two types of young fruits aged 3-4 months (small) and 7-8 months (large) were
sampled from each palm. Damage incidences per palm were observed and recorded. The
fruits were collected and kept in labelled plastic bags and brought back to the laboratory. At
the laboratory, damage severity was recorded based on two types of parameters (i) damaged
and total surface areas of each fruit (Galvao technique) and (ii) damaged and total
circumference of the fruit’s perianths (Sousa technique) following [5] and [6]. The coconut
perianths were later separated from the fruits and placed into 50mL 99% alcohol. The solutions
were stirred slowly using glass rod and 1mL solution were pipetted onto petri dish before
observed under microscope. The mites were identified and its number were counted and
recorded. Experiment was arranged following the Complete Randomized Design (CRD). Data
of damage area surface and circumference of the infested fruit’s perianth were analysed using
2-factorials Analysis of Variance (ANOVA) and multiple mean comparisons were done using
Least Significant Difference (LSD) at confidence level of 95%.
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RESULTS AND DISCUSSION
From the study, three types of mites were recorded. One of it is the eriophyid mites Aceria
guerreronis from family Eriophyidae (Figure 1) while the other two were predatory mites from
family Phytoseiidae. When using the two techniques, Galvao technique is more practical to be
used to identify the pest incidence as it can be easily observed from under the tree. Results
from Figure 2 show that percentage of incidence was the highest on Aromatic dwarf but not
different with Nias as compared to Catigan. This could be attributed by the aroma emitted
which attracts coconut pests including mites to the palms [6]. Table 1 shows that coconut
varieties affect the damage level on perianth (P<0.05) as compared to the effects of fruits sizes
(P=0.49) when using Sousa technique. However, there were differences on severity affected
by both fruit size and varieties (Table 2) when using Galvao technique. When using both
techniques, Aromatic dwarf recorded significantly highest severity compared to the other two
varieties (Figure 3a). The bigger fruits recorded significantly more damaged area than the
smaller fruits (Galvao technique) even though the circumference of damaged perianth (Sousa
technique) for both fruits sizes were the same (Figure 3b). On the contrary, mites’ population
(Figure 4) reveals that Catigan dwarf recorded the highest followed by Nias and Aromatic.
Meanwhile, smaller fruits recorded relatively more mites than the larger ones. [7] mentioned
that the damaged area (scarring) of the fruits represent past damage caused by the mites but
does not reflect current infestation level. Scarring occurs due to the expansion of necrotic
tissues of the fruits surface under the perianth during fruit’s development. Thus, the occurrence
of larger damage areas on bigger fruits in this study coincided with the above statement. From
this study, coconut varieties could be the main factor in determining eriophyid mites’ infestation
level. According to [8], coconut fruit shapes determine the fruit-perianth tightness in which
greater tightness is achieved in rounder fruit rather than elongated and angled ones. This will
easily permit mites entry under the perianth.

Figure 1. Coconut eriophyid mite Aceria guerreronis under compound microscope (phase
contrast, 40x magnification)
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Figure 2. Damage incidences caused by eriophyid mites on different coconut varieties
Table 1. Circumference of damaged perianth affected by different fruits size and varieties
(Sousa technique)

Source

DF

F-value

Pr > F

Fruit sizes

1

0.46

0.4974

Varieties

2

36.75

<.0001*

Fruit sizes x Varieties

2

4.91

0.0084*

Table 2. Fruit’s damaged area affected by different fruits size and varieties (Galvao technique)
Source

a

DF

F Value

Pr > F

Fruit sizes

1

51.17

<.0001*

Varieties

2

32.99

<.0001*

Fruit sizes x Varieties

2

15.47

<.0001*

b

Figure 3. Percentage of damage caused by eriophyid mites on (a) different coconut varieties
and (b) fruits’ sizes using Galvao and Sousa technique
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Figure 4. Mean populations of mites on different varieties and fruits’ sizes per ml alcohol
CONCLUSION
From the studies it can be concluded that Aromatic dwarf coconut is more susceptible to
eriophyid mite infestations as compared to Nias and Catigan dwarf. Lower level of severity on
coconut fruits represents current population abundance of mites. Galvao technique is more
practical to be used as an indicator to estimate mites’ population as compared to Sousa
technique. This finding could be the basis in developing decision making technique of coconut
eriophyid mites’ management.
REFERENCES
[1]

European and Mediterranean Plant Protection Organization. 2017. EPPO Global
database: Aceria guerreronis. Paris, France: European and Mediterranean Plant
Protection Organization. https://gd.eppo.int/taxon/ACEIGU/distribution. [18 August
2019].

[2]

Haq, M. A. (2011). Coconut destiny after the invasion of Aceria guerreronis in India.
Zoosymposia 6:160–169.

[3]

Priatno, M. (2017, February 16). Personal communication.

[4]

Tan, K. (2020, June 17). Personal communication.

[5]

Galvao, A. S., Gondim, Jr. M. G. C. and Michereff, S. J. (2008). Diagrammatic scale
of Aceria guerreronis Keifer (Acari: Eriophyidae) damage in coconut. Neotropical
Entomology 37(6): 723-728.

[6]

Nor Ahya, M., Tajul Ariffin, A.Z., Ahmad, N., Sentoor, G.K. and Mazidah, M. (2020).
Effect of eriophyid mite infestation on coconut fruits in Bagan Datuk. Transaction of
Malaysian Society of Plant Physiology, 27:116-118.

[7]

Sousa, A. S. G., Gondim Jr. M. G. C., Argolo, P. S. and Oliveira, A. R. (2017).
Evaluating damage in the perianth: a new diagrammatic scale to estimate population
level of Aceria guerreronis Keifer (Acari: Eriophyidae) in coconut fruits. Acta
Agronomica 66(1): 141-148.

355

[8]

Aratchige, N.S., Sabelis, M.W., Lesna, I. (2007). Plant structural changes due to
herbivory: do changes in Aceria infested coconut fruits allow predatory mites to move
under the perianth? Exp Appl. Acarol 43:97–107.

356

SITE SPECIFIC NUTRIENT MANAGEMENT (SSNM):
SPECIFIED GUIDELINE TOWARDS RICE YIELD INCREMENT IN
MADA GRANARY
Muhammad Naim Fadzli Abd Rani1*, Nurul Syakira Samsuri1, Ahmad Arif Ismail3,
Mohammad Aufa Mhd. Bookeri1, Mohd Shahril Shah Mohamad Ghazali2,
Badril Hisham Abu Bakar4, Norlida Mohamed Hamim5, Shahida Hashim1,
Hairazi Rahim @ Abdul Rahim6, Elixon Sunian @ Elixson Sulaiman1,
Hartinee Abbas1 and Asfaliza Ramli1
1Paddy

& Rice Research Centre, 2Engineering Research Centre,
MARDI Seberang Perai, Pulau Pinang.

3Industrial
4Engineering

Crop Research Centre, MARDI Jerangau, Terengganu.

Research Centre, 5Soil Science, Water & Fertilizer Research Centre,

6Socio-Economic,

Market Intelligence & Agribusiness Research Centre,
MARDI Serdang, Selangor.
*E-mail: naim@mardi.gov.my

INTRODUCTION
Rice soils are heterogeneous with regard to their physic-chemical properties in which has an
impact on rice productivity [1]. Currently, farmers had issues managing their soil and fertilizer
application of their field. They usually practice conventional method when applying fertilizer
without understand about soil properties as one of their parameters in agriculture practice.
Imbalance fertilizer use may result in damaging effect on the long-term productivity,
environmental pollution and health problems [2].
Site specific nutrient management (SSNM) is an approach based on paddy nutrient
requirement under intensive production systems. The SSNM method can be used as a
guideline to manage nutrients such as nitrogen (N), phosphorus (P) and potassium (K) in which
farmers can implement fertilizer application rate at accurate basis per local crop requirement.
Presently, this approach has not been fully utilized according to location and season, farmers
only depend on fertilizer supplied by the government at the rate of 104:42:62 NPK kg/ha.
Hence, specific nutrient management establishment can help to optimize the use of fertilizers
both effectively and cost effectively.
MATERIALS AND METHODS
Several studies were conducted in Batu 16 and Batu 17, Padang Lumat, Yan, Kedah covering
an area of 300 hectares from 2016-2019 to establish the technology with following sequence
of studies: i. Soil fertility determination and mapping according to areas, ii. Development of
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specific nutrient fertilizer application technologies and iii. Large-scale evaluation of specific
nutrient fertilizer application technologies (Figure 1).

RESULTS AND DISCUSSION
Using ArcGIS10.3 software to interpolate soil samples of pH, CEC, total N, organic C, available
P, exchangeable K and conductivity by Kriging interpolation. Variables of total N and organic
carbon which is measured in term of percentage (%), available P is measured in as part per
million (ppm or mg/kg), exchangeable K, CEC is measured in cmol (+)/kg and conductivity is
measured in µS/cm. Descriptive statistics of pH, CEC, total N, organic C, available P,
exchangeable K and conductivity contents are presented in Table 1.
Table 1. Descriptive statistics characteristics of soil nutrients.
Soil properties

Mean

Maximum

Minimum

Standard

Std

Deviation

Error of
Mean

pH

4.72

5.40

4.10

0.33

0.03

CEC cmol(+)/kg

20.48

34.90

14.00

3.27

0.32

Total N (%)

0.20

0.32

0.09

0.04

0.004

Organic C (%)

3.25

5.81

1.09

0.91

0.09

Avail P (mg/kg)

15.43

65.70

4.90

8.36

0.83

Exchangeable K cmol(+)/kg

0.25

0.54

0.10

0.08

0.008

168.23

492.50

46.60

93.76

9.28

Conductivity µS/cm
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Based on NPK ratio 91.7: 50.3: 81.5 kg/ha (calculation obtained from SSNM Model), evaluation
indicates that T3 (N split % of 20 (basal), 30 (tillering), 30 (PI-O) and 20 (heading) recorded
yield up to 5.38 t/ha with consequent significant highest reading for panicle length (26.0 cm)
and spikelet per panicle (105).

Yield (t/ha)

10.00
8.00

7.58 b

7.79 a

Subsidized

SSNM

6.00
4.00
2.00
0.00

Fertlizer application pakcage

Figure 2. Relationship between treatments and yield
These studies had established soil fertility map and site specific NPK fertilizer
application package. The benefits derived from this package are as follows; nitrogen rate
reduction (11.7%) as compared to current subsidized package, thus indicated that this
package can be implemented in the designated mapped area as compared to the overall
subsidized package. The package is also helps optimize the use of fertilizers effectively (N rate
fertilizer distribution for all stages = 20%, 30%, 30% and 20%). From economic and social
view, large scale implementation of these packages by farmers has the potential to contribute
surplus as much as RM 362.47 per hectare compared to current subsidized package mainly
due to more efficient use of fertilizer which consequently lead to yield increment (Figure 2).
CONCLUSION
From the studies conducted, these findings can be benefitted by MADA, DOA and
approximately 1000 farmers encompassing 300 ha area utilizing this localized specific fertilizer
application packages which covers mapped areas compared to other areas that solely
depends on government subsidized packages.
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INTRODUCTION
Poor panicle exsertion or natural deficiency of ‘panicle enclosure’ of female parent or
cytoplasmic male sterile (CMS) is one of the major constraints in hybrid rice seed production
[1]. Thirty to forty percent of the panicles are partially or fully remained in the flag leaf sheath,
thereby making these florets unavailable for out-crossing or cross-pollination between the CMS
and male parent (maintainer or restorer lines) and this situation consequently affecting the
seed setting and finally the grain yield [2]. In China, foliar application of exogenous gibberellic
acid (GA3) was proven as a significant approach to improve panicle exsertion and led to
successful seed production in hybrid rice [3]. Besides improving panicle exsertion through cell
elongation, GA3 was also identified to increase the duration of floret opening, improve the
stigma exsertion rate, lengthen the duration of stigma receptivity, adjust the plant height of
both parents and increase the tillering ability of secondary and tertiary tillers so that they bear
panicles [4].
In China, high concentrations of GA3 (150-300 g/ha) have been used in order to get
high seed yield by the hybrid rice seed growers [5]. However, outside China, high cost of GA3
limits seed growers to use only 45-50 g/ha [6]. In Malaysia, 50 g/ha of GA3 which equivalent to
100 mg/L have been recommended by Kato [6] to be applied in local hybrid rice seed
production. However, the concentration of GA3 recommended by this author was used 20
years ago on imported hybrid rice lines. Since Malaysia has successfully developed a local
hybrid rice parental line with poor panicle exsertion, as such this study was conducted to
determine the appropriate concentration of GA3 to be applied in local CMS hybrid seed
production and its effect on plant growth, yield performance and internode changes.
MATERIALS AND METHODS
This study was conducted at a plant house of MARDI Seberang Perai, Penang using a
randomized complete block design with 3 replications. A locally developed hybrid parents
namely CMS 0047A/0047B maintainer was obtained from Gene Bank, MARDI Seberang Perai
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and was used in this study. The seed of maintainer 0047B was sown two days after the seed
of CMS 0047A was sown in order to ensure flowering synchronization between parental lines.
The row ratio used was 2:5 with spacing of 10 cm × 10 cm and 15 cm ×15 cm between the
CMS and maintainer lines, respectively. Single seedling of CMS and two seedlings of
maintainer were transplanted per point. Gibberellic acid solution at the concentrations of 0, 15,
30 and 45 mg/L was sprayed to both CMS and maintainer lines when 10% of the panicles
emerged out from the flag leaf sheath and it was sprayed once a day for two consecutive days.
Zero mg/L was considered as control treatment. A series of agronomic traits of the CMS such
as plant height, number of productive tillers, duration of opened floret, angle of opened floret,
stigma exsertion rate and panicle exsertion rate (PER) were recorded according to [7]. At
maturity, selected yield components, grain yield and harvest index of CMS were also recorded.
RESULTS AND DISCUSSION
Application of GA3 had significantly affected the plant height of both parental lines (Table 1).
This result implies that application of GA3 increase the plant height by activating and elongating
the stem of the plants. Result shows that an application of GA3 at the concentration of as low
as 15 mg/L significantly increased the plant height of both parental lines. This result suggested
that endogenous gibberellin in the plant itself maybe insufficient and application of an
exogenous hormone might be relevant to promotes the stem elongation and consequently
increase the plant height. The PER of CMS 0047A increased by 7.5-8.9, 8.8-12.4 and 13.918.5% as compared to the control plants after the plants were applied with GA3 at the
concentrations of 15, 30 and 45 mg/L, respectively. This result was similar to the plant height
thus indicating that elongated stem by the GA3 is not the only factor affecting the plant height
but as the stem elongated, it also encourages the hidden florets in the leaf sheath to protrude
from the leaf sheath. Eventually, the possibility of these florets to be out-crossed with their
respective maintainer increases and consequently affecting its seed set and grain yield as well.
Application of GA3 significantly affected the seed set, grain yield and harvest index of
CMS 0047A at maturity (Table 2). This result revealed that GA3 plays a role in assisting the
plant to get better yield performance. However, there was a reduction in seed set and grain
yield of CMS 0047A after the CMS was applied with 45 mg/L GA3. The seed set and grain yield
of the respective treatment decreased by 10.84-12.44% if compared to the CMS applied with
30 mg/L GA3. This result suggested plant height may play a certain role in causing broken
panicle (data not published). As stem elongated, the plant height also increased and lead to
weaker mechanical strength of the stem.
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Table 1. Effect of gibberellic acid concentrations (GA3) on agronomic traits of
cytoplasmic male sterile 0047A and plant height of its maintainer, 0047B during seed
multiplication
Plant height

Number of

(cm ± S.D.)

Factor

Duration of

Angle of

Panicle

tiller

floret

floret

exsertion

per sq meter

opening

opening

rate

(mean ± S.D.)

(min ± S.D.)

(o ± S.D.)

(% ± S.D.)

0047A

0047B

0

80.3 ± 2.8 cz

89.4 ± 1.6 b

240.0 ± 31.3 ab

185.7 ± 21.3 a

35.9 ± 1.2 a

76.7 ± 1.6 b

15

88.8 ± 3.2 b

92.5 ± 2.1 a

224.0 ± 28.6 ab

183.8 ± 18.4 a

38.9 ± 1.1 a

83.0 ± 2.3 a

30

90.8 ± 3.1 b

94.3 ± 1.5 a

266.8 ± 32.5 a

187.0 ± 25.6 a

38.6 ± 1.4 a

84.8 ± 0.4 a

45

96.1 ± 2.7 a

98.4 ± 2.2 a

216.6 ± 33.5 b

184.7 ± 18.4 a

38.4 ± 0.1 a

89.1 ± 0.1 a

GA3 concentration
(mg/L)

zMeans within the column followed by the same letters are not significantly different by DMRT at 5%,
S.D.: Standard deviation

Table 2. Effect of gibberellic acid concentrations (GA3) on grain yield, yield components and
harvest index of cytoplasmic male sterile 0047A during seed multiplication
Number of

1000-grain

spikelet/panicle

weight

(mean ± S.D.)

(g ± S.D.)

0

127.0 ± 10.4 az

15.1 ± 0.3 a

15

110.7 ± 14.2 a

15.6 ± 1.3 a

30

115.7 ± 12.7 a

16.1 ± 2.1 a

101.3 ± 18.3 a

16.2 ± 2.3 a

Factor

Seed set

Grain

Harvest

yield

index

(t/ha ± S.D.)

(mean ± S.D.)

9.6 ± 0.3 c

0.8 ± 0.2 c

0.3 ± 0.03 b

13.3 ± 1.3 b

1.6 ± 0.2 b

0.5 ± 0.04 a

20.6 ± 0.3 a

2.3 ± 0.3 a

0.5 ± 0.01 a

18.2 ± 0.1 b

1.4 ± 0.2 b

0.5 ± 0.02 a

(% ± S.D.)

GA3 concentration
(mg/L)

45

Means within the column followed by the same letters are not significantly different by DMRT at 5%

z

S.D.: Standard deviation

CONCLUSION
It is recommended to use 15 and 30 mg/L GA3 to improve panicle exsertion of CMS 0047A
during CMS seed multiplication. As panicle exsertion improved, the out-crossing rate was also
increased and consequently affecting the grain yield. Application of GA3 at the concentration
of 45 mg/L is not recommended because it is associated with prone to lodging incidence.
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INTRODUCTION
Blast disease caused by the fungal pathogen, Pyricularia oryzae is one of the
devastating rice diseases worldwide as well as in Malaysia. The disease occurs in more than
85 countries on all continents where rice is grown, in both rice fields and upland rice cultivation.
Different plant parts of rice included leaf, collar, stem, node and panicle are subject to infection.
Losses of 10%–30% are typical, but the panicle infection that caused neck rot and empty grain
can lead to complete yield loss (Dean 2012).
Life-span of rice variety is only a few years, due to the breakdown of the resistance in
the face of the high variability of the pathogen (pathotype) population in the field (Song and
Goodman 2001). This phenomenon is due to the pathogen populations is highly compliant to
genetic, pathotypically diverse and the ability of the fungus to evolve rapidly and develop new
pathotypes (Talbot 2003).
MATERIALS AND METHODS
Disease sampling and single monoconidial isolation
Diseased samples from leaves, panicle nodes, collars and panicles were collected from
various infected rice varieties in MARDI trial plots and farmers’ field in rice granary areas in
Peninsular Malaysia. The diseased samples were subjected to monoconidial isolation and subcultured into slant Potato Dextrose Agar (PDA) and used as stock cultures for inoculum
preparation following the methods described by Hayashi et al. (2009).
Pathotype identification
Malaysian differential varieties (MDVs) were used to classify the P. oryzae isolates into their
respective pathotypes which consisted two sets of rice varieties, the susceptible range:
Mahsuri, Setanjung (MR1), Bahagia and Engkatek; and the resistant range: Seribu Gantang,
Tadukan, Pankhari 203 and Pongsu Seribu 2 (Misman and Zakaria 2019).
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DNA Fingerprinting of P.oryzae
DNA finger-printing of P. oryzae isolates were carried out through rep-PCR using Pot2-TIR
primer to monitor the genetic variability of the P. oryzae population in Peninsular Malaysia
(Suzuki et al. 2006). Cluster analysis was done based on the similarity coefficients by the
Unweighted Pair Group Method with Arithmetic Averages (UPGMA) using the NTSYS version
2.2 software.
Virulence Analysis
A set of international differential varieties consisting of 22 IRRI-bred blast resistance lines
(IRBL) carrying 22 resistance genes (Pish, Pib, Pit, Pia, Pii, Pi3, Pi5(t), Pik-s, Pik-m, Pi1, Pikh, Pik, Pik-p, Pi7(t), Pi9, Piz, Piz-5, Piz-t, Pita-2, Pita, Pi19(t), and Pi20(t)) and its susceptible
control, Lijiangxintuanheigu (LTH) were used to evaluate the virulence of six pathotypes
identified in Peninsular Malaysia as well as natural infection under uniform blast nursery
(Kobayashi et al. 2007; Tsunematsu et al. 2000).
RESULTS AND DISCUSSION
Pathotype diversity
Monitoring of blast pathotypes from 65 isolates had identified a total of seven pathotypes,
namely P0.0, P0.2, P1.0, P2.0, P3.0, P7.0 and P9.0 (Table 1). Dominant and virulent
pathotype, P7.0 showed the highest frequencies of 35.4% probably

influenced by the

prolonged cultivation of mono variety in the field. Interestingly, the new emergence of
pathotype has been identified as P0.2 (Misman and Zakaria 2019).
Table 1. Frequencies of isolates based on pathotype identification and rice varieties
Variety
MR219
MR220
MR220CL1
MR220CL2
MR263
MR269
MR284
MRQ74
Other varieties
Weedy rice
Total isolates
Frequency (%)

P0.0
0
0
0
7
1
0
2
0
2
1
13
20.0

P0.2
0
0
0
2
0
0
1
0
2
0
5
7.7

Pathotype
P1.0 P2.0 P3.0
0
0
0
0
0
0
0
0
0
2
0
0
5
0
1
0
1
1
0
0
0
0
0
0
3
0
1
0
0
0
10
1
3
15.4
1.5
4.6

P7.0
7
1
1
4
3
1
2
0
2
2
23
35.4

P9.0
0
0
0
2
4
3
0
1
0
0
10
15.4

Total
7
1
1
17
14
6
5
1
10
3
65
100.0
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Genetic diversity
Genetic diversity of P. oryzae isolates based on DNA fingerprinting using Pot2-TIR primer has
clustered 51 P. oryzae isolates into two main distinct clusters namely Cluster I, and II (II-F).
Cluster I with similarity coefficient value ranged from 0.78 to 0.84 was further sub-clustered
into 5 sub-clusters namely I-A, I-B, I-C, I-D and I-E, of which following the pathotype
identification that classified as pathotype P0.2, P7.0, P9.0, P0.0, P1.0 respectively and P3.0
for Cluster II-F (Figure 1).

Figure 1. Dendrogram generated using UPGMA based on Jaccard’s similarity coefficients
of 51 P. oryzae isolates from rice granary in Peninsular Malaysia based on bands amplified
using Pot2-TIR rep- PCR analysis.
Virulence analysis
Virulence analysis showed that seven IRBL which harbouring Pii, Pik, Pik-h, Piz, Pish, Pi7(t)
and Pi9 genes were resistant to all pathotypes evaluated. Meanwhile, under uniform blast
nursery, IRBLs harbouring resistance genes Pik, Pik-p, Pik-h, Piz, Piz-5, Pish, Pi1, Pi7 (t), Pi9,
Pi19 and Pik-m were resistant to blast disease (Table 2). Subsequently, these genes could be
as candidate genes to be incorporated in developing blast-resistant varieties.
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Table 2. Disease reaction pattern of IRBL to six pathotypes identified in Peninsular Malaysia
and under uniform blast nursery.
Designation of

Target Resistant

IRBLs

Gene

P0.0

P0.2

P1.0

P3.0

P7.0

P9.0 OS 2019

MS
2019/
2020

IRBLa-A

Pia

R

S

S

R

S

S

S

S

IRBLi-F5

Pii

R

R

R

R

R

R

S

-

IRBLks-S

Pik-s

R

R

R

R

S

S

S

R

IRBLk-Ka

Pik

R

R

R

R

R

R

R

R

IRBLkp-K60

Pik-p

S

R

R

R

R

R

R

R

IRBLkh-K3

Pik-h

R

R

R

R

R

R

R

R

Piz

R

R

R

R

R

R

R

R

IRBLz5-CA

Piz-5

R

R

R

R

S

S

R

R

IRBLzt-T

Piz-t

S

R

S

S

S

S

S

S

Pita= Pi4 (t)

R

R

S

R

R

R

S

S

IRBLb-B

Pib

S

S

S

S

S

S

S

S

IRBLt-K59

Pit

S

S

S

S

S

S

S

S

IRBLsh-S

Pish

R

R

R

R

R

R

R

R

IRBL1-CL

Pi1

R

S

R

R

S

R

R

R

IRBL3-C4

Pi3

R

S

S

S

S

S

S

R

IRBLP5-M

Pi5(t)

S

R

R

R

R

R

R

S

IRBLPi7 (t)

Pi7 (t)

R

R

R

R

R

R

R

R

IRBL9-W

Pi9

R

R

R

R

R

R

R

R

IRBL19-A

Pi19

S

R

S

R

R

R

R

R

IRBLPik-m

Pik-m

S

R

R

R

R

R

R

R

IRBL20-IR24

Pi20 (t)

S

S

R

R

S

R

R

S

IRBLta2-Re

Pita-2

R

S

S

R

R

R

R

S

Susceptible

R

S

S

S

S

S

S

R

IRBLz-Fu

IRBLta-K1

LTH

LTH=Lijiang Xintuan Heigu; R=Resistant; S=Susceptible
CONCLUSION
Pathotype diversity revealed that in terms of genetic variability, there was good
correspondence between the DNA fingerprinting patterns and the pathotypes identified of
which the isolates from the same pathotype were grouped together in one cluster.
Furthermore, virulence analysis study has indicated that Pik, Pi9, Pii, Pik-p, Pik-h and Pish
were among the candidate of resistance genes to be incorporated for the development of new
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blast-resistant variety by rice breeders to combat rice blast against the current high-frequency
pathotypes in the field.
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INTRODUCTION
Traditional rice varieties with maturation period of 150 days are widely cultivated in Sarawak.
Since these varieties are photoperiod sensitive, cultivation is limited to main season every
year. Reported average yield of wet paddy in Sarawak is 2.87 t/ha and this has contributed to
the state’s self-sufficiency level of only 51% [1]. Under National Key Economic Area (NKEA)
EPP11 initiative, Batang Lupar has been identified as a new granary with a total area of 5,100
hectares. Like most of paddy cultivation areas in Sarawak, the farmers in this area are still
planting traditional rice varieties such as padi Mamut, Bubok, Bali, and Kurau.
Grain productivity relies on the yield attributes such as number of panicles, grain
number per panicle, filled grain percentage and a thousand grain weight. However, there is
limited information due to lack of study emphasizing on traditional varieties requirement as
opposed to the modern varieties. Furthermore, different varieties need specific agronomic
management to express their best potential in determining the yield responses to plant
population and nutrient requisite. Therefore, cultural practices and fertilizer requirement
studies has been conducted in Batang Lupar to determine the best agronomic management
for traditional variety.
MATERIALS AND METHODS
Determination of Seedlings Age, Number of Seedlings per Planting Point and Planting
Density of Padi Mamut
Study on seedlings age, seedlings number/planting and planting density were conducted
separately based on the treatments as shown in Table 1. Each study was laid out in
Randomized Complete Block Design with four replications. Number of panicles/m 2, spikelet
number/panicle, filled grain (%), 1000-grain-weight and yield were recorded accordingly at
harvest. The data collected were subjected to the analysis of variance (ANOVA) to compare
treatment effects on the parameters. Mean comparison was performed by using Tukey’s
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Studentized Range (HSD) test at 5% level of significance upon obtaining significant F-value of
the factor and interaction.
Table 1. Treatments for seedlings age, number of seedlings per planting point and planting
density
Seedlings Age

No. of Seedlings/ Planting
Point

Planting Density

T1 = 15 days old

T1 = 1

T1 = 44 hill/m2

T2 = 30 days old

T2 = 3

T2 = 25 hill/m2

T3 = 45 days old

T3 = 5

T3 = 16 hill/m2

T4 = 60 days old

T4 = 7

T4 = 11 hill/m2

T5 = 75 days old

T5 = 9

T5 = 8 hill/m2

NPK Requirement Determination
The amount of fertilizer N, P and K required to attain targeted yield of 4 t/ha was determined
through the nutrient omission plot technique [2]. In this study, determination of fertilization
requirements (N, P or K) is implemented as described in Table 2 with a plot size of 5 m x 5 m
for each treatment. To ensure that the yield is not limited by the lack of a nutrient to be
determined, N, P and K fertilizers are fully supplied according to the subsidized package
fertilizer (104 N:41 P2O5: 62 K2O/ha) recommendation. Yield from each plot were recorded at
harvest and converted to per hectare basis with 14% moisture content. N, P and K fertilizer
requirement was calculated based on the equations [3] as shown below:
FN = (GY – GY0N) x UN / REN
FP = (GY – GY0P) x UP / REP x 2.292 [-15%]
FK = (GY – GY0K) x UK / REK x 1.2

[-15%]

Where:
FN = Recommended requirement for N fertilizer
FP = Recommended requirement for P2O5 fertilizer
FK = Recommended requirement for K2O fertilizer
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)
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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%)
P and K fertilizer requirement was further reduced by 15% because previous on-farm research
has shown that the desired yield goal will not be reached every season due to constraints such
as climate and pests other than nutrient management alone [3].
Table 2. Treatments description and amount of fertilizer supplied
Treatment (T)

Description

Fertlizer supplied (kg/ha)

1

P & K supplied (N omission)

42 P2O5 & 62 K2O

2

N & K supplied (P omission)

104 N & 62 K2O

3

N & P supplied (K omission)

104 N & 42 P2O5

4

N, P & K supplied (full fertilization)

104 N : 42 P2O5 : 62 K2O

RESULTS AND DISCUSSION
Seedlings Age, Number of Seedlings per Planting Point and Planting Density
Seedlings age of 15 and 30 days old showed significantly higher panicle number/m2, spikelet
number/panicle and yield than other seedlings age (Table 3). This shows the ability of young
seedlings to produce more tillers than the older seedlings. This is in line with the results found
in other studies, where the seedlings age of between 15 to 30 days shows a better ability in
productive tillers production, biomass weight and rice yield [4][5]. However, since farmers still
practices manual methods to uproot then transplanting, the use of seedlings that are too young
may result in higher mortality rate. Therefore, it is recommended to use a 30-days-old instead
of 15 days-old seedlings.
Table 3. Yield and yield components of padi mamut using different seedlings age, seedlings
number/ planting point and planting density
Panicle
Treatment

number/
m2

1000-grain
weight (g)

Spikelet
number/
panicle

Filled

Yield

grain (%)

(t/ha)

Seedlings

1

269a

24.8

232a

78.3

2.95a

age (days)

2

235a

24.0

211a

77.5

2.52a

3

179b

23.5

189bc

75.9

1.84b

4

121c

23.6

158c

74.1

1.16c

372

5

94c

22.9

139c

74.3

0.94c

Seedlings

1

264 a

23.7

241 b

77.0 a

2.82 b

number /

2

282 a

24.0

250 a

77.7 a

3.28 a

planting

3

261 a

24.1

247 ab

77.6 a

2.94 ab

point

4

224 b

24.3

219 c

75.6 ab

2.03 b

5

211 b

23.9

207 d

75.1 b

2.05 b

Planting

1

233 b

23.5

217 b

72.7

2.48 b

density

2

243 ab

24.1

221 b

72.5

2.63 b

3

251 ab

23.7

246 ab

74.3

2.86 b

4

296 a

24.3

281 a

76.2

3.68 a

5

238 b

24.1

222 b

73.0

2.54 b

Within a column, means followed by a different alphabet is significatly different at 0.05 probability level
based on Tukey’s test.

In addition to seedlings age, the number of seedlings planted in each point and planting
density are important factors in determining the yield of rice as it affects the population per unit
area, light, nutrient sources, photosynthesis, and respiration [6][7]. Both studies showed
significant differences in yield, panicle, and spikelet numbers. From these studies, the
recommended seedlings number/ planting point was three and planting density of 11 hill/m2.
NPK Requirement
Yield from the omission plot study is shown in Table 4. From the equations mentioned above,
it was found that the requirement of NPK fertilizer per hectare was 64 N: 57 P2O5: 84 K2O. It
can be observed that the amount of N fertilizer channelled through the government subsidized
fertilizer scheme is more than 40 kg N/ha. However, P and K fertilizer needed to be top up for
another 15 kg and 22 kg/ha, respectively, to achieve the targeted yield of 4 t/ha.
Table 4. Yield of padi mamut in omission plot
T

Yield (t/ha)

1

1.18

2

2.28

3

1.25

4

3.31
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CONCLUSION
From the studies conducted, to optimize the yield of traditional varieties, 30 days old seedlings
with three seedlings for each planting point and planting density of 11 hill/m2 are
recommended. As for fertilization, the recommended NPK fertilizer requirement is 64:57:84 kg
N, P2O5 and K2O/ha.
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INTRODUCTION
Blast disease caused by Pyricularia oryzae (Magnaporthe oryzae) is considered a significant
rice disease in rice cultivation. Rice blast disease occurs in 85 countries and causes 10-35%
grain yield losses [1] and in Malaysia could achieve as much as 50% [2]. The most effective
and economical approach for controlling the blast disease in rice is the use of resistant
cultivars. Nonetheless, the use of such cultivars has a limited effect due to the breakdown of
resistance genes with increasing blast pathotypes overcoming rice resistance [3]. Chemical
control is the most widely used method and effective plant disease management. Although
they are effective in controlling the fungal infections in rice, public concerns about the use of
synthetic fungicides are growing [4]. Silicon (Si) has been reported to increase the growth and
yield of a broad range of crops and beneficial in controlling diseases caused by both fungi and
bacteria in different plant species [5]. The deposition of Si in the epidermis of rice leaves is a
part of plant defense system that acts as a physical barrier that efficiently increases rice
resistance to rice blast [6]. Therefore, in this study, calcium silicate was tested on resistant and
susceptible to panicle blast rice cultivars. The objective of this study was to investigate the
effect of Si on panicle blast disease and grain yield.
MATERIALS AND METHODS
The study was set up as a 2 x 5 factorial experiment with three replications and arranged in a
randomized complete block design. The first factors were two rice cultivars, MARDI Siraj 297
(resistant) and MR 263 (susceptible). The second factors were five levels of calcium silicate (0
g, 4 g, 8 g, 12 g, and 16 g) applied into 40 kg soil per pot at 45 days after transplanting. This
was equivalent to 0, 100, 200, 300 and 400 kg Si/ha respectively. High virulent of Pyricularia
oryzae conidia (4 x 104 conidia ml-1) was sprayed using a hand spryer (30 ml pot-1) at heading
stage.
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RESULTS AND DISCUSSION
Panicle Blast Severity
MARDI Siraj 297 had no panicle blast symptoms as compared to MR 263. Thus, in this study
only MR 263 is discussed. Regression analysis on panicle blast severity showed significant on
linear function on MR 263. Silicon rate showed that the panicle blast severity decreased as the
Si rates increases. The panicle blast severity in MR 263 decreased by 38% from 0 kg Si/ha to
400 kg Si/ha (Figure 1). There was no difference of Si deposition in MARDI Siraj 297 as treated
with different rates of Si. On the other hand, in MR 263, there was a significant difference in Si
deposition in panicle among the different Si rates. Si application resulted in greater Si
deposition in plants treated with 400 kg Si/ha (9.3%) than in control (5.5%) (Figure 2) which
almost two times higher than the control. Reduced in severity because of Si deposition serves
as a barrier and this cuticle-Si double layer prevents penetration by fungi which helps to

Blast severity (%)

prevent infection process [7].
100
80
60
40
20
0

y = -0.0834x + 83.444
R² = 0.96
0

100
200
300
Silicon rate (kg/ha)

400

Figure 1. Panicle blast disease severity in MR 263 as a function of
increasing silicon rate
A

B

Figure 2. X-ray spectra of SEM images. Rice panicle of MR 263; (A) 0 kg Si/ha, and (B) 400
kg Si/ha
Grain Yield
In this study, the Si rate that could maximize the grain yield was 203 kg/ha (Figure 3). The
decline grain yield after 200 kg Si/ha because of inadequate availability to adsorb NSC in rice
panicle that lead to the decline in grain yield [8].
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Yield/plant (g)

4.0
3.0

y = -0.00001381x2 +
0.00675740x + 3.0086
R² = 0.97

2.0
1.0
0.0

0

100
200
300
400
Silicon rate (kg/ha)
Figure 3. Grain yield as a function of increasing silicon rate
CONCLUSION
The findings in this study indicated that panicle rice blast disease can be managed with 200
kg Si/ha. This could reduce 24% of panicle blast severity and consequently increased the grain
yield by 11%.
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INTRODUCTION
Chitosan is a natural biopolymer derived from chitin, a polysaccharide found in shellfish
exoskeletons such as shrimp, lobster, crabs, and fungal cell walls [1]. It is known to be
environmentally friendly for agricultural applications, as it is easily degraded and non-toxic to
humans in the environment. Many researchers have reported that the use of chitosan as a
seed priming agent improved the germination and early seedling growth [2][3] as well as plant
growth and yield performance [4][5]. Seed priming is a seed preparations method in which
seeds are pre-soaked prior to planting. It is a simple and low-cost, effective technique to
improve rapid and uniform plant emergence and achieve high vigour, leading to yield
improvement. However very few studies have been conducted on the effect of chitosan on rice
species especially on local Malaysian rice varieties.
Taking into account the ability of chitosan to improve plant growth and yield, this study
was carried out with the objective to investigate the performance of chitosan using seed a
priming technique for the growth and yield of local rice variety, MRQ 76 in field conditions at
two different locations in Kelantan, Malaysia.
MATERIALS AND METHODS
Experimental Details and Seed Priming
The field experiment was conducted at farmer’s field at two locations in Bachok (L1) and Kadok
(L2), Kelantan in 2018 and 2019. The study was conducted using a randomised complete block
design (RCBD), experimental plots size of 5 x 5 m (25 m2), with two priming treatments and 4
replicates. Priming treatments used in the study were hydropriming as control (soaking seeds
in distilled water) (T1) and chitosan priming (seed soaking in solution of chitosan) (T2). The
seeds were primed for 24 hours, then washed with water and left overnight before broadcasting
on the tray in nursery bed the next day. The 12 days old seedlings were used for transplanting
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and a single plant has been transplanted in a square pattern with spacing of 30 x 30 cm
distances between rows and hills.
Data Collection and Analysis
Data on the growth performance such as plant height, tiller number and leaf greenness (SPAD)
were recorded at three different stages which are 40, 70 and 100 DAS. Yield and yieldcontributing parameters such as panicle length, 1000-grain weight, filled grains, number of
grains/panicles were calculated following Casanova et al., 2002 [6]. All the data was analysed
using analysis of variance (ANOVA) SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) and
mean differences in treatment were separated using the Least Significant Difference (LSD).
RESULTS AND DISCUSSION
Rice Growth Performance
Results from the factorial analysis between treatments and rice age indicated that there was
significance interaction shown only on plant height and number of tillers at L1 where the plant
height and number of tillers increased as plant grew. Seeds priming with chitosan showing
significantly higher on all the growth parameters for both locations compared with control
except in SPAD at L2 (Table 3). Theerakarunwong and Phothi (2016) in their study also
reported similar results of increasing in tiller number per plant and stem height of Thai rice
cultivar by immersing the seeds in chitosan solution [7].
Table 3. ANOVA analysis on the effects of seed priming with chitosan on plant height, number
of tillers/hill and SPAD at Bachok (L1) and Kadok (L2)
Bachok (L1)
Factor

Plant Height

Number of

(cm)

tillers/hill

T1

76.74 b

19.08 b

T2

81.36 a

40

Kadok (L2)
Plant Height

Number of

(cm)

tillers/hill

34.89 b

68.48 b

29.08 b

40.16 a

25.33 a

37.38 a

75.12 a

37.67 a

41.71 a

50.50 c

20.00 b

36.07 ab

54.80 c

27.50 b

42.31 a

70

75.85 b

23.50 a

36.69 a

75.72 b

35.75 a

41.01 ab

100

110.79 a

23.13 a

35.64 b

84.88 a

36.88 a

39.49 b

T

**

**

**

*

*

ns

A

**

*

ns

**

*

*

TxA

*

*

ns

ns

ns

ns

2.67

11.78

2.26

5.74

13.3

4.99

SPAD

SPAD

Trt (T)

Plant Age
(DAS) (A)

CV (%)
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Note: In a column by Trt and DAS, figures having same letter (s) do not differ significantly at P≤ 0.05; *,
** indicates significant at 5% and 1% level of probability; ns = not significant. Trt = Treatments; T1=
Hydropriming with distilled water; T2= seed priming with chitosan. DAS= Days after sowing.

Rice Yield Performance
The yield-contributing parameters of rice treated with chitosan at L1 which are 1000-grain
weight and panicle length were significantly higher by 5 and 12%; respectively (Table 2) while
at L2, the number of filled grains,1000-grain weight and panicle length were significantly higher
by 26, 14 and 2% compared to T1 (Table 3). Rice yield in treatment 2 plots were found
significantly higher at L1 and L2 with 20 and 36% respectively compared to T1. Higher yield in
rice plants treated with chitosan at both locations were observed as a result of positive
increment in plant growth performance and yield-contributing parameters. Similar positive
results were also found by Boonlertnirun et al. (2008) which stated that chitosan increased
rice growth parameters in terms of plant height, plant dry matter and grain yield [4]. It is is also
reported that the use of chitosan increases the microbial population in large numbers and
transform organic nutrients into inorganic nutrients that are readily absorbed by the plant roots,
so that more nutrients can be absorbed by the plants, thus increasing the yield in rice [8].
Table 2. Effects of seeds priming with chitosan on yield and yield-contributing parameters in
rice var MRQ 76 at Bachok, Kelantan
Number of

1000

Spikelet

filled

grain

per

grains/m2

weight (g)

Panicle

T1

26230 a

24.28 b

104.54 a

303.75 a

22.13 b

5.98 b

T2

28141 a

25.49 a

118.69 a

306.00 a

25.24 a

7.37 a

LSD

7506.5

1.15

42.86

52.94

2.18

0.6

ns

*

ns

ns

*

*

Factor

Level of
significance

Panicle
number/m2

Panicle
length
(cm)

Yield
(tan/ha)

Note: In a column figures having same letter (s) do not differ significantly at P≤ 0.05; *, ** indicates
significant at 5% and 1% level of probability; ns = not significant. Trt = Treatments; T1= Hydropriming
with distilled water; T2= seed priming with chitosan.
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Table 3. Effects of seeds priming with chitosan on yield and yield-contributing parameters in
rice var MRQ 76 at Kadok, Kelantan
Number of
Factor

filled
grains/m2

1000 grain
weight (g)

Spikelet
per
Panicle

Panicle
number/m2

Panicle
length
(cm)

Yield
(tan/ha)

T1

16532 b

17.77 b

74.98 a

440.50 a

18.89 b

2.94 b

T2

22324 a

20.73 a

89.76 a

491.00 a

21.79 a

4.61 a

LSD

1164.3

2.16

19.18

79.76

1.68

0.23

*

*

ns

ns

*

*

Level of
significance

Note: In a column figures having same letter (s) do not differ significantly at P≤ 0.05; *, ** indicates
significant at 5% and 1% level of probability; ns = not significant. Trt = Treatments; T1= Hydropriming
with distilled water; T2= seed priming with chitosan.

CONCLUSION
From the studies conducted, it can be concluded that chitosan seed priming enhanced growth
and yield-contributing parameters in rice, resulting in yield improvement at both locations. Rice
cultivars treated with environmentally chitosan was an effective way to enhance and improve
rice production. Therefore, the application of chitosan by seed priming technique may be
recommended for Malaysian rice cultivation however a few more field trials are needed for
further verification.
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INTRODUCTION
Most of hill rice in Malaysia are cultivated in Sabah and Sarawak with an estimated area of
more than 50,000 hectares. Skim Baja dan Racun Padi Bukit/Huma (SBRPB) has been
introduced since 2015 with inputs consisted of 200 kg NPK compound fertilizer
(15:12.5:17.5:1+TE+HA+NUE), 15 litres liquid Nitrogen fertilizer (25% N) and weedicide
(glufosinate ammonium 18%). To provide an alternative to the current fertilizer package, SK
Spesialties Sdn. Bhd. has come out with controlled released fertilizer (SK Cote) for hill rice. SK
Cote is a water-soluble fertilizer coated with biodegradable polymer to enable nutrients to be
released over a period of times. Nutrients are released when moisture penetrates the coating,
then dissolves the nutrients inside the granule which in turn builds up an osmotic pressure.
Fertilizer can then diffuse through the coating over duration. The capsule then biodegrades,
and residual nutrients are released. This technology mechanism would be able to reduce
labour cost and improve fertilizer uptake. The objective of this project is to evaluate the effects
of SK COTE fertilizer on plant growth and grain yield under hill rice cultivation.
MATERIALS AND METHODS
Evaluation of Different Fertilizer Package at Experimental Plot
The experiment (Table 1) was arranged in RCBD with 4 replications with plot size 4 m x 4 m.
The traditional variety used in Kpg Melangkap, Sabah was padi Tambunan and padi Kuning
at Kpg Sepadah, Bau, Sarawak, where both have maturation period of between 150 to 160
days.
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Table 1. Treatments to evaluate the effects of SK COTE fertilizer formulation on plant growth
and grain yield in hill rice
Treatments
T1

Description
Untreated

Fertilizer type
0
Sebatian NPK

T2

T4

emergence
(DAE)

0

0

200

15-20

(15:12.5:17.5:1+TE+HA+NUE)

(33.75:25:35)

Coron (25:0:0+0.5B)

10 liters

40-45

Coron (25:0:0+0.5B)

5 liters

80-85

200

15-20

SK Cote Coated Urea (43% N)

50

0

Sebatian NPK (23:9:13:1 MgO+TE)

150

0

200

15-20

Foliar fertilizer (16:16:16)

4 liters

65

Urea (46%)

50kg

85-90

Urea (46%)

50kg

115-120

Foliar fertilizer (16:16:16)

4 liters

130

SK Cote 1
SK Cote 2

(15:12.5:17.5:1+TE+HA+NUE)

Sebatian NPK
Manual Padi
T5

ha

Days after

SBRPB

Sebatian NPK
T3

Amount/

Bukit by
MARDI (2015)

(15:12.5:17.5:1+TE+HA+NUE)

The data collected were subjected to the analysis of variance (ANOVA) to compare
treatment effects on parameters taken following the statistical procedure stated by Gomez and
Gomez (1984). Mean comparison was performed by using Tukey’s Studentized Range (HSD)
test at 5% level of significance upon obtaining significant F-value of the factor and interaction.
RESULTS AND DISCUSSION
Effect of Different Fertilizer on Yield and Yield Component
There was no significant effect on yield observed in Sabah (Table 2). However, the yield of T3,
T4 and T5 were higher by 4.2%, 32.2% and 23.4%, respectively, than T2 (SBRPB). In
Sarawak, significant differences were observed in yield between T3, T4 and T5, against T1
and T2 (Table 3). T4 from both sites recorded the highest yield although the application of the
fertilizer is only once at seed sowing. This will provide a better and practical choice for farmers
in fertilizer application while reducing the cost of labour. Furthermore, when the fertilizer in T4
mixes with the seeds and dribbled together, it can help to improve nutrient uptake and reduce
the surface run-off due to hilly condition as well as rain.
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Table 2. Effects of different fertilizer package on yield and yield component in Kpg
Melangkap, Sabah
Treat

Yield

Panicle

Spikelet

Filled grain

1000 grain

ments

(kg/ha)

no./m2

no./panicle

(%)

weight (g)

T1

1805 a

141 a

90 a

47.6 a

25.11 a

T2

2245 a

146 a

114 a

45.6 a

25.08 a

T3

2340 a

147 a

95 a

50.4 a

24.12 a

T4

2967 a

149 a

100 a

40.4 a

25.86 a

T5

2770 a

149 a

94 a

44.0 a

25.00 a

Mean

2425

146

99

45.6

25.03

CV (%)

21.27

24.11

19.21

31.9

5.18

P>F

ns

ns

ns

ns

ns

Table 3. Effects of different fertilizer package on yield and yield component in Kpg Sepadah,
Sarawak
Treat

Yield

Panicle

Spikelet

Filled grain

1000 grain

ments

(kg/ha)

no./m2

no./panicle

(%)

weight (g)

T1

872 c

81 c

131 d

50.9 b

23.84 a

T2

1687 b

124 b

199 c

74.9 ab

25.31 a

T3

2420 a

174 a

254 bc

80.1 ab

24.85 a

T4

2632 a

186 a

322 a

79.0 ab

25.33 a

T5

2477 a

203 a

290 ab

78.4 a

25.23 a

Mean

2018

154

239

72.7

24.91

CV (%)

4.78

10.9

10.6

5.3

2.77

Pr>F

*

*

*

*

ns

Mean followed by * is significant at 0.05. Mean followed with different alphabet is significant using
Tukey’s Test

CONCLUSION
Statistically the performance of SK COTE fertilizer application for hill rice as shown in this
project was proven to be at the same level as SBRPB. T4 which only use 150 kg/ha of fully
coated fertilizer could be an alternative to current subsidized fertilizer based on the increment
in yield in both location (32% in Sabah and 56% in Sarawak). By using this fertilizer, it could
reduce the labour cost since the frequency of application is only once during seed placement
with total weight of fertilizer of only 150 kg/ha compared to 215 kg/ha (200kg + 15 litres). This
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would also reduce the logistic and storage cost which is remarkably high given the
geographical condition in Sabah and Sarawak.
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INTRODUCTION
A collaboration project involving MARDI and Department of Agriculture was undertaken with
the aim of generating pyriproxyfen residue data from supervised residue trials of pyriproxyfen
on mango and papaya farms. The objectives of the project were to build capacity of generating
residue data according to Good Laboratory Practice and to generate residue data of
pyriproxyfen on mango and papaya for Codex MRL setting, after application of pyriproxyfen
on mango and papaya farms. Pyriproxyfen is classified under insect growth regulatorwith
insecticidal property [1]. In agriculture, pyriproxyfen is used to control scales, thrips and whitefly
[2,3]. In the project, MARDI was responsible for conducting residue field trials and Department
of Agriculture was involved in residue analysis on samples from residue field trials. Under
pyriproxyfen-papaya residue data generation, government agencies from Brunei and the
Philippines also participated under the same funding source and mechanism but on different
project management team.
MATERIALS AND METHOD
A total of six supervised residue trials on mango farms were conducted within 2012-2014 in
Western Peninsular Malaysia. Three residue trials were conducted in papaya farms within
2015-2016 also in Western Peninsular Malaysia. The locations of the trials are shown in Table
1 and Table 2. In each residue field trial, two plots were established namely untreated and
treated plot. The number of trees within each plot were in range of 6-16 trees. The treated
plots were treated with pyriproxyfen according to critical Good Agricultural Practice in the use
of pesticide, which involved worst-case scenario in pesticide applications. Pyriproxyfen was
applied twice at retreatment interval of two weeks. Mango and papaya were collected at
determined sampling intervals and sent to analytical laboratory for residue quantification at the
Department of Agriculture. As shown in Table 1 and Table 2, for respective residue study on
mango and papaya, only one trial was based on decline study, which included sampling
intervals of 0, 1, 3, 7, 14, or/and 21 days after last treatment. The rest of the trials involved
one or two sampling intervals.

