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ABSTRACT

Dengue is an emergent disease transmitted by Aedes aegypti mosquitos prominent in
tropical countries. Numerous methods have been used to prevent the spread of Dengue
fever, such as fogging and treatment using anti-larvae chemicals, yet these methods are
harmful. Bacillus thuringiensis found in Aedes aegypti larvae is capable of producing
endotoxin that able to kill insects without any side effect on humans, thus it is able to
control Dengue vectors without any adverse effects to the environment. Aedes aegypti
larvae were crushed and mixed with saline solution to isolate the bacteria in the larvae.
From all bacterial colonies extracted from the larvae, 13 colonies with appearance closest
to Bacillus colonies were screened using gram staining, spore staining, and biochemical
testing. From 13 colonies, 8 of them were further analysed using ARDRA and crylA gene
amplification. These analyses showed one of the colonies had crylA gene, which indicated
the colony was Bacillus thuringiensis. The isolated Bacillus thuringiensis was used for
endotoxin production and efficacy assays.
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mosquitoes are the main vector of several
viruses such as Dengue virus, Yellow
fever virus, Chikunguya virus (Kraemer
et al., 2015) and Zika virus (World Health
Organization [WHO], 2016). These viruses
have become major public health concerns,
with increasing disease incidence and
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prevalence of dengue and other associated
fevers. Ae. aegypti and Ae. albopictus
distributions are predicted to occur in
tropical and subtropical areas, with Ae.
albopictus having wider area due to its
higher tolerance to lower temperatures
(Kraemer et al., 2015). In Indonesia, annual
dengue haemorrhagic fever occurrence had
increased from 0,05 per 100000 people in
1968 to 35-40 per 100000 people in 2013
(Karyanti et al., 2014).

Aedes aegypti and Aedes albopictus
lifecycle is the following: Egg-larva-pupa-
adult and require still water to live their
non-adult stages of life. An adult female
mosquito can produce 100-200 eggs per
batch, and each egg can develop within
2 days in tropical climate. In larva stage,
they undergo several changes in size called
instars. Initially, a newly hatched larva has
around 1.7 mm length, and can reach up
to 7.2 mm at the 4" instar (Bar & Andrew,
2013). They feed on organic matters in the
water, and if undisturbed, can be found
floating in the water surface. After 4™ instar,
larvae will enter pupal stage. In this stage,
they no longer eat and after a couple of days
will emerge as an adult mosquito (Zettel &
Kaufman, 2012).

To control its growth and population,
several methods have been undertaken,
such as treatment with DDT, Malathion
or Temephos (Abate powder). However,
some chemicals used to control mosquito
growth have been found to be harmful for
humans, especially DDT which was banned
in several countries. Temephos are non-
harmful to human, but several researches
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have reported increasing resistance of Aedes
aegypti larvae against it (Diniz, Henriques,
Leandro, Aguiar, & Beserra, 2014). Bacillus
thuringiensis is capable of producing crystal
protein consisting of &-endotoxins, which
possess insecticidal activity. The crystal
proteins, or Bt toxins, are produced during
sporulation stage of B. thuringiensis as
a 130-140 kDa protoxins in bipyramidal
shaped crystals. The crystal proteins are
cleaved into an active toxin that can kill the
insect (Regev et al., 1996). Cry toxin, one of
the proteins, comprises crystal protein and
has specific targets (Bravo, Gill, & Soberon,
2007). Thus, by finding a B. thuringiensis
that is able to produce crystal proteins
specific for Aedes larvae, we could make a
specific larvicide for Aedes larvae.

Dengue fever is a major health concern
126.675 being infected with it resulting
in 1,229 deaths in 2015 (Kementerian
Kesehatan Republik Indonesia [Kemenkes],
2016). It is an endemic problem requiring
an urgent solution. Proper pest controls to
curb Aedes aegypti and Aedes albopictus
is a must. Prevention is more economical
than treating the disease. Using Temephos
has been proven to completely eradicate the
larvae, and there are indications the larvae
has developed resistance to Temephos
(Mulyatno, Yamanaka, Ngadino, & Konishi,
2012). This research attempts to isolate
Bacillus thuringiensis from larvae with
movement impairment and sign of sickness.
The frailty and sickness may be caused by
B. thuringiensis crystal protein, thus by
isolating the bacteria, we can produce the
crystal protein as anti-larvae. Production
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of crystal protein from B. thuringiensis for
this purpose has never been attempted in
Indonesia.