388

RESULTS AND DISCUSSION
Results of pyriproxyfen analysis on mango and papaya residue field trials are shown in Table
1 and Table 2, respectively. Pyriproxyfen was detected in all the six residue field trials, at
<0.02 mg/kg in all the sampling intervals, from 0 until 21 days after last application.
Pyriproxyfen was detected in the range <0.02– 0.09 mg/kg in papaya residue field trials.
Highest residue was detected at 0 days after last application at 0.09 mg/kg and noticeable
trend of residue decline was observed from 0 until 14 days after last application.
As compared to detectable pyriproxyfen residues in papaya trials, it was quite
interesting to note that pyriproxyfen was detected at <0.02 mg/kg throughout the sampling
interval from 0 until 21 days after last application. The data suggested that pyriproxyfen
residue dissipated rapidly in mangoes.
Table 1. Pyriproxyfen concentration in treated mangoes from mango trials
Pyriproxyfen concentration (mg/kg)
Kuala
S. Perai
Bkt.
Serdang
Bikam
2013
Tangga
NS
NS
NS
NS

Days after
last
application
0

Pendang

3

NS

NS

NS

NS

NS

<0.02

7

NS

NS

NS

NS

NS

<0.02

14

<0.02

<0.02

<0.02

<0.02

<0.02

<0.02

21

NS

NS

NS

NS

NS

<0.02

NS

S. Perai
2014
<0.02

NS – No sample taken
<0.02 – Less than limit of quantification 0.02 mg/kg
Note: All control samples (not shown) in the six trials were <0.02

Table 2. Pyriproxyfen concentration in papayas from papaya trials
Days after
last
application
0

Pyriproxyfen concentration (mg/kg)
Serdang
Pauh, Perlis, 2015
Pauh, Perlis, 2016
Untreated
Treated
Untreated
Treated
Untreated
Treated
<0.02
0.09
NS
NS
NS
NS

3

NS

0.09

<0.02

0.14

<0.02

0.183

7

NS

0.05

NS

NS

NS

NS

14

NS

0.04

NS

<0.02

NS

NS

21

NS

0.03

NS

0.15

NS

0.04

NS – No sample taken
<0.02 – Less than limit of quantification 0.02 mg/kg

The residue data packages were submitted to WHO/FAO Joint Meeting on Pesticide
Residues (JMPR) for independent evaluation by selected experts from other countries. JMPR
in 2018 evaluation has made recommendation of Maximum Residue Limit of pyriproxyfen of
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0.3 mg/kg for papaya based on trial data from Malaysia, Brunei and the Philippines.
Recommendation of Maximum Residue Limit of 0.02 mg/kg was made by the JMPR for
pyriproxyfen on mango In the following year (2019). The recommended MRL for papaya was
endorsed by Codex Committee on Pesticide Residues (CCPR) in 2019 after JMPR
recommendations in 2018. Pyriproxyfen-papaya MRL was adopted by Codex Alimentarius
Commission (CAC) in 2019 after endorsement by the CCPR. Due to current pandemic of
Covid-19, CCPR and CAC could not convene to endorse and adopt the recommended MRL
for pyriproxyfen-mango. If the situation permits, the MRL for pyriproxyfen-mango would be
adopted in 2021.
CONCLUSION
Codex MRL of pyriproxyfen on papaya was successfully established following residue data
generation work by MARDI, Department of Agriculture and also government agencies from
Brunei and the Philippines.

Codex MRL for pyriproxyfen-mango would be established

tentatively by 2021.
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INTRODUCTION
Selenium (Se) is important to human health and it can be obtained from various food sources
such as vegetables. However, in Malaysia, vegetables have been expressed as the lowest Se
content in Malaysian food source [1]. A study done by [2], which was conducted on sixty-two
newly diagnosed breast cancer patients in Malaysian hospital, found that there was a
significant relation between breast cancer and low Se serum level, and an increased Se
concentration contributes to a reduced risk of breast cancer. Hence, with all those issues and
health problem associated with Se, biofortification of food crops with Se is necessary, but it
has never been attempted in Malaysia. Agronomic biofortification through the use of inorganic
Se as fertilizer, has been shown to be a successful strategy for increasing the Se content in
food crops [3]. However, it needs to be performed under optimum condition because of the
narrow gap between its nutritional and toxicological values. Hence, this study was done with
the aim of identifying efficient Se fertilization management for the production of Se-biofortified
green spinach.
MATERIALS AND METHODS
Field Experiment
The field study was performed for three cycles in randomized complete block design
(RCBD) with four treatments and was replicated four times. Each treatment received the
same amount of Se (IV), which was applied to the soil at a rate of 120 g/ha. However,
application of Se (IV) was performed at different times. Control (T1), which was without any
Se application, was included for comparison to other Se-fertilized treatments. For Sefertilized plants, Se was applied as follows: (1) at both 7 and 14 days after planting (DAP)
(T2), (2) once at 7 DAP (T3), and (3) once at 14 DAP (T4). At 30 DAP, ten randomly
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selected plant samples from each replicate treatment were harvested and dried at 60ºC
until a constant weight was obtained. The samples were weighed to determine their dry
matter. Dried plant samples were digested with nitric acid as described by [4]. The acidic
digestants

were

analysed

for

Se

using

graphite

furnace

atomic

absorption

spectrophotometer (GF-AAS). Selenium uptake was calculated by multiplying the Se
concentration by the dry weight of each plant part. Data on the dry matter and Se uptake
of green spinach for all three cycles were statistically analysed using SAS 9. 4 software.
RESULTS AND DISCUSSION
Effect of Selenium Application Timing on Selenium Accumulation by Green Spinach
Table 1 shows the Se uptake by green spinach. Leaves accumulated the highest amounts of
Se, followed by stems and roots. Although same Se was applied at the same rate, green
spinach leaves exhibited higher Se uptake when the whole amount of 120 g/ha Se was applied
at 7 DAP (T3). In stems, higher stem Se accumulation was observed when Se was applied at
14 DAP (T4). For roots, the Se uptake was unaffected by Se application timing, as there was
no significant difference observed in Se-treated plants (T2, T3, T4) for all three cycles.
Results from the T3 treatment group show that Se fertilizer applied during the early
growth stage increased the plant uptake of applied Se. Although a higher Se uptake was
observed when Se was applied at 7 DAP, Se application at 14 DAP could also be considered
an appropriate time of application of this element because it resulted in higher dry matter
values. Although no significant differences were observed in dry matter and leaf Se uptake
between the two times split application at 7 and 14 DAP (T2) and the single application at 14
DAP (T4), the minimum number of applications was preferable because it requires less labour
and is more economical.
Table 1. Selenium uptake by green spinach biofortified with Se at different application times
Leaves
Treatments

T1 (Control)

Stems

Roots

1st

2nd

3rd

1st

2nd

3rd

1st

2nd

3rd

cycle

cycle

cycle

cycle

cycle

cycle

cycle

cycle

cycle

2.22 ± 1.73 ± 1.82 ± 0.53 ± 0.65 ±

0.51

0.20 ± 0.19 ± 0.21 ±

0.1c

0.1c

0.1c

0.1b

0.03c

±0.1c

0.03b

0.03b

0.02b

T2 (7 and 14

21.14

20.72

21.43

3.45 ±

4.15

4.66 ± 1.48 ±

1.63

1.42 ±

DAP)

± 1.0b

± 1.0b

± 1.3b

0.5b

±0.2b

±0.1a

0.1a

29.20

26.04

29.18

±0.7

± 0.8

± 0.5

T3 (7 DAP)

a

a

a

0.2b

0.1a

4.48 ± 5.35 ± 5.12 ± 1.80 ± 1.85 ± 1.37 ±
0.2b

0.3a

0.4b

0.3a

0.2a

0.1a
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T4 (14 DAP)
LSD value
(p≤0.05; n=4)

21.16

21.54

22.38

5.89 ±

5.95

5.98 ±

1.60

1.81 ± 1.55 ±

±0.6b

±0.3b

± 1.0b

0.4a

±0.5a

0.3a

±0.2a

0.1a

0.1a

1.60

2.13

2.37

1.13

0.89

0.82

0.52

0.43

0.31

Means (± standard error) with different letters for each cycle are significantly different (P≤0.05) using LSD (n=4).

CONCLUSION
Based on this study, the positive effects of Se application, specifically as Se (IV), on dry matter
of green spinach was observed. With optimum Se accumulation in leaves (≥20µg/10 plants)
and stems (≥3µg/10 plants), application of Se in the form of Se (IV) solution equivalent to 120
g/ha Se at 14 days after planting has been identified as an effective Se fertilization strategy for
producing Se-biofortified green spinach.
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INTRODUCTION
Coconut palm (Cocos nucifera L.) is belonging to the Arecaceae family. It is an important
multipurpose perennial crop and was recognized as the source of wealth for the nation.
Malaysia was amongst the top coconut producers in the world, with a total of 82 thousand
hectares coconut planted area [2]. The long-life span and high cost of production involved in
establishing a coconut plantation necessitate the selection of good quality seed nuts and
seedlings [4]. Because the performance of coconut trees only can be evaluated after 10-15
years of planting, the selection of high quality and disease tolerant planting materials are the
among factors for the success of coconut cultivation. Unfortunately, coconut seedling diseases
have not been thoroughly investigated in Malaysia. Hence, this study aimed to evaluate the
potential of local beneficial microorganisms as biological control agents for controlling
Pestalotiopsis sp. the causing agent for the major coconut foliar diseases (grey leaf disease),
especially in the nursery stage. This approach is believed to be a potential control approach
and will become an alternative to the fungicide usage.

MATERIALS AND METHODS
Isolation, Screening, and Molecular Identification of Beneficial Microorganisms
Isolation of Streptomyces strains using Actinomycetes Isolation Agar (AIA) from soil samples
were carried out in the laboratory. Rapid screening using dual culture in vitro test against
Pestalotiopsis sp. were conducted. Inhibition percentage of the fungal growth then was
measured and evaluated. The isolates which showed strong antimicrobial activity were
subjected to further identification by 16S rDNA molecular methods. Genomic DNA was
extracted and purified by using a commercial kit, DNeasy Blood and Tissue Kit (QIAGEN,
Germany). Using BLAST software, the determined sequences were compared with the
actinomycetes sequences deposited in the NCBI GenBank database.
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Glasshouse Evaluation
Glasshouse evaluation was conducted at MARDI Hilir Perak Research Station using complete
randomize design (CRD) with 3 replications. Coconut seedlings were inoculated with
Pestalotiopsis sp. suspension at 1x106 cfu/ml one month before the application of the selected
Streptomyces sp. (S5 and S12). 100 ml of S12 (treatment 1) and S5 (treatment 2) at the
concentration of 1x 106 cfu/ml for each inoculum was then applied to the Pestalotiopsis pretreated coconut seedlings. Control are the coconut seedlings without application of
Streptomyces as Treatment 3. The seedlings were kept in glasshouse, and data collection was
carried out weekly throughout this evaluation period.
Data Collection and Statistical Analysis
Percentage leaf infected were recorded and data was then analysed using analysis of
variance (ANOVA) followed by comparison of means separation using Duncan multiple
range test (DMRT).
RESULTS AND DISCUSSION
Isolation and Screening of Beneficial Microorganisms
Four (4) selected strains of Streptomyces from the previous study namely S1, S5, S7, and S12
were used in this evaluation. These isolates were screened for their antagonistic activity
against Pestalotiopsis sp. using dual culture tests based on the percent inhibition of radial
growth (PIRG). From the study, Streptomyces S12 and S5 showed significant antagonistic
response towards the Pestalotiopsis sp. in dual culture test with an average inhibition of 60.5%
and 53.3%. However, Streptomyces S1 and S7 did not show any antagonistic activities
towards the pathogen.
PCR Amplification and Sequencing of 16S rDNA Gene
The DNA sequence of the isolates S5 and S12 revealed their similarity to Streptomyces
seoulensis (AB249970) and Streptomyces fumigatiscleroticus (AB184248) with degree of
similarity of 99.7% and 99.8% respectively.
Glasshouse Evaluation
Biological control approach for controlling the Pestalotiopsis sp. the causal agent of grey leaf
disease of coconut has been reported in several studies. Khan and Hossain [3] reported that
BAU-Biofungicides incorporated with Bavistin (chemical control) are capable to reduce the
incidence of grey leaf disease up to 60.12%. Local isolated biological agents are also believed
to have an adaptation to the environment and will be perform better. It is also supported by
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Chowdhury [1], who found that environmental factors influenced the effectiveness of disease
control.
Hence, these two (2) potentials microorganisms were selected and screened in-vivo
towards Pestalotiopsis sp. Glasshouse evaluation recorded significant differences of disease
severity in week 6 of the observation (Table 1). Both S12 and S5 were observed capable to
significantly reduce the disease incidence of coconut seedlings after 6 weeks of the inoculum
application (Figure 1). S12 also was observed to have the highest effectiveness to control grey
leaf spot disease with 81.24% differences in disease percentage compared to the control.
Table 1. Mean Square ANOVA for evaluation of S12 and S5 as biological control agents
toward grey leaf disease of coconut
Sources of
Variances

Disease evaluation
0 week

2 weeks

4 weeks

6 weeks

Trt

212.3

16.4

277.1

396.3*

Grand Mean

49.4

52.88

45.31

34.94

C.V. (%)

12.16

4.76

17.23

9.61

Note: mean followed by * is significantly difference at 0.05

Figure 1. Effect of different treatment towards percentage of disease evaluation
Development of CocoGuard Formulation
Therefore, S12 was formulated as CocoGuard to enable stability, efficacy, and long-lasting
effect so that it can be applied for coconut nursery and also field. CocoGuard formulation was
developed using S12 enriched with fertilizers elements as it will be function as biological control
agents for grey leaf spot disease and supplied all the nutrients needed by the plants
simultaneously.
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CONCLUSION
Streptomyces S12 was identified significantly capable on controlling grey leaf spot disease as
in vitro and in vivo evaluation. To enable efficacy, longer lasting effect and practicality, this
Streptomyces was then formulated as CocoGuard. This formulation believed to have a great
potential and promising biological control effects on grey leaf spot disease of coconut and
healthy coconut seedlings production in the future.
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INTRODUCTION
Agricultural fertilizer use is important to achieve the required yield target in global food
production [1]. However, to sustain the current level of crop production, the usage of
conventional fertilizers at high rates and longer time in the agricultural sector have caused
serious environmental issues globally such as anthropogenic [2]. Smart fertilizer could release
nutrients gradually, which try to adapt to the nutrient demand during crop growth. Thus, smart
fertilizer products show great potential for improving fertilizer management. Among those
smart fertilizer, polymer-coated fertilizer is one of the most widely used types of slow-release
fertilizers. Currently, several polymer materials have been proposed for smart fertilizer
encapsulation. These polymer materials are mainly divided into two categories according to
the solvent types used in CRFs production. Compared with organic-solvent-dissolvable
polymers, waterborne polymers are relatively cheap and environmentally non-toxic during
production. Therefore, increasing interests are focused on waterborne polymer coatings which
exhibit excellent coating properties [3].
Peat can be defined as the surface organic layer of a soil that consists of partially
decomposed organic matter. Peatland has low nitrogen availability. It is caused by slow
organic nitrogen mineralization. Moreover, a significant amount of mineralized nitrogen is lost
through leaching [4]. Other than that, potassium deficiency may be high, particularly in
pineapple cultivation on peat soils. It may be due to the low clay and the absence of mineral
matter [5].
Pineapple (Ananas comosus) is one of the major and important production crops based on the
ranking of commercial tropical fruits for production on a worldwide basis by UNCTAD, in which
pineapple comes after bananas [6]. Most of the pineapple production is due to the intensive
cultivation in peatland especially in the state of Johor [7].
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Therefore, to overcome the nutrient leaching and improve the productivity of pineapple
in peatland, smart fertilizer would be an alternative. A plot study of smart fertilizers prototypes
will be conducted to evaluate its performance on pineapple on peatland.
MATERIALS AND METHODS
The selected amount of polyvinyl alcohol (PVA) was added into distilled water and stirred at
110 °C for 1 h and cooled it at room temperature. The desired amount of corn starch was then
added into PVA solution and stirred for a while before glycerol and citric acid were added. The
temperature was elevated to 140 °C to gelatinized PVA and starch. These biodegradable
polymers by adjustment with biochar and zeolite have been introduced to the fertilizers as
coating material and the process has been conducted in our small-scale fertilizer design
workshop.

Figure 1. Preparation of coating smart fertilizer
A plot experiment has been conducted in MARDI Pontian. In this experiment,
randomized complete block design (RCBD) experimental design has been conducted in the
plot with 4 replications. Growth analysis and plant weight has been carried out to evaluate the
potential prototype of this coated fertilizer.
RESULTS AND DISCUSSION
Table 1 showed the results of plant growth and plant weight analysis. Treatment 1 is treatment
with no fertilizer, treatment 2, 6 dan 7 are treatment of conventional fertilizers, and treatment
3,4 and 5 are treatment prototype of these smart fertilizers. From table 1, the number of leaves
of treatment with prototype smart fertilizers showed great results compared to conventional
fertilizers. Total fresh weight and total dry weight showed that prototype treatment 5 gave
highest results and significantly difference with treatment with no fertilizers (treatment 1), and
treatment with conventional fertilizers (treatment 2 and 7).
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Table 1. Number of leaves fresh weight and dry weight of pineapples tree in every treatment
at month 9th
trt

Number of Leaves

Fresh Weight (gram)

Dry Weight (gram)

1

25.6±1.01 c

1767.3±315.26 d

277.51±63.12 c

2

31.4±1.26 ab

3174.59±437.48 bc

356.18±60.87 bc

3

34.8±1.50 a

3250.09±293.41 bc

413.59±43.72 ab

4

33.9±1.51 a

3577.58±406.85 ab

427.22±55.97 ab

5

35.25±1.85 a

4209.67±262.03 a

493.08±50.32 a

6

31.2±0.99 ab

4037.42±448.57 ab

429.83±31.03 ab

7

29.05±1.44 bc

2582.92±230.21 dc

330.98±42.30 bc

Mean with same letter are not significant at 5% level according to DMRT

CONCLUSION
The biodegradable polymers with adjustment with biochar and zeolite were introduced onto
granulated fertilizer as coating materials for smart fertilizers for application of pineapple
cultivation on peatland. These prototypes of smart fertilizers could become alternative nutrient
suppliers for pineapple on peatland by improving the number of leaves, fresh and dry weight
of the plant at month 9th . By using these fertilizers, they will reduce environmental pollution
and show less harm to fertilizer production sites.
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INTRODUCTION
Climate change has brought an alarming situation in the scarcity of freshwater for agriculture
due to the present global water crisis, climate variability, drought, increasing demands from
the industrial sectors and contamination of water resources. Rice production consumes 40%
of the global irrigation water whilst in Malaysia, 75% of freshwater is for agriculture irrigation
systems mainly confined to irrigated rice production (Sariam and Anuar, 2010). Irrigated rice
is normally grown in a flooded condition, thus, growing rice requires a large amount of water.
Flooding conditions create anaerobic conditions and a high level of organic substrates in soil,
which increase the activity of methanogenic bacteria that produces a potent greenhouse gas
(GHG) of methane (CH4)(Buendia et al., 1997). The Third National Communication Report to
the United Nations Framework Convention on Climate Change (UNFCCC) reported that in
2014, rice production in Malaysia produced 88.08 Gg of methane (CH4) that contributed to
20.7% of GHG emissions from the agriculture sector. Therefore, an adaptation strategy
through water management system in rice production has been developed to reduce water
input for irrigation, mitigating CH4 emissions while maintaining high rice grain yield.
MATERIALS AND METHODS
Water Management as Adaptation Strategy in Rice Production and Data Collection
The experiment was conducted at a three-hectare paddy field in Kg. Selarong, Alor Star Kedah,
Malaysia in Muda Irrigation Scheme (MADA). Three water managements involved were
continuous flooding (CF), saturated condition during tillering to heading and flooding condition
until maturity (S-F) and continuous saturated condition (CS) (Figure 1). Water level for flooded
condition was maintained at 5-15 cm standing water whilst saturated condition treatment was
maintained without standing water. MARDI Siraj 297 rice variety seeds were used whilst
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fertilization, pest and disease management were based on farmer’s normal practice. Soil
moisture content, plant physiological performances and growth parameter were determined at
tillering, flowering and ripening stage whilst the grain yield was obtained using crop cutting test
(CCT) adjusted to 14% grain moisture content. The collection of gas samples for CH4 was
carried out by the closed-chamber technique using the 110cm x 35cm x 35cm chambers at
two-week intervals and analysed using gas chromatography (SRI 8610C).

Figure 1. Water management at saturated condition without standing water (Left). Sampling
of CH4 gas at 2-week intervals using the closed-chamber technique (Right)
RESULTS AND DISCUSSION
In Malaysia, the estimated average water requirement for irrigated rice crop is 1,240 mm per
season even though most irrigated rice is supplied with much more than the field requirement
due to continuous flooding system. For S-F and CS treatment, the water input was around 15%
and 35% less than the normal practice of continuous flooding (CF), respectively. Results
showed that the plant physiological performance and plant growth parameters were not
significantly different (Table 1). The soil moisture content of volumetric water content (55-60%)
and metric water potential (0-5 kPa) of flooding and saturated conditions were not significantly
different, indicating that both conditions provided adequate soil moisture content to support
leaf physiological performance and plant growth requirement. A high net photosynthesis rate
(18-22 μmol/m2/s) and chlorophyll fluorescence, Fv/Fm ratio (0.75-0.79) indicated that plants
at saturated conditions were not under water-deficit stress. The results indicated that saturated
conditions did not negatively affect the plant growth and physiological performance of rice.
Although there was no observable standing water in the field (saturated condition), rice can
take up adequate water from the subsurface soil around the root zone and flooding condition
is not essential for obtaining high rice yields.
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Table 1. Growth parameters, leaf photosynthetic rate and growth rate of rice
Plant

Treat

Plant

Total leaf

Leaf

Total

Net

Crop

stage

ment

height

area

area

chlorophyll

photosynthe

growth

(cm)

(cm/m )

index

content

tic rate

rate

(mg/cm2)

(μmol/m2/s)

(g/m2/d1)

Vegetative
Reproductive

2

CF

69.14 a

46427.54 a 4.69 a

10.14 a

19.73 a

21.07 a

S-F

73.00 a

43648.41 a 4.41 a

9.96 a

19.52 a

18.18 a

CS

64.50 a

36114.58 a 3.65 a

9.00 a

18.84 a

18.09 a

CF

93.57 a

61693.31 a 6.23 a

9.76 a

14.50 a

18.30 a

S-F

93.14 a

53517.95 a 5.41 a

8.58 a

14.10 a

20.02 a

CS

93.29 a

47548.23 a 4.80 a

8.50 a

14.43 a

22.80 a

Many studies reported that reducing water input, especially through Alternate Wetting
and Drying (AWD) reduced CH4 emissions between 30-60% compared to continuous flooding
(Liang et al., 2016). However, AWD technique was reported to cause 15-60% reduction in
grain yield (Sariam and Anuar, 2010). In this study, saturated condition at the tillering stage
(S-F) and throughout the growing season (CS) reduced 30 and 50% of methane emissions,
respectively. The grain yield of rice under different water management system was between
6.0-7.0 t/ha and showed no significant difference between the treatments. Results indicated
that saturated condition successfully maintained high rice grain yield similar to under flooding
condition. The emission factor (EF) produced in this study will be used to develop the national
country specific EF for the rice productions in Malaysia that has yet to be developed. This
information is an important requirement for a more accurate national GHG inventory report for
The National Communication and Biennial Update Report to the UNFCCC.
CONCLUSION
Rice production by maintaining soil at saturated conditions could be an effective and
sustainable adaptation strategy for climate change by simultaneously saving water input,
mitigating GHG and maintaining high rice grain yields.
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INTRODUCTION
Citrus aurantifolia or limau nipis is indigenous to Peninsular Malaysia. The tree is medium sized
and it can grow for many years. It can be found in the village especially in the homegarden.
Though it is commonly found in this country, to-date there is no intensive conservation and
bio-prospection done on this species. Our survey showed that limau nipis displayed wide
distribution in different agro-ecological area across Peninsular Malaysia. According to Ridley
[1], there are two varieties of lime in Peninsular Malaysia, namely limau nipis and limau kapas.
Limau nipis is spiny. Leaves are oblong, rounded at both ends, petioles are very short. Fruit of
limau nipis is globose and smooth with thin rind. Limau kapas on the other hand, has large
elliptic leaves, petioles jointed at top. Limau kapas flowers solitary axillary and its pedicels (a
small stalk bearing an individual flower in an inflorescence) are rather long and not broad.
To-date, there is no information on the variation of this natural gene pool been properly
recorded especially on the molecular aspect of it hence were studied. The objective of this
study is to determine genetic variability of limau nipis genotypes using ISSR markers. We
randomly surveyed 11 states for this assessment. The genetic relationship among genotypes
of lime collected from different region of Peninsular Malaysia was investigated using inter
simple sequence repeats (ISSR). ISSR is a dominant marker, suitable to access diversity
within the same species. The STRUCTURE (model-based program) analysis will then unveil
the number of populations Malaysian limau nipis. This approach method helps to increase our
understanding the level of diversity of our indigenous Citrus species and further assist in the
strategic planning of ex situ conservation of Citrus in Malaysia.
MATERIALS AND METHODS
Total genomic DNA of 196 limau nipis accessions were isolated from fully expanded leaves
using the CTAB (cyltrimethylammonium-bromide) total DNA isolation method [2]. Ten ISSR
markers (Table 1) were selected to evaluate genetic diversity among these accessions [3].
Polymorphism information content (PIC) were calculated using GenAlEx version 6.51b2 and
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Gene-calc [4] for each population. The population structure was then analysed using
STRUCTURE version 2.3.3 and Structure Harvester v6.0 program [4].
Table 1. Profiles and genetic diversity parameter of the amplified ISSR markers used in this
study
Primer

Repeat Motif

T (oC)

C1
C3
C4
C5
C8
C9
P2
P4
P5
P7
Mean
SE

HVH(TCC)5
BDB(TCC)5
HVH(TG)7T
(AG)8YT
(CGA)5
(GACA)4
DBDA(CA)7
HVH(CA)7T
VHVG(TG)7
(GA)8YG
-

54.2
52.1
47.0
44.2
50.4
42.8
52.9
57.1
54.0
54.0
-

Amplicon
band size
330-1520
340-1500
50-1370
50-1350
300-2100
230-2020
50-1200
150-2800
50-1300
80-1500
-

TB

PB

19
17
17
23
17
24
16
18
17
19
18.7

19
17
17
23
17
24
16
18
17
19
18.7

PPB
(%)
100
100
100
100
100
100
100
100
100
100
100

PIC

0.4763
0.4721
0.463
0.4763
0.4969
0.4962
0.4485
0.4979
0.4643
0.4773
0.4766
0.004

Note: B: non-A, D: non-c, H: non-G, V: non-T, A: adenine, C: cytosine, G: guanine T: thymine, Y: pyrimidine, TB: total number of bands; PB:
polymorphic band; PPB: percentage of polymorphic band, PIC: polymorphism information content and SE: standard error

Table 2. Genetic diversity parameter among 11 population as detected by ISSR markers
Population
Perak
Selangor
Pahang
Kelantan
Johor
Kedah
Melaka
Neg. Sembilan
Pulau Pinang
Perlis
Terengganu
Mean
SE

N
27
22
29
24
24
16
11
16
5
4
18
17.818
0.177

Na
1.412
1.455
1.412
1.439
1.476
1.374
1.193
1.439
0.957
0.963
1.267
1.308
0.020

Ne
1.365
1.361
1.314
1.323
1.316
1.322
1.289
1.397
1.253
1.207
1.397
1.322
0.008

I
0.319
0.323
0.286
0.296
0.297
0.293
0.256
0.349
0.203
0.180
0.330
0.285
0.006

% polymorphism
69.5
71.7
67.9
67.9
70.1
62.0
50.8
66.8
34.2
33.7
61.5
59.7
4.21

Note: N: number of accessions; Na: number of alleles per locus; Ne: number of effective alleles per locus,
I: Shannon's information index and SE: standard error

RESULTS AND DISCUSSION
A total of 187 bands were revealed, with 100% polymorphism and an average of 18.7 loci by
primer. The sizes of the amplicons ranged from 50 to 2800 bp. The 196 accessions were
divided into 11 populations based on the states from which they were collected. The
percentage of polymorphism for each population ranged from 33.7% (Perlis) to 71.7%
(Selangor) and 59.7% was the mean value. Shannon’s information index among populations
ranged from 0.18 to 0.349 with the highest value observed in the Negeri Sembilan population
(Table 2). STRUCTURE software was employed to analyse genetic structure of different
populations and it was run for K=11. Based on highest K value generated by STRUCTURE
HARVESTER software, the number of optimum clusters was found to be K=3 (Figure 1).
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Cluster I (blue bar plot) comprised mainly the accessions from the west coast, namely Melaka,
Negeri Sembilan, Selangor, Perak, Penang, Kedah, and Perlis. Cluster II (red bar plot) pooled
together Kelantan, Terengganu, Pahang and Johor designated as the east-coast cluster.
Lastly, Cluster III (green bar plot) consisted of a small number of accessions from Selangor
and one accession from Negeri Sembilan. The admixture of different limau nipis accessions
was also observed and could be the result of seed dispersal by humans [6]. STRUCTURE
software apparently allocates different accessions to different populations depending upon
allele frequencies of the accessions. Differences in ecological pressures and ecological factors
among different populations could be attributed to differences in genetic structure and
distribution of genetic variations. Similar to our results, clustering based on geographical
regions has also been seen in different crop plants such as Afzelia xylocarpa, Arabidopsis
thaliana, Triticum aestivum, Pulsatilla patens etc [7].
Figure 1. Population
structure of different limau
nipis in Peninsular Malaysia
using STRUCTURE software
version 2.3.3 and Structure
Harvester v6.0 program. Bar
plot representation for K=3.

CONCLUSION
Our results revealed genetic diversity in limau nipis accessions belonging to different
populations with different eco-geographical characteristics. ISSR markers proved to be
efficient in assessing genetic variations in different populations within the same species.
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INTRODUCTION
Livestock production contributes between 7 to 18% of global anthropogenic greenhouse gas
(GHG) emissions. Both methane (CH4) and nitrous oxide (N2O) are potent GHG, and are
estimated to possess between 34 to 298 times (respectively) the global warming potential
(GWP) over 100 years relative to carbon dioxide (CO2). Storing livestock manure is the primary
stage of manure management where microbial processes and chemical reactions eventually
resulted in the release of CH4, N2O, ammonia (NH3), and CO2.
The uses of chemical additives to mitigate CH4 emission and NH3 volatilization were
explored over 2 decades [1–3]. A slurry acidification as one of the options is widely practiced
in Europe and the European Union and they acknowledged slurry acidification on swine slurry
as the Best Available Technology that can be applied [4]. While excessive fermentable sugar
to facilitate microbial fermentation and induced acidification on slurry is not well studied, the
aim of this study was to provide an initial evaluation on a slurry acidification on CH4 emission
and NH3 volatilization from stored slurry on Malaysia’s climate.
MATERIALS AND METHODS
A 20 kg of fresh Brakmas cattle slurry was stored in 30 litres (L) high-density polyethylene
(HDPE) plastic drum with four (4) replicates of 4 treatments for 14 days observation. The
treatments consist of slurry + HCl; slurry + H2SO4; slurry + glucose (10% w/w) (Sugar 10%), and
untreated slurry (Ctrl). Slurry pH was observed periodically during the 14 days observation.
GHG Emission
Greenhouse gas fluxes were sampled from the headspace through a butyl rubber septum
in a non-ventilated (sealed) environment. Gas samples were placed in 20 millilitres (Ml)
pre-evacuated gas vials and analysed on an Agilent 7890B gas chromatography. The
relative NH3 volatilisation was determined using a 0.02 Molar (M) orthophosphoric acid
(H3PO4) trap placed in the headspace and the ammonium-N (NH4-N) concentration in the
H3PO4 acid was determined according to [5].
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RESULTS AND DISCUSSION
pH
Acidified slurry (HCl and H2SO4) showed an increasing trend to neutral pH, while the 10%
sugar showed opposite trend indicating an organic acid were produced.
GHG Emission
Lowering the slurry pH caused reduction in both NH3 and CH4 emission. Methane emission
during the 14 days storage showed the emission was inhibited between 9.5 to 62% as
illustrated in Figure 1. The sugar treated slurry indicated highest inhibition followed by H 2SO4
and HCl due to lower pH and longer acidity than others [6,7]. Acidification was also found to
reduced NH3 volatilization (Table 1). Slurry with HCl showed inhibition up to 46.6% on daily
NH3 volatilization while H2SO4 daily inhibition could reach 97.6%. Induced acidification by
fermentable carbohydrate showed the highest inhibition followed by H2SO4. In view of this,
lower slurry pH may retain a N content and this will benefiting farmers as organic fertilizer [8].

CH4 emission (mg kg-1 VS)

14
Ctrl

12

H2SO4

10

HCl

8

Sugar 10%

6
4
2
0

0

1

3

7

14

Incubation days

Figure 1. Effect on cumulative methane emission from slurry with additional of additives
during storage period
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Table 1. Potential on GHG (CH4 and NH3) inhibition during reduction during slurry storage
with additional of additives
NH3 Fluxes Inhibition (%)

CH4
% cumulative inhibition

Treatment

Day 0

Day 1

Day 3

Day 7

Ctrl

0.0

0.0

0.0

0.00

0.00

H2SO4

97.6

93.6

54.5

77.2

35.6

HCl

32.8

42.3

6.6

46.6

9.5

Sugar 10%

-15.7

67.3

82.2

45.4

62.0

(14 days)

CONCLUSION
Acidification by chemical or surplus fermentable carbohydrate showed important roles in
reducing CH4 emission and NH3 loss during slurry management. However, further observation
is required before it can be implemented at the farm scale.
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INTRODUCTION
Mitragynine is a major indole alkaloid compound derived from the species Mitragyna speciosa,
commonly known as Ketum or biak-biak in Malaysia, which can be utilized in various potential
pharmaceutical applications. Traditionally, Ketum was originally used mainly for its medicinal
value in treating mild medical problems such as fever, diarrhoea, diabetes, pain and as a
wound poultice [1]. Apart from its healing properties, Ketum also commonly has been used for
its coca and opium-like effects to enhance physical endurance and as a means to overcome
stress for hard labour work. In addition, Ketum also contributes to other pharmacological effect
such as analgesics, antipyretic, anti-nociceptive, anti-inflammatory, appetite suppression,
muscle relaxation, cognitive, sedative effect antidiarrheal antioxidant and antimicrobial has
been report. [1, 2]
These pharmacological effect can vary considerably according to variations in the
proportions of alkaloid compounds present in Ketum leaves mainly mitragynine. This alkaloid
content depending on geographic origin, stage of maturity and ecotype [3]. In Peninsular
Malaysia, Ketum can be found in the secondary forests or nearby the abandoned paddy field
and forest ridges in Perak, Selangor, Pahang and Kelantan as well as in the northern region.
There is a growing number of research implicating the presence of various phytochemicals as
being responsible for its numerous beneficial properties. However, mitragynine content in
Ketum from different locations in Malaysia has never been compared. In present study, two
different strains of Ketum, which represent different vein colours (red and green),
morphological characteristics and geographical origins were studied.
MATERIALS AND METHODS
Plant Materials
Fresh specimens used for this study were obtained from various localities from Peninsular
Malaysia and the leaf samples were authenticated morphologically by Mohd Norfaizal Bin
Ghazalli, botanist at the MyGeneBank MARDI. Fresh plant samples were washed with running
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tap water and the leaves sample were separated from the stems. The leaves were dried in an
oven at 50°C for 72 hours. Dried leaves were grinded to fine powder and store in airtight
container at room temperature until use.
Methanol Extraction
A 1 g amount of dry leaves powder were sonicated in 10 mL 70% methanol content 0.1%
formic acid for one hour at 40-50°C followed by centrifugation for 15 min at 10,000 rpm. The
residue was separated from the supernatant and the procedure was repeated twice. The
supernatant were combined and dried at 40°C using a rotary evaporator to give crude dried
extracts. This dried extract were dissolved in same solvent that was used to extract the sample
and were stored at –20 °C prior to analysis. The extracts solution was passed through a 0.45
µm PTFE membrane filter before HPLC analysis.
High Pressure Liquid Chromatography (HPLC) Analysis
HPLC system consisted of an Agilent 1290 Infinity series UHPLC with a diode array detector
(DAD). The column was Phenomenex Kinetex C18 (4.6 x 150 mm, 2.6 µm 100 Å). The column
temperature was 30°C. The mobile phase consisted of water with 10 mM ammonium acetate
(A) and acetonitrile with 0.0025% formic acid (B) at a flow rate of 0.5 mL/min. The gradient
mobile phase was used as follows: 0 min, 10% B; 3 min, 20% B; 17.00 min, 45% B; 21.00 min,
45% B; 27.00 min, 90% B; 29.00 min, 90% B and 30.00 min, 10% B. The flow rate was set at
0.6 mL/min. Each run was followed by an equilibration period of 10 min with 10% B. A 2 μL
volume of sample was injected. The DAD was set to monitor at 250 nm.
RESULTS AND DISCUSSION
The identification and quantification of the principal Ketum alkaloids were achieved by
comparison of retention times, UV spectra and peak area of Ketum methanol extract with
mitragynine reference standard (figure 1). The content of mitragynine in all Ketum samples
ranged from 9.63 to 22.31 mg/g sample dry weight (DW) (Figure 2). The mitragynine content
in this HPLC analysis of Ketum methanol extracts consistent with a report has been published
in raw material of Ketum [3, 6]. As shown in Figure 3, the green vein (6 samples; 18.15 ± 0.42
mg/g DW) had higher content of mitragynine compared to red vein Ketum (23 samples; 14.58
± 0.46 mg/g DW). This agrees with a previous study that the green strain showed mitragynine
as compare to red strain of Ketum [3]. Our results also indicated that Ketum samples from the
Northern and Southern of the Peninsula exhibit higher mitragynine content than other zones
as shown in figure 4. The variation of the results could be due to the varieties and geographical
factors as reported by Boffa 2018 [3]. Out of 31 Ketum samples, three samples MS11, MS05
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and MS27 showed the highest content of mitragynine and therefore have great potential to be
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Figure 1. HPLC chromatogram profile of Ketum
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CONCLUSION
The present study has revealed, for the first time, the comparison of mitragynine content in
Ketum from different locations in Malaysia. Our findings indicated that the strain and location
of the collection greatly contribute to the variation of mitragynine level in Ketum.
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BIOACTIVE CONSTITUENTS FROM GARCINIA PRAINIANA
Mohd Lip Jabit* and Nazrul Hisham Daud
Technology Commercialization & Business Centre, MARDI Serdang, Selangor.
*E-mail: alip@mardi.gov.my

INTRODUCTION
Garcinia prainiana King which is a small to moderate-sized tree, commonly found in the south
of Thailand and area of north peninsular of Malaysia [1]. Local Malay people use the young
fruit in cooking to provide a sour taste in dishes. The fruits and young leaves of G. prainiana
are also eaten raw by local Temuan tribe in Peninsula Malaysia [2]. The main aim of this paper
was to investigate the bioactive natural products from G. prainiana leaves. Bioassay-guided
fractionation was employed to ensure any active constituents were not excluded from the
extract of interest. Here we report four new biflavonoids in this species and their associated
anti-inflammatory activity, along with particularly potent α- glucosidase inhibitory activity in one
biflavonoid glycoside. Further characterisation of these bioactive biflavonoids in G. prainiana
leaves could help value-add this species as a functional or medicinal food.
MATERIALS AND METHODS
Chemical Profiling of G. Prainiana Leave Extract
The VLC fractionation of methonlic extract (20g) was repeated 10times to yield 120 g of 1:1
hexane-ethyl acetate fraction (GPL1), 60 g of ethyl acetate fraction (GPL2), 30 g of 1:1 ethyl
acetate-methanol fraction (GPL3) and 7.1 g of methanol fraction (GPL4). All fractions were
then subject to bioactivity assays and chemical profiling. The profiling of constituents was
carried out using the Agilent 1200 LCMS system with diode array detector (DAD) coupled with
a single quadruple mass spectrometer (APCI mode). The column used was a Phenomenex
Luna C18 column (5 μm, 250 mm x 4.6 mm ID). The mobile phase used was Millipore deionised
water with 0.005% trifluoroacetic acid (A) and acetonitrile with 0.005% trifluoroacetic acid (B).
The gradient system used was: 0 – 2 min., 10% B; 7-12 min., 50% B; 17-22 min., 95% B; 2732 min., 10% B. The flow rate used was 0.75 mL/min and sample injection volume was 20 µL.
The mass detector conditions were set as follows: APCI positive mode from 50 to 1000 m/z,
capillary voltage set at -4000V, needle temperature set at 340° C and gas flow rate was at 5
L/min.
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Isolation and Structural Elucidation of Compounds from G. Prainiana Extract
Ten grams of GPL2 extract was subjected to C18 Preparative HPLC on a Gilson 322 system
with a UV/vis-155 detector, connected to an FC204 fraction collector and using a Phenomenex
Luna C18 column (5 μm, 150 × 21.2 mm i.d.). The mobile phase and gradient system used
were the same as profiling method.
Thirty fractions were collected and chemical profiling by LCMS revealed relatively pure
compounds in fraction 22 (amentoflavone, 30 mg, [M+1]+ at m/z = 539) and in fraction 24 (4’’’methoxyamentoflavone, 40 mg, [M+1]+ at m/z = 553. Further isolation work was then carried
out on GPL2 to isolate the other components in the bioactive fraction. Forty grams of GPL2
extract was fractionated using 200 g of MCI gel CHP20P (Supelco, Bellafonte, PA, USA)
column chromatography (C1) and yielded 12 fractions.

These fractions were combined

according to the LCMS chemical profile and yielded fraction A (1-4), fraction B (5-8) and
fraction C (9-12). Fraction A (32 g) was subjected to further chromatography on another MCI
column (C2) to yield 46 fractions. Then, fractions 1–7 (1 g) of C2 column chromatography
were subjected to C18 (Sepra C18-E, 50 μm, 65A; Phenomenex Torrance, CA, USA) open
column chromatography to yield morelloflavone-7’’-O-β-glucoside (9.4 mg, [M+1]+ at m/z =
721) from subfractions 20 to 22 and 2’’, 3’’-dihydromorelloflavone-7’’-O-β-glucoside (15 mg,
[M+1]+ at m/z = 719) from subfractions 28 to 34.
RESULTS AND DISCUSION
Nitric Oxide Inhibition and Cytotoxicity Studies of the Isolated Biflavonoids
All compounds were subjected to NO inhibition and cytotoxicity assays (Table 1).
Amentoflavone (2) demonstrated the highest NO inhibition activity with an IC50 of 44.8 ± 12.2
µM, followed by 2’’, 3’’-dihydromorelloflavone (9), 4’’’-methoxyamentoflavone (8), and
morelloflavone (1) with an IC50 of 46.0 ± 0.7, 58.6 ± 0.4 and 75.2 ± 1.1 µM, respectively. None
of these compounds showed significant cytotoxic activity at the maximum test concentrations
(Table 1). The high NO inhibition of amentoflavone (2) compared to 4’’’-methoxyamentoflavone
(8) could be due to reduced binding of hydroxyl group and the presence of the methoxy group
at 4’’’ position, while the loss of a double bond at positions 2’’and 3’’ in compound 9 resulted
in a the two fold increase in NO inhibition activity compared to morelloflavone.
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Table 1. Cytotoxic activity against RAW 264.7 cells, nitric oxide (NO) inhibition in RAW 264.7
cells and α – glucosidase inhibiting activity of extracts, fractions and purified compounds from
G. prainiana leaf
IC50 (µg/mL) or µM
Cytotoxic activity
against RAW264.7 cells

Nitric oxide inhibition.

α – glucosidase
inhibition*

Crude extract*

>100

17.55 ± 2.37

29.7 ± 2.1

Fraction GPL1*

13.1 ± 7.4

22.58 ± 2.61

111.8 ± 40.9

Fraction GPL2*

>100

44.27 ± 4.27

15.7 ± 1.8

Fraction GPL3*

>100

51.14 ± 14.21

>200

Fraction GPL4*

>100

> 71.4

>200

Compound 1†

>179

75.2 ±1.1

16.16 ± 4.49

Compound 2†

>185

44.8 ± 12.2

8.64 ± 1.77

Compound 7†

>200

>200

10.39 ± 4.23

Compound 8†

>181

58.6 ± 0.4

6.34 ± 0.04

Compound 9†

>179

46.0 ± 0.7

14.40 ± 4.56

Compound 10†

>200

>200

43.75 ± 0.83

Fucoidan*

Not used in cytotoxic and Nitric oxide assay

0.8± 0.2

* Inhibitory concentration (IC50) is in µg/mL for extracts and fractions
† whereas this has been converted to μM for purified compounds.

α-Glucosidase Inhibitory Activities of Extracts, Fractions and Compounds
Type 2 diabetes is a chronic metabolic disorder that results from a high blood glucose level [3].
Administration of α-glucosidase inhibitor has been proposed as treatment for type 2 diabetes,
since it works by preventing the digestion of carbohydrates [4]. In the screening of a crude
extract of G. prainiana leaf, the extract demonstrated moderately potent α-glucosidase
inhibitory with IC50 of 29.7 µg/mL (Table 1). Further investigation on the fractions, GPL1 to
GPL4 revealed that GPL2 showed the highest activity with IC50 of 15.7 µg/mL, followed by
GPL1 with an IC50 nearly 10 times lower (Table 1). The other two fractions did not show any
activity. The six isolated compounds from GPL-2 were then subjected to the α-glucosidase
assay. 4’’’-Methoxyamentoflavone (8) exhibited the highest α-glucosidase inhibition with an
IC50 of 6.34 ± 0.04 µM followed by amentoflavone (2), morelloflavone-7-O--glucoside (7),
2’’,3’’-dihydromorelloflavone (9), morelloflavone (1), and 2’’,3’’-dihydromorelloflavone-7-O-glucoside (10), (Table 1).
CONCLUSION
Our work provides scientific evidence for the potential to value-adding G. prainiana King, an
underutilised plant, as anti-inflammatory and anti-diabetic food source, as well as a good
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source of anti-oxidant constituents. Phytochemical investigations revealed that this plant is a
rich source of biflavonoids such as amentoflavone (2), 4′′′-methyl amentoflavone (8),
morelloflavone (1), morelloflavone-7″-O-glucoside (7), 2″, 3″-dihydromorelloflavone (9) and
2″,3″-dihydromorelloflavone-7″-O-glucoside (10), with potential to be developed for human
health applications. Considering our data and information on local and traditional food uses of
the species, the inclusion of the leaves as an ingredient with health benefits in soups, salads
and other culinary products should be encouraged, provided that it can be demonstrated to be
safe.
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CARAMBOLA LEAVES AS INTERNAL REFERENCE MATERIAL FOR
AGRICULTURAL PRODUCTS ANALYSIS
Mohd Safidin Kashim*, Norhasni Ramli, Mohd Lip Jabit, Mohd Nazrul Hisham Daud and
Nurathirah Syairah Ashar
Technology Commercialization & Business Centre, MARDI Serdang, Selangor.
*E-mail: safidin@mardi.gov.my

INTRODUCTION
Analysis of major and trace elements in plant tissues is very crucial in agricultural activities.
There are several requirement factors influence the requirement of analysis on leaves and
crops such as assessment of adequacy or deficiency of nutritional status based on mineral
and trace elements of plants or crops, investigation of relationship between nutrients disorder
and disease infection and recommendation of fertilizer requirements in order to ensure the
high quality of fruits or plants. Most of the plant analysis are required in research activities
related to crops and soil improvements as well as an establishment of fertilizer requirements.
Hence, the analysis of major and trace elements in for agricultural samples should follow the
requirement by accreditation scheme in order to increase the reliability of results. The quality
of measurement must be in place in order to produce consistent and reliable results according
to appropriate matrix-matched reference materials (RMs) and certified reference materials
(CRMs) in each batch of analysis. The criteria will ensure the technical competency and
credibility of the laboratory to conduct analysis work on particular samples. Subsequently, it
can avoid ambiguity and irreversible errors. The merging of research activities with accredited
laboratory within organization may benefited both parties in terms of reliability of the research
results and competency of the laboratory personnel.
However, the commercially available for CRMs or RMs are very expensive and locally
produced of the products are unavailable. Therefore, carambola leave was selected and
examined in order to evaluate its homogeneity and stability for long-term used.
MATERIALS AND METHODS
Preparation of Candidate Reference Material
Carambola leaves were collected from Carambola farm, Horticulture Research Centre,
MARDI. About 5 kg of leaves were collected and dried in 60oC for 5 days. Samples were
grounded and sieved to 250 µm of sizes. Equally, 1 kg of samples were divided into 10 bottles
containing 80 – 100 g of carambola leaves and kept in desiccator. For each bottles, 0.5 g was
digested using HNO3 and HCl with ratio of 2:1 at 115 ± 5 oC for 3 hours. Digested solution were
made up to 50 mL and the analysis was carried out using ICP-OES Dual View. Certified
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reference materials were also digested for each batch of carambola leaves. The experimental
process as shown as in figure 1.

Figure 1. Schematic representation of carambola leaves sampling, grinding and digestion
process. Analysis was carry out using ICP-OES
RESULTS AND DISCUSSION
Homogeneity Assessment
The ISO Guide 35 [1] and IUPAC [2] method was used as the main references to estimate the
between-bottle variation, s2sam for each elements. In this case, if s2sam < critical value for the
test, c, the sample is sufficiently homogenous. Thus, almost all Most of the elements were
sufficiently homogeneous between the sample bottles as shown in table 2. However,
inhomogeneity was observed for K analysis due to unexpectedly deviation of one of the
samples with RSD at 5%. Element K is classified as easily ionized ion and may influenced
during analysis if the concentration of K is more than 500 mg/L.
Table 1. Performance of analysis using tomato and peach leaves as CRM materials
Analyte

Tomato leaves (NIST SRM 1573a)
Ca (%)

K (%)

P (%)

Mg (%)

S (%)

B(ppm)

Fe(ppm)

Mn(ppm)

Zn(ppm)

Cmeas

5.12

2.72

0.222

1.1

1.01

27.3

330

248

34.4

Ccert

5.05

2.70

0.216

1.2

0.96

33.3

368

246

30.9

µ

0.09

0.05

0.004

-

-

0.7

7

8

0.7

R (%)

101

101

103

93

105

82

90

101

111

Note: Cmeas: concentration of sample; Ccert: certified value; µ: uncertainty; R: recovery in %

Table 2. Assessment of homogeneity of the carambola leaves
Analyte

Mean (n = 10)

san

ssam

c

σp

Conclusion

Major elements
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Ca, %

0.763

0.0054

0.0141

0.0006

0.0003

Homogeneous

K, %

2.197

0.0307

0.0647

0.0024

0.0008

Inhomogeneous

P, %

0.138

0.0019

0.0030

1.4x10-4

7.4x10-5

Homogeneous

Mg, %

0.454

0.0037

0.0109

0.0004

0.0002

Homogeneous

S, %

0.237

0.0063

0.0053

0.0003

0.0001

Homogeneous

Trace elements
Cu, mg/kg

6.94

0.1216

0.00

0.1710

0.0830

Homogeneous

Mn, mg/kg

71.74

1.90

2.14

4.78

0.60

Homogeneous

Zn, mg/kg

87.87

1.54

0.00

2.40

7.2x10-6

Homogeneous

CONCLUSION
The carambola leaves produced were sufficiently homogeneous for major and trace elements
consists of Ca, P, Mg, S, Cu, Mn and Zn. Therefore, the results obtained in this study shows
the promising of carambola leaves to be as internal reference materials. However, short-term
and long-term stability assessment is still on-going process in order to establish the appropriate
storage periods.
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WOOD VINEGARS: POTENT ANTIMICRBIAL SOLUTION AGAINST PLANT
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Farah Huda Sjafni Suherman1, Masnira Mohammad Yusoff1, Aishah Umairah Khairuddin1,
Rozlaily Zainol4 and Zulhazmi Sayuti1
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Science, Water, & Fertilizer Research Centre, 4Industrial Crop Research Centre,
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INTRODUCTION
Wood vinegars is a brown and flavourful liquid produced by distillation of wood in the absence
of air and later condense into the liquid when the gas generated from combustion is cooled
[3,6]. Production of wood vinegars was made by the carbonization of several types of wood
and it is basically a co-product from wood charcoal or biochar. There was increasing demand
for wood vinegars in agriculture as they are reported to be involved in plant growth, soil quality
and pest and diseases management. Wood vinegars has been reported to show promising
antimicrobial effects against pathogenic microorganisms due to the presence of several major
compounds such as organic acids, alcohol, furfural, furan, phenol, and also methoxyphenol
derivatives [1,2,3,4,6]. However, the chemical composition and concentration of compounds
intrinsically depend on which plant material is charred [6]. Therefore, wood vinegars exhibit
different microbial activities depending on plant materials used. There is a limited study
available on the antimicrobial activities of wood vinegars obtained from carambola, mango,
and coconut shells and their chemical constituents. Therefore, this study was carried out to
explore the potential of several wood vinegars as a source of biofungicide and their chemical
composition.
MATERIALS AND METHODS
Preparation of Wood Vinegars
Coconut shells (Cocos nucifera), carambola pruning (Averrhoa carambola), and mango
pruning (Mangifera indica) were used in this study. Samples were produced by pyrolyzation
method using vertical kiln at approximately >400 °C for 2 h.

425

GC-MS Analysis of Wood Vinegars
The chemical compositions of these wood vinegars were analyzed using GC-MS by employing
the headspace technique. Data were analyzed using TurboMass Software by PerkinElmer and
were identified by comparing their mass spectra against the database of National Institute
Standard and Technology (NIST MS 14.0, Gaithersburg, MD, USA) with matches of greater
than or equal to 90% [6].
Microorganisms Preparation
Pure cultures of Fusarium oxysporum, Colletotrichum gloeosporioides, Pestalotiopsis
microspora and Ralstonia solanacearum were isolated from vegetable research plot in MARDI
Serdang, Selangor. All isolates were identified using morphological and molecular analysis. All
isolates were periodically subcultured and maintained on potato dextrose agar (PDA) (DIFCO,
USA) and nutrient agar (DIFCO, USA) for further use.
Antimicrobial Screening
0, 6- and 12-month-old wood vinegars were used in the antibacterial screening. Agar well
diffusion technique was employed to screen the antifungal activities of the wood vinegars while
disc diffusion method was used to screen antibacterial activities. Each experiment was carried
out in triplicate using Completely Randomized Design (CRD). The antimicrobial activities of
wood vinegars were evaluated at 7 and 20 days after incubation [5,6].
Data Analysis
Data collected were subjected to analysis of variance (ANOVA) by Statistical Analysis System
(SAS 9.0) software. Means were compared using Least Significance Difference (LSD) at
p≤0.05.
RESULTS AND DISCUSSION
Chemical Composition of Wood Vinegars
Wood vinegars were different in the chemical composition however acetic acid, phenol, and
furfural were detected in all tested wood vinegars based on the GCMS analysis (Table 1).
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Table 1. GCMS analysis of wood vinegars (nd = not determined)
Retention
No

time
(min)

1

3.12

Source of wood vinegars / Compounds
Coconut shells

Carambola

Mango

Characteristic

nd

nd

toluene

Aromatic
Antibacterial

2

4.04

furfural

furfural

furfural

Antifungal

3

4.10

nd

imidazole

imidazole

Antifungal

4

4.88

nd

nd

annulene

Aromatic

5

4.91

nd

3-

nd

Electrophilic

Pyridinecarboxaldehyde
6

6.11

nd

benzaldehyde

benzaldehyde

Antifungal

7

6.21

nd

nd

carbamic acid

Antifungal

8

6.22

phenol

phenol

phenol

Antibacterial

9

6.58

benzofuran

benzofuran

nd

Antifungal

10

7.34

nd

indene

nd

Antifungal

11

7.48

acetic acid

acetic acid

acetic acid

Antifungal
Antibacterial

12

7.59

formic acid

nd

nd

Antifungal
Antibacterial

13

7.967

ethanone

nd

nd

Antifungal
Antibacterial

14

8.14

hexanal

nd

nd

Antifungal
Antibacterial

15

8.25

nd

indazole

nd

Antifungal
Antibacterial
Aromatic

16

9.62

nd

naphthalene

naphthalene

Antifungal

17

12.69

nd

cyclohexanecarboxylic

nd

Aromatic

acid
18

18.16

nd

palmitic acid

nd

Antifungal

19

20.17

nd

heptadecanenitril

heptadecanenitril

Antibacterial

20

20.91

nd

palmitamide

nd

Antibacterial

21

23.10

nd

stearylamide

stearylamide

Antibacterial

Antimicrobial Effect of Wood Vinegars
Wood

vinegars

significantly

inhibited

plant

phytopathogenic

microorganisms

(C.gloeosporioides, P.microspora, F.oxysporum and R.solanacearum) (Table 2, Table 3).
From the results, wood vinegars from carambola, coconut shells, and mango exhibited
promising antifungal and antibacterial properties against plant pathogenic microorganisms.
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This is due to the high acidity, the presence and synergistic activity of several antimicrobial
compounds in wood vinegars [1,2,3,4,6]. We can also see the prolonged inhibition of wood
vinegars against pathogenic microorganisms until 20 days of incubation. These can serve as
baseline in the frequency of wood vinegars application. The performance of wood vinegars
differs significantly between the source of plant materials and its efficacy of wood vinegars
increased in proportion with the shelf life of wood vinegars.
Table 2. Inhibition of plant pathogenic fungi against wood vinegars
Inhibition Reduction (%)
Isolate

Treatment /
Shelf Life

0

6

12

0

6

12

Coconut shells

100.00±

100.00±

100.00a±

nt

nt

91.97±

0.00a

0.00a

0.00a

100.00±

100.00±

100.00±

0.00a

0.00a

0.00a

100.00±

100.00±

100.00±

0.00a

0.00a

0.00a

47.34±

41.74±

64.23±

32.73b

14.28b

31.43b

0.00±

0.00±

0.00±

0.00c

0.00c

0.00c

57.19±

100.00±

100.00±

21.98b

0.00a

0.00a

75.45±

100.00±

100.00±

2.92a

0.00a

0.00a

75.02±

100.00±

100.00±

12.97a

0.00a

0.00a

67.47±

62.07±

67.73±

0.86a

5.35b

2.73b

0.00±

0.00±

0.00±

0.00c

0.00c

0.00c

100.00±

100.00±

100.00±

0.00a

0.00a

0.00a

100.00±

100.00±

100.00±

0.00a

0.00a

0.00a

100.00±

100.00±

100.00±

0.00a

0.00a

0.00a

Mango
Biopesticide
Control
Coconut shells
Carambola

C.

Mango

gleosporoides
Biopesticide
Control
Coconut shells

P. microspora

incubation*

(Months)

Carambola

F. oxysporum

After 20 days

After 7 days incubation*

Carambola
Mango

15.24a
nt

nt

100.00±
0.00a

nt

nt

40.93±
9.15b

nt

nt

54.2±
26.83b

nt

nt

0.00±
0.00c

nt

nt

73.55±
45.18b

nt

nt

100.00±
0.00a

nt

nt

26.74±
18.98b

nt

nt

57.45±
32.72b

nt

nt

0.00±
0.00c

nt

nt

100.00±
0.00a

nt

nt

100.00±
0.00a

nt

nt

83.90±
1.15b
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Biopesticide
Control

68.99±

57.12±

85.72±

2.03b

5.35b

3.54b

0.00±

0.00±

0.00±

0.00c

0.00c

0.00c

nt

nt

65.42±
4.28c

nt

nt

0.00±
0.00d

*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 Least Significance Difference (LSD) test
(nt=not tested)

Table 3. Antibacterial activity of wood vinegars against R. solanacearum
Wood vinegars

Diameter of zone of
inhibition after 3 days (mm)

Diameter of zone of
inhibition after 20 days
(mm)

Coconut shell

20.40± 1.38b

20.40± 1.38b

Carambola

22.50± 1.17a

22.50± 1.17a

Mango

19.00± 1.41b

19.00± 1.41b

Negative control

0.00± 0.00c

0.00± 0.00c

*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 Least Significance Difference (LSD) test

CONCLUSION
All wood vinegar demonstrated potent antimicrobial activities against the tested
microorganisms. It is suggested that wood vinegar is a promising solution in plant protection,
showing good potential for controlling plant pathogenic microorganisms.
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INTRODUCTION
Forest, plants and crops play an important role in the protection of water supplies; act as living
mulching, which intercepted rainfall, reduced and absorbed kinetic energy from raindrops
directly impacts on soil particles. By acting like a giant sponge, the living mulching soaks up
rain and gradually releases it during drier periods. Some edible crops act as living mulching
due to harvesting practices; only top parts of crops were harvested, bottom parts remain as
living mulch, while plant litters also act as natural mulch. A study was conducted by MARDI,
funded by National Conservation Trust Fund for Natural Resources (NCTF), Ministry of Energy
and Natural Resources, Malaysia titled “Effect of conservation practices using various
materials of mulching in Cameron Highlands agro systems”, with the main objective to evaluate
effects of several mulching practices (living & synthetic) on soils and crops.
MATERIALS AND METHODS
Soil profile characteristics were investigated under different eco systems such as forest eco
system and two distinctive crops production types, namely long (perennial) and short-term
crops. The soil auger was used to extract soil at a different depth until it reached 1 m depth.
The effectiveness of living mulch (liverworts) compared to plastic mulch was evaluated using
the runoff plots [1]. Three treatments with four replicates including control were investigated:
plastic cover mulching, living mulching – liverworts moss and control – bare plot. Spreading
characteristics of several living mulches was measured using a quadrate of 0.5 m x 0.5 m [2].
RESULTS AND DISCUSSIONS
Field surveys characterised soils outcrop in a forest at the foothill of Gunung Berembun, Tanah
Rata found that the soil profile consists of 10 cm organic layer (Ao), followed by 30 cm dark
brown horizon (A) (Plate 1). Similar soil characteristics were also found in the MARDI tea farm
(Plate 2), and other perennial crops; kimchiam (Plate 3) and kuchai (Plate 4) farm at Brinchang.
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For short-term crops, the organic layer was absent as shown in cabbage farm in Tanah Rata,
plough layer (Ap) was characterised with a lighter colour, showing lack of organic carbon in
soils (Plate 5). Therefore, the use of perennial crops will develop organic carbon in the soils
due to organic matter and nutrient accumulation for many years, top soils minimally eroded
although in steeplands conditions (tea and kimchiam farm), whilst the use of subsoils on a
flatten hilltops, in time also accumulate with organic carbon, showed by dark colour top soils
in kuchai farm. As for short-term crops, there was not much organic carbon accumulated in
soils, this may be due to harvested crops, and plant litters were not recycled back into the soil
in the farms.
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Plate 5. >20 years
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In the first season of cabbage cultivation, the amount of rainfall and irrigation
recorded was 284 mm. Soil loss recorded was 654 g / 27.5 m2 under liverworts mulching
treatment compared to 711 g / 27.5 m2 under plastic mulching. As for surface runoff,
liverworts mulching plot generated 12.1 mm runoff compared to the plastic mulching plot,
17.7 mm. Statistically, the use of natural mulching significantly reduces surface runoff, and
effective in controlling soil erosion by water in cabbages farm.
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Figure 1. Cabbages yields according to treatments.

crops

In terms of cabbage yield, mint treatment (Plate 6) showed the highest yield of
cabbages which was 1,798 g. Whereas, plastic mulching had the lowest yield (1,483 g),
followed by liverworts moss and pegaga treatments (1,696 g and 1,603 g) respectively (Figure
1).
CONCLUSION
Perennial crops develop soil rich in organic matter underneath, and lowest rate of soil erosion.
Cabbage planted with mint as companion crops or living mulching gives comparable cabbage
yields as using synthetic plastic mulching. In addition to that, edible living mulching has
economic values in which will provide additional income to farmers. Whilst naturally occurring
epiphytes like liverworts reduced surface runoff and soil erosion, it spreads in farms, provides
beautiful and picturesque land scapes. Therefore, living mulching offers a better contribution
to the environment compared to synthetic mulching.
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INTRODUCTION
The increasing use of pesticides in agriculture and domestic activities for controlling pests is
vastly polluting the environment on day by day basis. Besides, toxicity of the parent pesticides
and their degradation products is making these chemical substances a potential hazard. When
these pesticides are introduced into the environment through spraying on crops, droplets of
pesticides fall on soil, plant and water. While some parts of these chemicals stay in the area
where it is applied; and the major part are transported to various environmental compartments.
Carbofuran, propiconazole, chlorpyrifos, cypermethrin, deltamethrin, malathion, imidachloprid,
pymetrozine, fentin acetate and chlorantraniliprole are few of major pesticide used for the
control of a variety of pests and disease on paddy. Biochar from coconut shells, paddy straw,
rice husk and banana stalk were found to have promising potential to be used as a bioadsorbent to reduce pesticide contamination in environment. All biochar used were from local
agrowaste thus make it cost effective, reliable and efficient to be used in larger scale of
application.
MATERIALS AND METHODS
Biochar Production
All local agrowastes were consist of rice husk, rice straw, coconut shell and banana stalk were
acquired from local farm and MARDI’s plot. Then, these wastes were converted to biochar
using vertical kiln at more than 400oC for 2 hours and left to cool at room temperature prior to
grinding and sieving at laboratory.
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Analytical Method Development
Analytical method development started with analytical instrument validation. All pesticides
standards were diluted at known concentration and were subjected to analysis at LCMSMS.
Parameters optimised were retention time, peak area, peak height, peak shape, declustering
potential, entrance potential, collision energy, collision exit potential, precursor ion and product
ion. Later, precursor and product ion were used as both qualitative and quantitative criteria for
confirmation and quantitation. All analytical standards shall give a minimum of 0.95 R 2 value
for calibration curves to be accepted. Limit of detection (LOD), limit of quantification (LOQ),
trueness, biasness, repeatability were established at the end of these steps.
Adsorption Studies
Adsorption studies were carried out by spiking a known volume and concentration of pesticides
standards in water. Then spiked water were shaken prior to addition of biochar. Samples
were taken at 0.5, 1, 2, 4, 8, 24 and 48 hours intervals after addition of biochar in the mixture.
Then, samples were filtered using disc filter prior to analysis at LCMSMS. The whole process
is illustrated in Figure 1.

Figure 1. Complete process flow of biochar production and adsorption studies
RESULTS AND DISCUSSION
Adsorption of Pesticides
Adsorption studies involved a mixture of these 10 different pesticides (with individual pesticide
concentrations of 1000 µg/l) from water by biochars from coconut shells (bcs), paddy straw
(bps) and paddy husk (bph) were studied. Solid water distribution coefficients (Kd) were used
to compare the pesticide adsorption abilities of the tested adsorbents. All the biochar were
characterized by CHN-elemental analysis, ash content, adsorbent pH in solution
measurements, surface area (BET) and scanning electron microscopy (SEM). Pesticide
residual concentration was analysed using liquid chromatography tandem mass spectrometry
(LC–MS/MS). The results showed that the adsorption of these pesticides from water using
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biochars coconut shells was highest followed by paddy husk and paddy straw as in figure 2.
Coconut shell biochar took only 1 hour to reduce 80% of each pesticide from its initial
concentration of 1000 µg/ml (label 1, figure 2). On the other hand, rice husk biochar was found
to reduce as much as 70 % of all pesticides in 2 hours and pesticides were further adsorbed
as much as 95 % after 4 hours (label 2, figure 2). Rice straw biochar took 2 hours to reduce
the pesticide concentration in water as much as 65 % and further 8 hours to reduce 100%
amount of the pesticides in water (label 3, figure 2).

Figure 2. Adsorption of ten pesticides on various adsorbent
CONCLUSION
Adsorbents from local agriculture wastes have high potential to reduce contamination of
pollutants in environments. These materials are not only efficient, but it is also reliable, readily
available and cost effective.
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INTRODUCTION
In the past decades, the design of oil palm (OP) plantation layout has turned into an important
industry topic with the aim of maximising yield and productivity. The plantation monoculture
resulting from conversion of forest ecosystem to plantation adversely affect species richness
and subsequent maturation of plantations can also provide unwitting areas of rehabilitation
through unwedded microsites within OP or frond piling [1]. Each microsite has distinct
characteristics depending on standard planting density and management practices. These
attributes are hypothesised to affect site-specific peat property heterogeneity. While
partitioning the heterotrophic (HR) and autotrophic (AR) contributions of soil respiration (SR)
by roots availability has been studied extensively, those studies do not capture the
heterogeneity within these zones, nor are the contribution of these areas accounted for in terms
of up-scaled emissions estimated for entire plantations. Furthermore, the implication for
informed policy making is significant. In 2011, the US EPA [2] undertook peer reviews from
several experts in tropical peat research to discuss the usage of a default OP on peat
emissions factor (EF) value. While this resulted in a determination of 95 t CO 2 ha-1 yr-1, this
remains largely inflated compared to the 40 t CO2 ha-1 yr-1 proposed by IPCC 2007 [3]. Thus,
in order to address uncertainties in calculating the EF of drained OP on tropical peatland, while
much of this ambiguity lies in emissions within the first 5 years of conversion, varied peat
generation and intra-site heterogeneity also requires full accounting.
MATERIALS AND METHODS
The particular interest of this study is towards active areas described by microsites (Figure
1(a)) with the greatest carbon dioxide (CO2) emission was observed at Under Canopy (UC)
microsite and differed to Frond Pile (FP) microsite. The proposed method of Surface Area
Correction (SAC) was calculated based on common planting density of OP across tropical
peatland in triangular planting (Figure 1(b)) in accordance to 160 palms per hectare, which has
been commonly exercised on tropical peatland. The steps to calculate SAC are as follows:
First, calculate the area covered by UC using the area of the circle with radius (Rop) value of
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3.0 m that represents effective SR based on oil palm root, as proposed by [4]. The value of UC
was 28.28 m2 per palm. Next, calculate the FP value by assuming that the fronds piles were
located side-by-side to the palm. Assuming FP microsite was rectangular in shape and
subtracted by the UC area and given the length of hypotenuse for planting density was 8.5 m
and the length of one side was half of UC that of 1.5 m, the other side can be calculated by
using Pythagorean Theorem. After that, using UC and FP values, calculations of Harvesting
Path (HP) and Far from Palm (FF) were made by assuming that both microsites shared similar
area of rectangular shape. Therefore, the value of HP was calculated by deducting 10,000 m2
or 1.0 hectare from UC and FP values and later, divided by two. Hence, the proportion of
microsites area were 0.224, 0.452, 0.1, and 0.224 for HP, UC, FP, and FF, respectively, which
led to 1.0 or 100%.

Figure 1. (a) Oil palm plantation that classified into different microsites namely Harvesting
Path (HP), Under Canopy (UC), Frond Piles (FP) and Far from Palm (FP). (b) Typical
planting density of oil palm plantation on tropical peatland in equilateral triangle planting
density of 8.5 m x 8.5 m x 8.5 m
RESULTS AND DISCUSSION
Here, several strategies have been proposed to reduce EF from OP on drained tropical
peatland using SAC. The first approach is to reduce the number of palms. As the SAC had
been based on 160 palms per hectare, limiting up to 143 palms per hectare based on 9.0 m x
9.0 m x 9.0 m planting density may enhance the coefficients of FF and HP microsites, while
decreasing FP and UC. In explaining the reduction, UC microsite was used due to its greatest
CO2 emission, in comparison to the others. From the calculations, EF decreased by 11% from
157 to 140 t CO2 ha-1 yr-1. This reduction is attributable to the entire entities of SR (AR and HR)
in UC, where the SAC factor decreased from 0.452 to 0.404. The second approach is through
conversion of FF and HP microsites to FP, whereby FP in this study recorded the lowest CO 2
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emission, when compared to other microsites. Hence, if FF, HP or both microsites are
converted to FP, reduction of EFs by 1%, 5%, and 6% can be estimated.

Figure 2. CO2 emissions from study sites with purposed default emissions factor. Dash line
represents EPA (2014) purposed default emission factor that of 95 t CO2 ha-1 yr-1, while solid
line represents IPCC (2011) purposed default emission factor that of 40 t CO2 ha-1 yr-1
CONCLUSION
Consideration of these microsites with area surface correction is integral and allows one to
accurately estimate the amount of gas emission. This provides the interim key to information
for mitigation measures in reducing carbon emission from matured OP, for example, by using
the SAC as proposed in this work. Nevertheless, as the estimation from 35 to 157 t CO2 ha-1
yr-1 and indeed within to the default value proposed by EPA and IPCC, with two sampling
cycles may be insufficient to provide a holistic approach for the overall estimation in light of
geographical area. Therefore, further measurement in long term is required.
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INTRODUCTION
Food safety remain a relevant issue throughout the world. Foodborne illness caused by
pathogenic bacteria is a public health problem that have also impacted country’s economic
and trade. Currently, food industry is having more difficulties in fighting foodborne pathogens
due to certain factor including occurrence of resistance pathogen species [1]. At the same time,
consumers prefer foods that are not only delicious and healthy, but also safe and have fewer
or without chemical additives [2]. Thus, natural preservative such as application of lactic acid
bacteria (LAB) and its metabolite to inhibit or kill pathogenic bacteria in food is believed as
better and safer option in ensuring food safety and at the same time complying with consumer
trend. The LAB is an important group of industrial microorganisms with ‘Generally Recognized
as Safe’ (GRAS) status that indicates them as safe for human consumption. LAB also have a
long usage history in food fermentation as natural colonizers or intentionally added starter
cultures.
Natural food preservatives are those that derived from animals, plants and microbial
origin and this included the LAB and their metabolites [3]. To date, the research in exploring
the potential of LAB as an alternative preservative due to their antibacterial ability is continuing
and reports from previous researchers still provide gap and hope for better findings. Isolation
work of LAB from novel sources especially from natural sources is important for obtaining
better and genetically stable strains for industrial application [4]. Other than dairy products,
plant-based fermented products such as pickled fruits and vegetables can also be a good
source of LAB. This research was carried out to isolate and identify LAB from selected local
pickled fruits and to determine their antibacterial activity. The research was also meant to
evaluate the potential application of LAB cell free supernatant (CFS) as antibacterial agent to
control foodborne pathogenic bacteria in minimally processed vegetables such as lettuce
(Lactuca sativa) and cherry tomato (Solanum lycopersicum var. cerasiforme).
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MATERIALS AND METHODS
Isolation of LAB was done involving a total of 127 samples of selected local pickled fruits
obtained randomly from Hulu Langat (Selangor), Bayan Lepas (Penang) and Kota Bharu
(Kelantan) area using standard method. The isolated colonies with positive preliminary
identification based on their morphology on agar and biochemical reactions were chosen for
confirmation with polymerase chain reaction (PCR) amplification of 16S rRNA gene and
sequencing. The preliminary antibacterial activity of the identified LAB was conducted against
10 commonly known foodborne bacterial pathogens using agar spot and agar well diffusion
methods. Later, the antibacterial activity of the CFS from selected LAB was conducted using
microtiter plate method against five types of foodborne bacterial pathogens namely Listeria
innocua ATCC® 33090™, Listeria monocytogenes ATCC® 7644™, Escherichia coli ATCC®
48888™, Salmonella Poona NCTC 4840 and Salmonella Typhimurium ATCC® 14028™.
Determination of the organic acid formation in the CFS responsible for the antimicrobial activity
of the LAB was also conducted using high performance liquid chromatography (HPLC)
method.
RESULTS AND DISCUSSION
Isolation and Identification of LAB from Selected Local Pickled Fruits
A total of 22 LAB isolates had successfully been obtained from 127 local pickled fruits samples
which five isolates each were from mango (Mangifera indica), guava (Psidium guajava) and
papaya (Carica papaya), four isolates from kelubi (Eleiodoxa conferta), two from ambarella
(Spondias dulcis) and one from pineapple (Ananas comosus). The isolated LAB had been
identified as Lactobacillus plantarum (5 isolates), Lactobacillus paracasei (4 isolates),
Lactobacillus fermentum (3 isolates), Lactobacillus brevis, Lactobacillus reuteri and
Lactobacillus nagelii (2 isolates each), Lactobacillus pentosus, Leuconostoc mesenteroides,
Leuconostoc pseudomesenteroides and Enteroccous durans (1 isolate). Table 1 shows the
LAB isolated from pickled fruits samples, their LAB codes and their best match identification
from Basic Local Alignment Search Tool (BLAST) analysis obtained based on PCR and
sequencing data.
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Table 1. LAB isolates from local pickled fruits
Scientific name
Mangifera indica

Common

Isolated LAB

LAB best match identification in

name

codes

BLAST analysis

Mango

LAB2, LAB5, LAB6,

L. fermentum, L. plantarum, L. pentosus,

LAB21, LAB22
Psidium guajava

Guava

LAB1, LAB7,
LAB14, LAB15,
LAB17

Carica papaya

Papaya

Kelubi

L. plantarum, L. fermentum,
L. paracasei, L. reuteri,
L. plantarum

LAB12, LAB16,

L. paracasei, L. reuteri,

LAB18, LAB19,

Leuconostoc pseudomesenteroides, L.

LAB20
Eleiodoxa conferta

L. nagelii, L. nagelii

LAB8, LAB9,
LAB10, LAB11

Spondias dulcis

Ambarella

LAB3, LAB4

Ananas comosus

Pineapple

LAB13

plantarum, L. paracasei
L. brevis, L. brevis, Leuconostoc
mesenteroides, L. plantarum
L. fermentum, Enteroccous durans
L. paracasei

Antibacterial Activity
The antibacterial activity of all identified LAB (22 strains) was proven by their ability to inhibit
the tested pathogens and created a clear zone on agar during preliminary antibacterial activity
study by agar spot and agar well diffusion methods. The degree of inhibition however was
varies depending on the LAB and pathogen strains.
The LAB strains were known to produce antibacterial compound which excreted
extracellularly and could be collected through their cell free supernatant (LAB CFS). Through
the antibacterial activity study of LAB CFS by microtiter plate method, the LAB CFS coded as
CFS LAB1, CFS LAB16, CFS LAB19 and CFS LAB20 have shown a strong antibacterial
activity against L. innocua ATCC® 33090™, L. monocytogenes ATCC® 7644™, E. coli ATCC®
48888™, S. Poona NCTC 4840 and S. Typhimurium ATCC® 14028™. However, CFS LAB19
showed greatest inhibition against all pathogens if compared to other LAB CFS.
Organic acid has been identified as main compound responsible for the antibacterial
activity of all LAB CFS. Five types of organic acid which were lactic acid, acetic acid, citric acid,
tartaric acid and succinic acid detected in all LAB CFS by HPLC. Application of CFS LAB19
was also able to inhibit the growth of selected pathogenic bacterial strains in minimally
processed lettuce and cherry tomato during simulation study.
CONCLUSION
A total of 22 LAB have been successfully isolated from selected local pickled fruits and
identified as the Lactobacillus genus (19 isolates), while another three belongs to the genus
Leuconostoc (two isolates) and Enterococcus (one isolate) respectively. The LAB CFS coded
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as CFS LAB1, CFS LAB16, CFS LAB19 and CFS LAB20 have shown a strong antibacterial
activity against L. innocua ATCC® 33090™, L. monocytogenes ATCC® 7644™, E. coli ATCC®
48888™, S. Poona NCTC 4840 and S. Typhimurium ATCC® 14028™ where CFS LAB19
showed greatest inhibition against all pathogens if compared to other LAB CFS. Organic acid
particularly lactic acid has been identified as main compound responsible for the antibacterial
activity of all LAB CFS. Through simulation study, application of CFS coded CFS LAB19 was
able to inhibit the growth of selected pathogenic bacterial strains in minimally processed lettuce
and cherry tomato. This result suggested future study on the use of LAB CFS as a potential
natural antibacterial agent for application in minimally processed vegetables.
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INTRODUCTION
In Malaysia, the elderly is defined as those who are 60 years old and above, adopted by the
United Nations (UN). According to the Department of Statistics Malaysia, the number of people
aged 60 and above has increased steadily and today, it is projected from 2 million to more than
6 million by 2040. The demographic transition in ageing becomes a global phenomenon, thus
this has raised concern on the nutritional needs of the elderly related to health issues. The
health issues among the elderly become chronic every year. The leading epidemiological
cause of disease burden and deaths in Malaysia [1] is cardiovascular disease (CV). One of the
CV factors is a high cholesterol diet and also lifestyle. According to National Health and Mobility
Survey 2019, four out of ten people in Malaysia, or eight million adults, have high cholesterol
(38.1% prevalence) (National Health Mobility Survey, May 29, 2020).
Consumption of oats and barley are more effective in lowering blood cholesterol [2-3].
According to statistics the intake of oats based product is only 13.7% for children (the data
should be focusing on the elderly) [4]. For any cholesterol-lowering regime, discipline and longterm intake are difficult to sustain and are typical problems. Owing to this a high cholesterol
diet and food preferences need to be controlled. Therefore, the purpose of this study was to
develop

nutritious

food

with

the

highest

acceptability

for

older

people

with

hypercholesterolemia.
MATERIALS AND METHODS
Inthe production of instant vegecereal; red amaranth, corn, barley, and pineapple were used.
All ingredients were ground using a heavy-duty grinder and mixed until homogenized. A double
drum dryer (R. Simon Ltd. Nip Feed Test Machine, Model 4766, Nottingham, UK) was used to
dry the instant vege cereal slurry. The instant vege flakes were collected and stored in
aluminium packaging (4°C) until analysis.
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The anti-cholesterol study was carried out using 24 male Sprague-Daley rats (406.67 ±
33.28 g) for 28 days. Rats were divided into 4 groups (n=6) which consist of control (normal
rats), control negative (hypercholesterolemic rats), control positive (hypercholesterolemic rats
+ simvastatin 40mg/kg) and treatment group (hypercholesterolemic rats + instant vege cereal
3.1 g/kg). Hypercholesterolemic rats were induced using 1% cholesterol and 0.5% cholic acid.
At the end of the experiment, blood was withdrawn from vena cava and analyzed for
cholesterol and triglyceride.
Consumer acceptance study was carried out at four zones in Malaysia (consist of
Northern, Central, Southern, East Coast). The 200 respondents (age 60 years old and above)
were asked to rate against each product attribute i.e. taste, colour, viscosity, aroma,
appearance, after taste, and overall product acceptance, using a 5 Likert scale.
Methods of vitamin A and vitamin C were based on Ismail and Fun [5]. The proximate,
fiber, and mineral was determined according to the in-house method 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). The waters symmetry
C18 column (4.6 x 250mm 5um) was used. The mobile phase consists of 0.1% Trifluoroacetic
acid (TFA) in water (eluent A) and 0.1% TFA in acetonitrile (eluent B) for analysis of vitamin
B1 and B6 (Group 1). Different mobile phase was used for vitamin B2, B9, and B12 (Group 2).
For group 2, eluent A was 10mM Potassium dihydrogen phosphate (KH2PO4), pH 6 and eluent
B was 100% acetonitrile (v/v). The UV detector and fluorescence detector were employed for
detection of peaks. Analysis of vitamin B was done in triplicate [7].
RESULTS AND DISCUSSION
In hypercholesterolemia rats, the effect of instant vege cereals was studied and the results
showed that instant vege cereals successfully prevent the increase in cholesterol levels in rats
fed with a high cholesterol diet. The nutrition composition data (Table 1) shows that instant
vege cereal contained high dietary fiber (12.91 g/100g), soluble fiber (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
(11.89mg/100g) if compared with carrots. It also contained zinc, selenium, calcium, other
minerals and vitamin B. The market acceptance study reveals that, relative to commercial
products, 81% of panellists approved instant vegetable cereal as shown by the overall
acceptance of the product.
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Table 1. Nutritional composition of instant vege cereal
Parameter

Value

Vitamin mg/100g

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 instant vege cereal scientifically proven to prevent the increase of cholesterol
level in rats fed with high cholesterol diet. The product contained of vitamin C, vitamin A,
selenium, potassium, calcium and manganese. Finally, it can be suggested that instant vege
cereal consumption may be a healthy meal to target elderly hypercholesterolemia for daily
intake.
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INTRODUCTION
Honey is in increasing demand as sweetener to replace table sugar as it contains higher
nutritional values and high antioxidant activity. Interestingly, the price of stingless bee honey
is two or three times higher as that of normal honey. Beside the uniqueness of taste, flavour
and high in nutritional value, the demand and price of honey is relatively higher than other
sweeteners. Today, consumers are more health conscious and good buying power, thus they
are seeking for natural nutrition ingredients for use in foods.
Beverages are still in high demand because of its taste and on the go product. They
fulfil the demands in terms of size, shape and might contain desirable nutrients and bioactive
compounds (1). Honey contains high water content which can undergo undesirable
fermentation. This process affect the taste and colour of the honey and consequently decrease
the shelf life. Therefore, the objective of this research was to evaluate the physichochemical
properties and antioxidant properties of stingless bee honey in order to obtain healthier
stingless bee honey drink with improved sensory properties and the viscosity. The findings
from the present study are vital for future research on the other pharma-nutritional properties
of stingless bee honey drink.
MATERIALS AND METHODS
Preparation of Stingless Bee Honey (SBH) Drink
The SBH drink was prepared by using stingless bee honey, xanthan gum, citric acid and
potassium sorbate (300ppm). All ingredients are food grade. 4 treatments were used in this
study namely MK1 (SBH + fos), MK2 (enzyme treated SBH + fos), MK3 (enzyme treated SBH)
and MK4 (control, SBH). All ingredients were pasteurized and filled into pasteurized bottles of
200ml glass bottle with metal cap. The finished products were then kept at room temperature
until further analyses.
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pH, Total Soluble Solid, Viscosity and Proximate Compositions
The pH of the treatments were determined using a bench top pH meter (Metrohm Model, 744,
Herisau, Switzerland). The viscosity of HS was determined using vibro viscometer at 250C
(Model SV-10, A&D Company Limited, Japan). All measurements were done in triplicate.
Proximate analysis were conducted using AOAC (2000) for moisture (Air-oven method), total
ash, crude protein by 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 enzymatic gravimetric method, based on the AOAC (2000). All measurements
were carried out in triplicate (n = 3).
Total Phenolic Content and Antioxidant Activity
Total phenolic in all samples was determined with 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 method of Lu and Yeap Foo (2000 with
slight modification.
RESULTS AND DISCUSSION
Physicochemical Characteristics of SBH Drink
The use of stingless bee honey in a great variety of products is highly promising. It can be
seen that pH values of all stingless bee honey drink were in the range of 3.49- 3.62 indicating
an acidic characteristics. However, there was not significant different (p<0.05). The addition of
citric acid with the main purpose to lower the pH of the drink. Citric acid contributes as acidity
regulators, antimicrobial and also as flavouring agents to the products (2). The pH value for
control sample MK4 (3.62) higher than MK2 (3.49). MK2 recorded the lowest pH among the
treatments. This indicates that beverages get more acidic at a decreased pH value. The
addition of FOS showed the reduction in pH for MK1 (3.53), whereas for control (MK4) was
3.62. The viscosity of SBH drink increased when FOS is used in the formulations. As honey is
heated, it initially undergoes a very rapid decrease in viscosity. The viscosity was coherent
with the added FOS in the formulations. It showed that FOS was sufficiently mixed well with
other ingredients. Table. 1 shows the reduction in moisture content to the control sample of
stingless bee drink added with FOS (86.16 %) and enzyme treated stingless bee honey added
with FOS (87.58%). It might be from the carbohydrate content and moisture content of FOS.
The lower moisture content also could be related to dry matter of FOS. Enzyme treated
stingless bee drink showed higher moisture content because of enzyme treatment which break
the cell of the enzyme. For fat content, as expected, no fat content was detected. No FOS
added showed the lowest amount of carbohydrate content. The highest carbohydrate content
was recorded in MK1 sample (13%) and significantly different (p<0.05) compared to MK4 (8%).
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Table 1. Proximate composition and total sugar content of SBH drink
TREATMENT

Moisture

MK 1

86.16±0.66

MK 2

87.58±0.26

MK 3

90.68±0.46

MK 4

90.46±0.12

Ash
b
b
a
a

0.09±001
0.05±0.03
0.06±0.00
0.05±0.02

Fat
a
b
b
b

Protein

0.00±0.00
0.00±0.00
0.00±0.00
0.00±0.00

a
a
a
a

Carbohydrate

0.7459±0.05
0.7109±0.01
0.7276±0.02
0.6676±0.01

a
b
b
c

13.00±0.64
11.65±0.27
8.53±.0.47
8.77±0.07

a
b
c
c

Total Sugar
12.58±0.54
11.69±1.27

a

ab

10.18±1.69
11.53±1.13

b

MK4 showed the highest total phenolic content followed by MK1, MK2, and MK3.For
DPPH scavenging activity, MK4 showed the highest scavenging ability followed by MK3, MK1
and MK2. However MK 1 and MK2 are not significant different (p<0.05). The same trend also
goes to FRAP analysis. Added FOS show the reduction in antioxidant activity. On the other
hand, for phenolic content, enzyme treated SBH drink has resulted the lowest antioxidant
activity compared with normal SBH drink and FOS added SBH drink.
Table 2. Total polyphenol content and antioxidant activity of SBH drink
TPC

FRAP

DPPH

(mg GAE/ 100 g dw)

(mg TE/100 g dw)

( % inhbition at 50 mg/mL)

MK 1

183.73±1.97b

46.72±1.83c

26.70±0.21c

MK 2

183.34±0.73b

47.96±1.58c

26.41±0.44c

MK 3

174.64±3.20c

55.90±0.36b

30.08±0.49b

MK 4

198.03±3.95a

87.31±0.75a

37.37±0.49a

TREATMENT

CONCLUSION
From the studies conducted, we can conclude that the addition of FOS directly affect the
sweetness of the product, whereas the enzyme use correlate to the viscosity of the product.
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INTRODUCTION
Developing new technologies and methods to treat solid wastes, especially for non-naturallyreversible polymers is a worldwide problem. Incorporating natural filler into polymer matrix has
gained a lot of attention nowadays. Many types of filler have been used in the plastic industry,
either to cut the production costs or to tailor the mechanical properties of the materials. Using
natural lignocellulosic fibres as fillers will produce light weight and low density materials with
moderate strength, high specific modulus, renewable, biodegradable, lack of health hazards,
eco-friendly material, recyclable, easy to treat and can be obtained at low cost [1, 2, 3]. Natural
fibres also possess better electrical resistance, higher resistance to fracture, and good thermal
and acoustic insulation properties [4]. Most of natural fibre from plant resources are agrowaste.
Thus, new fibre resources that has potentials as fillers for plastics should be explored.
Sansevieria trifasciata (ST) are usually used as decoration plants in parks or homes
and also can grow in wild environments [2]. Current research showed that utilising the
Sansevieria trifasciata fibre (STF) as reinforcement filler in composites is still at the preliminary
stage. STF has a lot of potentials to be explored. It is observed that STF have good mechanical
and thermal insulation properties [5]. This plant also offers properties that are similar to
pineapple leaf fibre with lower lignin content [6]. The objectives of this research are to produce
STF/natural rubber/high density polyethylene (STF/NR/HDPE) composites and to study the
effect of silane coupling agent to the composite’s system (mechanical properties and
morphology) towards the packaging application.
MATERIALS AND METHODS
Sansevieria trifasciata trees, age more than 2 years were collected from Lembah Klang area.
The leaves were cut, washed, chopped and dried by using a drum dryer at 60°C for 5 hours.
The fiber were ground to fine fiber and sieved to size of 125 μm by using a sieve-shaker
machine. STF was pre-treated with 4% NaOH by stirring for 1 hour on a hot plate stirrer at 50
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°C before being neutralized with acetic acid. Subsequently the sample was treated with 1%
silane coupling agent (HDS) prepared in ethanol mixture (80/20 v/v ethanol/water) by using an
ultrasonic equipment for 10 minutes. The mixture was stirred continuously for another 1 hour
on a hot plate stirrer at temperature of 60°C. Sample then was filtered and rinse with ethanol.
The pH of the sample was maintained at 4. Sample was dried in a vacuum oven at 90 °C until
dry.
Composites blending was done by using an internal mixer (Brabender W50EHT,
Germany). Processing parameters used were 135 °C for temperature and rotor speed at 55
rpm for 15 minutes. NR/HDPE composition of 40/60 was used in the system while filler loading
were 10-40% of STF. Composites obtained were pressed in a hot press machine (Labtech,
Sweeden) at 145 °C to produce samples with 1 mm and 3 mm of thickness. Samples have
been evaluated via tensile tests, thermogravimetric analysis (TGA), water absorption test,
water contact angle test, antioxidant activity and scanning electron microscopy (SEM).
RESULTS AND DISCUSSION
Generally the interaction of silane coupling agent with natural fiber during chemical
modification of STF are hydrolysis, self-condensation, adsorption and grafting. Results showed
that chemical modification by using silane coupling agent has improved tensile strength, strain
values, thermal properties and decreased water absorption of the treated composites (Figure
1). Antioxidant activity in treated fiber (37.47 mg TE/100 ml) was also higher than untreated
fiber (24.87 mg TE/100ml), due to the removal of the impurities during the treatment. SEM
micrographs has proven that the treated fiber has produced rougher surface for more interfacial interactions between fiber and matrix. Treated composites have given higher contact
angle values compared to untreated composites and polymer matrix, contributed by the
increment of hydrophobic surface of the materials. From the results obtained, the treated
composites have potentials to be applied as secondary or tertiary packaging films to prolong
shelf life of food products due to its high barrier properties to water and moisture, even higher
than typical packaging plastic (i.e HDPE). This will give good impact on economy because the
rate of spoilage can be reduced.
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Figure 1. Properties of the composites
CONCLUSION
Blending STF/NR/HDPE together has produced homogenous composites. Adding NR to the
composite system has produced less rigid and softer surface composites. Chemical
modification by using silane coupling agent has given better results especially for tensile
strength, strain value, water contact angle and moisture absorption, even better than typical
packaging plastic (i.e HDPE).
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INTRODUCTION
The exposure to the high amounts of heterocyclic amines (HCAs) increases the risk of cancer
in humans [1] as some compounds which occur in muscle food such as poultry, meat, and fish
can become carcinogenic when cooked at temperatures above 150 °C [2]. The International
Agency for Research on Cancer (IARC) has classified HCAs into two categories known as
class 2A and class 2B based on their carcinogenicity effect toward humans [3]. Since the
consumption of HCAs can increase the risk of cancer development in humans, the exposure
to HCAs must be reduced as recommended by IARC. Honey is a good source of antioxidants,
in which it was previously reported that honey can reduce the HCAs content in cooked meats
when used as one of the marinating ingredients prior to the cooking process [4]. Thus, we
hypothesized that addition of stingless bee honey in marinade ingredients would be effective
in reducing the HCAs formation during cooking process. The objective of this study was to
evaluate the effect of stingless bee honey-containing marinades on the formation of HCAs and
to determine the factor that influence HCAs formation in grilled beef satay.
MATERIALS AND METHODS
Beef Satay Preparation
The preparation method used in this study was adapted from Jinap et al. [5] with some
modifications.
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HCAs Extraction, Clean-up Procedures and HPLC Analysis of HCAs
The extraction and purification of HCAs from beef satay samples were performed using a solidphase extraction method developed by Gross and Gruter [6] with slight amendments. The
determination of HCAs was performed according to the modified method described by Quelhas
et al. [7].
Marinade Uptake, Cooking Loss, Internal Temperature, Free Amino Acids Profile, Sugar
Profile, Creatinine Contents and Antioxidant Properties of Honey
In order to determine the factors that contributed to the HCAs formation in grilled beef satay,
marinade uptake, cooking loss, internal temperature, free amino acids profile, sugar profile,
creatinine contents and antioxidant properties of honey were measured. These data were
subsequently used in multivariate analysis.
RESULTS AND DISCUSSION
Formation of HCAs
To measure the effect of marinades on the reduction of HCAs in grilled beef satay, a
comparative analysis was performed between the samples marinated with honey and table
sugar, a standard marinade ingredient used in preparing grilled beef satay. The total content
of HCAs found in beef marinated with Apis, acacia, starfruit, and gelam honey were 147.42
ng/g, 49.44 ng/g, 39.79 ng/g, and 16.75 ng/g, respectively and were found to be significantly
lower than samples marinated with table sugar. Hence, it is evident that the reduction in HCAs
was likely due to the addition of honey in the marinade ingredients. Among the different honey
marinades used, gelam honey showed the highest (95.14%) inhibitory effect on HCAs,
possibly due to the high antioxidant activity (low IC50 value) observed in gelam honey as
compared to other honey types as reported in our previous study [8].
Multivariate Analysis
To determine the factor that contributed to the reduction of HCAs, partial least squares (PLS)
loading scatter plot was performed (Figure 1). The observation clearly showed that IC50 had
strong correlation with the total HCAs as they located close to each other. It provided a
concrete conclusion that antioxidant compounds contributed to the reduced levels of HCAs in
grilled beef satay.
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PLS component 2

PLS component 1

Figure 1. The PLS loading scatter plot of grilled beef (satay) marinated with different honey
marinades. X = marinades uptake, cooking loss, internal temperature, total sugar, total amino
acid and antioxidant properties (total phenolic content (TPC) and antioxidant activity (IC50)).;
Y = types of HCAs and total HCAs
CONCLUSION
In conclusion, honey-containing marinades were effective in reducing HCAs concentration in
grilled beef satay, especially gelam honey. This finding may be useful to restaurateurs, food
manufacturing industry and in household as a simple and practical method to lessen toxigenic
compounds in grilled meat.
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INTRODUCTION
Traditional Asian drinks (TAD) are often added with culinary spices and herbs to impart
gastronomic pleasure. It allegedly has therapeutic elements, i.e., antioxidant and antidiabetic,
due to their bioactive contents, notably polyphenols, which play an essential role as a natural
dietary antioxidant in fighting off oxidative stress. However, TAD is usually sweetened with
sugar, including the Heritage spiced drink (HSD) to balance the palate and casually serves as
a refreshment. The intake of sugar-sweetened beverages (SSB) is heavily associated with
chronic health issues [1]. Additionally, Malaysia has the highest SSB consumption in the
Southeast Asian region (~ 90g of sugar/person) [2], which raised the health concern over HSD
consumption.
The influence of sugar on HSD's antioxidant and antidiabetic properties is
understudied, and besides no evidence-based proof on HSD's therapeutic properties. Among
the crucial therapeutic property is the α-glucosidase (AGI) inhibitor. The AGI is a determinant
factor of glucose absorption in the small intestine, primarily used in diabetes management. Our
study examined sugar's influence on the polyphenolic content and antioxidant and antidiabetic
activities through in vitro approaches. Toxicological risk and the therapeutic elements
assessments were conducted via in vivo approach. Refined white sugar and brown sugar were
chosen in the in vitro study, and two types of HSDs, the traditional formula, O, and its lowsugar version, LS, were used in the in vivo study. This study aims to attain information on
sugar's influence on the antioxidant and antidiabetic activities and provide preclinical evidence
on HSD's therapeutic properties. This study report may provide evidence on the positive effect
of sugary drinks rich in polyphenol and potentiality to be a functional drink for healthy aging.
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MATERIALS AND METHODS
Influence of Sugar on the Polyphenol Content, Antioxidant and Antidiabetic Properties
Twenty-two spices and herbs were procured from local spice stores, and sugars (refined white
and brown) were supplied from the local market. The HSD syrup was prepared at 5 different
sugar concentrations (16.7, 20, 25, 33.3, and 50% w/v) and heated at 70°C for 6 hours on an
induction cooker. After 6 hours, the syrup was filtered with a muslin cloth and stored in a glass
bottle until used. The prepared syrups of HSD and the diluted commercial TAD syrups (n=6)
were diluted 4 times or according to the manufacturer's instruction, respectively, with filtered
water. The diluted syrups were compared for their polyphenol content, antioxidant and
antidiabetic activities.
The HSD-O (25% sugar) and HD-LS (16.7% sugar) were subjected to 28-day subacute toxicology tests before proceeding with antioxidant and antidiabetic rat models. The data
were analyzed using the t-test statistical method. The schematic layout of the whole
experimental design was as illustrated in Figure 1.