MATERIALS AND METHODS
Materials

Aedesaegypti larvae were obtained from
water containers within the vicinity of
Universitas Surabaya, Surabaya, Indonesia.
Restriction enzymes were purchased from
Thermo Fischer.

Collecting Aedesaegypti Larvae

Aedesaegypti larvae were taken from water
containers and still water from unused tires
in Universitas Surabaya. Collected larvae
were put in glass jars, and each species
was confirmed by observing larva’s comb
under microscope, and later stored in a small
plastic container for bacterial isolation.

Bacterial Isolation from Larvae

Aedes aegypti larvae were selected for
bacterial isolation. Larvae with impaired
movement and slow response were
transferred into sterile test tubes. Each test
tube was filled with 4-5 larvae before they
were crushed. 4 ml of 0.85% NaCl was
added and incubated at room temperature
for 5 minutes. A serial dilution was prepared
up to 10 using 0.85% NaCl sterile saline
solution, and then each dilution was
incubated in 70°C for 15 minutes. After
incubation, each diluted sample was plated
into Nutrient agar with 0.3% w/v Yeast
extract. Each petri dish was incubated at
37°C for 16-24 hours.
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Bacterial Selection

Colonies were screened for Bacillus-like
characteristics, such as white to yellowish
colonies, entire or undulate arborescent
colony, motile and smooth (for yellowish
colonies) or dull (for white colonies). Every
colony with similar characteristics were
inoculated at pH 6.8 LB (Luria Bertani)-
Acetate broth selective medium. LB-Acetate
medium was made based on Travers,
Martin, & Reichelderfer (1987). LB-Acetate
medium was incubated at 37°C, 150 rpm for
24 hours, and then transferred to water bath
at 80°C for 5 minutes. 100 uL of each LB-
Acetate medium was inoculated in LB agar
medium (pH 7,2) and incubated at 37°C for
16-24 hours.

Biochemical Assay and Staining

Colonies grown in LB agar pH 7.2
were screened for biochemical tests and
staining. Each colony was tested in the
following: starch hydrolysis, motility, and
nitrate. A starch agar with addition of 2%
amylum was prepared for starch hydrolysis
analysis of samples. Each suspected colony
was inoculated into the agar and incubated
at 37°C for 16 hours. Then iodine solution
was added into the plates and spread evenly.
Positive results can be inferred from the
formation of white area surrounding the
colonies (modified from Clarke & Cowan,
1952). For motility assay, a bacterial colony
was taken using a toothpick, and then
inoculated into an agar medium by stabbing.
The medium then was incubated at 37°C for
16-24 hours (modified from Bergey, 2005).
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Nitrate reduction test was performed
based on Zobell (1932) with modifications.
Agar medium was prepared by adding 1
gram of KNO; per litre of nutrient agar
medium. Each colony was then inoculated
into the medium and incubated at 37°C for
24-48 hours. A drop of a-naphthylamine and
sulfanilic acid was added into the medium
and the colour change was observed. A
toothpick of zinc powder was added into
the medium after observing the change
in colour. Citrate utilisation was analysed
using Simmons Citrate Agar. The SCA slant
medium was prepared, and bacterial sample
was inoculated into the medium. After 16-24
hours of incubation at 37°C, the alteration
in the colour of the medium would indicate
the result (modified from Hemraj, Diksha,
& Avneet, 2013).

Gram staining was done based on a
method modified from Gram (1884), and
spore staining (modified from Schaeffer
& Fulton, 1933) of colonies were used to
analyse cell characteristics of each colony.
Gram positive and spore producing colonies
were used for further molecular tests.