Figure 1. A schematic diagram of in vitro and in vivo analyses of HSDs, O, and LS. Blank
distilled water (DW) was used as a controlled study
RESULTS AND DISCUSSION
The polyphenol content showed an increasing trend as the sugar content increased, notably
in brown sugar HSD. However, refined white sugar HSD tends to show a bell-curve-shaped
trend when the sugar content was more than 25%. This trend proportionally influenced the
antioxidant parameters and the antidiabetic property of AGI. HSD-O comparatively has higher
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polyphenol content (phenolic acid, flavonoid, and tannin content) and relatively better
antioxidant (DPPH scavenging activity, FRAP and ORAC values) and AGI antidiabetic
activities than the 6 selected commercial TADs. Phenolic acids and glycosidic flavonoids are
widely distributed in the drink, correlated to the therapeutic roles. Among the identified
bioactive compounds include 6-Hydroxykaempferol-3-O-glucoside, 5,3',5'-Trihydroxy-6,7,4'trimethoxy flavone, Quercetin-3-O-α-L-arabinopyranoside, and Neochebulic acid, which can
be served as the refreshment's biomarker. The flavonoid glycoside may act as "sugarblockers" in the sugary HSD and showed promising potential in managing glycemic control [3].
Further, in vivo investigation confirmed that either HSD-O or HSD-LS is safe to be
casually consumed. The study indicated that both HSDs showed bodyweight and anemic
management potential. Additionally, the diabetic rat model showed that both HSD comparably
could alleviate oxidative stress and control the postprandial glucose response.
CONCLUSION
Considering the aging population's anticipated growth, HSD is an excellent opportunity,
especially with low sugar content, to serve as a complementary dietary product that supports
healthy aging. However, chronic and sub-chronic preclinical assessment is vital before
condoning the HSD as part of a healthy diet regime. Further clinical affirmation is due to verify
its full health benefit for the aging population.
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INTRODUCTION
Noodles are a type of pasta product made from three basic ingredients: grain-based flour
(usually wheat), water and salt. In Malaysia, noodles-based dishes whether fried, boiled or
cooked with soup or gravy are very popular food. Apart from rice, noodles have been
recognised as a staple food by the Asian community since time immemorial [1]. Currently, it is
estimated that up to 50% of the usage of wheat in the Asian region is used in the production
of noodles.
In the present food market, consumers increasingly prioritise health issues and the
value of innovation. They tend to choose food products with a new image made from natural
ingredients and have a positive health impact such as organic or functional foods [2]. Valueadded noodles for example, can be developed in an innovative manner through the concept
of fortification to give noodles a new image in terms of colour and flavour. By modifying the
ingredients and method of processing, various types of fortified noodles (enriched or flavoured)
can be designed to fulfil the taste of the consumers.
Fortification is a conventional food intervention approach to increase the nutritional
quality of common foods. Recently, the method of fortification using synthethic chemical
substances as micronutrients has experienced a declining trend as a result of public health
choices. Currently food-to-food fortification (FTFF) is a new approach that uses easily available
nutritious natural food sources as a replacement for synthetic chemical substances to be
added into common foods [3].
MATERIALS AND METHODS
According to Malaysian Food Regulations, noodles are grouped in the pasta category which
is food based of milled grains obtained through the process of extrusion or formed from units
of dough. It can contain eggs, salt, colouring, food conditioner and other foods [4].
Basic raw materials in the processing of fortified noodles consist of wheat flour, water,
alkaline agent, eggs and salt. Additional ingredients are according to the nutrition, flavour and
colour that are required. Tapioca flour is added for fresh noodles to be kept in cold storage
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while edible oil is added to wet noodles. Food colouring is unnecessary as the additional
ingredient will contribute to a distinctive natural colouring that will reflect the identity of the
respective noodle.
The processing technology of fortified noodles was established based on the modified
conventional method with the main steps of dough mixing, forming dough pieces, noodle
cutting and formation, packaging and storage. The flow chart of main processing steps of
fortified noodles is shown in Figure 1.
Wheat flour

Mixing with water, salt and alkaline agent

Adding in fortifying materials and other optional ingredients

Dough mixing

Dough forming (1 mm thickness)

Noodle cutting















Forming







Boiling



Drying ini

Forming

Forming



Steaming

hanged straight





Coating with cooking



form





oil

Drying



Frying













Wet

Dried noodles

Dried noodles



(stick form)

Instant noodels

Fresh noodles

noodles

(clump form)

Figure 1. Processing of various fortified noodles
RESULTS AND DISCUSSION
Fortified noodles can be produced using ingredients and flavourings such as: (i) vegetable, (ii)
fungi and algae, (iii) fruit and tubers, (iv) herbs and spices, (v) grains and nuts, (vi) seafood,
and (vii) meat products. The value-added noodles can be prepared into the form of fresh, wet,
dried (bun-shaped strands and sticks) and also instant forms. Presentation concept of fortified
noodle is shown in Figure 2.
The amount of ingredients added into the noodle dough formulation basically depends
on the flavour or colour required and according to suitability. There are no special food rules
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in terms of setting the quantity of ingredients added. However, the word ‘flavoured’ might be
required for some types of noodles.
Enriched noodles also has better nutritional and functional value in terms of minerals,
vitamins, dietary fibre and antioxidants [5]. For example, every 100 gram serving of spinach
noodles contains 31 mg magnesium, sweet potato noodles contains 337 mg dietary fibre,
tomato noodles contains 1.6 mg lycopene, dragon fruit noodles contains 1.6 mg anthocyanin,
carrot noodles contains 1.8 mg ß-carotene and corn noodles contains 48 µg lutein.

Figure 2. Presentation concept of fortified noodle
CONCLUSION
Innovation on value added noodles (fortified, enriched or flavoured) can be made through the
addition of various ingredients into the noodle dough formulation. Ingredients added can
comprise of vegetables, herbs, spices, tubers, grains, fruit, seafood and processed meats. The
addition of ingredients to noodles not only create a new image in terms of colour and flavour,
but also increases the nutritional value and food functionality such as the addition of minerals,
dietary fibre, lycopene, anthocyanin and other nutrients.
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INTRODUCTION
Soy sauce “cake” is the by-product remaining after pressing out raw soy sauce from moromi.
The taste and flavour are like soy sauce or “miso”, but it is difficult to eat as it is very salty,
bitter and harsh taste with strong foul smell [1]. Soy sauce cake has been used as fuel, fertilizer
and animal feed. Soy sauce cake contains fat from soybeans, Vitamin E, Vitamin K1,
isoflavones and other functional ingredients which are good to feed cattle, pigs and poultry [2].
As the manufacturer of soy sauce produces a large quantity of soy sauce cake as one
of food processing waste, it is necessary to search for possible ways for their utilization in food
products. Chili paste is served in Asian cooking as a popular condiment. The chilli paste can
add flavour and heat in any dishes [3]. The nutritional content of soy sauce cake enriched chili
paste (SCCP) has not been reported to date today hence were studied. Thus, the objectives
of this study are (i) to determine the chemical composition of SCCP (ii) to determine the
antioxidant activity and food safety of the developed product and (iii) to evaluate the sensory
scores of SCCP so that it is suitable for a commercial production setup.
MATERIALS AND METHODS
Preparation of Soy Sauce Cake Chili Paste
A formulation for soy sauce cake chili paste (SCCP) was developed in the laboratory. The
ingredients used in preparing SCCP were dried red chili (Capsicum annuum), soy sauce cake
and filtered water.

The dried chili was obtained from a local wholesale market in Seri

Kembangan, Selangor while the soy sauce cake was obtained from Technology Test Bed
MARDI Pasir Puteh Station, Kelantan.
Chemical Composition, Antioxidative Activity and Microbiological Analysis of SCCP
The three samples were sent to MARDILab, MARDI Headquarters, Serdang for the proximate
analysis. Moisture content was determined by gravimetric heating (130 ± 20C for 2 h) using a
3 g sample. Ash and protein were analyzed according to methods 942.05, and 930.15,
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respectively [4]. Crude fat and protein were analyzed according to methods in Application
Notes: Soxtec Manual and TECATOR Manual - Kjeltec Auto 2300 Analyzer 2002 respectively.
Total polyphenol content (TPC) and antioxidant activities analysis of SCCP using modified
enzymatic extraction (mg/100g gallic acid equivalent), DPPH free-radical scavenging assay
and FRAP methods. Microbiology screening tests for total plate count, E. coli, coliform, yeast
and mould, S. aureus, B. cereus, LAB, S. epidermidis and B. subtilis counts were done by
using method Wallace, H.A. & Thomas, H.A. (2001) [5].
Sensory Evaluation on the Preference of SCCP
The sensory test was conducted and the samples were evaluated by 40 untrained panelists.
The test was done in individual tasting booths at sensory evaluation laboratory in MARDI
Headquarters, Serdang. Panelists were asked to evaluate the colour, spiciness, aroma,
sourness and overall acceptability of SCCP using a eight-point hedonic scale ranging from
‘‘Strongly disliked’’ (score 1) to ‘‘Strongly liked’’ (score 8).
RESULTS AND DISCUSSION
Chemical Composition and Antioxidant Activity of SCCP
The results for the chemical composition of three different types of chili paste was shown in
Table 1. The crude protein in Pasir Puteh SCCP was the highest among all three chili pastes.
The total polyphenol content and antioxidant activity were the highest in Pasir Puteh SCCP
compared to the Formulated SCCP and the Commercial Chili Paste (Table 2). This is because
Pasir Puteh SCCP is comprised of 50% dried chili paste, 30% soy sauce cake and 20% filtered
water.
Table 1. Chemical parameters of three chili pastes
Principle

Pasir Puteh

Formulated

Commercial Chili

SCCP

SCCP

Paste

Ash

8.25

7.49

5.7

Moisture

72.15

76.54

87

67.76

65.11

56

Crude fat

0.27

0.25

1.6

Crude protein

5.04

4.51

0.7

Carbohydrate

11.3

11.21

5

pH

5.28

5.44

5.16

Energy
(kcal/100g)
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Brix (oBx)

17

50

22

Aw value

0.94

0.90

0.92

Table 2. Total polyphenol content and antioxidant activity of three chili paste samples
Sample

TPC (mg/100g

DPPH (%

FRAP (mg/100g

GAE)

absorption)

FeSO4 )

Pasir Puteh SCCP

435.76±5.93a

84.71±0.39a

360.72±9.49a

Formulated SCCP

268.29±3.03b

57.04±1.71c

295.63±2.86b

130.53±4.87c

65.41±0.83b

127.52±7.90c

Commercial
Chili Paste

Food Microbiological and Sensory Analysis of SCCP
The microbiological tests showed that the total plate count (TPC) for Pasir Puteh SCCP is quite
high (2.4 x 107). This is probably due to the high number of lactic acid bacteria (LAB) in the
fermented soy sauce cake, the probiotics that is good for our digestive system. For the sensory
evaluation, Formulated SCCP showed the highest mean scores in terms of the colour
(6.29±0.93a), aroma (5.88± 1.08a), spiciness (5.75± 1.05a), sourness (5.60± 1.29a) and the
overall acceptance (5.98 ±1.02a) shown in Figure 1.

Formulated SCCP

SCCP Pasir Puteh

Commercial Gochujang Chili Paste

Colour
8
6
Overall Acceptance

4
2

Aroma

0

Spiciness

Sourness

Figure 1. Sensory mean scores analysis for three soy sauce cake chili pastes
CONCLUSION
From the studies conducted, we can conclude that soy sauce cake chili paste could be
potentially used as functional ingredients which is rich in polyphenols, high antioxidative activity
and high in LAB. The utilization of soy sauce cake in food products may contribute to reduce
food processing waste and to resolve an environmental problem.
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INTRODUCTION
Organisations are all grappling with accumulated large, disparate, unconnected transactional
data, while the data is growing over time to make more informed decisions and transformed
into insights and business values [1]. Due to the large volume of these accumulated
transactional data, they cannot just be easily and readily used for reporting and analysis
purposes.
Data visualization in storytelling is the graphical representation of information and data,
by using charts, graphs, and maps. Data visualization tools lead to a better understanding of
some of the potentially actionable insights, and enhanced decision-making processes. A visual
illustration of data increases the understanding and can ultimately lead to a better decision
making [3].
MATERIALS AND METHODS
Data Visualization Workflow
Visualization reports are developed in three steps [2]: Requirement gathering and data
acquisition; data pre-processing (ETL process); and data visualization preparation using
visualization tool, as illustrated in Figure 1. In requirement gathering and data acquisition, all
the reports prepared for Jawatankuasa Pemantauan & Pelaksanaan Projek (JPPP)’s meetings
are collected according to the requirements of the Financial Management Centre (FM), for
interactive reporting. Data from Sistem Kewangan Bersepadu MARDI (SKBM) in Informix
database contain data of all transactions related to Development Fund Projects, from year
2002 to current date. Other than that, related documents in xlsx formats containing a list of
RMK11 projects from the Strategic Planning & Innovation Management Centre (PI), which
consist of project codes, project titles and project & sub-project Leaders, are collected. In data
pre-processing (ETL process), SQL scripts are running to extract data from Informix database
to be converted to the .csv format file. The selected data are then exported to MySQL
database. In final step, data visualization reports are prepared using the visualization tool. The
data source and other related formulas are identified in building the related reports based on
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user requirements. Dashboards are designed by using charts, tables or timeline, with creative
fonts, colour and report arrangements, to make them look attractive. The dashboards can be
accessed online through PC and mobile devices.

Figure 1. A diagram of Data visualization workflow
RESULTS AND DISCUSSION
Latest transaction data which tallies with the expenditure for Development Fund can be
presented during the JPPP meeting. Hence, the Director and the Project Leader can check
their own projects against the latest expenditure. A reliable and accurate data analysis can
then be presented on the dashboard. On the dashboard, auto-filtering and sorting can be done
in categories, such as in the PTJs, Project Code, and related sub project. As illustrated in
Figure 2, appealing visuals are obtained through Charts and Graphs, and the data in visual
forms can be processed faster and more effectively, as compared to the written forms [3]. Data
visualisation tools can identify insights that may otherwise be missed out in the traditional
tabulation reporting methods.

Figure 2. Dashboard for Developments Fund Projects monitoring
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CONCLUSION
Dashboards developed by using visualization tools can help to eliminate the process of
compiling multiple report combinations. Leveraging visualization tools can help organizations
to understand data quickly and thoroughly, making better predictions, while sharing in the
analysis, for the improvement in decision-making processes and in discovering new points of
views [3]. Automatic job schedules will be implemented to extract data from Informix to MySQL
database to get the latest data for Development Fund Projects Dashboard. The dashboard
can be linked to the project monitoring system (PROPER) and will also be leveraged to other
funds, such as Mengurus and Projek Khas, in order to produce visual reports.
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INTRODUCTION
Field image can be defined as an image that is taken from a camera or another device in an
open environment or outdoor. In contrast, a lab image is a high-quality image taken in the
proper setup in the lab using a specific high specification device. The main goal of the
proposed work is to obtain a better quality of enhancement image by fusion the methods and
increase the accuracy value. The field images had low contrast and were blurred and unsharp
due to the inconsistent setting or environment exposures. Image enhancement helps to enrich
the perception of an image for high or good quality, reduce impulsive noise, and sharpen the
edges with the help of different image enhancement techniques. The best quality image is the
images that have low contrast. This research presents a framework of the global descriptor
and local descriptor in triplet fusion methods namely, Unsharp Masking (USM), ContrastLimited Adaptive Histogram Equalization (CLAHE), and Fuzzy theory for field image
enhancement. The image fusion enhancement is the method that generates the enhanced
fusion image with the redundancy and complementary between the parameter images. The
obtained value is compared by using the image quality measurement technique.
MATERIALS AND METHODS
The flowchart in Figure 1 shows the process of the global descriptor and local descriptor
in the triplet fusion method for image enhancement. The algorithm was implemented and
run using MATLAB software. The experiment conducted was applied to 100 randomly
picked digital leaf field images from Leafsnap (1) and 100 field images in the created
database. Image processing performance can be improved with the process of cropping
and resizing the original input image to one standard size (2). Reducing image dimension
size can help to improve system performance. At the same time, it is important to keep
the image quality. The global descriptor describes the whole image. Whereas the local
descriptor describes a patch within an image (3). The result from the global and local
descriptors was used in the next stage in the image enhancement process. The contrast
and brightness quality of the field image was enhanced using a combination of USM,
CLAHE-based, and Fuzzy Set Theory method. To evaluate the effectiveness of our
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descriptor using the triplet fusion method for image enhancement, the Peak Signal Noise
Ratio (PSNR) and Contrast Improvement Index (CII) was used.

Figure 1. Sequential fusion enhancement framework for field image
RESULTS AND DISCUSSION
The image quality of the global descriptor and local descriptor value for different patches
size of the image are evaluated. The results in Table 1 below show the contrast difference
(CD) value and performance value where the global descriptor has a high reading value of
0.4205 with is low performance value at 68% compared to the contrast value in the image
using the local descriptor. The mean value for a local descriptor with 2x2 patches cell is
0.3227, and the performance value is 75%, 3x3 patches cell is 0.291 with 78% performance
value, and 4x4 patches are 0.26 with 80% performance value. The lowest number of
contrast values is in the proposed fusion method at 0.14 with the highest performance
percentage value at 94.9% which is the best value in the image.

Then, for contrast

improvement index for the proposed framework is 0.9169 which is higher than previous
research (5).
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Table 1. Contrast Different (CD), Contrast Improvement Index (CII), and the Performance
percentage Value
Contrast Different (CD)
Original Image
Global

Enhanced field image

Local descriptor

descriptor

CLAHE-

Proposed

1 cell

2x2

3x3

4x4

CD

0.4205

0.322

0.291

0.26

0.278

0.435

0.14

CII

-

-

-

-

0.8687

-

0.9169

68%

75%

78%

80%

86.15%

65.08%

94.9%

Performance %
Value

USM

Fuzzy

Method

The result in Table 2 shows that the highest PSNR value is 17.39 for the proposed
method compared to other methods. The highest PSNR value shows that the enhanced
image obtained good contrast and brightness.
Table 2. Peak Signal Noise Ratio (PSNR)
USM
PSNR 11.32

CLAHE

CLAHE-USM Fuzzy Proposed method

11.69

15.52

10.42

17.39

CONCLUSION
The research introduced a linear fusion approach that combined descriptors with the triplet
fusion method for image enhancement. The fusion method was aimed to improve the quality
of contrast and brightness of field images that can be used significantly in agricultural image
processing research during the image acquisition stage. This method will reduce the cost and
time in preparing the research dataset, especially for field images. This linear fusion approach
in image enhancement methodology will support the procedure of field image dataset
acquisition in any agricultural research.

It will ease researchers in collecting images using

portable devices such as smart phones, directly process the field images, and enhance the
image quality equivalent to the lab image standard in order to obtain the same high quality
image characteristics that will ease image recognition and retrieval processes. This study
demonstrated that the output images gave more valuable information and met the image
quality factor requirements by using the proposed fusion method.
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INTRODUCTION
Data analysis is a very tedious process, if the data represented in the form of traditional
structure. This structure which usually will be in the form of reports format and tabulated in
hardcopy is not editable. MARDI’s Strategic Planning & Innovation Management Centre (PI),
often encounter issue analyzing the agriculture crop statistic reports for the dashboard
development as it is being published in traditional structure. Furthermore, having to go through
enormous amount of data and several report pages will prolong the analysis process, which is
time consuming. Data cubes in computer science context is known as a multi-dimensional
array of values.
Analytical processing can be done easily when the data structure is built according to
data cube format. Therefore, this study is to show the role of crop statistic data cube in
analytical processing for MARDI’s dashboard development. The approaches taken in
developing the crop statistic data cube is done in three constructive steps. They are 1)
requirements gathering 2) database design and 3) data preparation. Using this methodological
three step approach we are able to develop a dashboard that would effectively solve problem
encountered by PI, thus fulfilling MARDI’s stakeholder expectations and requirements.
MATERIALS AND METHODS
Data Cube Development
In the phase of requirements gathering, MARDI’s Strategic Planning & Innovation
Management Centre (PI) as our stakeholder. A series of discussion are made in order to gather
the requirements from the stakeholders. This discussion includes activity like Q&A (Question
& Answer) session and brain storming session. The outcome is to forecast Malaysia’s crop
statistics data projection. The statistic crop reports are being referred as the primary source
for the ETL process which is the published report uploaded by the Department of Agriculture
(DOA) [1]. Designing the database is the following step in data cube development. The
adoption of star schema is being done in this study as it has one fact table and connected to
three other dimension tables [2]. The last method in this cube development is data preparation.
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Extraction, Transformation and Loading (ETL) [3] is an integration process in data warehouse
where data from single or multiple source are being extracted then transformed into its desire
format and is done to ensure the data quality. The overall data cube development is shown in
Figure 1.

Figure 1. The Malaysian Crop Statistic Data Cube Development
RESULTS AND DISCUSSION
Dashboard Development
The implementation of star schema in the crop statistic data cube yielded positive result as
MARDI’s Strategic Planning & Innovation Management Centre (PI) is able to analyze the crop
statistic report, hassle free. Furthermore, analysis process can be done to a much granular
level, when data cube functionality such as slicing, dicing, rolling up and rolling down is being
leverage on.
Analysis on high yield crops for a specific district in a state can be done in a breeze by
referring to the fully develop crop statistic data cube. By referring to Figure 2 it is observed that
in Johor state, district (daerah) Batu Pahat crop yield production is at 536.00 metric ton. This
detailed analysis can be further extended to other part of state in Malaysia or it’s district by
utilizing the slice, dice and rolling data cube functions available filters presented in the
dashboard layout.
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Figure 2. The Malaysian Crop Statistic Dashboard
CONCLUSION
Building a data cube is very important and crucial before any dashboard can be developed.
Preparing of data in a cuboid manner is beneficial to the stakeholders, since the analytical
processing can be done much faster. Thus, moving from traditional data structure
representation towards the data cube framework helps PI and the stakeholders in effective
decision making.
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INTRODUCTION
Starting from 2018, a nation-wide soil sampling works in major paddy fields of Malaysia is in
progress under the Site-Specific Nutrient Management project by MAFI. The main project
objective is to reestablish fertilizer requirements for major paddy granary areas according to
its specific location. Sampling is taken to best represent the actual data on the ground, denoting
that it was also required to predict values of in-between the sampling points. One particular
soil element is the cation exchange capacity (CEC), which is one of many soil indicators to
determine the soil fertility level of an area. CEC measures the ability of nutrients in the form of
exchange cations to be extracted or absorbed, thus linked closely to the strength of soil to
supply nutrients for the plant [1]. A geostatistical algorithm is needed to characterize the soil
status by providing estimates value with regards to the actual data. Previous work was done
by [2] to produce soil nutrient maps and [3] to produce fertilizer recommendation maps, both
using a similar interpolation approach, but only to the extent of using default values from
proprietary GIS tools. In this paper, we discuss the quality of inverse distance weightage as a
deterministic spatial interpolation technique with different amounts of power function and
neighboring points.
MATERIALS AND METHODS
Sampling Data
Soil sampling activities were conducted at IADA Pulau Pinang. A total of 353 sampling points
covering approximately 1,357 hectares using auger instrument at 20 cm depth. A gridded
sampling of 200 meters interval was used, and the GPS point coordinate was recorded.
Afterward, soil analysis was conducted at the DOA laboratory to acquire 17 elements from soil
physical and chemical characteristics. In particular, CEC data as shown in Table 1 is measured
in cmol (+)/kg soil and will be used for in this analysis.
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Table 1. Basic statistical properties of soil CEC
Sampling
points
353

Min

Max

Mean

Std Dev

Skewness

Kurtosis

17.39

36.99

25.498

3.6066

0.58071

2.8443

Interpolation Technique
Inverse distance weightage (IDW) was used as the interpolation technique in ArcGIS software
10.6 with additional Geostatistical Analyst extension in the toolbox. The projection used is the
Projected coordinate system for Malaysia, Kertau RSO Malaya (Meters), or CRS code
EPSG:3168. IDW is a deterministic technique that measures cell values to create surfaces
from the extent of points that are similar using a linear-weighted combination set of sampling
points [4]. The IDW equation as described by [5] is calculated as follows:

𝑛𝑛

𝑧𝑧𝑃𝑃 =

∑

𝑖𝑖=1
𝑛𝑛

∑

𝑧𝑧
( 𝑃𝑃𝑖𝑖 )
𝑑𝑑𝑖𝑖
1

( 𝑝𝑝 )
𝑑𝑑

𝑖𝑖=1

𝑖𝑖

Zp = value of the predicted point to be estimated,
[5]

Zi = value of location i within the neighbor n measured point
d(i) = distance of i measured to the predicted position, and
p = power function (default p=2).

All of the soil sampling data analyzed were translated into geographic maps to
represent actual information of the area. The parameters being tested include different power
parameters and maximum/minimum neighbor factors. Default p value of 2 and neighbor 15
and 10 were adjusted by using a combination of power 1 to 4 and neighbor of 8 and 3.
RESULTS AND DISCUSSION
Table 2 shows the effect of IDW interpolation at increasing power parameters and two sets of
maximum/minimum neighbors, the regression functions, mean value, and the root-meansquare error (RMSE) value. When using default neighbor value of 15 and 10, the increase of
power value from 1 to 4 will decrease the mean value from 0.05106 to 0.01642 respectively.
While the RMSE value will slightly increase from 3.3129 to 3.4516 respectively.
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Table 2. Result of IDW interpolation using different power parameter and max/min neighbors
Default
1510p1

Reg
Function
0.1915X +

Mean

RMSEAdjusted

0.05106

3.31290803p1

Reg
Function
0.2163X +

20.52
1510p2

0.1995X +
0.2130X +

0.03298

3.31430803p2

0.2145X +

0.2161X +

0.05921

3.3153

0.04119

3.3405

0.02826

3.3992

0.02163

3.4768

19.78
0.02108

3.36760803p3

0.2249X +

19.83
1510p4

RMSE

19.85

20.27
1510p3

Mean

19.52
0.01642

3.45160803p4

0.2195X +

19.74

19.67

Similar pattern was observed when using adjusted neighbor value of 8 and 3. If the
power is increasing from 1 to 4, the mean value will decrease from 0.05921 to 0.02163
respectively, and RMSE value will slightly increase from 3.3152 to 3.4768. Mean value closest
to 0 suggests more accurate data representation, and was observed by increasing the power
parameter value. When comparing with the maximum and minimum neighbor values, result
shows that adjusted neighbor of 8 and 3 will slightly have higher mean value as compared with
default neighbor of 15 and 10. This denote that adjusted neighbor 8 and 3 does not increase
accuracy of data respresentation on all power parameter levels.
CONCLUSION
This study showed results from using spatial interpolation of inverse distance weightage of soil
CEC value. It was found out that using a power parameter of 4 produces more accurate
interpolation results, while adjusting neighbor values to 8 and 3 will decrease data accuracy
with higher mean values. Robinson & Metternicht [6] argued that in order to get better results,
a power parameter of 1 is used for skewness value of less than 1, and the power parameter
of 4 is used for high skewness value of more than 2.5. The apparent differences from his study
are the number of sampling points being analyzed at 100 points and covering 60 hectares of
randomized order, whereas our sampling is structured by using gridded at 200 meters interval
of 353 points and covering about 1,357 hectares.Interpolation technique is mostly based on
the sampling structure, and relying on default values from GIS tools may lead to improper
assumptions. Continue works will be needed in the future for comparing other types of
interpolation techniques that will produce the best representation of soil nutrients.
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INTRODUCTION
MARDI Kampung laying hens (AKM) has low egg production (< 60%). In order to enable the
AKM layers to express their genetic potential, an adequate amount of nutrients including
calcium (Ca) should be supplied with all necessary raw materials for proper shell formation.
The question is whether or not the recommended Ca level in commercial feed is adequate for
optimal production of AKM eggs. Currently, Kampung chickens and AKM layers are fed with
commercial feeds. The commercial feeds are formulated based on the nutritional requirement
of fast-growing chickens and modern layers breeds. Nutritional requirements particularly for
Ca in slow-growing chickens and considerably poor laying chickens are not available to be
used to formulate and produce feed for this type of chickens. Feeding kampung chickens with
commercial diets may lead to overfeeding with expensive nutrients and nutrient wastage. The
objectives of this study were to determine the effect of different levels of Ca in AKM at various
growth phases.
MATERIALS AND METHODS
Five experiments were conducted separately for 5 growth and egg production phases (starter,
grower, pullet, pre-layer and layer). Each experiment was conducted in Completely
Randomized Design (CRD) with 3 levels of dietary Ca, i.e. Low (L), Medium (M) and High (H)
levels (Table 1). Medium level of Ca was designated as Control because it was based on the
recommended Ca level for commercial layers. Each treatment group consisted of 3 replicates
with minimum of 6 birds per replicate. Experimental diets were formulated to contain different
level of Ca with a ratio of Ca to P at 2:1 and isocaloric and isonitrogenous according to the
growth and production phases. The diets were prepared using common feed ingredients and
in mash form. Day-old AKM were obtained from MARDI Muadzam Shah Hatchery and were
randomly allocated into 9 litter floor pens which were later assigned into 3 treatment groups.
The birds were fed with experimental diets according to their phases ad libitum and water was
available all the time. Live weight (LW) and feed intake (FI) were recorded weekly. Body weight
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gain (BWG) and feed conversion ratio (FCR) were also calculated. For laying phase, the
percentage of hen-day egg production and egg weight were recorded and feed conversion per
kg eggs were calculated. Data were analyzed using One-Way ANOVA of Minitab 16 and
Tukey’s Method with significance value at P< 0.05.
RESULTS AND DISCUSSION
There was no significant trend of dietary Ca levels affecting live weight, weight gain and feed
conversion ratio (FCR) at all growth phases. However, during the starter phase, there were
numerical reduction of live weight and weight gain with increasing dietary Ca levels from 0.86%
to 1.15%. This is probably due to the negative effect of high Ca on nutrient digestibility,
particularly protein and fat and reduce the utilization of energy in young chickens resulting in
lower body weight and whole-body Ca retention [1]. Meanwhile, there was a numerical
increase in live weight and weight gain with increasing Ca levels from 0.86% to 1.14% in
grower phase and from 0.75% to 1.15% in pullet phase.
Table 1. Growth performance of MARDI Kampung chickens (AKM) fed on different level of
calcium (Ca)
Phases

Energy Protein

Ca

P

Live

Weight

(age)

MJ/kg

(%)

(%)

weight (g)

Gain (g)

Low

0.86

0.40

302 ± 7

243 ± 7

1.49 ± 0.01

Medium

1.05

0.55

298 ± 6

240 ± 5

1.45 ± 0.15

4 weeks)

High

1.15

0.75

292 ± 7

235 ± 8

1.38 ± 0.14

Grower

Low

0.86

0.40

1157 ± 62

1098 ± 62

2.57 ± 0.06

Medium

1.00

0.55

1122 ± 63

1064 ± 62

2.50 ± 0.16

High

1.14

0.90

1216 ± 56

1160 ± 56

2.61 ± 0.03

Low

0.75

0.48

1547 ± 46

391 ± 29

4.83 ± 0.32

Medium

0.90

0.58

1527 ± 122

405 ± 59

4.65 ± 0.24

High

1.15

0.74

1655 ± 43

439 ± 16

4.93 ± 0.40

(%)

Treatment

Starter
(1 day to

(5 to 12

11

11

20

18

weeks)
Pullet
11

(13 to 17

14

weeks)
*Mean ± standard deviation;

ab

FCR

Means within columns with different subscripts differ significantly

(P<0.05)

Similarly, there was no significant of effect of different levels of dietary Ca on live
weight, hen-day egg production and FCR per egg mass for both AKM pre-layers and layers.
However, there was a numerical reduction of FCR per egg mass with increasing dietary Ca
levels from 1.69% to 2.31% during pre-layer phase and from 0.75% to 1.15% in layer phase.
The findings were in agreement with previous studies, where they did not find any significant
differences in egg production when fed with different levels of dietary Ca ranging from 0.8% to
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2.3% in pre-layers [2] and 3.5% to 4.7% in laying hens [3]. However, there is possibility of
reduction in egg production with excess dietary Ca as a result of reduced feed intake [4].
Table 2. Egg production and feed conversion per egg mass (FCR) of MARDI Kampung
chickens (AKM) fed on different level of calcium (Ca)
Phases

Energy Protein

(age)

MJ/kg

Hen day egg

FCR

production

(kg feed/

%

kg egg)

1875 ± 70

5±2

3.27 ± 1.76

0.65

1815 ± 75

5±2

4.18 ± 1.65

2.31

0.75

1857 ± 63

6±4

4.16 ± 3.86

Low

3.45

0.50

2189 ± 138

63 ± 9

0.61 ± 0.21

Medium

4.10

0.60

2082 ± 68

52 ± 13

0.39 ± 0.03

High

4.75

0.70

2220 ± 134

56 ± 4

0.50 ± 0.11

Ca

P

Live

(%)

(%)

weight (g)

Low

1.69

0.55

Medium

2.00

weeks)

High

Layer

(%)

Treatment

Pre-layer
(18 to 19

(26 to 35

11

11

16

16

weeks)
*Mean ± standard deviation;

ab

Means within columns with different subscripts differ significantly

(P<0.05)

CONCLUSION
Despite the insignificant effect of different levels of dietary Ca, there were indications that there
are negative effects of high Ca levels on the performance of young chickens and layers.
Further studies are needed in order to determine the lowest possible level of Ca for AKM
without impairing its growth performance and egg production.
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INTRODUCTION
Kampung chicken meat and eggs have become increasingly popular among Malaysian
consumers. Due to their taste and quality. Currently, kampung chicken farming uses
commercial diets which are formulated according to the nutrient requirements of fast-growing
chickens. This is due to lack of information specific nutritional requirements for kampung
chicken breeders and hens for egg production. Many researched has been done by
manipulating protein diets in layers phase by influencing egg weight through the laying
production phase. By giving high protein diet throughout from the early stage between 20-25
weeks will affected the weight of the chicken and this will be led to egg production drop. [1].
Nevertheless, when level of protein increased improvement in eggs size and weight can be
resulted.) [2]. Formulating nutrient efficient and cost-effective feed, may lead to the lower cost
of production which could attract more farmers to explore MARDI village chicken farming,
thereby enhancing living standards of small and medium income farmers. The objective of this
study is to determine the energy and protein requirement of AKM laying phase.
MATERIALS AND METHODS
Day old chicks of MARDI kampung chicken brought from MARDI Muadzam Shah hatchery to
MARDI Serdang. The chickens placed in open house with capacity of maximum 35 chicks per
meter square and brooding 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 11MJ/kg metabolizable
energy and 16% to 18% protein. These diets were fed to AKM female breeders from 20- to 45
weeks of age and the egg production was monitored. Water were provided all the time. The
weights of the birds were recorded at the start of experiment and every week until the end of
the experiment. Weekly feed given and feed residue, daily health check and temperature of
poultry house also recorded. Weekly feed intake and FCR were calculated. The eggs were
collected a day i.e. in the morning before 10 am and in the afternoon after 4 pm. The egg
weighted and the physical observations (shape, cleanliness, colour etc) were recorded.
Statistical data were analysed using Minitab and presented as the mean of each week. Figure
1 showed the flow of experiment conducted for breeders of ayam kampung in MARDI Serdang.
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Feed
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Treatment
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Weekly Weighing
of birds/hens
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of Feed
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Egg
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Weighing of Feed

Residue Program
Figure 1. Flowchart of Kampung Chicken MARDI Breeders Feeding

RESULTS AND DISCUSSION
Egg Production Percentage
Figure 2 showed that the egg production percentage was increased with 11MJ/kg energy diet
and further increased with additional protein. However, high-energy-high-protein diet led to
higher body weight which later caused a drop in egg production as the chickens grew older. At
week 25-35 week the egg production was peak. The peak of egg production was delayed in
breeders fed on low-protein diet but resulted in higher total egg number compared to those fed
on high-protein diet [3]. Nevertheless, in older breeders (aged over 43 weeks), egg production
increased when the birds fed on high-protein diet with higher egg number than those fed with
low-protein diet.

Figure 2. Profile of egg produce when AKM female breeders fed on diets with different
protein level from 25-45 weeks
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CONCLUSION
Conclusion, throughout laying phase, protein requirements vary according to the age of the
breeders in order to maintain a high percentage of egg production. It is recommended to fed
breeders with high-protein diet at the start of laying stage to promote early production peak,
followed by low-protein diet when egg production peaks. For older breeders (> 43 weeks old),
high-protein diet should be reintroduced to promote higher egg production. This precision
feeding program particularly for MARDI Ayam Kampung could help in improving egg
production. With these nutrient specifications, effective diet could be formulated. Besides
reduction in nutrient wastage, cost- saving feeding program could attract more breeder farms
to adopt this technology. By using this specific feed, the appropriate amounts of nutrients in
the diets of hens will maximize profit throughout their layers cycle especially for the benefits of
AKM farmers who are interested to develop as parent stock farm (PS) for kampung chicken
breed in Malaysia.
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INTRODUCTION
In farm animals, reproduction performance is highly dependent on its nutritional status [1].
Protein is one of the main components in a feed that influence ruminant performances. By
understanding the effects of different levels of protein intake could optimize the reproductive
in ram [2]. Selenium (Se) is one of the essential trace minerals which is required in animals to
develop growth and produce normal spermatogenesis. Therefore, Se supplementation had
been used in other research for maintenance or to enhance reproductive performance in rams
[3]. In this study, the animal feed was formulated with the usage of local by-products to
determine the effects of different protein levels and organic Se supplementation on the quality
of Dorper ram fresh semen.
MATERIALS AND METHODS
Feeding Trials
All rams were fed with two different levels of protein (PL: 180 g & PH; 270 g) and without (0
mg) (S0) or with (1 mg/kg of body weight) (S1) or in a 2X2 factorial design. Dietary treatments
were formulated according to the requirement [4] and rams were fed with 50% formulated
concentration and 50% rice straw as source fibre. The formulated diet consists of soybean
meal, rice bran, broken rice, molasses, ground corn, crude palm oil, Monocalcium phosphate,
salt, premix vitamin & calcium carbonate.
Semen Evaluation
Semen was collected once a week using an artificial vagina and a non-estrogenized ewe was
used as a teaser. Semen was evaluated at the National Animal Embryo Centre Laboratory
(NAEC), MARDI Kluang, Johore for wave motion, sperm motility, viability, normality, and
acrosome integrity.
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RESULTS AND DISCUSSION
This study showed no interaction between the different protein levels and Se supplementation
for all parameters. Therefore, results were presented based on the main effects. In Table 1,
S1 showed a significant increment in wave motion, total motility, and acrosome integrity of
semen compared to S0. This is similar to Egyptian Suffolk rams fed with Se and had
significantly decreased (p<0.05) acrosome damage in sperm [3]. In contrast with Brazil’s rams
fed with different levels of Se (0, 5, 10, and 15 mg/kg) had no effects on ram sperm total motility
[5]. S1 showed the tendency to have higher value progress motility, sperm viability, and
normality while lower values in abnormalities compared to S0. Meanwhile, PL showed
significantly higher in wave motion and tended to have higher results in viability, motility,
velocity, and normality in sperm compared to PH. This is similar to Awassi rams fed without
protein supplement had higher (p<0.05) wave motion compared to those fed with protein
supplementation [6].
Table 1. Effects of different levels of protein and selenium supplementation on semen quality
(mean±SEM) of Dorper ram semen
Diets
Wave motion
(Score 1-5)

P1

P2

4.59

4.11

S1

4.00

4.64

a

b

±0.23

±0.25

y

±0.12x

75.50

72.06

68.25

78.50

±2.93

±3.06

±3.22y

±2.59x

49.13

44.86

44.81

48.69

±2.48

±3.03

±2.98

±2.66

Velocity average path

49.13

44.86

44.81

48.69

(µm/s)

±2.48

±3.03

±2.98

±2.66

Progressive velocity

126.65

118.49

123.14

121.74

(µm/s)

±4.95

±5.43

±5.47

±5.10

106.76

98.39

103.42

101.50

±7.46

±7.89

±8.79

±6.92

71.45

68.28

67.66

71.66

±2.23

±2.00

±2.42

±1.77

66.53

57.72

58.78

64.61

±2.58

±3.55

±3.81

±2.65

88.94

90.11

85.59

93.20

±1.98

±1.75

±2.17y

±1.26x

Total Motility (%)
Progressive Motility (%)

Track speed (µm/s)
Sperm viability (%)
Normality (%)
Acrosome integrity (%)

±0.13

S0

P value1
P

S

P*S

0.03

0.01

0.31

0.31

<0.01

0.23

0.25

0.28

0.85

0.25

0.28

0.85

0.23

0.99

0.96

0.19

0.82

0.71

0.24

0.14

0.13

0.05

0.18

0.77

0.93

<0.01

0.30
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ab xyMeans

with different superscripts within the same row (main effect) significantly differ at p< 0.05. 1

P, S, P*S: Effect of protein, selenium and its interaction, respectively, N: number of samples, SEM:
Standard error of means, PL: 180 g/kg DM; P2: 270 g/kg DM; S0: without Se supplementation; S1:
with Se supplementation (1 mg/kg Bwt).

CONCLUSION
The usage of organic Se (1 mg/kg of body weight) as supplementation has the potential to
enhance the Dorper ram semen performances. Meanwhile, this study indicated that Dorper
rams fed with 180g of protein were able to maintain the quality of Dorper ram semen.
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INTRODUCTION
The Katjang-Boer crossbreed goat is developed through structured breeding program between
Katjang and Boer. This breeding program is carried out inter semating until F3 generation [1].
Katjang-Boer goat has the potential for commercial production due to its higher growth
performance compared to purebred Katjang goats.
Growth performance of animals is an important economic parameter in livestock
industry. Growth hormone (GH) plays an important role in the growth of livestock as well as
other biological processes. Genes associated with growth are promising candidates for genetic
markers to select potential animals for high growth [2]. Growth hormone (GH) genes that
control growth traits have specific sequences in goats that can be utilised as genetic markers.
The objective of this study was to evaluate the association of growth hormone (GH) gene in
Katjang-Boer goats using polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP) technique.
MATERIALS AND METHODS
Genomic DNA was obtained from Katjang-Boer goat blood samples in MARDI Kluang. The
DNA samples were amplified using six variation of growth hormone genes (GH1-GH6) by PCRRFLP technique. The association of growth hormone genotypes with growth performance until
12 months was analysed using SAS software. Schematic layout of the whole experimental
design is illustrated in Figure 1.

494

Figure 1. A schematic diagram of genotypes detection method
RESULTS AND DISCUSSION
Two gene variants namely GH1 and GH5 showed polymorphisms. The analysis of 422 bp GH1
fragment revealed polymorphisms with two genotypes AA (366, 56 bp) and AB (422, 366, 56
bp) with absence of the homozygous BB. Meanwhile, GH5 revealed three genotypes GH (228,
150, 78, 53 bp), GG (228, 78, 53 bp), and HH (150, 78, 53 bp) which differed in patterns from
GH1. The combination of GH1 and GH5 genotypes resulted in higher frequencies of ABGH
(0.40) and ABGG (0.37) genotypes compared other genotypes [3,4]. The ABGH genotypes
showed significant and highest growth performance at 9 and 12 months of age compared to
the ABGG and AAHH genotypes (p<0.001) in the Katjang-Boer goats (Table 1). The ABGH
genotypes also showed significant differences (p<0.05) compared to ABGG at 6 months of
age [5].
Table 1. Association between production parameters and gene expression in Katjang-Boer
goats
Combined Genotypes
Parameter

AAHH

ABGG

ABGH

Mean

Mean

Mean

Birth

2.51 ± 0.16

2.35 ± 0.12

2.56 ± 0.09

0.327

3 months

11.17 ± 0.57

10.88 ± 0.57

12.49 ± 0.49

0.062

6 months

20.00 ± 0.68ab

19.37 ± 0.58b

21.33 ± 0.51a

0.029

9 months

23.73 ± 0.56b

23.27 ± 0.34b

26.37 ± 0.40a

<0.001

12 months

27.34 ± 0.69b

26.89 ± 0.33b

31.54 ± 0.56a

<0.001

P

Body weight (kg)
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ADG (g)

ab

Pre-weaning

11.14 ± 0.57

Post-weaning

19.88 ± 0.68ab

10.87 ± 0.57

12.46 ± 0.49

0.062

19.25a ± 0.58b

21.19 ± 0.51a

0.029

means with different superscript between rows

Mean value ± standard deviation
ADG = Average daily gain

CONCLUSION
From the studies, this indicates that genetic markers that are closely related to growth
performance are suitable for use in breeding programs. The combination ABGH genotypes of
GH1 and GH5 genes has the potential to be used as a genetic marker to identify the high
growth performance of Katjang-Boer goats. Katjang-Boer goats with high growth traits can be
selected at an early stage, will save time as well as reduce management costs.
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INTRODUCTION
The challenges in Dorper production in Malaysia are high mortality and poor growth rate in
pre-weaning lambs. Ewes with nutrient deficiencies and imbalance diet during lactation period
produce less milk lead to low consumption of milk during the pre-weaning stage [1]. The highquality feed is usually expensive due to the price of the imported ingredients. Oil palm crop
has produced an abundance of agricultural by-products, such as palm kernel cake (PKC) and
palm fatty acid distillate (PFAD). Copra meal and rice bran may not be abundantly produced,
but these materials are locally available and have high energy and protein content [2]. All of
these by-products ingredients have been used widely as ingredients in animal feed [2]. These
ingredients are available locally with a reasonable amount of nutrients such as energy, protein
and minerals. However, each ingredient has its nutritional value limitations if given individually
to the animals. Therefore by mixing these by-products to meet the nutrient requirements of
lactating Dorper, a balanced diet in the form of TMR can be created. The objective of this study
is to formulate TMR for lactating Dorper by replacing the imported ingredients with local agro
by-product in sheep diet without any adverse effect on the performance of the sheep.
MATERIALS AND METHODS
Twenty Dorper ewes (24 to 42 months of age) with a single lamb of mixed sex were randomly
allocated into two treatment groups based on Complete Randomized Design (CRD). The
treatments were as follows, i) TMRloc (purple guinea silage + concentrate based on local
feedstuffs + 1% PFAD) and ii) TMRi (purple guinea silage + concentrate based on imported
feedstuffs). The nutrient composition and content of the TMRs were shown in Table 1. All
treatment was in isonitrogenous and isocaloric. The ewes were penned and fed by group (10
ewes/pen). The ratio of purple guinea silage to concentrate is 60:40 with given feed was
calculated 3.5% of DMI from body weight (average 50kg). The TMR was given to ewes twice

497

a day at 8.00 am and 4.00 pm. Milk yield of lactating ewes and bodyweight of lambs were
recorded every week for two months.
Table1. Nutrient composition and nutrient content of total mixed ration (TMR) Dorper ewes
(mean±sd)
Nutrient composition (%)

TMRloc

TMRi

25

35

Soybean hull (SBH)

-

40

Wheat Pollard (WP)

-

20

Copra meal

22

-

Palm kernel cake (PKC)

22

-

Rice bran

25

-

Di calcium phosphate (DCP)

1.5

2

Molasses

3

3

Salt

1

1

Mineral-Vitamin premix

1

1

n=3

n=3

Dry Matter (%)

74.88 ± 0.37

65.6 ± 0.67

Gross Energy (MJ/kg DM)

15.84 ± 0.07

16.09 ± 0.09

Crude Protein (%)

11.23 ± 0.51

11.07 ± 0.4

Corn

Nutrient Content

Notes: TMRloc: Concentrate mixture based on local feedstuffs++ + Grass silage + 1% PFAD and TMRi:
Concentrate mixture based on imported@ feedstuffs + Grass silage only.

RESULTS AND DISCUSSION
The results of the study were shown in Table 2. TMRi ewes produced 1.33 ± 0.76 kg/day of
milk yield while ewes fed on TMRloc produced 1.27 ± 0.52 kg/day of milk yield. The amount
of milk yield is considered normal for lactating Dorper ewes. Average milk of 1.22kg/day was
produced by the crossbred Dorset Horn x Blackheaded Persian [3]. Inclusion of 15% copra
meal or PKC in the diet has been reported that milk yield of the lactating goat was similar to
corn and soybean meal-based diet while more than 30% inclusion in the diet decreases the
milk yield [4]. Inclusion of by-products that resulted in the low starch ration was reported to
have no adverse effect on lactation performance [5]. The mean of total body weight gain and
average daily gain of suckling lambs for TMRloc and TMRi was 13.63 ± 0.28 kg, 230 ± 0.002
g/day and 14.30 ±0.2 kg, 240 ± 0.003 g/day, respectively. The body weight (BW) of lambs at
day 67 ranged from 16.48 kg to 17.28 kg regardless of dietary treatments. A recent study on
pre-weaning Dorper lambs reported average daily gain (ADG) of 0.21 kg/day [6]. The ADG of
pre-weaning Dorper lambs ranged from 0.180 kg/day to 0.230 kg/day under a semi-intensive
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system, while the weaning weight at 90 days was 22.7 kg [7]. The animals were reared in an
intensive management system in the current study and the ADG of pre-weaning lambs was
comparable, varying from 0.22 to 0.24 kg/day.
Table 2. Milk yield of lactating ewes and growth performance of suckling lambs (mean± SE)
Parameters / group

TMRloc

TMRi

Milk yield (kg/ day)

1.27 ± 0.52

1.33 ± 0.76

Body weight at 67 days (kg)

16.48±0.38

17.28 ± 0.30

Average daily gain (g/day)

230 ± 0.002

240 ± 0.003

Notes: means with different superscripts differ significantly at P<0.05

CONCLUSION
The results of the present study showed that TMRloc in the mixture of PKC, copra meal and
rice bran with PFAD successfully provided comparable milk yields and lambs’ growth
performance to those feeding on TMR mixtures of soybean hull and wheat pollard. Thus, it can
be concluded that local agro-byproduct can be alternative ingredients to replace some of the
imported ingredients in TMR feed.
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INTRODUCTION
Wound healing is a complicated and complex process that results in the repair and
regeneration of injured tissue, which involved multitude of cells and event [1]. The basic
principle of optimal wound healing is to minimize tissue damage and provide adequate tissue
perfusion and oxygenation, proper nutrition and moist wound healing environment to restore
the anatomical continuity and function of the affected part [2]. The necessity for the
improvement of wound healing treatment using natural herbs instead of using chemicals has
been increased. This is attributed to the fact that some commercial products for wound healing
treatment contain chemicals classified as poison, dangerous preservatives such as paraben
and antimicrobial resistance. Screening of herbal extracts has gained significant interests
among researchers worldwide for the discovery of new wound healing promoter.

Many

medicinal plants have been shown to possess therapeutic potential as a promoter of wound
healing including Leucas zeylanica (L. zeylanica) or locally known as ketumbit. At present
limited scientific data is available for its use in either humans or animals. Therefore, the present
study was designed to investigate the effects of L. zeylanica leaves extract on the excisional
wound model in rats.
MATERIALS AND METHODS
Plants and Processing
Leucas zeylanica leaves were obtained from Jerantut, Pahang. The leaves were chopped,
dried and ground into powder form before mixed with ethanol at the ratio of 0.20 g sample to
400 mL of 100% ethanol. Ethanol was removed from the mixture by filtration and evaporation
method. The phytochemistry analysis was conducted according to the method of Harborne [3].
10% (w/w) ointment of L. zeylanica leaves extract was formulated by incorporating 10g of the
extract in 100g of paraffin. Similar preparations were also done for 2.5% and 5.0% (w/w)
ointments of the extract, accordingly.
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Animals and Management
42 male Sprague Dawley rats were divided into 6 groups based on Randomised Complete
Block Design (RCBD), namely: control (G1), 20% paraffin (G2), 1% silver sulphadiazine (G3)
and L. zeylanica at the concentrations of 2.5% (G4), 5% (G5) and 10% (G6). Animals were
acclimatized 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 were received an intramuscular injection of ketamine at 50
mg/kg and xylazine at 5 mg/kg. Furs at the dorsal thoracic region of the rats were shaved using
razor blade. Excision wounds at size of 500 mm2 were created based on the of Morton&Malone
[4]. Treatments were applied for 24 days and wounds were measured every 3 days for wound
size, contraction and epithelization time. The experimental procedure was approved by the
Animal Ethic Committee (AEC), MARDI with the approval number 20190829/R/MAEC00057.
All data obtained were analyzed by using SPSS 25 package. Analysis of Variance (ANOVA)
was deployed to determine the significant difference between treatment groups.
RESULTS AND DISCUSSION
Phytochemistry analysis
Phytochemical screening revealed the presence of steroid, terpenoid, saponin, flavonoid and
tannin in the extracts of L. zeylnica. All constituents were present in the lowest strength (1-4)
of scale except saponin. Based on colour change the flavonoid present in the form of flavon.
Table 1. Phytochemical constituents in the Leucas zeylanica leaves extract
Constituent

Value

Alkaloid

+

Steroid

+

Terpenoid

+

Saponin

+4

Flavonoid

Flavon

Tannin

424.68 µg/ml

Duration of wound healing or period of epithelization in all treatment groups are shown
in Table 2. Group G3 and G4 showed significant (p>0.05) decrease in wound healing time
(17.8 ± 0.24) days and (17.5 ± 0.60) days respectively, compared to the other experimental
groups. There were no significant differences between group G2, G5 and G6 (p>0.05) while
the control (untreated wound) group showed the longest healing time (25.5 ± 0.50) days.
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Table 2. The means of epithelization period (days) in rats treated with Leucas zeylanica
leaves extract at different concentrations (n=7).

a,b,c

Epithelization period

Group

Treatment

G1

Control

25.5 ± 0.50d

G2

Paraffin

23.8 ± 0.97c

G3

SSD

17.8 ± 0.24a*

G4

Leucas zeylanica (2.5%)

17.5 ± 0.60a*

G5

Leucas zeylanica (5.0%)

21.2 ± 0.72b

G6

Leucas zeylanica (10.0%)

22.7 ± 0.99 b,c

(days)

: means significantly difference within column at (p > 0.05)

The size of wound in all treatment groups decreased from day 3 to day 25 of treatments
including control (untreated) group. The usefulness of herbs in wound management has been
reported by many researchers all over the world.

The constituents like triterpenoids,

flavonoids, alkaloids and tannins that contained in L. zelanica leaves extract may play an
important role due to the present of anti-inflammatory and antimicrobial properties which
accelerate the wound healing process [5]. The results of the present study showed that rats
treated with L. zeylanica 2.5 % extract exhibited a significant decrease in wound size, faster
healing time and shorter epithelization period (by 45.7%) as compared to control. The wound
healing effects produced by 2.5% L. zeylanica extract was comparable to those of a standard
drug 1% Silver sulphadiazine.
CONCLUSION
It is concluded that L. zeylanica leaves extract has wound healing properties which could
promote the healing process by shortening the epithelization period. Therefore there is a
potential of using L. zeylanica leaves extract for treatment of wound in animals and human.
REFERENCES
[1]

Moon CH, Crabtree TG. New wound dressing techniques to accelerate healing.
Current Treatment Options in Infectious Diseases. 2003 5:251–26

[2]

Bowler PG, Duerden BI, Armstrong DG. Wound microbiology and associated
approaches to wound management. Clinical Microbiology Review. 2001 April
14(2):44-269.

[3]

Harborne JB. Phytochemical methods. Chapman and Hall Ltd, London. 1973.

503

[4]

Morton JJ, Malone MH. Evaluation of vulnerary activity by an open wound procedure
in rats. Archive International Pharmacodynamic Therapy. 1972 March 196(1):117126.

[5]

Nayak BS, Godwin I, Davis EM, Pillai GK. The evidence based wound healing activity
of Lawsonia inermis Linn. Phytotherapy Research. 2007 September 21(9): 827-831.

504
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INTRODUCTION
River catfish (Pangasius sp.) or locally known as Patin, is a native species of fish in Malaysia.
It is one of the highest economical interest and valued freshwater fish cultured in Malaysia and
was ranked the 3rd most cultured freshwater fish after catfish and tilapia with a production of
8,454 metric tonnes in 2018 [1]. This fish is mostly farmed in cage culture systems, especially
in Temerloh, Pahang, which is famous for its local delicacy “Patin Tempoyak”. With the
expansion of fish farming industry in Malaysia, this also leads to an increase in the amount of
aquafeed consumption.
In any aquaculture farm, feed remains the highest contributor in the total operating cost
of a farm ranging from 70-80%. Aquaculture feed in Malaysia were mainly produced by foreign
companies who have been in the local business for many years and most of the feed
ingredients used are imported, such as soybean meal and fishmeal. Due to the depleting
production of fishmeal and the increasing price of soybean meal which are the common feed
ingredients in aquaculture diet, alternatives from local feed ingredients should be explored [2].
Moreover, Malaysia will need to develop its own sustainable feed resources in order to ensure
food security. Hence, this study was conducted to evaluate the potential of formulating pellet
feed using local feed ingredients to reduce the cost of feed.
MATERIALS AND METHODS
The feeding trial was conducted in MARDI Fish Nursery, Serdang for a duration of 70 days.
The Patin juvenile were purchased from a local supplier in Jalan Pasar, Selangor. Fish were
adapted to the culture system for a month until stable and no mortality recorded prior to the
feeding trial. There were four dietary treatment groups including commercial feed which was
designated as the control. All experimental feeds were formulated using digestible values of
local feed ingredients following the requirement needed by Patin. The feeds were formulated
to contain 32% CP and 14 MJ/kg of digestible energy.
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Growth Performance Study and Data Collection
Three nutritionally balanced diets were formulated using digestible values of local feed
ingredients including feather meal, rice polish, wheat pollard and palm kernel meal with range
of local ingredients inclusion is around 55-60%. These feeds were formulated to have lower
formulation cost ranging from 24 to 33% than commercial formulation and were introduced to
the juvenile river catfish for a period of 70 days along with a commercial feed that was used as
a comparison. A total of 375 Patin juveniles (5 inches long, ±52g weight) were randomly
assigned to three formulated diet treatments (A, B, C) and commercial diet with 25 fishes were
stocked in each tank of 500 litres water. Aeration was supplied continuously and water
exchange was done once every two weeks and depending on the water quality. Fish were fed
a feeding rate of 3-5% of body weight, given twice a day (morning and evening). Body weight
measurement was done every fortnightly to adjust feed portion and to observe growth
performance. Data collected in this trial were fish weight, feed intake, mortality rate, water
parameter quality, feed efficiency ratio and growth rate. Data were analysed by general linear
model and treatment means were compared by Tukey’s test using SAS Version 9.4.
RESULTS AND DISCUSSION
No significant difference (p>0.05) on growth performance was observed among the different
formulations (Table 1). Fish fed diet A showed the best performance with lowest feed
conversion ratio (FCR), highest growth rate (SGR) and converts protein more efficiently (PER).

Table 1. Growth performance of Patin fed with local feed at 70 days
Treatment

A

B

C

Commercial

Initial Weight (g)

51.86±0.26

51.92±0.30

52.01±0.39

51.87±0.20

Final Weight (g)

98.70±6.38

97.35±3.71

97.70±1.61

95.20±13.17

Weight Gain (g)

46.84±6.48

45.43±3.53

45.69±1.76

43.33±12.99

Feed Intake(g)

72.24±2.92

72.05±1.42

71.76±1.84

70.81±7.71

FCR

1.56±0.18

1.59±0.11

1.57±0.06

1.69±0.29

SGR

0.92±0.10

0.90±0.05

0.90±0.03

0.86±0.19

PER

2.02±0.22

1.97±0.13

1.99±0.08

1.89±0.35

Values are means of treatment groups ± SD. Within a row, means without any letters are not significantly
different (p>0.05).

All fish fed with MARDI formulated diets showed slightly better performance compared
to commercial diet. This could be due to the way those feeds were formulated. In formulating
the experimental diets, the actual digestible values of each ingredient in Patin were used and
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this could provide higher availability and absorption of the nutrients in the fish. It is vital to have
information on the nutrient availability of the tested feed ingredients incorporated in the diet [3].
Feed intake is one of the key performance criteria in assessing palatability of feed by fish [4].
The feed intake for fish fed on MARDI formulated feeds were also similar to commercial feed
indicating that the feeds were palatable despite high inclusion level of local feed ingredients in
the feed. In term of formulation cost, this study showed that the cost of producing feed A, B
and C per kilogram were RM 2.70, RM 2.50 and RM 2.40, respectively, whereas the price of
commercial feed was RM 3.50 per kilogram (Table 2). The commercial production of Patin
requires at least 30.5 metric tonnes every year, with a value of RM 106.57 million. With
MARDI’s cost-effective formulations, the potential annual cost saving on Patin feed could be
between RM 25.58 million to 34.71 million.
Table 2. Cost of MARDI formulated diet and percentage of saving
Treatment

A

B

C

Commercial

Pellet Cost/Kg

2.70

2.50

2.40

3.50

Local ingredient %

54.65

59.35

57.15

Unknown

24

28

33

Na

Percentage of saving
from commercial (%)
Na- not available

CONCLUSION
From the study conducted, formulating feed using digestible values could help to enhance the
nutrients absorption by fish, optimize the use of local feed ingredients, maximize the
performance of the fish and reduce the cost of feeding high valued Patin. Local feed ingredients
have the potential to be used in substituting imported conventional feed ingredients, therefore
concerted effort in utilizing other local feedstuffs should be further pursued.
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INTRODUCTION
The poultry industry has significant contribution to national agricultural sector by providing the
most affordable animal protein source to the well-being of the country’s population. However,
the viability of this industry has been largely dependent on the feed cost which contributed up
to 70% of the total cost production. Grain corn and soybean meal are the main source of energy
and protein, used in poultry rations and are imported mainly from Argentina and Brazil. The
prices of these imported ingredients fluctuate and subjected to price uncertainty. Hence, there
is a need to find alternative local sources that can be used to replace or reduce the usage of
these imported ingredients.
Palm kernel cake (PKC), sometimes referred to as palm kernel expeller (PKE) is an oil
palm (Elaeis Guineensis) by-product which produced from extraction of palm kernel through
mechanical process [1]. PKE has long been known to be an important constituent in animal
feed formulation and has a considerably good nutrient content with approximately 16 -18% of
crude protein (CP) and 13-20% crude fibre (CF) which ideal for ruminants [2]. However, the
use of PKE in poultry feed formulations is limited to its high fibre content and has wide variation
in term of optimal inclusion level in poultry feed [3]. MARDI has developed enzymes called
PKzymeTM that contains mannanase to enhance the digestibility of PKE through enzymatic
reaction. Thus, the objective of this study was to evaluate the growth performances of MARDI
Kampung chicken (AKM) fed on PKE based feed (PKFeed) supplemented with PKzymeTM in
comparison to commercial diet at MARDI Kluang, Johor. This finding was expected to give a
better understanding on the utilization of PKFeed and its effect on AKM growth performance.
MATERIALS AND METHODS
Feed Formulation and Preparation
Both starter and grower PKFeed were formulated to contain 5% and 25% PKE, respectively,
and supplemented with enzyme PKzymeTM. Starter diet was crumbled after being pelleted
using 4mm die size while grower diet was in the form of 4 mm size pellet. Feed samples were
analysed for proximate contents. Commercial broiler diets for both starter and grower were
obtained from one of the local feedmillers and used as a control diet.
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Feeding Trial
The feeding trials were conducted at Poultry Unit, MARDI Kluang, Johor for 11 weeks in 2
batches. Day-old chicks (1st batch: 250, 2nd batch: 326) were obtained from MARDI Muadzam
Shah’s Hatchery. All birds were randomly and equally divided into two groups and were
assigned to one of the 2 trial feeds (Diet A: PKFeed, Diet B: Commercial feed). The starter
feeds were given to day-old chicks until 4 weeks old and continue fed with grower feed up to
11 weeks of age. Data on body weight, feed intake and weight gain were recorded weekly.
The data obtained were analysed using one-way ANOVA and Tukey’s test to compare the
treatment means.
RESULTS AND DISCUSSION
Growth Performance
The effect of PKFeed and commercial feed on growth performances of AKM was presented in
Table 1. The growth performance of both trials at MARDI Kluang showed that AKM fed on
PKFeed was significantly lower (P<0.05) than those birds fed on commercial feed which 1.41kg
and 1.61kg respectively. The finding of this study was contradicting the previous work [4] that
showed the final growth performance of AKM at 12 weeks was similar (P>0.05) to those birds
fed on commercial feed. The difference between these results was probably due to the lower
quality of day-old chicks and low growth performance during brooding phase (first 4 weeks) in
the current study which somehow affected the growth performance of AKM.
Table 1. Growth performances of MARDI Kampung chickens (AKM)
Age of Chicken

Commercial

PKFeed

Day-old

43 ± 0

43 ± 0

1 week

80 ± 12

74 ± 11

2 weeks

152 ± 14a

127 ± 20b

3 weeks

248 ± 22a

206 ± 18b

4 weeks

369 ± 31a

293 ± 14b

5 weeks

499 ± 15a

430 ± 25b

6 weeks

707 ± 20a

620 ± 8b

7 weeks

895 ± 145a

788 ± 114b

8 weeks

1071 ±178a

941 ± 155b

9 weeks

1282 ± 189a

1154 ± 183b

10 weeks

1528 ± 247a

1234 ± 215b

11 weeks

1608 ± 233a

1412 ± 254b

*SD: standard deviation
* ab Means within columns with different subscripts differ significantly (P<0.05)
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CONCLUSION
In conclusion, low quality of day-old chicks and performance during brooding phase somehow
affected the overall growth performance of MARDI Kampung Chicken. It is recommended to
start off high protein feed feeding to day-old chicks (pre-starter diet) for 3-7 days before
introducing PKFeed starter to the young chicks. If a poor performance of chicks is detected
during or after 2 weeks old, it is recommended to feed the chickens with PKFeed starter until
5 to 6 weeks old.
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INTRODUCTION
Egg storage plays a major role in day old chick (DOC) production. It is a process of storing
eggs before being transferred into the incubator machine. For small scale breeder farms, egg
storage is crucial as they need to collect enough eggs to maximize the egg capacity in the
incubator, to save time and cost as well as planning to hatch chicks on selected days. Eggs
can be stored up to 10 days, however, longer storage requires higher humidity from 70-80%
to avoid moisture loss [2]. However, humidity higher than 80% should be avoided as it may
induce the growth of bacteria and mould on the egg shell. Meanwhile, previous studies
suggested to reduce the temperature down to 12 oC [3] if the eggs are to be kept longer. Drastic
changes on temperature during storage should be avoided as it may cause early embryonic
death. Therefore, with consideration on optimal temperature and humidity during egg storage,
this study was conducted to investigate the embryonic mortality and egg hatchability in MARDI
Kampung chickens (AKM) eggs in MARDI Muadzam Shah, Pahang when the eggs were
stored at different storage durations.
MATERIALS AND METHODS
Egg Collection and Treatment
Eggs were collected twice daily i.e. in the morning and afternoon. After being cleaned and
disinfected at the farm, the eggs were transported to the hatchery. Once arrived at the
hatchery, eggs were fumigated using disinfecting substance containing 6% hydrogen peroxide
and then stored in the cold room at 16-18oC with 75-80% humidity. Eggs were allocated into 3
groups and were stored for either 3, 7 or 10 days. After a specific storage duration was
reached, the eggs were incubated at 37.5 oC with 65-80% humidity for 18 days before being
transferred into the hatcher machine at day 18. During incubation period, the eggs were
candled twice, at 7 and 18 days to determine the embryonic mortality rate. On day 21, when
the eggs hatched, the number of live chicks were recorded and egg hatchability percentage
were calculated as the following equation. Data were analysed using SAS GLM.
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Hatchability  = (number of chicks  number of hatching eggs) x 100.

Figure 1. A picture of egg storage in the cold room
RESULTS AND DISCUSSION
Embryo Mortality and Hatchability Percentage
Although mortality percentage at day 7 and day 18 were not differ significantly among different
storage duration, numerically increasing trends of mortality percentage were observed with
increasing length of storage duration from day 7 to day 10 at 7 days storage. Besides storage
duration, there are other factors contributing to embryonic mortality during the first week of
incubation such as transportation and handling. Embryo losses in the final weeks up to
hatching may also derived by inappropriate incubator conditions [3]. There was also no
significant difference between egg hatchability for 3, 7 and 10 days storage. However,
numerically higher hatchability percentage was observed during 3 days storage compared to
7 and 10 days. This indicate that longer storage may result in degradation of egg quality as
suggested by studies, blastoderm quality reduced as the egg storage duration increased [1].
In terms of economic impact, shorter day storage could reduce the economic loss by producing
more hatchable eggs. If day old chick (DOC) is to be sold at RM 2.20/chick, at 3 days storage
farmers would loss around RM81.40 at 37% egg loss lower compared to RM 95.04 at 10-day
storage at 43.2% of unhatched eggs. This loss may add up if the eggs are to be stored longer
than 10 days.
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Table 1. Embryo mortality of 7 and 18 days with egg hatchability (in percentages)
Storage

Mortality

Mortality

Egg

duration

percentage

percentage

Hatchability

(days)

7D

18D

percentage

3

11.9 ± 14.8

5.6 ± 4.4

63.0 ± 9.3

7

4.2 ± 2.74

19.7 ± 16.1

56.7 ± 20.0

10

8.4 ± 14.7

16.8 ± 9.1

56.8 ± 16.1

P value

p>0.05

p>0.05

p>0.05

*means in the same row with different superscript differ significantly at p<0.05

CONCLUSION
From the studies conducted, it is concluded that storage days affects the egg quality in terms
of egg hatchability. The longer the eggs are stored, the likelihood of egg quality to be affected
is higher which may later result in unsuccessful chick hatching and greater loss in farmer’s
income. Hence it is suggested that fertilized eggs should not be stored more than 7 days.
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INTRODUCTION
A more sustainable growing aquaculture industry depends on the reduction of fishmeal and
imported feed ingredients in the fish diet [1]. In order to reduce the usage of limited global
supplies of fishmeal and imported feed inputs such as soybean meal and corn, the use of
alternative protein and energy sources in aquafeeds is necessary [2]. Sesame seed meal, a
by-product from sesame oil extraction industry obtained after removal of oil from sesame
seeds. It is suitable for use as an alternative source of protein and energy in fish diet due to its
high protein content (42%), 10-20% of fat and it is highly digestible. Malaysia ranked 17th in
the global sesame oil production and produced about 10,000 ton in 2014 [3]. Hence, sesame
seed meal is abundantly available in Malaysia. This study evaluated the potential inclusion of
sesame seed meal in diet for river catfish, Pangasius Hypophthalmus.
MATERIALS AND METHODS
Experimental Diet Preparation and Data Collection
After acclimatization, 30 fishes were assigned into each of three dietary treatment tanks with
4 replications in completely randomized design. The fish was weighed for initial readings.
Then, the fish was fed twice a day until satiation level with three different diets (0% SSM
(control), 20% SSM and 25% SSM). All experimental diets were isocaloric (14 MJ/kg) and
isonitrogenous (28% digestible protein) and prepared as extruded diet using an extruder
machine. Feed intake were taken every week. Every fortnight, the fish were weighed to
determine their body weight and the feeding rate was adjusted. Water exchange and water
quality monitoring were conducted frequently to ensure the water quality at optimal level for
fish. Feed conversion ratio (FCR) is a ratio measuring the efficiency with which the bodies of
fish convert feed into the desired output. Specific growth rate (SGR) is a term used in
aquaculture to estimate the production of fish after a certain period. Both terms were calculated
by the following formulas.
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Feed conversion ratio (FCR) = Feed given / weight gain

(1)

Specific growth rate (SGR) = (ln(final weight in grams)
(2)

- ln(initial weight in grams)) x100 / t (in days)

All data were subjected to analysis of variances using SAS software (SAS Institute, Cary,
North Carolina, USA).
RESULTS AND DISCUSSION
There was no significant difference (p<0.05) in feed intake of fish in treatment groups.
However, fish fed with 25% SSM diet had lower weight gain (p<0.05), higher feed conversion
ratio (FCR) (p<0.05) and lower specific growth rate when compared to the fish fed with control
diet. The final weight, weight gain, feed intake, FCR and SGR of fish fed with 20% SSM diet
were comparable to the fish fed with control diet. It showed that SSM can be included up to
20% in the diet without showing detrimental effect on the growth performance.
Table 1. Growth performance of fish fed on sesame seed meal-based diet for 8 weeks
Initial

Final

Weight

Feed

weight (g)

gain (g)

intake (g)

54.09±

108.59±

54.50±

59.22±

1.12±

1.24±

4.94a

14.40a

9.65a

1.61a

0.24ab

0.10a

20% SSM

56.24±

105.57±

49.33±

53.18±

1.08±

1.13±

diet

3.70a

1.48a

2.34a

0.73b

0.07b

0.10ab

25% SSM

54.04±

94.13±

40.09±

53.30±

1.34±

0.99±

diet

3.50a

5.04a

2.94b

1.88b

0.13a

0.07b

Diet

weight
(g)

0% SSM diet

FCR

Specific
growth rate (%)

*Mean values in the same row having the same letter are not significantly difference (P>0.05)

CONCLUSION
The study showed that fish fed on diet containing 20% sesame seed meal have comparable
growth performance to those fish fed diet without sesame seed meal. This indicates that
sesame meal is suitable to be used as protein and energy source in extruded fish diet and can
be included up to 20% for river catfish, Pangasius Hypophthalmus. without any adverse effect.
This could reduce the dependency of fishmeal and imported feed inputs, lower cost of
aquafeed and leads to a more sustainable aquaculture industry.
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INTRODUCTION
Ruminant productivity can be improved with higher feed digestibility by stimulating microbial
activity in the rumen [1]. The rumen is one of the most extensively studied gut ecosystems
because of the importance of ruminant health and productivity. Rumen microorganisms play
different roles in feed digestion and mode of action synergistically to ferment plant structural
and non-structural of nutrient. Recently, the antibiotic and growth hormone application had
already banned for animal production [2]. The addition of probiotics is an alternative for
antibiotic replacement in ruminant production. The role of probiotics can be beneficial in the
efficient use of feed in improving the productivity of livestock, to prevent gut infections and
support the ecosystem regulation of microbes in the digestive tract [3,4]. Lactic acid bacteria
(LAB) are widely used as probiotics in cattle to improve feed digestibility, microbial balance,
and health to animal’s host. Therefore, the objective of this study was to determine the effect
of LAB supplementation on body weight and daily weight gain (ADG) values of male Brakmas
cattle.
MATERIALS AND METHODS
A pilot study has been done on male Bali cattle supplemented with LAB. The LAB was isolated
from the rumen of Kedah-Kelantan cattle and was maintained and preserved under anaerobic
conditions. The selected LAB species were including Lactobacillus and Pediococcus species.
From the study, an improvement in growth performance and feed intake were observed. This
study was continued with a feeding trial conducted on male Brakmas cattle. A total of eighteen
(18) male Brakmas cattle were selected and randomly divided into 3 groups comprising 6
animals each and placed in individual pens in Cattle Unit at MARDI Kluang, Johore. The groups
were, Control - receive control feed, which meets the nutritional requirement at growing stage;
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and dietary supplementation LAB groups at 2 dosages (Trt1: 5x109 CFU and Trt2: 3x109 CFU
per animal) [5]. The energy requirement for corn silage and concentrates were maintained at
10.6 MJ/day with water was given at libitum. Animal weight gains were obtained by weighing
the animals every two weeks and compare the reading with readings made previous measured
weight.
RESULTS AND DISCUSSION
From the study on Bali cattle, a significant difference was observed on the weight gain and
ADG values between treatment and control groups. The total weight gain in cattle
supplemented with LAB was 65.17 kg, whereas in the control group only gain approximately
about 40.33 kg. The experiment was repeated on Brakmas cattle with n=6 and a significant
result was obtained, especially during the first month of the feeding trial. From the study, the
average daily gain (ADG) gain of Brakmas cattle in Trt_5P was found to be highest (732.14 ±
33.01 g/day), compared to Trt_3P (696.43 ± 37.39 g/day) and the control group (668.15 ±
35.07 g/day). The FCR values for Trt_5P, Trt_3P, and control group were 6.76 ± 0.55, 6.39 ±
0.71, and 6.94 ± 0.54, respectively.

Table 1. Growth pattern of Bali and Brakmas cattle supplemented with different dosage of
LAB
BALI CATTLE
Ctrl
Variables
Initial body weight
(kg)
Final Body weight
(kg)
Weight gain (kg)
Average daily gain
(g/day)

BRAKMAS CATTLE

Trt_5P

Ctrl

Trt_3P

Trt_5P

Mean*

± SEM

Mean*

± SEM

Mean**

± SEM

Mean**

± SEM

Mean**

± SEM

109.67

± 10.19

137.50

± 19.05

186.10

± 59.32

175.50

± 41.99

169.70

± 39.88

150.00

± 9.00

202.67

± 15.06

228.75

± 68.49

248.75

± 37.49

227.25

± 39.89

40.33

± 14.74

65.17

± 6.55

37.00

± 3.72

40.38

± 1.11

43.13

± 4.94

428.31

± 78.45

635.06

± 67.19

668.15

± 35.07

696.43

± 37.39

732.14

±33.01

* Mean of 3 replicates
** Mean of 6 replicates
Crtl: Control group
Trt_5P: Treatment group supplemented with 5 pills
Trt_3P: Treatment group supplemented with 3 pills
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Average daily gain_Bali (g/day)
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Figure 1. Growth pattern and daily weight gain of Bali cattle supplemented with LAB
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Figure 2. Growth pattern and daily weight gain of Brakmas cattle supplemented with LAB
CONCLUSION
Supplementation of LAB could improve the growth performance of male Brakmas cattle with
higher weight gain and better ADG values. It also shows booster characteristics in the first
month of the study period with highest weight gain at second week of feeding regime in both
Bali and Brakmas study. Therefore, we can conclude that lactic acid bacteria supplementation
can be recommended as a growth booster to increase the body weight gain of the ruminant
and thereby improve growth performance of the beef cattle.

In the future, mechanistic

interactions involved in probiotic supplementation should be identified. Moreover, the survival
issues associated with their establishment in the competitive gut ecosystem should be
addressed.
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INTRODUCTION
Artificial insemination (AI) is one of the breeding tools that used widely to improve the quality
and productivity of beef cattle. It is also used for animals’ genetic improvement program as
only high producing animals will be selected to be inseminated. Another advantage of AI is it
also will reduce the input for bulls maintenance. AI involves placing semen directly into the
uterus of the animals. Detection of oestrus which can be impartially problematic to some
breeder due to big herd of cattle and also less time spent as compared to dairy cattle.
Application of oestrous synchronization follow by fixed time AI (FTAI) would be the best choice
to the breeder. Fixed time AI allow all females to be bred at the same time and reduced the
cost of labours for easier herd management especially during the calving and weaning season.
Estrous synchronization protocol and FTAI are designed to maximize the numbers of female
that in oestrus before time of breeding and eliminate the need of oestrus detection (3).
There are several synchronization protocols has been established according to specific
breeds and climate. The hormone used in synchronization protocol might also differ from each
other. The common synchronization protocol that has been established (Ovsynch and CIDRsync) to synchronize oestrus in order to facilitate and reduced time consumed on oestrus
detection. The protocol and hormones usage also different between cows and heifers.
PGF2α (Prostaglandin F2α) is a major uterine luteolytic prostaglandin and has been
identified as the key luteolytic hormone in many species. When stimulated by oxytocin to
stimulate both luteolytic activity, PGF2α is released from uterine endometrial cells in a pulsatile
pattern. In ruminants, through multiple mechanisms, endometrial PGF2α is the luteolytic
hormone that causes functional and structural luteolysis. (2).
Breedlot system is an alternative production system for livestock in order to cater for
problems related to animal production such as lack of land available for livestock production,
animal welfare and animal genetic preservation.
Numerous study has been done to evaluate the effectiveness of various
PGF2α products but no study on local beef cattle in Malaysia under breedlot systems reported.
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Therefore, this study was performed to evaluate the efficacy of the two alternate PGF2α product
in breeding beef cow under breedlot system.
MATERIALS AND METHODS
35 Brakmas mature cows, managed under breedloting system was utilized to evaluate the
efficacy of 2 alternate PGF2α (Estrumate vs Lutalyse) products. All cows were maintained at
MARDI Kluang. Cows were offered a ration consisting of 40% concentrate and 60% fresh cut
Bracharia decumben grass. In group 1, 18 Brakmas cows were synchronized using a 10 days
Controlled Internal Drug Release (CIDR) and PGF2α treatment. On day 10th CIDR was
removed and 2ml estrumate was injected intramuscularly. 48 hours after Estrumate injection,
all cow were given 2.5ml Gonadotropin-releasing hormone (GnRH) intramuscularly. AI was
done 48 hours after Estrumate injection. CIDR was inserted to 17 heads of Brakmas cows for
10 days and 5ml Lutalyse was injected intramuscularly. 48 hours after Lutalyse injection, all
cows were given 2.5ml GnRH intramuscularly. AI was done 48 hours after Lutalyse injection.
Pregnancy diagnosis was conducted by rectal palpation 60 and 90 day after AI. The result was
analysed by using Microsoft excel and one way ANNOVA procedure of SAS.
RESULT AND DISCUSSION
Pregnancy Rate
The result showed that total pregnancy rate and number of animals became pregnant were
37% and 13/35, respectively. There were no significant different (p<0.05) among those two
groups where 53.8% and 46.2% cows became pregnant in Estrumate and Lutalyse treatment
groups, respectively.
Estrumate is a luteolytic agent and it is a synthetic prostaglandin analogue and it
function to control the bovine oestrus cycles. Each ml of the colourless aqueous solution
contain 263 microgram of cloprostenol sodium equivalent to 250 microgram cloprostenol. On
the other hand, Lutalyse is a luteolytic agent which contains each ml of 5mg dinoprost
tromethamine and 16.5 mg benzyl alcohol as the preservative. Although active ingredients and
their properties differ between the two products, both Lutalyse and Estrumate induce luteolysis
by triggering a cascade of endogenous events that ultimately lead to the regression of the
corpus luteum (CL). There was lack of difference in efficacy of Lutalyse and Estrumate to
induce estrus in beef heifers (4). It can be related to current study which there is no significant
different in pregnancy rates when using Lutalyse and Estrumate in oestrus synchronization
protocol.
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Cost per Animal
The cost of Estrumate (250 microgram cloprostenol) in this study was higher compared to
Lutalyse (5mg dinoprost tromethamine) which RM17.20 and RM11.01 per animal. Although
estrumate require small amount (2ml) per animal but the cost is higher as compare to Lutalyse
which required 5ml per animals. On the other hand, Estrumate was administered at low dosage
that might reduce pain to animals (1).
Table 1. Table of pregnancy rate and cost per animal using two different type of PGF2α
Type of PGF2α
Estrumate (250 µg cloprostenol)
Lutalyse (5mg dinoprost
tromethamine)

No of pregnant

Percentage (%)

Cost/animal

7

53.8

RM17.20

6

46.2

RM11.01

cows

CONCLUSIONS
Treatment (Lutalyse vs. Estrumate) did not affect estrus timing, pregnancy to AI, final
pregnancy rates. These results indicate breeder can utilize either Lutalyse or Estrumate in their
synchronization protocol in order to perform artificial insemination in beef cattle breeding
program. Utilization of Lutalyse showed less cost as compare to Estrumate.
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INTRODUCTION
Nutrition is a major factor in the development of the livestock industry which also consumed
up to 70% cost of production [5]. The requirement of energy and protein at different stages of
production (ect. maintenance, growth, pregnancy, lactation) would require different utilisation
of feed resources in order to meet nutritional requirements [4]. It was found that pre-weaning
management with creep feeding had improved weaning weight [3]. Breeding generally requires
a BCS of 3.5-4 (BCS scale of 1-5) whereby a flushing stage prior to breeding cycle would allow
improvement of body condition score to improve fertility rate in the goats [1]. Finally, a
maintenance feed formula would allow bodyweight of the goat to be maintained till required
slaughter especially during religious festival or rituals at a minimum cost [2].
The objective of the study is to evaluate the different stages of production namely creep
feed (pre-weaning, birth to 3 months), grower feed (post-weaning, 3-12 months), flushing feed
and maintenance feed on Katjang x Boer (BK breed) goats, formulated using locally available
feed materials to meet nutrient requirement at a minimum cost with a weight gain of 75 gm
(pre-weaning), 100 gm (post-weaning) and 100 gm (flushing).
MATERIALS AND METHODS
A least cost feed formulating ration module with solver function was developed using Microsoft
Excel programme in ration formulation to meet or closest to the requirements of BK goats at
different stages of production by inserting data of proximate analysis of commonly available
feed materials [6].
A total of 12 BK kids at birth with does and subsequently, 24 BK goats, 12 males and
females were assigned randomly to 2 treatment groups of formulated creep feed (CF), grower
feed and commercial doe and kid feed (CCF). Creep feed pen was designed so that kids had
free access to creep feed and their doe for milk. In a separate experiment, a total of 20 female
BK goat were placed into two treatment groups fed with formulated flushing feed (FF) and
compared with commercial doe and kid feed kept for 97 days Finally, a total of 20 male BK
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goat of an average weight of 19 kg were placed into two treatment group fed with formulated
maintenance feed (MF) and compared with commercial maintenance feed (CMF) kept for 155
days. Data of bodyweight (BWT) (every 2 weeks) and residual feed (daily) were collected for
each experiment. Samples of feed were sent for proximate analysis and data analysed using
independent sample T-test using SPSS 10.
RESULT AND DISCUSSION
Table 1. Mean and standard deviation (SD) of BWT and average daily gain (ADG) of BK
goats on creep formula (CF) (101 days) and grower formula (GF) (361 days) against
commercial feed (CCM)
Parameters
Weaning weight, BWT (kg)
Average daily gain, ADG (g)

N
6

Age
(days)
101

Average cost of feed per kg ADG (RM)
Post weaning, BWT (kg)
Average daily gain, ADG (g)

12

361

Average cost of feed per kg ADG (RM)
Flushing BWT (kg)

20

97

Average daily gain, ADG (g)
Average cost of feed per kg ADG (RM)

Creep formula

Commercial feed

12.83± 3.61*

7.33 ± 1.13

91.8 ± 32.7*

51.4 ± 11.96

5.68

6.14

Grower formula

Commercial feed

31.5 ± 4.67*

18.96 ± 3.49

75.26 ±15.55*

44.05 ±38.51

7.80

11.63

Flushing formula

Commercial feed

30.75 ± 1.46

29.60 ± 1.82

67.01 ± 16.11*

48.97 ± 16.86

8.72

9.59

Maintenance
formula
Maintenance BWT (kg)
Average daily gain, ADG (g)
Cost per kg feed (RM)

20

155

Commercial feed

25.7 ± 3.78

30.95 ± 4.30*

42.90 ± 11.18

73.55 ± 19.40*

0.86

1.00

Values with asterisk within columns are significantly different at p <0.05

The result showed significant different (p<0.05) showed higher BWT and ADG in CF of
12.83± 3.61 kg and 91.8 ± 32.7gm compared to CCM of 7.33 ± 1.13 and 51.4 ± 11.96
respectively compared to commercial feed. Better growth performance observed supports the
claim that kids supported with creep feed provides a better post weaning performance [3] This
was observed in pre-weaning weight in the current study with GF ration observed a significant
higher BWT and ADG of 31.5 ± 4.67 and 75.26 ±15.55 compared to CCM of 18.96 ± 3.49 and
44.05 ± 38.5 at 361 days of age. Feed cost per kg gain obtain in CF (RM 5.68), SG (RM 9.03)
and GF (RM 6.57) were lower compared to CCM of RM 6.14, RM 10.27 and RM 12.99

526

respectively. Feeding at maintenance level in male BK goat observed a significant higher ADG
in CMF of 73.55 ± 19.40 compared formulated MF feed of 42.90 ± 11.18 with a higher feeding
cost RM 1.00/kg compared to RM 0.86/kg. However, the function of this feed were to maintain
BWT of BK goats especially for market demand during religious festivals and rituals [2].
Feeding at flushing stage for female BK goat observed a significantly higher ADG of 67.01 ±
16.11 in formulated FF feed compared to 48.97 ± 16.86 in CCM feed with a similar cumulative
feed cost of RM 46 for 97 days. This would enable improvement body condition score prior to
breeding cycle when coupled with achieved earlier puberty age for breeding through the
growing phase.
CONCLUSION
This study shows that stage feeding of the different production stages was observed to be
more economically viable by fulfilling the nutritional needs of BK cross breed through reduced
cost per kilogram weight gain achieved. Overall, better performance was observed in BK goats
fed using precision feeding strategies applied in this study.
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INTRODUCTION
In 2018, the livestock industry contributed 14.9 percent to the Malaysian agricultural sector’s
Gross Domestic Product [1]. Dairy is a good source of income, specifically for small and
marginal farmers since consumers purchase fresh milk on a daily basis. The rising awareness
on the nutritional benefits of dairy-derived products has increased consumer’s preferences
towards dairy products and such demand has grown over the years [2, 3]. In Malaysia, milk
consumption has increased by 43.90 million litres between 2011 and 2018 [1]. In 2011, milk
consumption was at 18.90 million litres and it experienced a sharp increase to 62.80 million
litres in 2018, registering an annual growth rate of 29% in between the 8-year period [1].
Although the annual growth rate of milk production registered at 6% between 2011 and 2018,
supply is nevertheless inadequate to satisfy the growing need of consumers (Figure 1). As
such, government efforts have been geared towards increasing milk production.
Good Hygiene Practices (GHP) are never emphasized in the call to increase milk
production [2], probably because the number of studies measuring such impact is scarce.
Farmers are unaware of the benefits GHP bring to them and their cows. GHP falls under the
framework of sustainable agriculture. Previous studies demonstrated that a/the lack of
adoption of GHP resulted in mastitis infection among dairy cows [5]. Since there has been no
study that has measured the impact of adopting GHP in the Malaysian dairy sector, this study
was conducted. Hence, the objective of this study was to measure the impact of GHP on the
triple bottom-line affecting the dairy farming community.
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Figure 1. Production and consumption of milk in Malaysia [1, 4]
MATERIALS AND METHODS
This study adopted the sustainable agricultural principles which emphasize three elements –
economic, social & environment (Triple Bottom Line). An inductive qualitative case study
approach was adopted in this study to demonstrate in depth findings of GHP impact. It provides
a wider exploration with the respondent on a one-to-one basis. The farm is located in Negeri
Sembilan (known as Farm X). Data and information were collected via engagement with
respondent through interview sessions [6] and microbiological analysis.
RESULTS AND DISCUSSION
Economic Impact
The operational cost of adopting the GHP reduced by RM4.89/lactating cow/month and income
of farmer increased by RM672.84/lactating cow/month (Table 1).
Table 1. Economic Impact of Pre and Post Adoption of GHP
ITEM

PRE-GHP

POST GHP

(lactating cow/month)

(lactating cow/month)

RM16

RM11.11

Antibiotic
purchase
Milk sale

#210

liters x RM3.56*

= RM747.60

#399

liters x RM3.56*

= RM1,420.44

IMPACT@
Cost

reduced by

RM4.89 (30%)
Income increased by
RM672.84 (90%)

Note:
#Milk

yield/cow/month

*Average milk price in Negeri Sembilan [7]
@Assuming

ceteris paribus
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Social Impact
The reduction in the use of antibiotics as a result of the adoption of GHP helps address a global
public health concern. Additionally, the reduction in the use of antibiotics also educed the
development and spread of antimicrobial resistance among dairy cows towards mastitis
pathogens and other diseases. This leads to the improvement on the welfare of dairy cows.
The adoption of GHP assist in milk yield and thus tackling Malaysia’s inadequate milk supply,
which offers a possibility of attaining milk security in the future.
Environmental Impact
The adoption of GHP reduces the use of antibiotics and thus, reduces the inhibition of biogas
production and allows bacteria to metabolize animal waste products. Further, the reduction in
the use of antibiotics results in lower antibiotics residue in waste, thus minimizes the release
of antibiotics residue into soil and groundwater which ultimately reduces contamination and
pollution on soil and water. Adoption of GHP also reduces milk wastage. Milk discarded is
reduced by 20% due to better disease management (e.g., mastitis) and thus, without disposing
the milk into the nearest and safest disposal area, this reduces contamination to soil and water.
Due to the adoption of GHP, milk spoilage is also reduced and hence without disposing the
milk into the nearest and safest disposal area, this reduces contamination to soil and water.
CONCLUSION
This study adopted the sustainable agricultural practices and offered new knowledge in the
dairy sector. Adoption of GHP brings positive economic, social and environmental impacts to
the Triple Bottom Line of a Dairy Farmer.
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INTRODUCTION
Jersey-Friesian is a cross breed between Jersey and Holstein-Friesian. Jersey is a breed
which adaptable to a wide range of climatic and geographical condition. Holstein-Friesian is
considered as the best dairy cattle in the world with their ability to produce high milk yields.
Holstein-Friesian is a large cow which can grow up to 800kg compared to the smaller sized
Jersey (415kg). One of the reasons for breeding large cows is to increase milk production.
However, a larger cow would also consume more feed which has to be offset by increased
milk production. Dairy cattle feed comprises more than 60% of the cost of production.
The Dairy Cattle Project in Sabah was started in 1980 at the Sebrang Livestock Breed
stations, Keningau and Tawau [1]. This project involved small land holders with the intention
of forming the dairy industry and thereby increasing urban residents’ income in conjunction
with the New Economic Foundation [2]. Nevertheless, Friesians do not produce to their genetic
potential under the Malaysian environment. The Jersey, on the other hand is a smaller breed
with lower milk production but adapted to the local environment. A combination of JerseyFriesian breed was developed to combine the advantages on both breeds. Jersey-Friesian
was chosen as a potential breed to rear in Sabah and distributed to farmers in June 2018. To
evaluate the potential of the Jersey-Friesian breed, a study was conducted to access it’s at
early lactation stage in Keningau, Sabah. The objective of this study was to identify the growth
performance and milk production of Jersey-Frisiean in Keningau. With well formulated rations
and good health care, Jersey-Friesian produced about 11.7-13.8 litres/day compared to
Sahiwal-Friesian which produced up to 16 litres/day. The average feed cost for Jersey-Friesian
at 415kg was 17% lower than Sahiwal-Friesian at 514kg. When taking into account both feed
cost and milk production, the Jersey-Friesian can be a potential breed for dairy farmers in
Sabah.
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MATERIALS AND METHODS
Experimental Animals
A total of 20 animals of Sahiwal Friesian (n=10) and Jersey Friesian (n=10) were used in this
experiment. This experiment was conducted at a dairy farm in Keningau, Sabah. Formulated
feeds were fed at 3.5% of their body weight and fresh grass were given ad-libitium. The total
volume of milk produced were recorded daily and the body weight of the animals were weighed
once a month.
Table 1. Nutrient composition of scientifically formulated feed.
Nutritive value
ME, (MJ/kg)
CP (%)
CF (%)
Fat (%)
Ash (%)
Ca (%)
P (%)

Scientifically formulated feed
14.98
13.80
14.20
5.23
7.23
0.86
1.19

Statistical Analysis
Data was analyzed using SPSS statistical software program 16.0 (SPSS Inc., Chicago, IL,
USA). The groups were compared using t-Test at P<0.05.
RESULTS AND DISCUSSION
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Figure 1. Growth performance of cows in Keningau at early lactation stage
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Figure 2. Milk production of cows in Keningau at early lactation stage
Figure 1 shows that the body weight of Sahiwal Friesian was higher compared to Jersey
Friesian. From the results obtained, Sahiwal Friesian as a large cow consumed more feed
compared to Jersey Friesian. However, the milk production of Sahiwal Friesian and Jersey
Friesian were not much differ (Figure 2). A milk yield of 10-12 litres day-1 head-1 can be
achieved with a good feed formulation [3]. Although, Sahiwal Friesian produced more milk than
Jersey Friesian but the production is not equivalent to the feed expenses (Table 2).
Table 2. Comparison between the cost of feed consumption with the price of milk
Parameter
Milk sales, RM (A)

Cost of feed/cow, RM (B)

Amount Differences, RM

Month

Jersey Friesian

Sahiwal Friesian

1
2
3
Total

187.75
453.00
665.00
1305.75

194.50
537.00
627.50
1359.00

1
2
3
Total
(A)-(B)

481.80
524.70
514.80
1521.30
(215.55)

590.70
617.10
603.90
1811.70
(452.70)

CONCLUSION
This study concluded that Jersey Friesian can be considered as a potential breed for dairy
industry in Sabah. However, further research in next lactation stage need to be done in the
future.
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INTRODUCTION
The advancement of precision agriculture technology has led to the adoption of variable rate
fertilizer application as an improved technique to replace the uniformly blanket fertilizer
application. In this technique, high resolution or high density soil nutrients information is
required apart from normalised difference vegetation index (NDVI) and leaf area index (LAI)
as to determine the fertilizer rate need to be applied at site specific [1, 2, 3, 4, 5, 6]. In Malaysia,
however, the fertilisation recommendations to the farmers based on only one sample, over 3
to 4 ha. This low density or resolution sampling technique is mainly due to the limitations in
collecting huge number of soil samples which then requires extensive, costly and time
consuming of laboratory analysis by an expert operator [7]. For these reasons, proximal soil
sensing includes apparent electrical conductivity/resistivity [8], ground penetrating radar [9],
and the γ-ray sensor [10] has been explored and reported as an alternative technique for high
resolution of soil nutrient estimation and mapping [11, 12]. Study by [12] had made extensive
review and concluded that the most promising proximal sensing technologies for quantifying
soil properties are electrochemical techniques and optical visible and near infrared (Vis-NIR)
spectroscopy. The later technique, however, has gained the most interest among because it
has more advantages than others. In Malaysia, the used of Vis-NIR spectroscopy as an
alternative technique for rapid and cost-effective assessment of soil nutrient of paddy field has
not been reported extensively. Hence, this paper discussed the potential of visible-near
infrared spectroscopy for estimation of total nitrogen (Ntot) in Malaysian paddy soil.The finding
of this study is a steppingstone for the variable rate fertilizer application.
MATERIALS AND METHODS
Experimental Site and Soil Sampling
The field experiment was conducted at Rice Research and Innovation Excellence Centre
(rice@MARDI) paddy field in Seberang Perai city of Penang, Malaysia (5°32'37"N 100°28'3"E).
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One hundred and forty-four soil samples were collected after the paddy harvesting season in
October 2019. The 144 bulk soil samples were packed in an air-tight plastic bag to avoid the
loss of soil moisture, labelled, and immediately sent to the farmhouse near the paddy field for
spectra acquisition.
Visible and Near Infrared Soil Spectra Acquisition
Two fibre type standalone spectrometers (AvaSpec-ULS2048 and AvaSpec-NIR256) were
used to acquire the spectra of the soil samples at visible and near infrared (350 – 1750
nm) range. Figure 1 exhibits the peripheral setup for the soil spectra acquisition using the
spectrometers.