DNA Extraction from Bacterial
Colonies

Bacterial colonies were transferred using
tip of toothpicks to PCR tubes filled with
100 pL ddH20 and mixed thoroughly. They
were incubated at -80°C for 20 minutes
and then immersed in boiling water for 10
minutes to lyse the cells. Later, they were
centrifuged at 10,000xg for 10 seconds
and the supernatant collected and checked
for DNA concentration using Nanodrop
(modified from Bravo, 1998).
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16S rRNA Amplification

Primers used for PCR amplification
of 16S rRNA were 27Fprimer
(5’-AGAGTTTGATCMTGGCTCAG-3")
and 1492R primer
(5’-TACGGYTACCTTGTTACGACTT-3").
The PCR was carried out in 50 pL tubes. 1
puL DNA template was mixed with 10 pL
Master Mix 2x concentration and 0.5 pL
10 pmol primers, then ddH,O was added
until total volume is 20 pL. PCR cycles
are the following: 35 cycles of 94°C for 1
min, 55°C for 1 min, 72°C for 3 min. PCR
results were visualised in a 1% agarose gel
electrophoresis in 100V for 30 minutes.

ARDRA Analysis

PCR amplicons were treated with restriction
enzymes Pstl, HindIII, EcoRI and Haelll.
5 pL of PCR results were mixed with 1 pL
10x Restriction buffer, 0.5 puL Restriction
enzyme and 8.5 pL ddH,O then incubated at
37°C for 15 minutes (modified from Thermo
Fisher protocol). The result was visualised
in 1.5% agarose gel electrophoresis in 100V
for 45 minutes.

Cryl Gene Amplification

DNA sample was amplified by LeplA
(5’-CCGGTGCTGGATTTGTGTTA-3’)
and LeplB (5’-AATCCCGTAT
TGTACCAGCG-3’) primers to detect Cryl
gene on Bacillus thuringiensis. For 10 pL
total PCR reaction, 1 uL DNA template,
5 uL Master Mix and 0.5 pL for each
primer was mixed in a PCR tube and mixed
thoroughly. PCR reaction was performed at
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94°C initial denaturation for 2 minutes, then
35 cycles of 94°C for 30 second, 50°C for 30
second, and 72°C for 2 minutes then 72°C for
10 minutes final elongation (modified from
Rilzaani & Bahagiawati, 2003).

RESULTS AND DISCUSSION

Bacterial Isolation from Aedes aegypti
Larvae Collection and Selective
Medium Treatment

Aedes aegypti larvae were collected from
water containers in Universitas Surabaya’s
greenhouse and static water contained
in unused tires around the vicinity of the
campus. Larvae were identified using their
comb spine, observed under microscope
(Figure 1). Aedes aegypti has comb spines
arranged in a row, with each comb spines
pointed and curved alongside with smaller
denticles (Bar & Andrew, 2013). Larvae was
collected twice, and bacteria extracted from
the first larvae collection was numbered
I, and the second larvae collection were
numbered II.

Preliminary examinations of
morphology showed numerous types of
bacterial colonies, and mostly growing close
to each other. Colonies were transferred into
a new medium to separate each of them.
Each colony was inoculated in LB-Acetate
selective medium. Spore-forming Bacillus
thuringiensis can be distinguished from
other bacteria by inoculating in medium
with sodium acetate. Bacillus thuringiensis
spores were unable to germinate in presence
of sodium acetate, and heat applied after
incubation destroys other unwanted
vegetative bacteria still alive in the medium
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(Travers et al., 1987). This treatment should
eliminate most unwanted bacteria. Colonies
that were able to grow after LB-Acetate
medium treatment were screened using
biochemical tests and staining.

Figure 1. Aedes aegypti larvae (A) and larvae comb
(B with 40x magnification). The comb spine of
Aedes aegypti is circled.

Biochemical Assay and Staining

Gram staining of samples (Figure 2) showed
various bacterial types however, only rod-
shaped gram-positive bacteria were used
for further experiment. Some bacteria have
endospores, which can be seen gram stain
as hollow point in the cells. Spore staining
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Figure 2. Several bacterial staining results. Top left and middle right are gram positive, spore-producing
Bacillus. Bottom pictures show spore staining result, with both having greenish spore in red cells.

using malachite green was also performed
to visualise the spores. B. thuringiensis from
the previous unpublished research was used
as positive control.