Figure 1. Experimental setup for soil spectra acquisition
There were 144 soil spectra acquired that corresponding to 144 soil samples. These
spectra were then used for spectral processing and model development. After the spectra
acquisition has been carried out for all the 144 samples, these samples were then analysed
for determination of total nitrogen (N tot) by ESPEK Research and Advisory Services
Laboratory (ERAS) using the combustion method.
The calibration models for Ntot were subsequently developed by analysing the
relationship between the amount of Ntot obtained by laboratory with the Vis-NIR soil
absorbance spectra values using the partial least-square regression (PLSR) technique. The
performance of the calibration models for Ntot was assessed based on the value of the
coefficient of determination (Rval2) and residual prediction deviation (RPD). RPD is given by the
ratio of standard deviation (SDref) of the reference dataset to the root mean square error of full
cross-validation (RMSEval), [13].
RESULTS AND DISCUSSION
The PLSR analysis result of the calibration model is shown in Table 1. According to
classification by [14], an Rval2 between 0.66 and 0.81 indicates approximate quantitative
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predictions, whereas an Rval2 between 0.82 and 0.90 reveals good prediction. Calibration
models having an Rval2 above 0.91 are considered as excellent. From this classification, results
showed that the prediction of Ntot can be assessed as ‘‘approximate quantitative predictions’’
(Rval2 = 0.78). According to [13], RPD value more than 2.0 is considered excellent, between
1.4 and 2.0 is almost good and below 1.4 is unreliable. From this classification, it was found
that the performance of the developed model for predicting Ntot is good (RPD = 1.7). The scatter
plot of the model for Ntot is depicted in Figure 2.

Figure 2. Scatter plot of measured values versus Vis–NIR predicted values using partial
least squares regression (PLSR) coupled with full cross-validation datasets
Table 1. PLSR result for calibration model of Ntot
R2

RMSE

calibration

0.80

0.006

validation

0.78

0.037

CONCLUSION
This study has described the potential of Vis-NIR spectroscopy for estimation of nitrogen in
Malaysian paddy fields. The performance of the developed spectroscopic calibration model
based on Vis-NIR soil reflectance spectra using PLSR indicates that the Vis-NIR has the
potential to quantitatively estimate the nitrogen content in the soil. Results from this study can
be used as conceptual framework for the development of real-time estimation of nitrogen in
soil and variable rate fertilizer application.
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INTRODUCTION
Studies have found that the drip irrigation method is the best method as compared to other
irrigation methods because the drip irrigation method provides high uniformity. Drip irrigation
systems typically use 30 to 50% less water than the other irrigation systems as they provide
only the water needed by plants [1]. The operation of drip irrigation systems uses low flow rates
and pressure and enables farmers to irrigate at lower cost by using smaller pumps, and
smaller, lightweight pipes [2].
The modelling of drip irrigation systems is a good way to facilitate the determination of
the required head to ensure the irrigation system can distribute water uniformly to the plant.
This irrigation system modelling helps farmers to determine the head required to carry out the
operational procedure of the system. Modelling is one of the ways to identify weaknesses in a
drip irrigation system. With the model, the simulation to illustrate the actual condition of the
overall drip irrigation system can be easily investigated.
This study aims to develop a numerical model of an existing drip irrigation system that
is operating in one greenhouse complex located at the Malaysian Agricultural Exposition Park
Serdang (MAEPS).It also aims to compare the results obtained from the actual system with
the results obtained from the numerical model. The final aim of this study is to evaluate the
hydraulic performance of the existing drip irrigation system based on the American Society of
Agricultural Engineering (ASAE)
MATERIALS AND METHODS
In this study, EPANET software was used due to its simplicity, and the fact that the software is
open source and free to download. The EPANET model was originally developed by the United
States Environmental Protection Agency. EPANET is a computer program that performs
extended period simulation of hydraulic and water quality behaviour within pressurized pipe
networks.
Hydraulic performance was calculated to obtain the actual performance of an irrigation
system. To determine the efficiency of the existing drip irrigation system, the emission
uniformity (EU), emitter flow variation (EFV), coefficient of uniformity (CU), and coefficient of
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variation (CV) were determined in accordance with the American Society of Agricultural
Engineering (ASAE) [3]. A higher percentage indicated good performance while a lower
percentage meant poor performance. For the CV, a range value of 0.05–0.15 was used. If the
value was less than 0.05, the performance was considered excellent. If the value was greater
than 0.15, it was classified as unacceptable performance.
RESULTS AND DISCUSSION
Model Performance
Statistical error indices were used to determine the performance of the observed data as
compared to model outputs. Three error indexes, i.e., the Root Mean Square Error (RMSE),
the Mean Bias Error (MBE), and the Mean Absolute Percentage Error (MAPE) were used. In
this study, these three performance indicators were calculated and displayed in Table 1.
Table 1. Statistical error index for measurement data
Discharge (L/h)
Error index

RMSE (L/h)

MAPE (%)

MBE (L/h)

Lateral pipe 1

0.04

1.7

0.03

Lateral pipe 2

0.04

1.7

0.02

Lateral pipe 1

0.61

2.2

0.51

Lateral pipe 2

0.79

3.0

0.68

Pressure (m)

Hydraulic Performance
The overall hydraulic performance of the drip irrigation system with different operating
pressures is shown in Table 2. Four different operating pressures, i.e., 15.3, 20.4, 25.5, and
28.6 m were applied in this study. For all operating pressures, the coefficient uniformity (CU),
the coefficient of variation (CV) the emission uniformity (EU), and the emitter flow variation
(EFV) parameters showed an excellent classification.
In this study, it was found that the drip irrigation system could effectively operate by
providing the required discharge. This irrigation system uses a pressure compensated dripper
with the aim of obtaining a uniform discharge for each plant. The use of a pressure
compensated dripper requires the control of certain pressure operations to obtain the desired
flow rate. For this study, the required operating pressure was between 15.3–40.8 m. With the
EPANET software it was easier to determine the right number of plants required for the desired
pressure setting. EPANET will visually show each node (fitting, valve, and emitter) including
flowrate, pressure, etc. With this information, the number of emitters and plants can be
identified easily. This will ensure that the designed system can operate at high efficiency.
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Based on the results from the model, it was inferred that the existing drip irrigation system was
being operated in an over-powered state. With the current pump power being used, the
irrigation system could operate at four times the capacity of the existing irrigation system. In
order to maintain the operating pressure at 15 m throughout the lateral pipe, a total flowrate of
52.8 l/min is required. A pump with a lower capacity of 0.56 kW can be used. The use of a
lower power pump will reduce operating costs.
Table 2. Coefficient values and classification of hydraulic parameters of drip irrigation system
No
1

Hydraulic parameter
Coefficient of uniformity, CU
(%)
Classification

2

Coefficient of variation, CV
(-)
Classification

3

Emission uniformity, EU (%)
Classification

4

Emitter flow variation, EFV
(%)
Classification

Pressure (m)
15.3

20.4

25.5

28.6

98.2

98.28

98.23

97.87

excellent

excellent

excellent

excellent

0.023

0.021

0.021

0.0269

excellent

excellent

excellent

excellent

97.54

97.53

97.12

96.75

excellent

excellent

excellent

excellent

10.29

10

10

13.6

acceptable

desirable

desirable

acceptable

CONCLUSION
Hydraulic performance studies of drip irrigation systems help in determining the appropriate
range of operating pressure, type of emitter, distance between emitter, and discharge of each
emitter. In conclusion, the results obtained from this study helped in determining the desired
irrigation capacity using an appropriate pump. The hydraulic performance of the studied
system showed that it can be optimized by setting the operating pressure within the range of
15.3 to 40.3 m, as recommended by the emitter manufacturer. The modelling procedures
presented in this study can be applied to other irrigation systems such as commercial growers
producing small fruit and vegetables with or without plastic mulch.
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INTRODUCTION
Lettuce is one of the healthier vegetables that has market value where some of the varieties
only can be obtained from hypermarkets. The value of exports of lettuce (Lactuca sativa) and
chicory (Cichorium spp.) from Malaysia totalled $ 18.1 million in 2019 and Singapore is the top
export destination with total share of 94% [1].
Preservation of the product's qualities, proper plant monitoring is crucial during the
growth to get a high yield. However, before developing an application for plant monitoring or
get other information related to the lettuce varieties, the recognition process with the correct
name is the essential part of the application. Designing the system that able to recognise
lettuce varieties is necessary to facilitate fast classifying lettuce and allowing researchers or
farmers to have a proper method to manage them.
Some of the research has done to classified the plant species based on leaf and use a
different method to recognise them. Probabilistic Neural Network (PNN) approach for
automated leaf recognition for plant classification was use by [2]. The writer used feature
extraction to allow the computer to obtain feature values automatically. The feature extraction
involved five basic geometry features that can be defined as digital morphological features for
leaf recognition. The Principal Component Analysis (PCA) was used to represent the
information of original data as a linear combination of certain linear irrelevant variables. CNN
was used to study 44 different plant species to learn unsupervised feature [3]. The author
compared the performance of M.K. leaf dataset with different classifier. The result obtained
one of the essential elements to identify plant species is the venation structure that has an
accuracy of 99.5%.
Another research using CNN is to detect plant disease identification with healthy leaves
images and plant diseases [4]. The author compared the result with the different CNN model
architecture such as AlexNet, AlexNetOWTBn, GoogLeNet. Overfeet and VGG. All of the
architecture achieved the success rate of more than 97%, and VGG obtained the highest
accuracy of 99.53%in classification.
From the past review papers, researchers choose A.I. in order to achieve high accuracy
in classification. There are many uses of A.I. in agricultural research such as leaf classification,
plant recognition, leaf disease detection, plant disease detection and many more. These
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researches can be applied and provide impact to the agriculture sector in terms of product
quality, proper plant arrangement and reduction in labour cost and many more. This research
focuses on design leaf lettuce recognition with an accuracy of more than 90% using CNN in
MATLAB.
MATERIAL AND METHODS
The implementation method to recognize the lettuce varieties was use MATLAB (2018) and
ran on Intel Core i5 with the clock of 2.5GHz and the RAM of 4G under Microsoft Windows 10
environment software. Figure 1 below shows the architecture of the CNN of this paper. Each
image's size is 32 x 32 pixel and depth is three (3) referring to the Red, Green, Blue (RGB)
channel. The output of neurons that connects to local regions in the input will be computed by
the Convolutional Layer with each computing a dot product between its weights and small
region connected in the input volume. For this paper, the Convolutional Layer creates 32 filters
of size [5 5]. Then, each of the Convolutional Layer will proceed with the Pooling and ReLU
Layer.

Figure 1. The architecture of the CNN
The network then proceeds with the Fully-Connected layer that will compute the class
scores, resulting in a volume of size [1x1x7], where seven correspond to the categories of the
leaf lettuce recognition. Optimisers used is Stochastic Gradient Descent with Momentum
(SGDM). This optimiser was selected because it is able to increase the speed of learning and
make updates from the stored velocity of all parameters.
Lettuce Samples
The total images involved in lettuce recognition is 7000, which is 70 percentage and 30
percentage from the total image used for training and testing dataset respectively. The number
of images for each class is as listed in Table 1. The cultivation of seven varieties lettuce was
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planted inside of a plant factory and greenhouse that is available at Malaysia Agricultural
Research and Development Institute (MARDI). The verities considered in this research work
are; Butterhead, Celtucelove, Italian, Red Coral, Red Lettuce, Red Oakleaf and Salad Grand
Rapid (SGR).
Table 1. Distribution of images for leaf lettuce dataset for training and test
No

Names

Training

Testing

Total

1

Butterhead

700

300

1000

2

Celtucelove

700

300

1000

3

Italian

700

300

1000

4

Red Coral

700

300

1000

5

Red Lettuce

700

300

1000

6

Red Oakleaf

700

300

1000

7

Salad Grand Rapid (SGR)

700

300

1000

Image Acquisition
The images of lettuce were captured by using a smartphone dual-camera and a resolution of
12 megapixels and optical image stabilisation. The image taken is in RGB (Red, Green, blue)
image. Wang et al. (2008) stated that the background image needs to be clean either in white
colour or any colour that contrast with the sample. The background chosen for the image
sample is white since it has good colour contrast with the sample. The camera's height set at
1.5 feet for clear image visibility of the leaf lettuce.
Image Pre-processing
Some of the image datasets have different sizes due to camera orientation selected during the
photoshoot. The original image size is 3024 by 3024 pixel and 3024 by 4024 pixel. Hence, the
images needed to resize in order for all images has the same size. The image size was
changed to 32 by 32 pixel because to reduce the time taken for training whereas training time
will be prolonged if maintained the original size of the images.
The size of the image was set to 32 by 32 as training input. Number of training sample
to work through before internal parameter was updated was control by the batch size, which
is a hyperparameter. The leaf lettuce recognition tested from batch size 80 until 32. The epoch
number is the number of complete passes through the training dataset. Figure 2 below showed
the original and resize images as mentioned before.
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Figure 2. The original and resize images
RESULTS AND DISCUSSION
Dataset was tested with several parameters, such as the number of epochs and mini-batch
size, to get high accuracy. The number of epochs of 10 and mini-batch size of 32 get the
highest accuracy compared to the other setting of the parameter.
Figure 3 is the confusion matrix of the model, and it shows that the validation reduced
to 2.2%. The total number of correct and wrong prediction is represented by green and red
boxes, respectively. The total number of correct prediction was improved with five varieties of
lettuce have the correct prediction more than 290 out of 300 leaf sheets and the others two
types are correctly predicted above 282 out of 300 leaf sheets of the testing image after the
mini-batch size reduced to 32. From the confusion matrix, each variety gets the accuracy of
more than 95% with the average accuracy for the model is 97.8%.

Figure 3. Confusion matrix for mini-batch size 32 and number of epoch 10
CONCLUSION
From the results obtained, it is justified that CNN was able to determine and obtained high
accuracy percentage prediction of leaf lettuce images in the MATLAB simulation window.
Based on leaf images, the model was able to differentiate seven different varieties of lettuce
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with a high accuracy percentage. For future improvement, more images are needed for testing
and training the model to verified and certified that the model was able to predict varieties of
lettuce correctly. The preliminary work presented in this paper could further be improved with
images taken at the field without neglecting other obstacles for the image’s background. From
the model, the application to recognize varieties of lettuce can be developed further, and other
information related to lettuce such as significant name, family name, the benefit of lettuce or
market price can be incorporated. Lettuce classification is the first step process before we can
proceed for other classification such as pest and disease and plant growth monitoring. Thus,
the way forward for farm automation is to combine all these three components.
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INTRODUCTION
Drone sprayers were introduced in Malaysia only recently. In a short period of time, farmers
became aware about this new technology. There are currently several companies providing
drone spraying services for chemical application in the paddy fields, especially in the Muda
agricultural area. The issues that farmers face each year are disease attacks and exposure to
poisoning during chemical application. Moreover, the. spraying distribution is usually not
uniform and is time consuming when knapsack sprayers are used Shilpa Kedari et al reported
that drone spraying technology can reduce the risk of having pesticide and herbicide poisoning.
Another advantage of using drone is that chemical application can be performed quickly
without destroying the soil and the crop [Boguslawa Berner et al 2017].
Even though drone sprayers are already being used in paddy fields, a Standard
Operating Procedure (SOP) does not exist. There were also no study to show the efficacy of
using drones for chemical application. Newspaper reports indicate this drone technology is
increasingly attracting the interest of farmers. Therefore, this paper aims to compare the
efficacy of chemical applications in the paddy field using a drone and a knapsack sprayer.
MATERIAL AND METHODS
Plot Layout
The experiment was conducted at the Malaysian Agriculture Research and Development
Institute (MARDI) station in Seberang Perai. The size of the plot was 0.5 hectares and were
divided into 24 sub-plots to compare several spraying treatments. Each sub-plot was 10mx10m
in size. A randomized complete block design (RCBD) was used in the experiment.
Materials
The drone used in the experiment was from DJI Agras MG-1P as shown in Figure 1. It
consisted of 4 fan type nozzles located below its propeller and the capacity of tank was 10
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liters. The knapsack motorized sprayer used in this experiment was the B&S BSK220206 as
shown in figure 2. The capacity of the tank was 20 liter and the maximum flow rate was 7l/hour.

Figure 1. Drone sprayer DJI Agras MG1-P and B&S BSK220206 knapsack motorized blower
Experiment Method
The chemical applications were conducted 4 times throughout the planting stages. They were
done at 32 days after sowing (DAS), 46 DAS, 70 DAS and 102 DAS. The layout of the
experiment is shown in the fig 2. The chemical used in this experiment are as shown in the
table 1. The active ingredient contained in the chemicals are suitable to control the targeted
disease such as leaf folder, foliar blast, sheath blight, panicle blast and rice bug [Azmi Man et
al, 2008]. For drone spraying, the spraying rate used in this experiment was 20L/ha consisting
of chemical diluted in water. For knapsack spraying, the rate is detailed in table 1. The speed
of the drone was 4m/s and the altitude was 1.5m above the crop canopy. Spraying was carried
out when the wind speed must was between 1.0m/s to 3.8m/s.
Table 1. List of pesticide application, target and active ingredient of insecticides/fungicides
DAS
32
46
70

Chemical Volume/

Experiment

Target

Active Ingredient

1

Leaf folder

Cartap Hydrochloride 50%

1.28kg/280l

Foliar blast

Axoxystrobin

0.75l/200l

Leaf folder

Fipronil 5%

0.75l/200l

Sheath blight

Difenokonazol

0.3l/300l

Leaf folder/BPH

Klorantraniliprol 20% +

0.2l/180l

2
3

Water Volume

tiametoksam 20%
Sheath blight

Trifloxystrobin

75g/250l

Tebuconazole
102

4

Rice bug

Fenthion 50%

300ml/300l

Panicle blast

Axoxystrobin

0.75l/200l

Data Analysis
The number of individual insect pest and natural enemies as well as percentage pest
infestation and disease were recorded by visual scoring using quadrat 25cm x 25cm at the day
before spraying and six to seven days after spraying. The data collected where then analyzed
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appropriately by using SAS 9.4 software. The data was statistically analyzed using analysis of
variance (ANOVA) and Duncan multiple range test to test the significance to separate the
means at p<0.05.

% Infestation

Leaf folder

a

20
16
12
8
4
0

Individual…

RESULTS AND DISCUSSION

a

Brown Planthopper
(BPH)

a

a

Manual

Drone

2
0

Manual Drone

Figure 2. Infestation percentage for Leaf Folder and number of insects for Brown

% Disease Incident

Planthopper

Sheath Blight

4.00

a

a

Manual

Drone

2.00
0.00

Figure 3. Disease incident for Sheath Blight and spraying time between drone and
knapsack sprayer
From the study, we found out that there was no significant different on the efficacy of drone
application and knapsack motorized sprayer in controlling insect pests and diseases. This
shows that the effectiveness is similar to knapsack sprayer even though the rate of chemical
used is based on knapsack sprayer application since there are still no pesticides specifically
for drone applications in the Malaysian market. Drones sprayer also required less time for
spraying each plot compare to knapsack sprayer.
CONCLUSION
Both knapsack and drone sprayer used different spraying rate but same concentration. Results
indicated that there was no significant difference on efficacy of between both method in
controlling insect, natural enemies and disease.
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INTRODUCTION
Water is one of the key factors in determining the success of grain maize production [4].
Requirements for grain corn vary according to the type and stage of growth [1,3]. Therefore,
efficient water management is important especially in drought or water scarce areas [3]. In the
context of mass cultivation, rainfed system must be adapted to the conditions and position of
the farm so that costs can be saved while the return is lucrative.
Malaysia's climate
Malaysia is one of the countries which is situated at the tropical rainforest climate. Lies at an
equatorial line that is hot and humid throughout the year, it has the potential to get rain all year
long. The average rainfall in Malaysia is around 2400 mm and the average temperature is 27
degrees Celsius. The rainfall distribution pattern in the west coast peninsula of Malaysia has
two rainy seasons, the northwest monsoon from March to May and the northeast monsoon
from August to November. Between the two rainy seasons, there will be a significant dry
season from December to February. World resources institute (WRI) state that Malaysia
categorized as low in water stress, therefore sufficiently to supply water as resources to
agriculture sector. Utilizing the pouring rainfall due to monsoon season is the best time for
growers to reduce the cost of operation and increase the income.
MATERIALS AND METHODS
The project was carried out using split-plot design with 3 replications, non-irrigation (P0) and
irrigation (P1) were the main plot while time different stages were the sub-plot. The main factors
are divided into two types: non-irrigated and irrigated. Overhead sprinkler was used with
regular watering depending on the daily rainfall. The sub-plot was planting different stage
which is for the first planting season was in August-January 2019 and the second planting was
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in March-August 2020. The corn variety P 4546 from DuPont Pioneer was tested. This variety
was suggested by MARDI due to their yield stabilization and suitable for planting in Malaysia
climate condition. This is in line with the objective of the experiment to see the ability of a hybrid
corn crop to grow under rainfed conditions and only rainwater as a source.
Mechanization was applied during the land preparation. Plough, harrow and rotovating
was applied before planting. Grain corn seeds were planted manually at a planting density of
66,667 plants per hectare. The planting distance was 75 cm between rows and 20 cm between
plants in plot size of 6 m x 10 m where the two row of 1.5 m length both sides as gut row to
avoid border effects from neighbouring plots. Pre-emergence herbicide were applied just after
the planting. To ensure optimum growth of the plants, regular maintenance was carried out
during the plant growth. Observation of pest’s infestation was carried out daily in between 020 days after sowing [2]. Thinning of excess plants was done on the 7th days after sowing
(DAS) while fertilizer was applied on 10 DAS and a total rate of 140 kg N/ha, 100 kg P/ha and
120 kg K/ ha. NPK green fertilizer (15N:15P2O5:15K2O) NPK blue fertilizer (12N:12P2O5:17
K2O) and top dressing with urea at 60 kg N/ha were applied on 30 DAS one-time application
within the planting period. Each plant cob sample was harvested manually. The following data
were taken at sampling time using standard ruler and weighing machine: (i) Plant height, cob
height, number of plants, number of cobs within the crop cutting test (CCT) area which is 5 m
x 3m (15 m²) per plot; (ii) Grain yield is obtained from grain weight from the weight of the dry
cob which is corrected for a percentage of 80% and a moisture content of 14%. Moisture
content is measured using the Agratronix MT-16 grain moisture tester.
RESULTS AND DISCUSSION
Analysis between two main Seasons 1(Mac-August) and Season 2(August-Jan) for NonIrrigation and Irrigation
Analysing seasonal planting, there is a difference between season 1 and season 2 in the
number of cobs at P <0.05. but the results of yield in both seasons are still insignificant.
Possibly cob reduction in season 2, due to excessive rainfall resulting in a decrease in the
number of cobs. An average the results in both seasons are still acceptable. According to the
grain yields bar chart, Seasons 1 is nearly amount to the seasons 2 which is 8.65 t/ha and 7.58
t/ha respectively.
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Figure 1. Comparison of cob and yield between different seasons
Analysis between Non-irrigation and Irrigation
The comparison between non-irrigation and irrigation during the monsoon season does not
show much difference. Grain corn yields on irrigation factor slightly more than yield at blocks
without irrigation. From this data, yield of corn are not significant. From the chart below, the
mean yield is 7.52 t/ha for non-irrigation and 8.73 t/ha for irrigation.

Figure 1. Grain yield Results
CONCLUSION
This study proves that the cultivation of grain corn during the monsoon season can provide
returns even when the irrigation system is not installed. The implementation of planting corn in
the rainy season, farmers need to look at rainfall data in specific areas of the area to grow. It
would appear that ensuring adequate crop water requirement is critical to obtaining and
sustaining high yield in Malaysia environment.
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INTRODUCTION
Hydrophilic-lipophilic balance (HLB) is the balance of the size and strength of the hydrophilic
and lipophilic moieties of a surfactant molecule. The HLB number is usually on a scale of 020. Lower HLB values are an indication of high oil affinity. A high HLB value, on the other hand,
indicates high water-solubility. Determination of HLB value of essential oils (EOs) is a critical
step for the development of nanoemulsion [1] and is according to the fact that minimum droplet
diameter is related to the required HLB and nanoemulsion stability. It is proposed that the most
stable nanoemulsion is the one that is formulated with the HLB of surfactants mixture nearest
to the required HLB of the oil phase [2]. The HLB value of mixed surfactant system was
calculated based on the following equation (1):
HLB = mA x HLB A + mB x HLB B

(1)

mA + mB
Where mA and mB are the mass of the surfactants A and B, respectively. HLB A and HLB B are
the HLB number of surfactants A and B, respectively. Here we described the optimization of
suitable surfactant mixtures based on their HLB values for the development of efficient lemon
myrtle nanoemulsion.
MATERIALS AND METHODS
To determine the required HLB value of lemon myrtle nanoemulsion, different combinations of
surfactant mixture (smix) were prepared (Tween 80 mixed with Span 80, and Tween 20 mixed
with Span 20). Both smix were prepared using different HLB values ranging from 8 to 15 for
Tween 80 and Span 80 smix and from 9 to 16 for Tween 20 and Span 20 smix. Table 1 and
Table 2 below shows the concentration of mixed surfactants needed to prepare the HLB value
based on the equation.
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Table 1. Concentration of Tween 80 and Span 80 smix for the preparation of different HLB
values
HLB

Tween 80 (%)

Span 80 (%)

8

34.6

65.4

9

43.9

56.1

10

53.3

46.7

11

62.6

37.4

12

72.0

28.0

13

81.3

18.7

14

90.7

9.3

15

100

0

Table 2. Concentration of Tween 20 and Span 20 smix for preparation of different HLB
values
HLB

Tween 20 (%)

Span 20 (%)

9

4.9

95.1

10

17.3

82.7

11

29.6

70.4

12

58

42

13

54.3

45.7

14

66.7

33.3

15

79

21

16

91.4

8.6

After preparing the respective smix, 10% (w/w) of lemon myrtle EO were mixed with
10% (w/w) of smix by vortex and constituted as the organic phase. While the aqueous phase
consists of only 80% (w/w) double-distilled water. Each nanoemulsion samples with different
HLB values and surfactant combinations were prepared. A fine emulsion was then prepared
by sonicating the coarse emulsion using an ultrasonic processor at 50% amplitude [3]. After
24 hours, all samples were measured for droplet size and polydispersity index using DLS
(Dynamic Light Scattering) Zetasizer machine. Droplet size and polydispersity index
measurement were repeated every 7 days for 28 days. Samples were stored at room
temperature and also observed visually for any changes such as separation, color changes or
creaming.
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RESULTS AND DISCUSSION
Based on the results in Table 3, the surfactant mixture of Tween 80 and Span 80 showed
optimum HLB with a value of 14. The nanoemulsion was stable for up to 28 days with
consistent droplet size and has a good polydispersity index (below 0.3). Although a surfactant
mixture of Tween 20 and Span 20 mixture produces a smaller nanoemulsion’s droplet size,
the stability of the nanoemulsion solution was only up to 7 days and this is undesirable because
stability is one of the important factors that has to be considered in the selection of surfactant.
Table 3. Comparison criteria between surfactant mixtures
Criteria
1. Stability
(up to 28 days)

(Tween 80 + Span 80)

(Tween 20 + Span 20)

Yes

No

Up to 28 days for all HLB

Up to 21 days only for HLB 9
& 10

2. Polydispersity index

Yes

Yes

Yes

No

(HLB 14)

(HLB 9)

4. Mean droplets size

77.49 ± 3.89 nm

41 ± 7.53 nm

(for selected HLB)

(HLB 14)

(HLB 9)

(0.3 and below)
3. Droplets size consistency
within 28 days
(for selected HLB)

CONCLUSION
These findings proved that the HLB value is an important parameter for selecting the most
appropriate type of emulsifiers to retain long-term stability of essential oil nanoemulsion.
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INTRODUCTION
Food loss and waste (FLW) is a global issue that require attention of all involve in the food
supply chain. About one third of global food production is wasted every year and this is equal
to 1.3 billion of food end up in the waste dump [4]. In Malaysia, food waste is the highest waste
generated everyday which is around 31 to 45% of the solid waste in landfills. On top of that,
SWCorp has recorded that a colossal amount of food was thrown daily by Malaysians which
is 16,688 tonnes of food waste was produced daily [2,5].
The massive amount of food we wasted daily is believe still edible and able to feed
millions of people. Yet it’s been dump and rotten in landfills which also harming the
environment with production of large amount of greenhouse gas (GHG) emission, air and
ground pollution etc [3,4]. The question here is how we can achieve the global objective of
halving food waste by 2030.
Beginning in 2017, MARDI and AIESEC, an international youth-run, non-governmental
that provides young people with leadership development, collaborate in reducing food waste
awareness programme for schools called Clean Our Plate (COP). This program main objective
is similar to MYSaveFood Initiative. It is all about to change people’s perspective to value food
in creative ways and advocate the public on managing their food and unavoidable food waste.
To date, 56 projects was conducted by 618 international volunteers and 103 local universities
students [1].
Through smart partnership, both partners working together to examine the attitude and
behaviours on wasting food among selected secondary school student in Malaysia and the
impact of the awareness programs in educating the students regarding food loss and waste.
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MATERIALS AND METHODS
A survey was developed to study the awareness level of the schools’ students, as well as to
understand their behaviour towards their food. The survey consists of 18 items with three major
sections which includes demographic, attitude/behaviour and information channel. These
questions were measured using Likert scales and ordered in the progression of higher
numbers represent level of agreement.
Surveys were distributed to secondary school students in 13 schools across nine areas
and three states in Malaysia (Pahang, Johor and Klang Valley). A total of 637 students
involved in this survey. Bilingual surveys were distributed to students from age groups
between 13 - 17 years old during a school visit by COP volunteers. This survey has involved
365 females and 272 males. For the analysis, different test, which includes descriptive statistic
and regression analysis were used with the statistical package for social science software
(SPSS). Regression analysis was utilised to identify whether there is a relationship between
mean of students’ awareness about food waste with mean of their behaviour towards their
food and food wastage.
RESULTS AND DISCUSSION
Based on the regression analysis on Table 1, the p-value more than to alpha (0.05), means
that there is no relationship between students’ knowledge about food waste with their attitude
towards their food (meals) and food wastage. It shows that the students’ attitude towards their
meals does not match their knowledges about food waste in Malaysia (Table 1).
Table 1. The regression analysis on the students attitude toward their meals and knowledge

From the result, we discovered that the highest time students waste the food is during
the dinner with the percentage 44.7%. We also found that the reason they waste the food most
is because the portion given to them is big and also not a delectable dishes.
The study also revealed that most of the respondents obtained information about food
wastage from television programmes, Instagram and Facebook with the percentages 66.5%,
41.5% and 29%, respectively. Overwhelmingly, 84.5% of the respondents reveal
advertisements do affect their perception. This is a good indication that continuous awareness
would able to alter people’s perception to value food and change their behaviour towards
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reducing food loss and waste. Overall, the respondents show that they have good knowledge
on this topic and obtained an average of 2.98 ± 0.02. This result indicated that the respondents
have good understanding on how to avoid food waste during mealtime and willing to prevent
food wastage from happening.
CONCLUSION
This study has revealed important observations of knowledge, perception and impact of
awareness programmes to young generation. Since there is no relation between awareness
and behaviour, we should revise and strategies a new approach for food loss and waste
campaign to create impactful awareness programme for the public. Awareness must be work
together with the element of involvement to give great effect to someone’s behaviour.
We also found that younger generation should be feed more information by designated
educational engaging package and implement it as one of syllabus at school. This is a strong
suggestion for Ministry of Education to work together to achieve the global target to halve food
loss and waste by 2030. This study also can be a reference for government for intervention
initiatives to reduce and prevent food loss and waste. Lastly, we believe the important of
continuous awareness and educating younger generation is vital in our fight to reduce food
loss and waste in future.
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INTRODUCTION
The National Agro-Food Policy (NAFP) 2011-2020 has paved the way of promoting fruit
industry by exploiting less-consumed and potentially exploited the health benefits through the
Malaysian Agricultural and Research Institute (MARDI). Due to potential health benefits
towards these new potential value-added of indigenous fruits, MARDI has developed kuini’s
juice drink with prebiotic characteristics. This functional drink that uses kuini pulp as the main
ingredient, has higher total soluble fibre and antioxidant contents. Mirfat et al. (2015) found
that indigenous fruits such as kuini are more likely to be functional products due to its higher
content in the vitamin. Therefore, this study had been carried out to assess consumers’
acceptance towards new functional beverage product from indigenous fruit.
MATERIALS AND METHODS
Data Collection
A total of 100 respondents participated in the survey throughout the Klang Valley using a
structured questionnaires to gather the information.Using convenience sampling, all of the
respondents voluntarily participated in the study. Klang Valley was chosen due to the
recommendations from Kotler and Keller (2006) that marketers must identify three parts in a
sequence of phases to gain market access.
Data Analysis
The collected data were subsequently transferred to IBM-SPSS Version 25 for data analysis.
Descriptive analysis was performed and later followed by inferential statistics, which are chisquare and logistic regression. Chi-square analysis was conducted to investigate any
significant relationships between the respondents’ knowledge of functional ingredients
(prebiotic), consumption of kuini, and the acceptance of the product attributes. Meanwhile,
logistic regression analysis deals with the probabilities that an event will occur The logistic
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regression analysis presented as equation below and each variables are the attributes of
prebiotic kuini juice which are taste, colour, appearance, aroma and viscocity.
Y = β0 + β1 (Taste) + β2 (Colour) + β3 (Appearance) + β4 (Aroma) + β5 (Viscosity)
RESULTS AND DISCUSSION
Kuini Consumption and Awareness of Functional Ingredient (Prebiotic)
Almost 73% of the respondent had eaten kuini and another 27% has never eaten kuini.
Respondent also had been asked on their knowledge towards prebiotic. The results revealed
that about 63% of the respondent were aware of functional ingredient, which is prebiotic and
chi-square test also shows there are significant differences between awareness/knowledge on
prebiotic and level of education (X2=14.886a, df=2, p<0.005). It means the higher education
level, the more knowledge towards prebiotic.
Level of Acceptance Prebiotic Kuini Juice Based on Product Attribute
Consumers’ acceptance level towards prebiotic kuini juice is recorded at 92% of overall
acceptance, followed by taste (90%), colour (89%), aroma (86%), appearance (85%) and
viscosity (59%) (Figure 1). However, for viscosity showed relative low, hence needs improve
formulation.
92.0
90.0
89.0
86.0
85.0

Overall acceptance
Taste
Colour
Aroma
Appearance
Viscosity

59.0
0.0

20.0

40.0

60.0

80.0

100.0

Percentage (%)

Figure 1. Consumers’ acceptance towards prebiotic kuini juice in Klang Valley
Consumers Purchase Intention
Based on the logistic regression analysis, it had been shown that the probability of consumers
who were likely to purchase was 94% which appearance and aroma were the major
contributors of the product attribute. Appearance and aroma also recorded 14 and 16 times
out of not being purchased (p<.05) with every unit increase in these two attributes based on 4
Likert Scale. Besides, almost 88% of the respondents also stated they are willing to change
the existing juice to prebiotic kuini juice.
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CONCLUSION
These findings are important to provide directions to technology generators to improve the
existing food technology as demanded by consumers, as well as reflecting the ‘selling point’
when the product is ready to be commercial. Further research will expand the scopes of the
study with respect to the sample size of consumers from other zones in Malaysia to obtain
more comprehensive outputs. This output will be useful as marketing strategies for industry
players to expand markets in both local and global.
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INTRODUCTION
The world coconut industry is growing rapidly beyond more than 81 countries around the world
covering a growing area of more than 12.3 million hectares and a world production of more
than 61 billion nuts annually. Indonesia, the Philippines and India have been the world's three
largest producer of coconuts since 2010 with 31%, 23% and 19% global share respectively.
Currently, 80% of the global coconut supply comes from Asia where it is an important source
of income for most countries. Malaysia ranks 12th in the world with a production size of almost
one percent (0.8%) of world production after Thailand and Vietnam [1].
In Malaysia, coconut cultivation is the fourth most important agricultural commodity
after oil palm, rubber and paddy. The upstream coconut industry played an important role in
the socio-economic activities of the rural community involving more than 63,550 farmers in
2017. Coconut is also the oldest industrial crop in Malaysia which contributed 0.15% to
Malaysia's agricultural export revenue in 2017 [2]. Coconut production in Malaysia in 2019
recorded 536,605 MT with 80% of it being mature coconut production of 429.3 million nuts.
From this production, it is estimated that the weight of coconut husk is 150.2 thousand MT.
This amount shows how great the potential use of coconut husk to be processed as a product
in turn generates the economy of local entrepreneurs.
MARDI as a research institution has successfully produced MARDI’s cocopeat and coir
coconut extractor machines (M3CE). This machine was developed to process coconut husk
resulting from mature coconut peeling activity. This machine is equipped with a half-cylinder
cover to increase the efficiency of coconut husk processing activities which allows it to process
dry or wet husk at a rate of 500 kg per hour. This machine is very useful for smallholders to
process coconut husk and value add to the product (Md. Akhir et al., 2014). Currently, there
are three entrepreneurs who use M3CE. Figure 1 shows the M3CE used by the operators.
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Figure 1. MARDI’s cocopeat and coir coconut extractor machines
MATERIALS AND METHODS
The evaluation of this study was made empirically through secondary and primary data
obtained by survey designed of quantitatively and qualitatively. A total of four respondents
were successfully interviewed covering M3CE generator and technology users for evaluation.
Two sets of questionnaires were designed suited to M3CE technology for generator and
technology users. Since the number of technology users for this study is very limited then the
case study method is used in describing the impact of this technology.
Basis of assessment for the impact of technology with refered to the economic, social
and environmental impact on technology users. Some variables are used to measure the
impact of technology such as increased revenue, enterprise scale, number of employees,
production quantity, quality, market coverage and value add of products produced. While the
assessment from the economic viability acpect is measured with the following variables; net
present value (NPV), internal rate of return (IRR), break-even period and benefit cost ratio
(BCR).
RESULTS AND DISCUSSION
Using M3CE, technology users managed to earn income from RM1,583.18-RM7,667.30. The
case study conducted shows that the entrepreneur can offer employment to three to seven
employees with an average income of between RM750-RM1000 per month. The economic
impact of M3CE from a financial point of view which includes income to operators between
RM18,000 to RM92,000 per year. The socio-economic impact in terms of job offers to the local
community is worth between RM36,000 to RM120,000 per year. The environmental impacts
with the use of previously discarded coconut coir that avoids pollution estimated a value
between RM9,000-RM34,000 per year. Overall, the economic impact yearly of M3CE on the
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first user is RM76,176, the second user RM245,603 and, the third user RM114,175. Economic
viability analysis is also conducted on this technology. Table 1 shows the detail results of the
M3CE impact case study on the three users of the technology in 2019.
Table 1. Results of the M3CE impact by case study on the three users of the technology
Kuantan

Marang

Cherating

Cocopeat

117.18

305.77

162.45

Coir-Fibre

117.18

305.77

69.62

RM1,583.55

RM7,667.30

RM3,082.00

3

7

3

RM976.50

RM732.64

RM520.00

Coconut grower

RM7,812.00

RM58,584.21

RM21,840.00

Energy Utilization

RM8,400.00

RM14,012.50

RM6,240.00

Tools and Experts

RM1,800.00

RM7,187.36

RM12,000.00

Economic

RM18,313.80

RM92,007.58

RM68,319.46

Community

RM44,766.00

RM120,126.33

RM36,367.50

Environmental

RM13,087.20

RM34,469.82

RM9,489.00

RM76,176.00

RM246,603.73

RM114,175.00

Production (tonne):

Income (RM/month)
Workers
Workers percapita income (RM/month)
Economic value (year):

Technology (year)

Total economic impacts

Assuming the M3CE has operated for 7 hours a day with 6 working days and a
processing capacity of 2 tons of coconut husk per day. Net Present Value (NPV) shows a
positive value of RM13,435 which indicates that this technology can be practiced. IRR rate
shows a value of 18% which is more than 10% indicates this technology is viable to practice.
BCR shows that for every RM1 invested, the return value is RM1.24. Investment to execute
this business will recover capital during the fourth month after the venture. It is expected that
the income that will be earned from this enterprise is an average of RM4,552 per month.
CONCLUSION
The finding it’s clearly indicated that M3CE are seen to be very economically potential for use
by entrepreneurs as well as to be able to utilize coconut waste. Impact study and economic
evaluation of this technology can be used as a guide to further technology upgrading which is
non-stop and beneficial to all stakeholders of the country’s coconut industry.
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INTRODUCTION
The recent development of COVID-19 is driving an uncertain economic situation worldwide
and intensifies the expectation on supply and price hoarding. The movement control order
(MCO) or “stay-at-home” requirement, an action to limit population movement within the
country, has been adopted by many countries including Malaysia, to control COVID-19
transmission. The Malaysian government has gazetted the four-phases of MCO from 18th Mac
to12th May 2020, followed by the Conditional Movement Control Order (CMCO) from13th May
to 12th Jun, and Recovery Movement Control Order (RMCO) until 31st Dec 2020.
The implementation of MCO has indirectly disrupted the food supply chain, affected
agri-food producers, and raised public fear over food price hiking (1). During the early MCO
implementation, the news was circulated on dumping and disposal of food from agri-food
producers and limited logistic services due to inter-state travel restrictions (2). Changes in price
due to the MCO implementation have not been empirically conducted to clarify the real
situation of the food supply chain issues during the MCO. Thus, this study assesses the MCO's
impact on the price of selected fresh food products and illustrates the price volatility.
Comparison between pre-MCO food price and after MCO was analyzed, and the volatility of
price was analyzed for each phase of MCO.
MATERIALS AND METHODS
A total of 47 fresh food products consist of 33 local products and 14 imported products were
selected. Data was collected from FAMA for the period of 2nd Jan to 20th Jun 2020 to represent
the duration of pre-MCO and six-phases of MCO. A paired t-test was carried out to analyze
the difference between the mean price of pre-MCO and RMCO. To evaluate the effect of price
difference among every phase of MCO, the analysis was conducted using ANOVA and the
mean comparison was determined by using the Scheffe test method. All of the analyses were
performed using IBM SPSS 21 software.
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RESULTS AND DISCUSSION
Pre-MCO vs RMCO
The results show that 15 fresh food products (32%) are selling at a higher price than the preMCO period, consisting of 10 local products and five imported products. The highest price
increment is for celery/parsley with RM9.50 price difference, followed by both Thai and local
red chili and cucumber. In contrast, all small onion types (Rose, India, and Thai) show the
biggest price drop range from RM5.60 to RM1.59, followed by ladyfingers. Other fresh food
products display less than RM1 price changes. The relatively high-price products are locally
produced (67%), while most of the imported products decline at 43%.
Table 1. The price difference between pre-MCO and RMCO

*Significant at p<0.05

Price Volatility during MCO
Based on ANOVA results, only 20 fresh food products are volatile in price that consist of 12
local food products and eight imported food products. Most fresh foods experienced a price
rise during the 2nd and 4th phase of MCO. Among the reasons is the difficulty of agri-food
producers selling their products (91%) due to disrupted marketing channels (58%) and logistic
issues (13%). Although most fresh products show decreasing price trends, the government
needs to monitor the price of selected products that showed a continuous increment in price
to determine the possible cause, whether it is due to a supply or demand disruption or merely
juat a speculation. Price monitoring should be done continuously, at least until the COVID-19
pandemic is under control. This could encourage the agri-food producers' to produce and
market consistently.
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Table 2. ANOVA of mean price by MCO phases

Means with the same letter are not significantly different at p<0.05

CONCLUSION
Most of the products are in the “recovery phase” since the RMCO, slowly decreasing in price
towards the pre-MCO. Thus, price changes are probably temporary, except for celery,
cucumber, and both local and imported red chili.
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INTRODUCTION
The pandemic of coronavirus disease COVID-19 has spread rapidly across the world, shaking
lives and livelihoods. The full effect of the virus on food security and agricultural food systems
is not yet known and is not expected to be determined for months to come. FAO statement [1]
acknowledged that what was real is that it would have, and already has, substantial negative
effects on people along the food supply chain – from farmers to manufacturers, marketers,
transporters and customers. The agriculture sector also needs to be significantly safeguarded
in order to protect the well-being of farmers, breeders, fishermen and workers who are usually
low-income earners [2].
Malaysia was facing a pandemic of COVID-19 in March 2020. In this situation, the
Malaysian government introduced the Movement Control Order (MCO) and later the
Conditional Movement Control Order (CMCO). Upon this, a survey by the Malaysian
Department of Statistics [3] at the end of March 2020, find out 52.6 per cent of Malaysians had
monetary difficulties due to the pandemic. The Malaysian Ministry of Agriculture and Food
Industry (MAFI) is therefore taking the initiative to evaluate the effect of MCO and CMCO on
the agricultural sector. Objectively, this study provides an overview of the current economic
environment during MCO and CMCO, which have had an effect on the agricultural supply chain
and food supply following the implementation of MCO and CMCO.
MATERIALS AND METHODS
This survey was conducted in two phases: online during the 3rd MCO (17 April 2020-28 April
2020) and face-to-face survey (by the MAFI government agency) during the 1st CMCO (20
May 2020-12 June 2020). The data was obtained using a mixture of online and traditional
methods. The online survey was carried out using the google form during the 3rd MCO and
later using the questionnaire during the 1st CMCO. The survey was done in two phases, as
the first survey focuses more on defining the problem that exists during the MCO in general.
Later, the second survey seeks to understand the implications move that has been undertaken
in the short term to find out what really happened to our agriculture sector, especially in the
supply chain. Descriptive statistical procedures have been used for measurement with a
concentration on the use of frequency and percentage.
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RESULTS AND DISCUSSION
In the 1st survey, the total number of respondents was 1,733 people, and the 2nd survey with
507 respondents. Respondents are categorised into four clusters: Crops (39%), agro based
industry (28%), livestock (15%), and Fisheries (10%). For the second survey, most
respondents come from the fishery cluster with 36% of the respondents, followed by 26% from
crop cluster, processed food (16%), and livestock (7%). The majority of the respondents
engaged in the study were youth between 31 and 40 years old (35%) in the 1st survey, and 41
to 50 years old (27%) in the 2nd survey.
Results of the study revealed that the producer has difficulty in marketing their
agricultural produce and products (91.1%), specifically those involved in the Crop & Fisheries
cluster. Results from the 2nd survey show that the market situation is getting better. Fewer
percentage of the respondents have reported the difficulty in selling agricultural products (51%
compared to 91% in the 1st survey) as in Figure 1.

MCO

CMCO

91.1%
51.6%
34.0%
16.2%
Overall

Food crops

13.9%

4.1%

Agro base
industry

9.2%

16.6%

Livestock

26.6%
8.8%
Fishiers

Figure 1. Difficult to be operative
Although the manufacturer was faced with the marketing problem, 68.4% of them
were able to operate normally, but 17.2% were operating at a minimum level of production
(low-average level of production). In the 2nd study, those still in business increased to 78.1%
compared to 68.4% in the MCO. However, those operating at a minimum level of production
have increased to 40%, indicating a declining number of agri-food producers operating their
business as normal (Figure 2 & 3).
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Figure 2. Operation status
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40.0%

MCO
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Figue 3. Producing at a minimum production level
The manufacturer was actively engaged in the online marketing platform or the cashon-delivery method (68.8%) to survive the catastrophe. Although the use of e-commerce has
increased and assisted agri-food producers to attain their business in the early phase of MCO,
e-commerce users among them are getting smaller (only 27.1% during CMCO) as they have
shifted back to the conventional marketing channel.

MCO

CMCO

68.8%

27.1%

25.7%
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Overall

Food crops

10.5%
3.1%

6.9% 6.3%

20.0%
7.9%

Agro base
industry

Livestock

Fishiers

Figure 4. Using an e-commerce platform
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CONCLUSION
The study concluded that some action needs to been taken to ensure undisrupted domestic
supply chain and to avoid product disposal at the beginning of the pandemic. The government
need to facilitate cash financial capital assistance, enforce contract farming, encouraged to
continue the use of the digital platform and explore new market, thus allowing them to enhance
product competitiveness and acquire additional profit.
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INTRODUCTION
Grain corn as an animal feed is the most crucial component of Malaysian's livestock industry
as it plays a significant role as one of the primary protein sources, especially for chicken, cattle,
goats, and fish. Our expenses to import grain corn in 2019 reached the value of RM3.09 billion
which nearly 100% of domestic consumption. According to the Ministry of Agriculture and Food
Industry (MAFI), the amount was estimated to increase at 10 percent increase per years. The
dependency on the imported corn was almost 100%, creating risk and uncertainty to the
national livestock industry; if we keeps relying on imported grain corn for the next 9-10 years
onward.
Furthermore, the demand for grain corn would be increasing globally and was expected
to double by the year 2020 (MAFI, 2019). Realizing the importance of locally animal feed
production, MAFI needs to set up the production of grain corn to lower our dependency on
import grain corn. According to Food and Agriculture Organization (FAO), Indonesia was the
largest grain corn producer among ASEAN countries in 2017, with an annual production of 9.6
million metric tons, followed by the Philippine (7.8 million metric tons), Vietnam (6 million metric
tons) and Thailand (4.7 million metric tons). This study aims to (i) evaluate the development
and sustainability of the grain corn industry in Indonesia (fact-finding mission) and (ii)
benchmark the Indonesian grain corn industry from the aspect of socioeconomic, agronomic
and mechanization technology practices, public sector's contribution, and government policies.
MATERIALS AND METHODS
The Fact-finding mission was intended to discover facts about the Indonesian grain corn
industry from a macro perspective (Figure 1). While benchmarking was done to measure the
Indonesian grain corn industry which benefits the establishment of the Malaysian grain corn
industry.
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Figure 1. Fact-finding and benchmarking the Indonesian grain corn industry
RESULTS AND DISCUSSION
The result shows that the policy by the Indonesian government came out by Governor of
Lamongan which had boosted the Indonesian grain corn industry to become the largest grain
corn producer in ASEAN and 7th in the world in 2018 (FAO, 2019). Furthermore, it was
highlighted that the success story begins when the Indonesian government has developed the
Lamongan District to be the largest grain corn sample farm of 100 ha which applies good
agronomic practices, with an average production of 9.3tons/ha as compared 5.2tons/ha
previously. The private sector plays a major role in providing the inputs for the seed industry
hence produce better seed which creates a competitive grain corn seed industry. It was a kick
start for the industry as the good quality seed could produce a higher yield. The R&D institution
was known as the Indonesian Cereal Research Institute (ICERI) also involved in breed of grain
corn by introducing a 41-grain corn seed hybrid variety that contains special characteristics.
The benchmarking results show in Table 1 below.
Table 1. Benchmarking Malaysia and Indonesia grain corn industry
No

Benchmarking
Indicator

1

Cropping area (ha)

2

SSL (%): 2018

3

Local variety

Malaysia

Indonesia

6,800 ha (DOA 2019)

6,000,000 ha (Kementan, 2019)

5%

100%

Government: 1 (PutraJ-58UPM)

Government: 41

Private: >10 varieties

Private: >10 varieties

Green World Genetic (GWG),
4

Seed production

Charoen Pokphan (CP),
Monsanto, Sygenta

5

Yield (ton/ha): Average

Corteva Agriscience, Bisi
Indonesia, Monsanto, Sygenta

5.3 tons/ha (DOA, 2017)

Indonesia: 5.25 tons/ha

6 tons/ha (MARDI, 2019)

Lamongan: 9.3 tons/ha
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30.1 million metric tons

6

National production

7

World production ranking

-Nil-

8

Labor force (Farmers)

-Nil-

9

Humidity (%)

81%

48%

30%

<20%

10

11

12

Post-harvest moisturizing
content (%)
Land preparation and
planting cost (RM/ha)

Seed (RM/kg)

36,000 metric tons (DOA, 2017)

Plowing (piring, sikat & putar) :
RM 975.00/ha
Planting: (Gaspardo) RM350/ha
RM300/ha
(20kg x RM15/kg)

(Balitsereal, 2018)
9th (FAO, 2013)
7th (FAO, 2017)
7,600,000 (Badan Pusat
Statistik, 2011)

Mechanization: Rp 1,200,000/ha
(RM348/ha)
Convensional: Rp 400,000/ha
(RM116/ha)
Free (Government support)
Rp75,000-Rp85,000 (RM2124/kg)
Wet: Rp3, 700-3,900/kg

13

Ex-farm price (RM/kg)

RM0.90/kg (MC 14%)

(RM1.10 - RM1.15/kg)
Dry: Rp4, 600-4,700/kg
(RM1.36 - RM1.39/kg)

14

15

16

17

Production cost (RM/kg)

Production cost (RM/ha)

Net margin (RM/ha)

Labor cost

RM0.71/kg (DOA, 2018)
RM0.83/kg (MARDI, 2019)
RM3, 800 (DOA, 2017)
RM5, 024 (MARDI, 2019)
RM970 (DOA, 2017)
RM376 (MARDI, 2019)

Rp1, 362 (RM0.40)
Yield 10.8 tons/ha (Dinas
Pertanian, 2019)
Rp14, 717,500 (RM4, 359.59)
Yield 10.8 tons/ha (Dinas
Pertanian, 2019)
Rp25, 242,500 (RM7, 476.55)
Yield 10.8 tons/ha (Dinas
Pertanian, 2019)

Local: RM1000-1500/month

Rp100, 000/day

Foreign: RM600-900/month

(RM29/day)

CONCLUSION
The success story of the Indonesia grain corn industry, who becomes 100% self-sufficiency
level (SSL) has provided some benchmarks which could be adopted in Malaysia. As seed was
the most important inputs in producing a good yield, the development of the local seed should
be established as well as agronomic practices with the support of mechanization technology
to establish and revitalize our Malaysian grain corn industry in the future.
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INTRODUCTION
Malaysian fruit tree genetic resources consist of more than 100 species. There are tropical
fruits among these species, including indigenous fruits that are considered underutilized. In
2018, Sabah and Sarawak represented 54% of total crop areas and 24% of total producers of
indigenous fruit. Dabai has the largest crop area and leading the total production of indigenous
fruits in Malaysia indicating 29% share of the total land area and 15% of total production (2008).
Kuini (15%) and sour soup (8%) are listed the other top largest crop area. However, these
fruits commonly are overlooked and regarded as less prestige fruit and nutritionally inferior due
to lack of awareness on their benefits. Subsequently, this study identifies consumer
sociodemographic of indigenous fruits consumers by focusing in Sabah and Sarawak.
MATERIALS AND METHODS
Data was collected using questionnaires using face to face interviews and involving a total of
500 respondents. The study locations were Sabah and Sarawak, included both urban areas
such as Kuching (n = 125) and Kota Kinabalu (n = 125) and rural areas such as Kota
Samarahan (n=125) and Tawau (n = 125). Logistic regression was applied to determine the
factors that explained indigenous fruits consumption. The logistic equation did not directly
predict the values of the dependent variables. It predicts the odds of an outcome of a
categorical variable based on one or more predictor variables. A categorical variable is one
that can take on a limited number of values, levels, or categories, which are always between
0 and 1, unlike Linear Regression. The Dummy logistic regression model was selected for
multiple dependent variables (Y) which represents consumption behaviour (“Y = 1” for
consume and “Y = 0” for saying no). Logistic regression is a statistical model that in its basic
form uses a logistic function to model a binary dependent variable. The dependent variable (Y)
is the consumption of indigenous fruits and the probability of saying 'YES' is one (1) while the
probability of saying 'NO' is zero (0). The explanatory variables examined in the study were
selected socioeconomic factors including gender, education level, household income and age.
The logistic regression model is given as below:
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ln

ṕ
1-ṕ

= b0 + b1X1 + b2X2 + b3X3 + b4X4 + Ԑ

(1)

where;
b0 = intercept
bn = coefficient logistic x
X1 = gender
X2 = education level
X3 = household income
X4 = age
The larger the values indicate more accurate model. Cox-Snell R2 value cannot reach
1 and Nagelkerke R2 was modified to increase the Cox-Snell R2 to make one a possible value
for R2 (Hosmer and Lemeshow 2000; Nagelkerke 1991). Regression coefficients are generally
estimated by Maximum Likelihood Estimation (MLE) technique. The slope coefficient is
interpreted as the rate of change in the log odds as independent variables change. The odds
ratio is the probability of the event divided by the probability of the non-event. Odds ratios equal
to one means that there is a 50/50 chance that the event will occur with a small change in the
independent variable. Gender, education level, household income and age are identified as
independent variables in the indigenous fruits consumption model.
RESULTS AND DISCUSSION
Logistic regression explained the direction of the relationship between a predictor and the
response variable. Table 1 shows the results of logistic regression model of indigenous fruits
consumption.
Table 1. Logistic regression result
B

S.E.

Sig.

Exp (B)

Gender

– 0.021

0.277

0.940

0.979

Education level

– 0.380*

0.212

0.073

0.684

0.246

0.206

0.233

1.279

Age

0.456**

0.184

0.013

1.578

Constant

1.528

0.627

0.015

4.608

Household
income

-2

Log Nagelkerke

likehood

R2

105.088

0.440

*Significant at 0.1 level
**Significant at 0.05 level
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Nagelkerke R2 was used to explain the variance which indicated that the model
explained 44% of the variance in indigenous fruits consumption. Four independent variables
were included to explain indigenous fruits consumption. Age was positively related (B = 0.456)
to indigenous fruits consumption and was significant at 0.05 level. The value of an odd ratio
being more than one meant high impact for the consumption of the fruits which was 1.6 [Exp
(B) 1.578] times greater for the consumption with one-year old increase. The figure showed
that elders were most likely to consume indigenous fruits. However, education level was
negatively related (B = 0.380) and significant at 0.1 level. The value of an odd ratio for the
education level lower than 1 gave small impact to indigenous fruits consumption and showed
that the factor lowered the consumption of the fruits to 31.6% [(Exp (B) 0.684)]. The data
indicated that respondents with lower education consumed more indigenous fruits.
CONCLUSION
The indigenous fruits consumption in Sabah and Sarawak was still relevant despite
competition from premium fruits. The market was in fresh and value- added products,
particularly for tarap, kuini and dabai. This study indicated that the older and low educational
respondents most likely consumed the fruits.
Further, R&D is advisable and recommended on nutritional awareness of indigenous
fruits to encourage people to consume the fruits and contribute to a healthy society. Attention
should be given to minimal processing which has been applied for premium fruits due to
change in the lifestyles and small family size. Technology should be enhanced in the
diversification of indigenous fruit products to increase the productivity of Small and Medium
Industries (SMEs) besides boosting the income of entrepreneurs and providing job
opportunities to locals.
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INTRODUCTION
Floriculture is a type of horticultural practices focuses on cultivating flower and ornamental
plants for gardens, as well as for commercial use that offers a wide range of products including
cut, dried flowers and leaves. Increase the world demand and market is expected to continue
at a growth rate of 6% per annum [1]. The projection of national flower production expected to
growth of 6.2% annually from RM468 millions (2010) of cuts and pots until year 2020 [2]. In
line with the increase in total crop area, the total production increased from 498 million (2014)
to 524 million in 2018 [3]. Similarly, exports value increased by 36.7% from 2014 to 2017, while
imports value declined slightly in 2015. Therefore, this study aims to identify the financial
viability of the two species of flowers that were produced at pre- commercialization level
including the calculation of production costs. The consumer’s perception was conducted to
identify the preference of new ornamental and orchid’s plants produces by MARDI by randomly
sampling towards local consumers, foreign consumers and local nursery operators.
MATERIALS AND METHODS
Data Collection and Data analysis
A combination of qualitative and quantitative approaches was carried out using questionnaires,
focus group discussions (FGD), and face-to-face interviews. Production cost data was
collected at plots under Kuala Lumpur City Hall (DBKL) and SP Setia. A total of 600 local
consumers, 104 local nursery operators, and 83 foreign users were involved. Survey for foreign
user was conducted using online form and blast through floriculture community media social
platform. Statistical analysis was used to describe the descriptive, cost structure analysis and
income statement analysis for the viability products.
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RESULT AND DISCUSSIONS
Local consumer’s Perception
The majority of local consumer prefers Arundina and Multispecies (76.19%) (Figure 1).
Comparing to nursery operators, small scale nurseries were more preferred Multispecies
(60.9%) while medium scale prefer Arundina orchid (40%) (Figure 2). Both Arundina and
Multispecies were identified as the most preferred floricultural products in Malaysia, either

Percentages, %

consumers or nursery operators.
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Figure 1. Local consumer’s preference towards floricultural products
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Figure 2. Preferences on Multispecies and Arundina orchid by nursery operators
Foreign consumer’s Perception
Survey was conducted via online and the result shows Dendrobium Bdmahan orchid showed
the most preferred product (82%), followed by Arundina Mentari orchid (74%). Meanwhile,
Arundina Suria only 43% of respondents preferred and majority (62%) liked multispecies
plants.
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Figure 3. Orchids: Foreign user preferences
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Figure 3. Multi-species: Foreign user preferences
Cost of Production of Multispecies and Arundina Orchids
The production cost for Multispecies was RM 22.60/tray and the net profit was RM 2.40/tray
out of RM 25/tray selling price. The Benefit Cost ratio (BCR) indicates a ratio above one
indicates that investment is profitable. Net Present Value (NPV) for 5 years is RM 23,720.75
as mentioned in Table 1. The payback period (Payback Period-PP) is the capital repayment
period is 1.7 years for multispecies plants.
The production cost for Aundina Orchid was RM 14.29/pot out of RM 20 selling price
and net profit was RM 5.71/pot. The Benefit Cost ratio (BCR) indicates a ratio above 1 indicates
that investment is profitable. Net Present Value (NPV) for 5 years is RM 38,569.66 for future
discounted at the cost of capital, minus the initial cost of the project. The payback period
(Payback Period-PP) project return is 2.02 years for Arundina orchid plants.

587

Table 1. Cost of production of Multispecies and Arundina Orchids (100m³)
Indicators

Multispecies

Arundina Orchid

Net income (RM/year)

RM 13,431.0

RM 14,982

Sale price (RM)

RM 25 (tray)

RM 20.00 (pot)

Production cost (RM)

RM 22.60

RM 14.29

Net profit (RM)

RM 2.40

RM 5.71

RM 23,720.75

RM 38,569.66

59%

98%

1.24

1.42

1.66

2.02

Financial Analysis
Net present value (NPV)
@ 10%
Internal rate of return
(IRR)
Cost benefit ratio (BCR)
@ 10%
Payback period

CONCLUSION
As a conclusion, the native and exotic plants developed by MARDI have the potential to
developed and suitable for landscape rather than use only for ornamental plant before.
Financial analysis shows that the production cost for Arundina Orchid and Multispecies plants
was low with high returns. Values of viability measurement such as NPV, IIR and BCR shows
positive indicators and can ensure profitability in the short term. In line with consumer
preference as a guidance to produce in mass production for local and global market.
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INTRODUCTION
Evaluation of the use of rice production inputs and the relationship between the use of water,
land and labour in the rice crop sector to assess the effectiveness of subsidised inputs by
farmers in the countryside as well as the impact of subsidies on increasing the yields and
farmers' income is always essential. However, the dependability on the subsidies as well as
semi-mechanisation practices should be in government consideration to continue to rely on for
the near future. It is because the intensification of rice production in Malaysia is strongly related
to the efficiency and productivity level alongside technological advancement [1].
Furthermore, the instability in rice production that frequently occurred in the last
decades will increase the risks among the farmers in the vulnerable and uncertainty
environmental factors [2,3]. Thus, the technological advancement should be able to cope with
the uprising of externalities to ensure the sustainability in rice production of the country
alongside the efficient use of factor inputs in rice production. Therefore, the general objective
of this study is to evaluate the economics of inbred rice in the granary areas and particularly
to identify factors that influence the country's crop yield gap and assess the impact of inputs
on rice production.
MATERIALS AND METHODS
This study was conducted on 77 farmers in two areas, namely, IADA Pekan and IADA Rompin.
Respondents were selected using stratified convenience sampling methods by area, region
and zone. Extensive information on production costs and the particular details of respondents
activities in rice cultivation were collected through questionnaires. The survey was carried for
two planting seasons, the off-season of 2018 and the main season of 2019/2020. The face-toface surveys were carried out by the cooperative agencies of IADA Pekan and IADA Rompin
staff appointed according to the areas. The data were analysed using descriptive methods to
get a broad overview of respondents ’profiles and fields.
The technical efficiency (TE) analysis was performed using the Cobb-Douglas
production function method using FRONTIER 4.1. The level of efficiency can be categorized
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into four levels in which < 25% is considered very low, 25 - 50% low, 50 - 75% moderate and
high efficiency is when the value >75%. A multiple regression analysis was also performed to
identify factors that influenced the yield of each granary. The estimated coefficients of the
Cobb- Douglas function were used to calculate the elasticity (ε) value of the whole area. The
calculation of these elasticity values was to determine the category of return of each field
according to three categories [4] as shown below:
• The increasing return to scale that is when the value is ε >1
• The constant return to scale is ε = 1
• Decreasing return to scale of ε <1
RESULTS AND DISCUSSION
The regression model was significant, with an F value of 4.364 value and the measured
variables included in the regression model accounted for 49.7% (Adjusted R2 = 0.497) for IADA
Pekan. There were three significant input variables, namely, area (β-coefficient = 0.550), seeds
(β-coefficient = – 0.333) and fertilizers (β-coefficient = 0.321). Negative coefficient values
indicated that they were contrary to the expected outcome. It was found that a 1% increase in
the number of seeds in cultivation indicated a 0.333% decrease in the yield. However, if there
was a 1% increase in area and fertilizers, there will be an increase of 0.550% and 0.321% in
yield respectively (Table 1). The TE in IADA Pekan was found to be 76.7% ,which was at a
moderate level with an elasticity of ε = 0.92. The value of less than one indicated that rice
cultivation in Pekan was in decreasing return to scale. In other words, for every 1% increase
in input in this area, there was less than 1% increase in revenue.
Table 1. Cobb-Douglas production function and TE of IADA Pekan & Rompin
Model

IADA Pekan

IADA Rompin

β

Std. error

Significance

β

Std. error

Significance

(Constant)

8.192

2.043

0.002***

– 4.103

2.293

0.117

Ln_area

0.550

0.199

0.017**

0.12

0.152

0.453

Ln_seed

– 0.333

0.139

0.034**

– 0.481

0.332

0.191

Ln_fertilizer

0.321

0.124

0.024**

0.278

0.185

0.178

Ln_pesticide

– 0.084

0.125

0.515

– 0.159

0.105

0.175

0.045

0.191

0.817

2.115

0.276

0.000***

Ln_labour
F value
Adjusted R2

4.364**

14.513**

0.497

0.849
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TE*
Elasticity, ε

76.7%

83.9 %

0.92 (Decreasing return to scale)

1.5 (Increasing return to scale)

Note: ***Significant at 1% **Significant at 5% *Significant at 10%

As can be seen in Table 1 the results shown in the Cobb-Douglas production function
finding indicated that seed was negatively significant with yield for IADA Pekan. Further, the
results show that an input variable of labour (β-coefficient = 0.045) was significant at 1% while
(β-coefficient = 2.115). A positive coefficient value indicated that there would be an increase
in rice production in the event of a percent increase in labour input. In other words, a 1%
increase in the use of labour in this area in any of the relevant rice cultivation phases would
indicate an increase of 2.1% in rice yield in IADA Rompin. Technical efficiency in IADA Rompin
was at a relatively high level (83.9%) with an elasticity of ε = 1.50. Values of more than one
indicated that rice cultivation in Pekan provided an increasing return to scale condition. In other
words, for every 1% increase in input in this area, there will be more than a 1% increase in
yield.
CONCLUSION
In IADA Pekan, the average increase in production can be achieved by increasing fertilizers
and growing areas, while at IADA Rompin, increasing labour inputs positively impacted yields.
However in IADA Pekan, the increase will not give the constant return to scale but with the
average farm efficiency at moderate efficiency (76.7%) there was still room of yield
improvement by additional inputs although the elasticity value of less than 1 (ε <1), implied that
the returns will decrease return to scale. While at IADA Rompin the efficiency value was higher
at 83.9% and the elasticity value was greater than one, which showed an increasing return to
scale. Increasing one input unit will increase output by more than one. Thus, farmers need to
be more efficient in managing inputs that will increase the average rice yield.
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INTRODUCTION
Poultry such as chickens and ducks are the main source of protein for Malaysians. It was the
most popular and cheapest sources of protein in the country. The cheaper price makes it
affordable at any level of society, whether in group B40, M40, or T20. The poultry industry in
Malaysia is quite impressive where the self-sufficiency level (SSL) was more than 100%. In
2019, the SSL is 103.95% [1]. The poultry production reached 1.7 million metric tons with an
ex-farm value of RM12.4 billion [1]. Per capita consumption (PCC) of poultry for meat is 50.7kg
per year [1]. The PCC is among the highest in the world on par with developed countries. This
consumption is increasing every year, showing that the demand for chicken is a very
encouraging and an important protein in the daily menu of Malaysians. This industry also
contributes to the role of a highly multiplying economy from the primary industry to the culinary
services industry. Malaysia is a net exporter of chicken and chicken-based downstream
products since 1983 where the main importer countries are Thailand, Singapore and Brunei.
For chicken, the cost of production per unit is estimated at RM4.26 each [2]. The cost
structure showed the highest percentage of 66% came from the animal feed. Hence, the
increase in feed costs will affect the operating costs of the farmers as well as reducing the
profit margins and ultimately affect the end-users. The basic poultry feed formulation was at
55-63% in using grain corn [3] and stated that 80-90% was gained for the main source of
energy as high oil and starch content can produce high metabolic energy values. Malaysia has
been importing grain corn for animal feed in more than 50 years. The imports value of the
national grain corn in 2019 is RM1.50 billion with a metric value of 1.7 million tonnes [4].
Previous price trends and future projections indicate a sharp surge and price volatility. As a
major importer of grain corn from the global market, world price changes will affect the cost of
producing chicken in the country resulted higher retail price of chicken in the market. Thus, this
study was conducted to estimate the impact of local chicken price cause by an increase of
price for the grain corn.
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MATERIALS AND METHODS
Ordinary Least Square method (OLS) and forecasting analysis models was used with a timeseries data within a period time of 1985 to 2018 to estimate the impact. The data was obtained
from several sources such as FAOSTAT, Department of Veterinary Services, Department of
Statistics and Federal Agricultural Marketing Authority (FAMA). The OLS method was used to
examine the relationship between several factors such as chicken price wholesale (CPW),
grain corn price (GCP), an exchange rate (ER), the export of chicken (EXP), import of chicken
(IMP), oil price and chicken per capita consumption (CPC) towards chicken’s retail price (RCP).
The model estimation is specified as below:
RCPt = β0 + β1CPW + β2GCP + β3ER + β4EXP + β5IMP + β6OP + β7CPC + µt
Where:
RCP

: Retail Chicken Price

CPW

: Chicken Price Wholesale

GCP

: Grain Corn Price

ER

: Exchange Rate

EXP

: Export

IMP

: Import

OP

: Oil Price

CPC

: Chicken Per Capita Consumption

β0

: Constant

β1 , β2

: Coefficient

µt

: Error terms

Once all the parameters were estimated, the projection of future values of the
exogenous variable can be commenced. For this purpose, a simple extrapolation model was
used to project most of the values. The estimated coefficient from the regression, will then be
used in the forecasting model. The entire model is set to make a forecast from year 2019 till
2033 due to the availability of data. The three scenarios are imposed in 2021 which is consist
of (i) reduced by 20% in corn price, (ii) increased by 20% in corn price and increased by 50%
in corn price. The forecasting process is done by using the Excel Spreadsheet.
RESULTS AND DISCUSSION
Before OLS was carried out, several assumptions need to be met such as linearity, normality,
independence of the error term and heteroscedasticity as well as multicollinearity tests
(situations where two or more independent variables in multiple regression are highly linearly
correlated). From the seven independent variables, three were dismissed (CPW, IMP and
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EXP) due to multicollinearity while there was no heteroscedastic in the model. Table 1
summarized the results of the OLS analysis which reveals that the chicken retail price is highly
influenced by the crude oil and chicken consumption per capita at a 1% significant level while
grain corn price at a 5% significant level. The value of the adjusted R2 = 0.906, indicates that
90.6% of the variance in the retail price of chicken is explained by the price of grain corn, oil
price and per capita consumption of chicken.
Table 1. OLS for Retail Price of Chicken
Coefficientsa
Unstandardized

Coefficients

Standardized

Collinearity

Statistics

Tolerance

VIF

Coefficients
Model
1

B

Std. Error

Beta

t

Sig.

23.144

.000

(Constant)

6.288

.272

GCP

.158

.086

.281

1.838

.076

.122

8.172

ER

.126

.088

.098

1.432

.163

.608

1.644

OP

.101

.038

.300

2.692

.012

.230

4.339

CPC

.263

.082

.375

3.214

.003

.210

4.767

a. Dependent Variable: Chicken Retail Price
Model Summary
Model

R

R Square

Adjusted R

Std. Error of the Estimate

Square
.958a

1

.917

.906

.07208

a. Predictors: (Constant), Consumption Per capita Chicken, Exchange Rate, Oil Price, Grain Corn Price

The estimated coefficients were then being included in the forecasting model. The
impact analysis was valued within all the three scenarios mentioned just now. Figure 1 shows
the forecasted chicken retail price from 2010 to 2033. By using all three scenarios, different

Price/MT

price line of chicken was forecasted and in comparing to the baseline scenario.

16,000
14,000
12,000
10,000
8,000
6,000
4,000
2,000
0

Chicken Retail Price (Baseline)
Chicken Retail Price (20%)

Chicken Retail Price (-20%)
Chicken Retail Price (50%)

Figure 1. Forecasting result on retail chicken price due to changes in grain corn price
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Table 2 showed an estimated retail price for chicken in different scenario. Under
scenario 1, where the grain corn was reduced by 20%, the retail price of chicken was
decreased by 24% from RM10.50 to RM8.03 per kilogram. In different scenario, where the
grain corn price rise by 20%, the retail price of chicken was increased by 32% from RM10.50
to RM13.90 per kilogram. The same estimation showed if the price of grain corn rises by 50%,
the retail price of chicken was also stated to increase by 36% from RM10.50 to RM14.30 per
kilogram.
Table 2. Average forecast value of retail chicken price due to grain corn price
Expected chicken prices by 2033 (RM/kg)
Chicken Retail Price (Baseline)

10.53

Chicken Retail Price (-20%)

8.03

Chicken Retail Price (20%)

13.89

Chicken Retail Price (50%)

14.29

CONCLUSION
The results of this study prove that the price of imported grain corn had a significant impact on
the retail price of chicken. Hence, it can be concluded that our dependency on imported grain
corn especially for poultry industry might highly affected the price of the chicken in the market
as twice as the current price whenever the corn prices was increased. However, this was not
the only factors that affect the retail chicken price, the other two factors were identified such
as an increase in demand and price of petrol. These three significant variables should be used
as a guide to the government or policymakers to re-evaluate the country's strategy in
controlling animal feed prices and stabilizing the retail price of chicken.
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INTRODUCTION
The population of Malaysia increased from around 32.4 million people in 2018 to 32.6 million
people in 2019 [1]. Approximately 76.6 percent of the Malaysian population are estimated to
live in urban areas [2]. Statistics showed that around 56 percent of the population in the urban
areas comprised of the Bottom 40 (B40) income group. As mentioned by Denison (2016),
some households living in this location are earning less than RM2,537.00 a month and below
[3]. This group spent between 50 and 70 percent of their income to buy food that caused them
to face the ‘urban poor’ phenomena [4]. Besides that, the lack of knowledge found in society
is due to agriculture’s ever-changing role in society. Youth today have limited knowledge about
agriculture [5].Theoretically, the benefits of reliable awareness will increase and sustain
participation in urban agriculture [6]. All these factors indirectly affect the social, economic, and
agricultural sustainability of the country. In response to these issues, urban farming is seen as
an ideal approach to overcome this scenario. Therefore, this study aims to identify the
effectiveness of urban farming in reducing the cost of household expenses and evaluate the
effectiveness of the urban farming module on raising awareness among the young generation
(students).
MATERIALS AND METHODS
Data Collection and Data analysis
A combination of qualitative and quantitative approaches was carried out through the use of a
questionnaire, focus group discussion (FGD), and face-to-face interviews. A total of 88 urban
community members, 256 students, and 37 coordinating teachers (Reka Bentuk & Teknologi,
RBT subject) were involved in activities related to urban farming programs. Statistical and
Descriptive analysis employed to describe the percentages for demographic profiles among
segment community and student. It helps us to gain a better understanding of the aspects of
social structure and social relations of the respondents in this study. Besides Paired T-Test
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was used to determine whether there were any significant differences between sample means
of household expenses and five indicators (understanding, concern, awareness, adaptation,
and quality of time) focused on before and after they practise urban farming.
RESULT AND DISCUSSIONS
Community Segment
The majority of active participation among the community: aged 51-60 years old (29%) (Fig 1).
This study revealed that aquaponics is the most widely used method within the community and
seen as the most efficient approach (45.5%) (Fig 2). Analysis proved that there was a
significant reduction of RM 66.07 per month or RM792.00 per year on average in which
signified a positive impact of reducing household expenses of 5 people, also for the target
audience, urban-poor (Table 1.0). Thus, this study demonstrated that the urban farming
community programmed can reduce the cost of household expenditure (vegetables or fruits)
by at least 45.56%.

Percentage

Application Of Urban Farming Technology
45.5

60.0

25.0

40.0

21.6

23.9

Verticalfarming

Fertigation

20.0
.0

Hydroponic

Aquaponic

Urban Farming Technology

Figure 1. Age of the urban

Figure 2. Application of urban farming

community

technology by urban farming community
Table 1. Paired T-test analysis
Paired T-Test
Paired Differences
95% Confidence

Mean

Std.

Std. Error

Interval of the

Deviation

Mean

Difference
Lower

t

df

Sig. (2tailed)

Upper

Estimated
expenses for
vegetable

-66.07 141.32369 16.89141 -99.76887 -32.3739 -3.912

69

0.000

/fruits (afterbefore)
Young Generation Segment: Students
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As Figure (3) below shows, at least 32% active participation in urban farming programs among
students aged 12 years old under Reka Bentuk Teknologi subject. Hydroponic and compost
fertilizer is the most widely exposed technologies in schools (Fig. 4). There was a significant
increase among five indicators involved; understanding, concern, awareness, adaptation, and
quality of time. The awareness component shows the highest average among the school
community (Table 2.0). Besides, almost all students understand urban farming techniques;
50% agreed, and 31.6% strongly agreed (fig.5). Overall students tend to adopt urban
agricultural technology in schools.

Technology/Known Component

Age
32%
25%

30.0
20.0

25%

18%

10.0
.0

Technology

Percentage

40.0

Self watering pot
Greenkit
Peatmoss
Cocopeat
Compost Fertilizer
Aquaponik
Hidroponik

6.3

23.8
24.2
20.3
35.9

51.6
52.3

0.0 10.0 20.0 30.0 40.0 50.0 60.0

10

11

12

14

Percentage

Figure 3. Age of the students

Figure 4. The technology and component
known to the students

Table 2. Paired t-test analysis
Mean
Indicator

Mean

(before) (after)

Average
increasing

Sig.

(paired

(2 tailed)

t-test )

Understanding

3.48

6.23

2.742

Understand Urban Farming
Technology
Strongly
agree

0.000

31.6
50.0

Agree

16.0

Disagreed

Concern

3.32

6.77

3.032

0.000

Awareness

3.74

7.10

3.355

0.000

Quality time

3.32

6.13

2.806

0.000

2.3
.0

20.0

40.0

60.0

Percentage

Figure 5. Understanding of urban farming
technology among students

Technology
Adoption

Strongly
disagreed

3.13

6.06

2.935

0.000
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CONCLUSION
Consequently, based on this research finding, it will be advantageous in addition to promote a
more substantial community interdependence to create sustainable urban farming for the
young generation and community. With growing awareness, this makes urban farming
practices meet the needs of urban society. The government should reinforce the support and
policy interventions for a much better impact in the future.
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INTRODUCTION
China is the world and fastest-growing durian import market. Import raised significantly on
value and volume over the past decade, up 13.12% in volume per annum. Rising disposable
income, changing lifestyle and consumer preferences lead to higher consumption among
Chinese consumers [1]. Durian has become increasingly popular in southern and eastern
China partly due to its high nutritional value and its widespread popularity of its derivatives,
e.g. as ice cream, moon cakes, and dumplings [2]. Malaysian durian has successfully
embarked its name as premium durian through its most popular trade varieties of - “Musang
King” and “D24” in China market. Malaysian export has begun for pulp and paste since the
country gained access to China in 2011.
In 2018, another export protocol for frozen whole fruit durian was secured and sealed
between Malaysia and China. The export activity later started in 2019. At present, five
companies have fulfilled the criteria and qualified by GACC to export frozen whole durian to
China using a new cryogenic nitrogen freezing technique. The technique aims to retain its
freshness for a long shelf life of up to 18 months. Thus, this study generally intends to gain a
better understanding of the whole frozen durian export supply chain. Specifically, this research
identifies activities involved in the export supply chain, evaluates the time taken to distribute
the frozen whole durian from Malaysia to China, and estimates cost enumerated from all
activities throughout the supply chain.
MATERIALS AND METHODS
A case study was conducted to profile supply chain activities involved in exporting frozen whole
durian, evaluate time taken to distribute the frozen whole durian from Malaysia to China, and
estimate cost enumerated from all activities throughout the supply chain. These were achieved
by gathering information from primary and secondary data. Primary data were collected right
from farm harvesting to the end stage, retail in China (in this case, retail shop in Shenzhen).
Shenzen has a relatively large demand for durian among Chinese consumers. On the other
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hand, secondary data were retrieved from durian trade data pooled from various sources (e.g.
Trade Map, UNCOMTRADE), annual reports published by the Department of Agriculture
(DOA) Malaysia, Ministry of Agriculture of the Republic of China and Malaysia, and other
publications.
The data collection began on 19th July 2019 and ended on 15th August 2019. In the
beginning, farm and premise visits were conducted with growers and five local exporters, who
are allowed for whole durian fruits export to China, via focused group discussion and in-depth
interview. Another round of in-depth interviews was subsequently conducted involving China’s
counterparts e.g. importers, wholesalers and retailers. Additionally, in-store observation at
various grocery outlets (e.g. wet market, supermarket, hypermarket and fruits stores including
Walmart, Ole, Pagoda, Aeon, Hema Fresh, Xin Fa Di market and Carrefour) were also carried
out to obtain more relevant information of durian market in China.
Supply Chain and Cost Mapping Toolkit Analysis
The Supply Chain and Cost Mapping Toolkit (SCCMT) was used to analyse data. The analysis
has been developed by the Supply Chain Cost Effectiveness and Swift Service (SUCCESS)
team and successfully used by leading global food manufacturers including Masterfoods UK
Ltd, Bernard Matthews Ltd and McCormick UK Ltd [2]. The analysis provides visibility of time
in the supply chain. It involves seven interlinked stages viz. (1) identifying project; (2) process
mapping; (3) cost collection; (4) time-based analysis; (5) translation cost matrix; (6) cost-time
analysis; and (7) scenario evaluation. Process mapping is used to visualize activity and
estimate time and resources while the activity-based cost is estimated in the cost collection
stage. Cost enumeration motivates the local exporters to maneuver their businesses more
aptly by monitoring their cost of doing business and strategizing an effective cost minimization.
It is also benefited in mitigating business and financial risks across borders. Time-based
analysis, translation cost matrix, and cost-time analysis involve identifying waste and benefits
in the supply chain.
RESULTS AND DISCUSSION
Time-based Analysis
Figure 1 shows the amount of time taken on all activities, as indicated in the process map. This
study found that the entire supply chain of frozen whole durian export takes almost 28 days
e.g 2 days in Malaysia and another 14 days in China. In other words, the Malaysian durian
sold for the export market in China would possibly arrive at the Chinese fresh fruit markets
after 28 days of farming, inbound logistics, processing, freezing, packaging, cold storage,
outbound logistics, and retail (inclusive wholesalers and retailers) combined. Of these, farming
and inbound logistics take a shorter time to others activities, as both occur at the same place,
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starting from the fruit collection on the farm on the first day. This study found that outbound
logistics and processing spend the most amount of time; thus, a critical node in the supply

Activity

chain.

Farming
Inbound Logistic
Processing

Outbound Logistic
Retail
Total
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Day

Figure 1. Process mapping for exporting frozen whole durian from Malaysia to China
Cost Translation Matrix
Based on Table 1, the high cost is largely accumulated in the processing and outbound
logistics. In the processing stage, RM 10.50/kg (31.8%) accounts for direct and indirect costs,
such as utility, water and electricity, labour, equipment maintenance, management and
cryogenic cost. The cost of outbound logistics is approximately RM 8.50/kg (25.8%). The cost
of outbound logistics consist of two different types of price; (1) Freight on Board (FOB); and
(2) Cost in Freight (CIF).
Table 1. Cost estimation (RM) for exporting frozen whole durian from Malaysia to China
Activity

Cost

%

1

Farming

RM 8.00 /kg

24.2

2

Inbound Logistics

RM 0.50/kg @ RM 45/load

1.5

*A fully-loaded pickup contains 90 kg or 60 durians.
**Average weight of fruit is 1.5kg.
3

Processing

RM 10.50/kg @ RM 17,850 /load

Packaging

*A fully-loaded, 40-ft container contains 1,140 frozen whole

Cold Storage
4

Outbound Logistics

31.8

durians.
RM 8.50 /kg @ RM 14,535 per load

25.8

*Inclusive transport to port, export charge, export logistics,
Delivered Duty Charge and VAT (9%)
5

Retail (Wholesaler &

RM 5/kg (Wholesaler) and RM 6 (Retailer)

16.7
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Retailer)
TOTAL

RM 33.00

100.0

Cost-Time Analysis
Based on Table 2, this study revealed that processing and outbound logistics spend the largest
amount of time and are considered critical nodes in the supply chain. Processing frozen whole
durian takes up to eight days while outbound logistics for shipping the frozen whole durian
from Malaysia to China take up to 14 days (until custom clearance), respectively. In short, both
processing and outbound logistics spend the longest time and incur the highest cost for
exporting frozen whole durian from Malaysia to China.
Table 2. Cumulative cost and time in percentages
Activity
Cummulative
Cost (%)
Cummulative
Time (%)

Farming

Inbound
Logistics

Processing

Outbound
Logistics

Retail

24.2

25.7

57.5

83.3

100.0

3.6

7.1

35.7

85.7

100.0

CONCLUSION
The study revealed that the entire supply chain of frozen whole durian export took almost 28
days i.e. 12 days in Malaysia and another 14 days in China. Processing and outbound logistics
require a longer period time; 7 days and 14 days from the total. Furthermore, processing and
outbound logistics were also high in cost. RM 10/kg accounts for processing, while RM 8.50/kg
for outbound logistics. Overall, in cost-time analysis, processing spends 28.6% of the total time
and 31.8% of the total cost, while, outbound spend 50% of total time and 25.8% of the total
cost.
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THE EFFECTIVENESS OF THE GOVERNMENT PROGRAM TOWARDS SOCIAL
IMPROVEMENT AND ECONOMIC WELFARE AMONG SMALL-SCALE
FISHERMAN COMMUNITY IN MALAYSIA
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INTRODUCTION
According to the National Agrofood Policy (NAP, 2001-2020), a projection on the landing of
marine fisheries is expected to increase from 1.32 million tonnes in 2010 to 1.76 million tonnes
by 2020 with a growth of 2.9% per annum. Coastal fisheries fishing is expected to contribute
to 65% of the total marine catch compared to 35% of deep-sea fisheries by 2020. Small-scale
fisherman (SSF) community is categorized as zone A (can only operate between 0-5 nautical
miles) or coastal fishing communities with low-income, poor catches and very much dependent
on the middle-man [1];[2];[3] and [4]. However, SSF community continues to contribute
significantly to the industry as a huge number of fishermen are SSF (84.2% of total fishermen
population in Malaysia) [5].
Therefore, various measures have been taken by the government to ensure the wellbeing of SSF can be improved. Hence, this study was carried out to measure the level of
effectiveness of the government programs and to measure the socio-economic impact in the
past 2 years (2018-2019). In this study, the socio-economic impacts were measured based on
SSF’s income and living standard. Meanwhile, the government programs included in this study
are Elaun Sara Hidup Nelayan (ESHN), Insentif Hasil Tangkapan (IHT), Perumahan nelayan,
Tabung Bencana Alam dan Kebajikan Nelayan (TBAKN), Subsidi diesel and Subsidi petrol.
MATERIALS AND METHODS
This study involved primary data obtained through a field survey conducted on (n=467)
respondents consisting of fishermen in 25 Fishermen Association (PNK) across Malaysia,
which were chosen based on the stratified random sampling method. From the total
respondents, n1=456 SSF community were selected. Quantitative analysis was performed
using the Statistical Package for Social Science (SPSS) version 23 software to evaluate the
relationships among the variables. There were two types of analysis conducted, namely
crosstabulation and Chi-Square (𝜒𝜒 2 ) test and regression analysis (binary logistics).
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RESULTS AND DISCUSSION
The Chi-Square (𝜒𝜒 2 ) test were conducted to find out the relationship between the two nominal
variables.

Table 1. Result of Chi-Square (𝜒𝜒 2 ) test of the relationship between the effectiveness of the
programs with an impact of SSF’s income and standards of living
ESHN

IHT

Perumahan
Nelayan

TBAKN

Subsidi

Subsidi

diesel

petrol

8.345**

13.148***

6.493**

13.806***

Income
Pearson 𝜒𝜒

2

7.091**

Pearson 𝜒𝜒

2

4.851**

2.189

2.427

0.056

Living standard
9.411**

0.339

0.553

**Significance at (𝛼𝛼 = 0.05); *Significance at (𝛼𝛼 = 0.1)

Results from (𝜒𝜒 2 ) test revealed that the effectiveness of the programs will have a

significance impacts on the income and living standard of the SSF community in Malaysia.
From table 1 also, the effectiveness of the Perumahan nelayan and TBAKN programs will not
significantly be contributed to the increase in income and standard of living in SSF community.
The data were further analysed using logistic regression model methods to ascertain the
effects of the factors on the likelihood that the SSF have increase their income (Y1) and
standard of living (Y2) in the past 2 years. The logistic regression model was statistically
significant, 𝜒𝜒 2 = 6.005, p > 0.05 and 𝜒𝜒 2 = 3.203, p > 0.05 for both model 1 and model 2

respectively. The model explained 18.40% for both models (Nagelkerke R2) of the variance in
the model.

From table 2a and 2b, Binary Logistic Regression revealed that the factors contributed
in an increase of SSF’s incomes are their age (the youngers are most likely having an increase
in their income), household income, the effectiveness of ESHN and Petrol subsidies. While,
Factors that influenced an increase in SSF’s standards of living are their household income,
experienced (less experienced SSF are most likely having an increase in their living standard),
the effectiveness of Petrol subsidies and IHT.
CONCLUSION
Based on the 𝜒𝜒 2 analysis, the effectiveness of the programs gives a different impact on the

fisherman’s income and standard of living. In other words, the effectiveness of the program

does not guarantee the positive impacts on the fisherman’s income and their standard of living.
Next, the binary logistics regression conclude that the effectiveness of the living allowance and
fishing incentives and petrol subsidies helps the SSF community to increase their income and
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standard of living and should be continue in the future. Findings of this study provided the input
and information on the expectations and needs of the target group. Based on this result, it is
suggested that more actions should be taken by related agencies in order to improve these
programs.
Table 2a. Result of binary logistic regression (Y1 = Income)
B

Age

Sig.

-0.032

0.042**

Exp(B)

0.969

-2 Log

Nagelkerke

likelihood

R Square

306.173

Hosmer &
Lemeshow

0.184

Test
2

𝜒𝜒 = 6.005
P-value =
0.647

Household income

0.000

0.001***

1.000

0.870

0.018**

2.387

0.932

0.004***

2.539

0.447

0.737

1.564

The effectiveness of
ESHN
(1 = effective; 0 = not
effective)
The effectiveness of
Subsidi petrol
(1 = effective; 0 = not
effective)
Constant

***Significance at (𝛼𝛼 = 0.01);**Significance at (𝛼𝛼 = 0.05); *Significance at (𝛼𝛼 = 0.1)

Table 2b. Result of binary logistic regression (Y2 = Living standard)
B

Experienced (years)

-0.034

Sig.

0.014**

Exp(B)

0.967

-2 Log

Nagelkerke

likelihood

R Square

330.910

0.184

Hosmer &
Lemeshow
Test
2

𝜒𝜒 = 3.203
P-value =
0.921

Household income

0.000

0.021**

1.000

0.872

0.005***

2.392

0.579

0.068*

1.784

The effectiveness of
Subsidi petrol
(1 = effective; 0 = not
effective)
The effectiveness of IHT
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(1 = effective; 0 = not
effective)
Constant

0.610

0.626

1.840

***Significance at (𝛼𝛼 = 0.01);**Significance at (𝛼𝛼 = 0.05); *Significance at (𝛼𝛼 = 0.1)
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INTRODUCTION
The monitoring aspect in a project is very critical. Monitoring activities can include a variety of
criteria depending on the objectives of a project, so that it becomes very dynamic. At MARDI,
the depth or shallowness of an aspect of monitoring will have a wide impact whether large or
small on a project.
Maslow's Theory of Hierarchy of Needs states that in each individual there are five (5)
needs that need to be met such as physiology, safety, social, self-esteem and the achievement
of self-desire. When one need is met, the next need will be the next need or priority. Each
individual will ensure that the lowest level of needs is met first before striving to meet the
higher-level needs. Therefore, this study will emphasize on the monitoring aspect of a project
on the participants of Projek Rezeki Tani based on Maslow's Theory of Hierarchy of Needs.

Figure 1. Maslow's Theory of Hierarchy of Needs
Source: simplypsychology.org
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MATERIALS AND METHODS
The study will begin with the Dynamic System Methodology. After that, the AHP (Analytic
Hierarchy Process) technique will be used in determining the impact of each selected variable
using the Expert Choice application.
System Dynamic Principles
Dynamic System Methodology basically uses causal relationships in constructing complex
system models, as a basis for recognizing and understanding system dynamics behaviour
(Bryden, 2010). In other words, the use of dynamic system methodology is more focused on
the goal of improving our understanding of how system behavior arises from its structure (Xi &
Poh, 2013).


Causal loop diagrams: A causal loop diagram is a uncomplicated map of a system with
all its essential components and their connections (Artelli & Deckro, 2015).



Stock and flow diagrams: Causal loop diagrams help in visualizing a system's structure
and behavior, and analyzing the system qualitatively (Figure 3). To execute a more
detailed quantitative analysis, a causal loop diagram is converted to a stock and flow
diagram. A stock and flow model helps in studying and analyzing the system in a
quantitative way; such models are usually built and simulated using computer software
(Nasibu, 2009).
Kekerapan Pemantauan

+
Hasrat Diri

R

+
Motivasi
+

B

Pemantauan
-

Pemantauan
+
-

Purata Pemantauan

+

+
Motivasi
Usahawan

Dorman
-

+
Produktiviti

Hasrat Diri
+

Figure 2. Causal Loop Diagrams

Figure 3. Stock and Flow Diagrams

AHP Principles
The basic principle of decision-making in the AHP methodology is the problem in the form of
hierarchical decomposition (decomposition), the assessment of the relative importance
between elements in each hierarchy (comparative judgment), priority synthesis (synthesis of
priority), and consistency of assessment (local consistency) (Saaty, 2008).
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Figure 4. Analytical Hierarchy Process
Source: en.wikipedia.org
RESULTS AND DISCUSSION

Figure 5. Performance S.

Figure 6. Dynamic S.

Figure 7. Gradient S.

Figure 8. Head-to-Head S.

Figure 9. 2-Dimensional S.

Figure 10. SwRtG

CONCLUSION
The results of the analysis of the study showed that the monitoring aspect had a significant
impact on the further self-desire (need to achieve one's own ambitions according to one's
human potential). This is followed by social (human need to be loved and feel a sense of
belonging) and self-esteem (need to be respected and given the opportunity to respect others)
of the participants. Needs such as physiology and safety indicate the lowest effect of the
relationship with the monitoring aspect.
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INFLUENCE OF TYPE OF PLANTING MATERIAL ON PLANT GROWTH AND
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INTRODUCTION
Pineapple plant reproduces through vegetative reproduction by producing new vegetative
propagules. Ground suckers appear on the underground part of the stem, aerial suckers
appear from axillary buds of pineapple leaf, slips appear on the peduncle near the base of the
fruit or from basal eyes of the fruit and crown is the vegetative part on the top of the fruit [1].
Sectioning method is used to rapidly multiply a cultivar or to get disease free planting materials
[2]. This method use crown, stem or any vegetative shoot of pineapple that can be sectioned
into few smaller sections that will produce newly emerged pineapple propagule. Pineapple
suckers is graded into three sizes based on planting material length which are small (30-44
cm), medium (45-59 cm) and large (>60 cm) [3]. Heavier planting material shows more
vigorous plants compared to lighter planting materials [4]. According to previous study by [5],
different type of planting materials which are ground suckers, hapas (side shoots produced
above ground on the stem at the junction of the stem and the peduncle) and their mixture
showed no significant difference on plant vigour during flowering induction. The objective of
this study was to observe influence of different type of planting materials of pineapple on plant
growth and its fruit quality. In present study, we hypothesize that using different type of planting
materials; aerial suckers, ground suckers, crown and sectioned suckers (age of 12, 15 and 18
months after sectioning (MAS)with the same fresh weight will not affect plant vigour and fruit
quality of MD2 pineapple.
MATERIALS AND METHODS
This study was conducted using a randomized complete block design (RCBD) with six
treatments; T1: aerial suckers, T2: ground suckers, T3: crown, T4: 12 MAS sectioned suckers,
T5: 15 MAS sectioned suckers and T6: 18 MAS sectioned suckers. Pineapple suckers fresh
weight for every treatments were selected within range of 200 - 250 gram per suckers. Aerial
suckers, ground suckers and crown were collected from harvested plants after 3 months of
fruit harvesting was completed. NPK (15:15:15) fertilizer was applied on 3 and 6 months after
planting (MAP) at the rate of 20 gram per plant for each application, followed by NPK
(12:12:17:2) at the same rate on 9 MAP. Foliar fertilizer with Borduex mixture was applied for
100 mL per plant on 1.5 MAP and 4.5 MAP. Flowering induction was done on 10 MAP. Thirty
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(30) plants from each treatment; 10 plants per replication of treatment were chosen randomly
from each subplot for vegetative growth data collection. Data collection included plant height,
D-leaf width and number of leaves on 6 and 9 MAP. Data on fruit quality included weights and
lengths of the fruit, infructescence circumference, core width, total soluble solids (TSS) and
the ratio of infructescence weight to total fruit weight. Data were analyzed by one-way analysis
of variance (ANOVA) using SAS Software version 9.3. The results were expresses as mean 
standard error of mean. The differences between means were separated using Duncan’s
multiple range test (DMRT) at 5% significance level.
RESULTS AND DISCUSSION
Table 1. Plant growth rate of MD2 pineapple originated from different type of planting
materials
Morphology

MAP

Aerial

Ground

suckers

suckers

T1

T2

Crown
T3

Sectioned

Sectioned

Sectioned

suckers 12 suckers 15 suckers 18
MAS

MAS

MAS

Plant height

6

77.2  1.0ab

75.5  0.7ab

77.6  2.3a

75.7  1.4ab

72.1  0.4b

72.0  0.3b

(cm)

9

93.9  1.7a

92.0  2.4a

93.7  3.0a

94.0  2.8a

90.8  0.9a

92.5  1.1a

D-leaf width

6

6.0  0.1a

5.5  0.1b

5.5  0.1b

5.9  0.1ab

5.7  0.1ab

5.7  0.2ab

(cm)

9

6.2  0.1b

6.6  0.2ab

6.7  0.1ab

6.8  0.2a

6.6  0.1ab

6.6  0.1ab

Number of

6

35.7  0.8bc

39.2  2.2ab

42.7  0.1a

42.1  0.3a

36.2  1.4bc

33.7  1.2c

leaves

9

43.5  1.4a

45.1  2.3a

45.9  3.4a

45.5  3.4a

42.1  1.8a

40.7  1.6a

Note: Mean  standard error of mean was analyzed by ANOVA. The different letter within each row
indicates significant difference at p ≤ 0.05 based on Duncan’s multiple range test (DMRT).

Table 2. Fruit quality produced from different type of planting material for MD2 pineapple
Morphology
Fruit weight
(g)
Fruit length
(cm)

Aerial

Ground

suckers

suckers

T1

T2

Crown
T3

Sectioned

Sectioned

Sectioned

suckers 12

suckers 15

suckers 18

MAS

MAS

MAS

1967.5  33.7a 1862.0  112.5a 1844.8  66.1a 1918.4  53.6a 1930.0  50.7a 1954.5  109.2a

44.8  1.2a

44.0  1.6a

42.7  0.4a

44.2  0.1a

43.6  0.6a

45.0  0.9a

Infructescence
weight

1575.3  14.2a 1470.3101.5a 1482.0  70.3a 1514.1  42.1a 1567.5  33.4a 1500.6  84.5a

(g)
Infructescence
circumference

40.4  0.2a

39.5  0.7a

39.3  0.5a

39.9  0.3a

41.2  0.2a

39.6  0.8a
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(cm)
Fruit core width
(cm)

2.3  0.1a

2.2  0.1a

2.1  0.0b

2.1  0.0b

2.2  0.0ab

2.1  0.1b

13.7  0.8a

13.4  0.3a

13.3  0.1a

12.7  0.2a

13.2  0.2a

13.4  0.2a

80.1  0.9ab

78.9  1.4ab

80.2  0.93ab

78.9  0.62ab

81.2  0.42a

76.8  0.45b

Total soluble
solids, TSS
(%)
Ratio of fruit to
total weight
(%)
Note: Mean  standard error of mean was analyzed by ANOVA. The different letter within each row
indicates significant difference at p ≤ 0.05 based on Duncan’s multiple range test (DMRT).

In terms of plant growth rate, different type of planting materials did affect plant height
significantly on 3 months after planting (MAP) but not on 6 and 9 MAP. In terms of D-leaf width
and number of functional leaves, the difference was observed on 3 and 6 MAP but not on 9
MAP. There was no significant difference observed between different planting materials on
fruit quality in terms of fruit length and weight (infructescence with crown), infructescence
circumference and total soluble solids (TSS). The only exception was on fruit core width where
sectioned suckers produced fruit with narrow core width. This study indicated that different
planting materials could only affect plant growth rate of pineapple during initial growth phase,
but had no significant effect during maturation towards flowering induction phase. Similar trend
was observed on fruit quality as well.
CONCLUSION
The present study concluded that different type of planting materials of MD2 pineapple with
similar average weight of 200 to 250 gram per planting material only affected plant growth
during early stage but did not influence pineapple fruit quality. This indicates agricultural
practices such as fertilizer application and pest and disease management are more important
in order to achieve optimum fruit quality of pineapple. Therefore, it can be speculated that
planting material with higher weight (more than 250 gram) is needed to give significant effect
on plant growth and fruit quality, which require further investigation.
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INTRODUCTION
Citrus × aurantiifolia (Christm.) Swingle commonly known as key lime is one of the important
citrus species among the family Rutaceae and is widely grown in this country. The fruit is
mainly used as flavor in food and drinks. At present, genetic resources of this plant are mainly
conserved in the field. The main issue with the plants being conserved in the field genebank
is being attacked by diseases such as witches broom disease of Mexican lime (WBDL)
associated with Candidatus Phytoplasma aurantifolia, which is a major cause of key lime
losses [4]. In these circumstances, seed storage can be useful to conserve genetic diversity.
However, the seeds of many Citrus species showed non-orthodox storage behavior, and are
categorized as intermediate or recalcitrant seeds [3]. They cannot be stored under
conventional gene-bank conditions as cold-sensitivity and longevity cannot be increased
through desiccation. This study investigated the potential for successful cryopreservation
protocol of key lime.
MATERIALS AND METHODS
Fruits of C. aurantifolia were purchased from the local supermarket. Only the matured fruits
were used in the experiments. Experiments were performed in the laboratories of the
Mygenebank Complex in MARDI Serdang. Methods of desiccation of seed and embryonic
axes and vitrification of embryonic axes were described in Camellia et al. (2020)[1]. The results
are presented as mean percentages with the standard error of the mean (SE). The data were
transformed by arcsin transformation and then were analyzed by ANOVA using Duncan’s
multiple range test for data comparison (P<0.05) using Statistical Analysis System Software
(SAS) release 9.3.
RESULTS AND DISCUSSION
The seed moisture contents (MC) and germination percentages of Citrus × aurantiifolia with or
without plungging them into the liquid nitrogen indicated that Citrus × aurantiifolia seeds
moisture could be desiccated below 10% even with LN exposure and still survived with
germination percentage ranging from 35% to 60% (Table 1). The highest survival percentages
of cryopreserved seeds were obtained (60%) after 3 and 4 days of desiccation, corresponding
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to seed moisture contents of 6% and 7.9%, respectively. Survivability of cryopreserved Citrus
× aurantiifolia seeds was achieved at a broader range of moisture content between 16.3% and
4.5%. The desiccation period had a significant effect on the survival of cryopreserved Citrus ×
aurantiifolia embryonic axes, with 1 to 3 hours being the optimum durations (Table 2). The
optimum desiccation period resulted in the survival of 60% to 67% of complete seedlings and
7% to 20% of incomplete seedlings, of which only the roots were found to be growing. The
survivability of the treated control (non-cryopreserved) embryonic axes ranged from 47% to
67% for complete seedlings compared to incomplete seedlings (0% to 33%). The excised
embryonic axes survived from desiccation even for 3 hours. Previous study of Cho et al. (2002)
indicated similar results of survivability of cryopreserved and non-cryopreserved embryonic
axes after desiccated for 1 to 3 hours with preculture treatment on MS basal media
supplemented with various concentration of sucrose [2]. Survivability was recorded when
embryonic axes were exposed to PVS2 solution for 10 to 30 minutes (min) before being
cryopreserved (Figure 1). The recovery of cryopreserved embryonic axes ranging from 10%
to 13% of complete seedlings while incomplete seedlings, which consisted of only root growth,
was ranging from 37% to 60%. No survivability was recorded for cryopreserved embryonic
axes that were not exposed to PVS2 before cryopreservation. The highest survival rate (13%)
was recorded after 20 to 30 min of exposure to PVS2 before being cryopreserved.
Table 1. Effect of desiccation period with silica gel on the moisture content (%) and on the
survival of cryopreserved (+LN) Citrus × aurantiifolia seeds 4 weeks after warming.
Desiccation Period
(days)

Survival (%)
Seed Moisture Content (%)

+LN

-LN

0

54.4±2.31

0a

95±0.36a

1

32.2±2.94

0a

100a

2

16.3±1.92

50±1.82bc

92.5±0.46a

3

6.0±1.51

60±3.65c

75±2.74ab

4

7.9±1.29

60±3.65c

90±0.92a

7

4.5±1.05

35±2.74b

50±7.29b
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Table 2. Effect of desiccation period on the survival of cryopreserved (+LN) Citrus ×
aurantiifolia excised embryonic axes 6 weeks after warming.
Survival (%)
Desiccation Period
(h)

+ LN

- LN

Complete
seedlings

Incomplete
seedlings

Complete
seedlings

Incomplete
seedlings

0

0a

7±1.72a

60±2.98a

33±3.45c

1

67±4.55b

7±1.72a

67±3.45a

20±0.0b

2

60±0.0b

20±2.98a

67±3.45a

0a

3

67±1.72b

13±1.72a

47±6.2a

20±0.0b

Figure 1. Recovery of cryopreserved Citrus × aurantiifolia embryonic axes exposed to PVS2
(vitrification) for a) 0 min; b) 10 min; c) 20 min and d) 30 min after 4 weeks.

CONCLUSION
The findings of the study illustrate the desiccation method of both embryonic lime axes and
seeds as an efficient method of cryopreservation, which is approximately 60% to 70%. The
vitrification of embryonic axes results in a low percentage of survival (10% to 13%).
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INTRODUCTION
Grain corn is one of the feed ingredients used in poultry feed due to its good energy content
and easily digestable by monogastric animals [1,2]. Cultivation of grain corn locally could assist
in reducing the dependency on imported animal feedstuffs in Malaysia. Based on chemical
analysis of grain corn globally, environment and genetics have effects on the nutritional quality
of different grain corn varieties [4]. Grain corn planted at different locations may have different
metabolizable energy (ME) content even though the protein content (CP) is almost the same
[3]. Cultivation of grain corn hybrid in Malaysia gave various values of protein content while the
values of metabolic energy were more consistent regardless of the variety [5]. Variation in
energy and protein content of locally cultivated grain corn did not affect the growth performance
and gave comparable feeding value in broiler chickens compared to those fed on imported
corn [6,7]. However, the selection of suitable varieties according to soil type, planting method,
harvesting process as well as the uncertain weather and climate at present need to be taken
into account as this will affect the nutritional value of the grain corn produced [5]. The objective
of this study was to determine the CP and ME value of grain corn hybrids planted at different
location.
MATERIALS AND METHODS
Eight (8) grain corn hybrids, namely Pioneer P4546, CP 801, CP 888, Dexal 79B, Mosanto,
EKS, Pasific 339, Philippine and Syengenta were collected from 3 different experimental plots
in MARDI Serdang, MARDI Seberang Perai and MARDI Bachok. Samples were then sent for
processing and analysis. The samples were oven dried at 60°C, ground using a 1mm sieve
and analysed for crude protein (CP), while the ME values were calculated using equations for
poultry [8]. The values were reported as is it basis. Data were analysed by general linear model
and treatment means were compared using Tukey’s test of Minitab 17.
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RESULTS AND DISCUSSION
Table 1 showed the CP and ME values of grain corn varieties for each location. The CP and
ME value were almost the same (P>0.05) in MARDI Bachok for all varieties. In MARDI
Seberang Perai, Pioneer P4546 and Philipines gave higher values of CP at 9.14% and 9.08%,
(P<0.05) respectively, while Dexal 79B Mosanto gave high value of ME at 14.13 MJ/kg
compared to other varieties planted. There was no significant difference for ME values in
MARDI Serdang for all varieties (P>0.05). However, Dexal 79B Mosanto gave higher value of
CP 8.59% and ME, 14.57 MJ/kg respectively (P<0.05) compared to other varieties planted in
that location. Based on the overall location, grain corn hybrids namely Dexal 79B Mosanto
gave relatively even values of CP and ME for each location.

Table 1. Crude protein (CP) and metabolizable energy (ME) values of grain corn varieties for
each location (mean ± stdev)
CP (%)
Variety
PIONEER

Bachok

Seberang
Perai

ME (MJ/kg)
Serdang

Bachok

Seberang
Perai

Serdang

8.00±1.13

9.14±0.10 a

7.10±0.28 ab

14.09±0.02

14.10±0.03 ab

14.49±0.06

CP 801

6.97±0.73

8.28±0.17bc

7.42±0.60 ab

14.09±0.05

14.11±0.08 ab

14.53±0.07

CP 888

7.34±0.10

7.74±0.16 cd

7.20±0.28 ab

14.22±0.19

14.08±0.08 ab

14.56±0.06

7.94±0.19

8.12±0.24 c

8.59±0.66 a

14.17±0.02

14.13±0.07 a

14.57±0.10

7.64±0.43

7.37±0.51 d

6.81±0.51 b

14.04±0.03

13.92±0.12 b

14.42±0.07

7.73±0.11

7.91±0.06 cd

8.40±0.63 a

14.17±0.01

14.04±0.06 ab

14.52±0.03

PHILIPPINE

8.04±0.30

9.08±0.04 a

8.09±0.35 ab

14.16±0.06

14.05±0.04 ab

14.53±0.04

SYENGENTA

6.99±0.61

8.82±0.22 ab

7.76±0.75 ab

14.15±0.06

14.05±0.07 ab

14.57±0.05

P4546

DEXAL 79B
MOSANTO
EKS
PASIFIC
339

CONCLUSION
From this study, location and varieties have effects on CP content in grain corn quality.
Although the CP value varied (6.97%-9.14%), the ME value (13.92 MJ/kg-14.57 MJ/kg) was
comparable to National Redearch Council (NRC) report [8].
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INTRODUCTION
In livestock production, feed production is a major cost and this situation will be more intricate
due to the increase price of imported raw materials such as corn and soybeans. However,
farmers must use more concentrates than forage due to lack of pasture area available for
grazing [1].
Green feed resources or forage is the most readily available and low-cost fibre for
ruminant farming. In 2018, grain corn is categorized as Malaysia's new source of wealth in
terms of grain corn production and it can also be categorized as a source of ruminant
alternative fibrous feed [2]. Therefore, studies on the grain corn plant were conducted to
evaluate the potential of grain corn plant at different harvesting age to produce silage for feed
production for ruminants.
MATERIALS AND METHODS
Grain corn forage was planted at MARDI Serdang, Selangor with spacing of 20 cm between
plants in the same line and 75 cm between the row. Cultivation method carried out according
to the Manual Teknologi Penanaman Jagung Manis (2005). The whole grain corn plant forage
was harvested at 80, 90 and 110 days. Every treatment was randomly harvested at 3 areas as
replicates. The whole grain corn plant was chopped using the mechanical machine and every
replicate was packed into 3 plastic bags. Every bag was weighed for 5 kg and vacuum packed
before ensilaged for 35 days. After fermentation complete, silage bag was open for sample
collection and dried in the oven for 48 hours at 70°C. Dried samples were ground to pass
through 2.5-3.0 mm size sieve before carried out proximate analysis.
RESULTS AND DISCUSSION
Result from proximate analysis as in Table 1 showed that grain corn plant harvested at 80
days of age as a silage had significantly different (p<0.05) in ash, dry matter (DM), crude
protein (CP) and crude fibre (CF) compared to 90 and 110 days. DM content showed that 80
days of harvesting age contain the lowest DM that is 25.55%. While, DM for 110 days
harvesting treatment showed the highest result that is 51.76%. The optimum crop DM content
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for making silage is reported between 25% to 50% [3]. It means that DM in all the treatment
groups were within the acceptable range for silage production.
In terms of CP content, the earlier age of harvesting did not differ much compared to
late harvesting. Range of the nutritional value of CP content at 80 days to 110 days showed
only 7.11% to 8.10%. Corn is the only forage that does not decrease in quality as it matures,
because the grain development on the cob compensates the high fibre levels in the leaf and
stem [4]. Although corn silage is low in CP content, there are proven reports on ration with corn
silage as the main source of forages can contribute up to 25% of the crude protein requirement
of a high producing dairy cow [5].
In Table 1, results showed CF was a range between 26.78% to 31.68%. In this study,
grain corn silage harvested at different times did influence the CF content. Silage harvested at
110 days showed significantly lower (p<0.05) in CF compared to 80 and 90 days. This is
because when the crop matures, the starch content will be higher with the increase of corn
cobs portion and this will effectively reduce the fibre content via the dilution effect [5].
Table 1. Mean of chemical composition of grain corn silage at different harvesting times
Harvesting Age (days)
Measurement

80

90

110

% DM

25.55c

30.74b

51.76a

% CP

8.10 a

7.53 b

7.11 b

% CF

31.68 a

29.95 a

26.78 b

% ASH

5.84 a

4.53 b

3.95c

CONCLUSION
In conclusion, grain corn silage harvested at 110 days has the potential as a ruminant feed
source. Therefore, it is recommended for the maintenance or growing stage of ruminant
livestock.
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INTRODUCTION
The TechnoFund project is one of the initiatives by The Ministry of Science, Technology and
Innovation (MOSTI), Malaysia in driving the sustainability of pre-commercial scale projects in
the country. Malaysian Agricultural Research and Development Institute (MARDI) is one of the
contributors to the overall participation ratio of intended grant recipients each year. In the effort
to manage the TechnoFund Projects which consists of various clusters, such as crops,
livestock, fisheries and food, this has affected the financial management aspects of the project
itself (Cappels, 2014). The intended effect is the frequency of budget wirements from different
budget code fragments, thus interfering with the project. Hence, this study was conducted in
order to search the ideal breakdown of the budget code for each project cluster to operate
accordingly.
MATERIALS AND METHODS
The study sample consists of nine major TechnoFund projects in MARDI. Analytical Hierarchy
Process (AHP) technique was selected in order to achieve the objectives of the study with the
assist of Expert Choice application.
According to Handayani (2015) and Saaty (2006), the basic principle of decisionmaking in the AHP methodology is the problem in the form of hierarchical decomposition, the
assessment of the relative importance between elements in each hierarchy, priority synthesis
and consistency assessment.

Figure 1. Analytical Hierarchy Process
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RESULTS AND DISCUSSION

Figure 2. Performance Sensitivity

Figure 3. Dynamics Synthesis

Figure 4. Gradient Sensitivity

Figure 5. Head-to-Head Sensitivity

Figure 6. Two Dimensional Sensitivity

Figure 7. Synthesis with Respect to Goal

The results of the analysis with the Expert Choice application are interpreted in the form of
Figure 2, Figure 3, Figure 4, Figure 5, Figure 6 and Figure 7.
Figure 2 shows the scores for all nine projects; with the budget code V290_Services
recorded the highest score.
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Next, Figure 3 shows all nine projects with equal weightage for this study as well as the
score of each budget code. If the weighted value of any project is changed, then the result will
change as well.
In Figure 4, Sensitivity Gradient shows the relationship of each budget code
(alternative) in all nine projects. In this example, Sensitivity Gradient for Project 1 is shown.
For Figure 5, the findings of the study show a comparison between each budget code
in a project. In this example, a comparison score between budget codes V210_Travel and
V240_Rentals is displayed for all nine projects.
While in Figure 6 (Two Dimensional Sensitivity), a comparison score between projects
is displayed. And in this example, a comparative analysis between Project 1 and Project 2 is
shown. All nine projects that are the criteria in this study will go through a process of
comparative analysis with each other fairly.
Finally, Figure 7, namely Synthesis with Respect to Goal, shows the results of the
overall analysis of the study, namely the scores for each budget code in order of priority. From
Figure 7, the order of priority according to the scores for all 14 budget codes is displayed.
Budget code V290_Services show the highest score, while budget code V342_Komputer &
Alat Elektronik have the lowest score.
CONCLUSION
The results of the analysis found that the ideal breakdown of the budget code is V290_Services
(20%), V210_Travel (11%), V270_Bekalan (10%), V520_Bayaran Lain (09%), V260_Materials
(07%), V280_Modification (07%), V390_Alatan Makmal (05%), V330_Alatan Jentera (05%),
V350_Equipment

(05%),

V573_Aset

Tak

Modal

(05%),

V570_Kemudahan

(04%),

V340_Alatan Pejabat (04%), V240_Rentals (04%) and V342_Komputer & Alat Elektronik
(04%).The ideal breakdown of the budget code resulting from this study can assist owners in
the financial management aspects of the project.
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INTRODUCTION
Incubators around the world are in various formats and ways of management (Phan, Mian, &
Lamine, 2016). At MARDI, Incubator is a pre-commercial technology-based facility to train
Incubatee before entering the commercial phase. There are five Incubator facilities in MARDI,
namely MARDI Bukit Tangga Incubator, MARDI Alor Setar Incubator, MARDI Kuala Linggi
Incubator, MARDI Besut Incubator and MARDI Kota Kinabalu Incubator. Each of these
Incubator facilities focuses on different technologies. All this while, measuring the performance
of incubators is crucial (Vanderstraeten, Matthyssens & Witteloostuijn, 2012). Thus, the
purpose of this study is to examine the extent to which each Incubator facility created has a
comprehensive impact either on MARDI itself or the Incubator participants who adopt this
facility.
MATERIALS AND METHODS
The study data is focused on secondary sources, as of 2015. In determining the impact of each
Incubator facility that exists in MARDI, AHP (Analytical Hierarchy Process) technique is used
in determining the impact of each selected variable using the Expert Choice application. The
procedure for using the AHP can be summarized as (Saaty & Vargas, 2001):
i.

Model the problem as a hierarchy encompassing the decision goal, the alternatives for
reaching it, and the criteria for evaluating the alternatives.

ii.

Determine priorities among the elements of the hierarchy by making a series of
judgments based on pairwise comparisons of the elements.

iii.

Synthesize these judgments to produce a set of overall priorities for the hierarchy.

iv.

Check the reliability of the judgments.

v.

Come to a final decision based on the outcomes of this process.
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RESULTS
The results of the study can be seen through Figure 1, Figure 2, Figure 3, Figure 4, Figure 5
and Figure 6.

Figure 2. Performance Sensitivity

Figure 3. Dynamics Sensitivity

Figure 4. Gradient Sensitivity

Figure 5. Head-to-Head Sensitivity

Figure 6. Two Dimensional Sensitivity

Figure 7. Synthesis with Respect to Goal

CONCLUSION
The analysis found that MARDI Kuala Linggi Incubator recorded the most significant impact.
This was followed by MARDI Kota Kinabalu Incubator. Next, MARDI Alor Setar Incubator and
MARDI Besut Incubator. The MARDI Bukit Tangga incubator recorded the least significant
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impact but still has the potential to be improved. The results of this study are able to give an
overview of the existence of Incubator facilities both explicitly and implicitly and at the same
time help in any decision making.
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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 tons [1]. equivalent to that
of wheat. By products of rice processing are rice bran and rice hulls, which protect rice seeds
during growth, accounting for 20% of the rice crop and for rice bran alone approximately 66–
68 million metric tons are produced worldwide per year [2].
Rice bran (RB), a part of the rice kernel that contains pericarp, aleurone, and
subaleurone fractions, rich in dietary fibers (25% ~ 40%), protein (14% ~ 16%), vitamins
especially vitamin E, polyphenols, oryzanols and other biologically active substances [3].
Although they are highly nutritious and delivers a powerhouse of health supporting nutrients,
most of it either thrown away or used for low-level animal feed [4]. It has a potential to be used
as a food ingredient, since it has good amounts of nutrients with various health benefits. The
objective of the present study was to study the antioxidant activities of selected rice bran in
locally plated rice varieties.
MATERIALS AND METHODS
Rice and Sample Preparation
Released quality rice (MRQ) 74, 76, 98 and several lines in the pipeline, MRQ 104, 117, 123
and 124, and other varieties MR 297 have been used. All samples were polished at different
polishing time (60, 90 and 120 seconds) and RB were packed and stored at 5C. Extraction of
the grounded sample was done with ethanol in a ratio of 1:20(w/w).
Determination of Total Phenolic Content (TPC)
Total phenolic in all samples was determined with Folin-Ciocalteau assay by using gallic acid
as a standard phenolic compound [5]. Extracts solutions 50μL and standard gallic acid
solutions were mixed with 50μL of distilled water followed by addition of Folin-Ciocalteau
reagent solution and Na2CO3 was added and mixed gently. The reaction mixture absorbance
was measured at 765nm against distilled water as a blank solution. The TPC was expressed
as mg gallic acid equivalents (mg GAE/g dry weight). Data were reported as a mean ± standard
deviation for three replications.
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DPPH Free Radical Scavenging Assay (DPPH)
This spectrophotometric assay uses stable radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) as a
reagent, according to a slightly modified method of [6]. 100μL of the extracts was added to
200μL of a 0.007% methanol solution of DPPH. After a 40 mins incubation period at room
temperature, the absorbance was read against a blank at 517nm. The percentage of inhibition
of free radical DPPH by the extracts was calculated as follow:
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.
Ferric Reducing Antioxidant Power (FRAP) Assay
The ferric reducing antioxidant power (FRAP) assay was performed according to method [7].
A total of 20μL of extract solution and 80μL of distilled water were added to 200μL of freshly
prepared FRAP reagent. The absorbance was read 593 nm against reagent blank, The FRAP
value was calculated and expressed as milligram of trolox equivalents per 100 g of dry weight
sample (mg TE /100 g dw) based on a calibration curve.
Statistical Analysis
Each of the measurements described above was conducted in triplicate and the mean data ±
SD (standard deviation) were reported. The data collected were statistically analyzed using
the Statistical Analysis Software (SAS).
RESULTS AND DISCUSSION
The RB is the main by-product in the process of rice milling. It is rich in nutrition and has a
huge annual output [8]. Thus optimizing the milling timing and processing are critical ensure
grain stability. Upon quantification of TPC, DPPH and FRAP, no significant differences
(p<0.05) observed in the activity between different polishing times among each varieties,
signalling standard 60 seconds polishing of rice sufficient for future antioxidant analysis of RB
(Table 1). Extension of polishing time will have greater impact on grain physical, sensorial and
preservative properties and studies also had shown a complete removal of RB has impact on
losses of other essential minerals from rice and respective weight recovery of grains [2, 9]. RB
from MRQ 98 (coloured rice) showed highest content of TPC compared to other samples
suggesting pigmented rice bran are naturally high in phenolics as what has been suggested
by previous studies [10].
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Table 1. The differences of polishing time and antioxidant activities
Sample

Polishing (seconds)
60

297

98

74

117

124

104

76

123

90

120

TPC

239.09a ± 1.12

229.50a ± 2.21

214.06b ± 1.65

DPPH

96.92a ± 0.29

97.23a ± 0.15

96.11a ± 0.17

FRAP

105.32a ± 2.12

103.54a± 2.74

100.58a± 1.85

TPC

425.02a ± 2.41

395.87b ± 4.55

368.33c ± 2.74

DPPH

84.44a ± 0.13

88.23a ± 0.21

88.86a ± 0.25

FRAP

92.21a ± 1.41

95.72a± 1.68

94.45a± 1.54

TPC

228.82a ± 2.28

212.92b ± 3.93

203.73b ± 2.35

DPPH

96.52a ± 0.33

95.58a ± 0.16

95.70a ± 0.36

FRAP

102.10a±1.88

102.80a±2.19

106.24a± 1.75

TPC

227.88a ± 1.59

203.38b ± 2.24

197.66c ± 1.55

DPPH

97.33a ± 0.16

95.85a ± 0.24

95.59a ± 0.18

FRAP

105.33a ± 1.37

102.73a ± 2.54

103.31a ± 1.44

TPC

240.24a ± 3.47

210.51b ± 2.10

207.78b ± 3.15

DPPH

95.47a ± 0.22

95.41a ± 0.35

95.26a ± 0.13

FRAP

104.86a ± 2.43

104.15a ± 2.74

99.25a ± 1.68

TPC

226.94a ± 2.25

208.18b ± 1.54

191.66c ± 1.12

DPPH

96.09a ± 0.10

96.45a ± 0.14

96.43a ± 0.35

FRAP

101.45a ± 2.23

103.82a ± 3.06

104.32a ± 2.50

TPC

158.35a ± 1.22

155.85a ± 2.25

134.01b ± 1.51

DPPH

95.77a ± 0.19

93.39a ± 0.26

94.90a ± 0.25

FRAP

98.41a ± 1.61

101.44a ± 1.26

95.71a ± 0.98

TPC

209.77a ± 1.26

170.53b ± 1.15

168.34b ± 2.21

DPPH

95.23a ± 0.23

92.37a ± 0.28

94.40a ± 0.36

FRAP

103.22a ± 1.27

101.28a ± 1.08

104.65a ± 1.89

Data shown in mean ± standard deviation (n=3)
Means in the same row marked with different letters are significantly different (P ⩽ 0.05).
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CONCLUSION
From the studies conducted, we can conclude shorter time period (60 seconds) polishing is
sufficient for obtaining RB with large amount of polyphenols and its antioxidants. These
findings elucidated the first report on the profiling of rice bran from these local varieties and will
enable the development of natural antioxidant substances and value added products for future
use.
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INTRODUCTION
The concept of urban horticulture has lately been addressed by the government, especially
through the Ministry of Agriculture and Food Industries. The emphasis on urban agricultural
activities such as farming in limited space has begun to be received by urban dwellers who are
interested to practice farming in the cities. Urban agriculture can reduce kitchen expenditure,
increase food and nutrition securities and economy of urban poor. In line with the concept of
urban agriculture MARDI introduces Cube-Grow, an innovative technique for growing
vegetables inside the house. Cube-Grow is a drawer of living fresh vegetables that can be
placed in the kitchen, harvested just before cooking, thus enabling the household to consume
highly nutritious vegetables daily. They are also pesticide-free and very safe for consumption.
Cube-Grow are suitable for growing leafy vegetables such as lettuce, spinach and kale. It is
equipped with 'Light Emitting Diode' (LED) source (48 Watts) and a ventilation system to
produce a suitable internal environment that enables the production of vegetables. The yield
of leafy vegetables such as lettuce, kale and spinach can be harvested earlier, approximately
28-30 days after planting compared to conventional cultivation in open areas. The average
yield harvested is 1.5 kg containing 10 - 12 plants. Cube-Grow can be designed and arranged
to look like a component of the kitchen cabinet and accessories. Cube-Grow would make a
complete green package for housing developers as gift to their house buyers. Cube-Grow is a
tool or component in the concept of urban horticulture with the tagline of a "drawer for fresh
leafy vegetables", which is practical and potential to be used in urban populations [3]. This new
technique was created and designed purposely for fulfilling the current scenario, especially the
problems of limited space for home gardening. The idea of innovative product created is from
the inspiration of plant nature that can grow and adapt in the house. Cube-Grow are a live
vegetable drawer located in the kitchen area, where the vegetables can be harvested before
being cooked and ensure that households can enjoy highly nutritious vegetables. These
vegetables are also pesticide-free and very safe to eat. Cube-Grow can be used as the solution
to overcome the problems of limited space for growing vegetables, particularly in terrace
houses, condominiums, apartments and flats [3]. This innovative product does not require
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large space as compared to conventional planting systems. In addition, the Cube-Grow have
potential to become an attractive interior component if stackable.
MATERIALS AND METHODS
Cube-Grow products components
Cube-Grow are specially designed to grow exclusive for leafy vegetable types such as lettuce,
spinach and kale. This product is developed using artificial light source and plywood structure.
It is created as a part of the home cabinet. Cube-Grow consists of 48 Watts of Light Emitting
Diode (LED) that will provide light for photosynthesis process and plant growth. Light intensity
exposure is between 2500 - 2800 lx while the wave length is as much as 480 - 600 nM. In this
structure there is a fan that works to provide ventilation and maintain continuous ambient
temperature. It also comes with a railing system to facilitate management work such as
removing and placing containers as shown in Figure 1. The Cube-Grow cultivation system can
be applied using hydroponics modifications or using soilless media with a water catchment
reservoir [1,4,] contained in a self-watering container (SWC) where water should only be
increased every 2-3 days.
Among other features of the Cube-Grow is that it is easy to install and lightweight, and is similar
to the installation and application approach of DIY (do-it-yourself). The planting cube is
especially suitable for home and indoor use. The cultivation of vegetables is 100% fresh,
healthy and free from the use of any pesticide and toxic free [3,8]. This gardening approach is
environmentally friendly and sustainable. Vegetables produced may also help residents and
urban communities to reduce their daily expenses, encourage them to continuously plant crops
while providing educational elements among the residents. In addition, it also contributes to
shaping and promoting an active, knowledgeable and urban society community.
Advantages of Cube-Grow
The Cube-Grow is specially designed to look like home furnishing cabinets. It is also very
suitable to be arranged or placed in the kitchen room (wet kitchen), lounge or indoor dining
room. With a concise concept, Cube-Grow are able to provide an attractive home interior
aesthetic value especially when the LED light from the box is stretched out. Gardening
activities by using the Cube-Grow can give some impact especially to improve air quality and
produce cool and greenish effects in buildings or homes [3] (Figure 2). Indirectly, Cube-Grow
application can also give social and economic impacts and become a new breath in urban
farming activities. It is also a new concept in urban horticulture. Cube-Grow have the potential
to be commercialized locally as its cost is affordable to all citizens and urban communities.
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B

A
Figure 1. The components in Cube-Grow; (A) front view and (B) back view

A

B

Figure 2. The Cube-Grow give cool and greenish effects in buildings or homes; (A) with red
blue LED lights on and (B) with white LED lights on

RESULTS AND DISCUSSION
Leafy Vegetables Growing Technique
Seedling
Seedlings are produced by sowing seeds in a germination tray containing multiple cells.
Medium peat moss is recommended as seed germination medium. The nursery tray is placed
in a 50% sunshine area. Seedlings should be watered twice daily with a smooth spray or
capillary [1,7]. Usually, the seedlings germinate within 3 - 4 days and seedlings are allowed to
grow. Foliar fertilizers can be sprayed to produce healthy and quality seedlings. Once the
seedlings produce 2 - 3 pieces of real leaves, they can be transferred into a container / garden
container either using a hydroponic modification system or by using soilless media equipped
with reservoir in a SWC [1,4,6]. The process of transferring seedlings can be done anytime,
preferably in the morning or late afternoon.
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Planting, watering, fertilizers, pest and disease control
Generally, 8 days seedlings after sowing should be transferred to a container or vase. The
number of suitable seedlings is planted depending on the size and type of the selected planting
of the selected plant. For a rectangular planting container with a size of 55.4 cm x 41.6 cm x
13.1 cm (equipped with a water reservoir system), it is found that twelve seedlings of leafy
vegetables can be planted. By using the pre-installed water reservoir system, plants need not
often be watered as they get capillary water [1,6]. The appropriate planting medium is peat
moss, perlite, vermiculite and rice husk at a ratio of 1: 1: 1: 1 [3,4]. In the event of dead plants,
seedling should be replaced immediately to obtain uniform growth and yield. The frequency of
adding water in a SWC depends on the age and type of leafy vegetable. In the early stages of
growth, plants need only a little water, which is about 7 days after the initial addition of water.
Typically, the rate of water increases when the plant gets more mature. Leafy vegetables
grown in Cube-Grow need to be fertilized to ensure healthy growth. Fertilization can be done
manually by using NPK 15:15:15 (5 g / plant every 2 weeks). For cultivation using the
hydroponic modification system methods (using water solution), solutions with readings
between 1.0 - 2.5 EC (Electrical Conductivity) are used. The EC value of water solution is
measured by using EC meter. However, if there are fertilizer deficiency symptoms such as
yellowish leaves and unhealthy growth, additional fertilizers using foliar fertilizers can be
sprayed. Cube-Grow vegetables with leafy vegetables are found to have never suffered high
damage due to disease and pest infestation. Therefore, pest and disease control are never
done. However, the main thing to avoid the occurrence of crop disease and pest attack is to
maintain optimum environmental hygiene, especially planting media. Careful and frequent
observations are needed to identify the symptoms of early attacks and immediate preventive
action.
Production
The leafy vegetables can be harvested early, approximately 26 - 32 days after planting at each
planting about 1350 - 1500 g of leafy vegetables can be produced from 9 - 12 plants [2,5,6,7].
Table 1 shows the production of selected leafy vegetable crops grown in the SWC using the
Cube-Grow structure in MARDI. While in Table 2 and 3 shows the production accordingly to
the effect of different LED light (White vs. Red Blue) treatments on physicochemical properties
(leaf colour, soluble solids content (SSC), pH, total titratable acidity (TTA), soluble solids
concentration/titratable acidity (SSC/TTA) ratio, ascorbic acid content, total chlorophyll and
percentage of DPPH radical-scavenging activity on Butter head lettuce. Table 4 shows the
Green Coral productions towards on the effect of different LED light (Red Blue vs. Red Blue
Green) treatments on growth performance, biomass and SPAD variables.
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Table 1. Production of leafy vegetables grown in the Cube-Grow structure.
Type of crop
(Common name)
Spinach

Period
harvested (day)
26 - 28

Weight of
plant (g)
125 g

Total yield / plant
container (g)
1500 / 12 plants

Sawi

26 - 28

125 g

1500 / 12 plants

Kangkong

26 - 28

120 g

1800 / 15 plants

Kale

26 - 28

125 g

1500 / 12 plants

Salad (Green Butter)

30 - 32

150 g

1350 / 9 plants

Salad (Red Batavia)

30 - 32

150 g

1350 / 9 plants

In Table 2, the results show that T2 treatment (red blue LED) gives high value of chroma (C*)
that showed dark green in leaf colour. pH and acid ascorbic content significantly affected
among the treatments. However, T1 (white LED) showed significantly in titratable acidity and
total chlorophyll content, whereas there no significantly in their DPPH-scavenging ability,
soluble solid concentration and sugar acid ratio on Butter head lettuce.
Table 2. The effect of different LED light treatments on physiochemical properties (leaf colour,
soluble

solids

content

(SSC),

pH,

total

titratable

acidity

(TTA),

soluble

solids

concentration/titratable acidity (SSC/TTA) ratio, ascorbic acid content, total chlorophyll and
percentage of DPPH radical-scavenging activity on Butter head lettuce.
TTA
Treatment

SSC

Leaf Colour

(LED )

(°BRIX)

pH

(%
citric
acid)

SSC /

Ascorbic

TTA

Acid Content

ratio

(mg/100g FW)

Total

%

Chlorophy Inhibit
ll

ion

(mg/ml)

DPPH

L*

C*

h°

T1: White

45.83

35.49b

124.95a

4.40

5.80b

0.11a

45.43

2.53b

321.73a

24.82

T2: Red Blue

49.99

38.62a

122.50b

4.37

5.89a

0.09b

41.76

2.81a

252.66b

17.39

ns

*

*

ns

*

*

ns

*

*

ns

F-Test
Significant

Means separation within columns and main effect by Duncan’s Multiple Range test at P≤0.05. L*= lightness, C*=
chroma and h° = hue angle. ns, *, ** Non significant or significant or highly significant at P≤0.05, respectively

In general, Table 3, shows the results of the study entitled the effect of different LED light
treatments on growth performance, biomass and SPAD variables on Green coral salad. T2
treatment (combination of red, blue, green LEDs) gives a great results in the parameters of
fresh leaf weight, number of leaves, total leaf surface area, height, tree canopy and it was no
significant difference in fresh root weight, SPAD value, dry weight of leaves and roots, when
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compared to T1 treatment (combination of red, blue LEDs) on Green coral salad plants. While
in Table 4 shows the T1 treatment (combination of red, blue LEDs) significantly high in DPPHscavenging ability compared to T2 (combination of red, blue, green LEDs). Besides that, there
were no significant difference all the parameters on Green coral salad plants.
Table 3. The effect of different LED light treatments on growth performance, biomass and
SPAD variables on Green coral salad.
Treatment
(LED)
T1: Red
Blue

Fresh weight (g)

Dry weight (g)

Number
of

Total leaf

Height

Canopy

area (cm2)

(cm)

(cm)

SPAD

Leaf

Root

Leaf

Root

leaves

21.50b

6.00

1.44

0.23

10b

315.39b

10.83b

14.80b

19.53

26.50a

5.50

1.54

0.16

12a

467.03a

15.53a

17.93a

19.23

*

ns

ns

ns

*

*

*

*

ns

T2: Red
Blue
Green
F-Test
Significant

Means separation within columns and main effect by LSD at P≤0.05. ns, *, ** Non significant or significant or highly
significant at P≤0.05, respectively.

Table 4. The effect of different LED light treatments on physicochemical properties (leaf colour,
soluble solids content (SSC), pH, total titratable acidity (TTA), SSC/TTA ratio, ascorbic acid
content, total chlorophyll and percentage of DPPH inhibition on Green coral salad.
Leaf colour
Treatment
(LED)

T1: Red
Blue
T2: Red
Blue Green
F-Test
Significant

SSC
L*

C*

Ascorbic

TTA

h0

(°Brix)

pH

(%

SSC/TTA

citric

ratio

acid)

acid

Total

content Chlorophyll
(mg/100g

(mg/ml)

% DPPH
inhibition

FW)

56.08

32.76

119.49

3.65

5.76

0.12

27.33

3.60

149.79

53.92a

59.39

32.66

119.34

3.43

5.77

0.10

29.85

4.44

166.13

38.19b

ns

ns

ns

ns

ns

ns

ns

ns

ns

*

Means separation within columns and main effect by LSD at P≤0.05. L*= lightness, C*= chroma and h° = hue angle
ns, *, ** Non significant or significant or highly significant at P≤0.05, respectively.

Power Electricity Consumption:
Cube-Grow operation was found not to use high electricity with a rate of RM3.75 per month.
The use of such electricity rates is very economical and is more or less the same as other
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electrical appliances such as refrigerators, water filters and chillers that are often used by
consumers.
AMPS to Watts Electrical Conversion Calculator
Enter the current and voltage to convert amps to watts for DC and AC single and three phase
circuits. Current: 0.3 amps, Voltage: 240 volts
Convert Watts to AMPS
Results: 0.3 amps x 240 v = 72 watts = 0.072 kilowatts
Daily use rate

= 0.072 kilowatts for 8 hours = 0.576 kWh
= 0.576 kWh x RM0.218 = RM0.125

Monthly use rate

= 30 x RM0.125 = RM3.75

CFD Simulation of the Airflow Distribution Inside the Cube-Grow.
In this study, 3 options of holes position were analysed and compared using the computational
fluid dynamic (CFD) simulation. The main objective is to find the position of the hole that able
to produce even distribution of air flow inside the Cube-Grow. The holes position of the 3
options is as shown in Figure 3.

Figure 3. Holes position options in CFD simulation study.
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OPTION 1: 4 HOLES AT
THE BOTTOM

OPTION 2: 2 HOLES AT
THE BOTTOM

OPTION 3: 4 HOLES AT
THE INFRONT

Figure 4. Airflow streamlines of option 1, 2 and 3.
Simulation results.
Figure 4 shows the resulted streamline of airflow inside the Cube-Grow for option 1, 2 and 3.
From figure 4, it shows that option 1 and option 3 produce more uniform airflow stream
compared to option 2. To further compare between the options, data for 27 locations inside the
Cube-Grow was measured and the average data for top, middle, bottom, left, centre, right,
front, middle and back plane were plotted. Figure 5 shows the average data at the top, middle,
bottom, left, centre, right, front, middle and back plane of the Cube-Grow. The results show
that the option 1 produce the highest average air flow speed which is 0.42 ms-1 compare to
option 1 and option 3 which is 0.23 and 0.25 ms-1 respectively. However option 2 also produce
the highest range between maximum and minimum air flow speed which is 1.9 ms-1 showing
that its produce the least uniform airflow compare to option 1 and option 3 which is 1.3 and 1.2
ms-1 respectively. Therefore, from these results, it is concluded that option 3 is the best option
for the holes position as it produce the most uniform air flow inside the Cube-Grow with 1.2
ms-1 air flow range and also with an acceptable average airflow speed of 0.25 ms-1.
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Top plane
Middle plane
Bottom plane

Air flow speed (ms-1)

1
0.8
0.6

Left plane
Center plane
Right plane

0.4
0.2
0

option 1

option 2

option 3

Front plane
Middle plane
Bottom plane

Figure 5. Average air flow speed at selected planes inside the Cube-Grow

CONCLUSION
Cube-Grow was very practical for the future home use according to the promising results on
the leafy vegetables growth performances which were tested. It also used a very minimal
electricity source. The leafy vegetables cultivation using Cube-Grow technology can maximize
the use of limited site space while generating additional revenue to consumers. Leafy
vegetables can be produced in the Cube-Grow structure either through seed seeding and
planting seedlings in hydroponic modification modes or the use of non-soil cultivation media
equipped with a water reservoir (SWC). According to the result the physicochemical quality of
leafy vegetables were greatly affected by the LED light quality which are one of the component
was fix in the Cube-Grow. Henceforward, the fresh-grown leaves in Cube-Grow can provide
aesthetic impact in limited space as well as a source of food for the household.
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