Non-spore forming, gram positive
bacteria were eliminated, while the B.
thuringiensis candidate cultures were
analysed further. All strains were stained
to observe their cell morphology after LB
Acetate treatment. There were 13 bacteria
samples, and 10 were Gram positive while 3
of them were Gram negative. The observed
cell shape were mostly bacilli, with 2 strains
streptobacilli, and 7 out of 13 samples
have endospore (Table 1). Samples taken
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from first bacterial extraction (I) were
all gram-positive bacteria, and from the
second bacterial extraction, there were
3-gram negative bacteria among 8 samples
observed.

These colonies were inoculated in
biochemical assay medium. Colonies were
tested on several biochemical characteristics
displayed in Bergey’s Manual of Systematic
Biology (De Vos et al., 2009). Nitrate
reduction test, starch hydrolysis, citrate
fermentation and bacterial motility were
analysed using respective medium for
each assay. Based on Bergey’s manual, B.
thuringiensis would display positive result

Pertanika J. Trop. Agric. Sc. 41 (3): 1423 - 1435 (2018)
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Table 1

Gram staining, cell shape and endospore of bacterial sample isolated from A. aegypti larvae
Sample Gram Cell shape Endospore
Positive Control Gram positive ([) Bacilli [es
I-2B Gram positive ([) Bacilli [es
1-4B1 Gram positive ([) Bacilli -
1-4B2 Gram positive () Bacilli Ces
1-4D1 Gram positive (L) Streptobacilli Les
1-4D2 Gram positive ([) Bacilli Ces
II-1A16B Gram negative (-) Bacilli -
II-1A2 Gram positive ([) Streptobacilli -
II-1C Gram positive ([) Bacilli Ces
11-224 Gram negative (-) Bacilli -
II-1F1 Gram positive ([) Bacilli -
II-2C Gram negative (-) Bacilli -
11-1F2 Gram positive (1) Bacilli Les
11-212 Gram positive ([) Bacilli [es

in starch hydrolysis, nitrate reduction, citrate
fermenting and motile. Citrate fermentation
on B. thuringiensi positive control should
give positive result, yet it showed negative
result along with all citrate tests. This may

be due to the fact citrate media (Simmons
Citrate Agar) pH indicator was already
degraded. Biochemical assay result (Table
2) showed that all samples had diverse assay
results, with only 2 showed similarities

Table 2

Biochemical assay results of bacteria isolated from A. aegypti larvae
Sample Starch hydrolysis  Nitrate reduction Motility Citrate
Positive Control "1(Positive) [J(Positive) [(Positive) -(Negative)
I-2B "(Positive) [(Positive) - (Negative) - (Negative)
1-4B1 - (Negative) - (Negative) - (Negative) - (Negative)
1-4B2 “(Positive) - (Negative) - (Negative) - (Negative)
1-4D1 "(Positive) [1(Positive) - (Negative) - (Negative)
[-4D2 "(Positive) [(Positive) [l (Positive) - (Negative)
II-1A16B - (Negative) - (Negative) - (Negative) - (Negative)
[I-1A2 - (Negative) [(Positive) - (Negative) - (Negative)
II-1C - (Negative) [(Positive) - (Negative) - (Negative)
11-224 - (Negative) [(Positive) - (Negative) - (Negative)
II-1F1 - (Negative) [(Positive) - (Negative) - (Negative)
11-2C - (Negative) -(Negative) - (Negative) - (Negative)
II-1F2 - (Negative) [(Positive) - (Negative) - (Negative)
11-212 "(Positive) [(Positive) [1(Positive) - (Negative)

Pertanika J. Trop. Agric. Sc. 41 (3): 1423 - 1435 (2018)
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with positive control, sample [-4D2 and
I1-212.The diverse biochemical assays
results obtained might indicate that samples
different from positive control were not
B. thuringiensis, but the variety of results
have been observed before. Gonzalez et al.
(2011) discovered several B. thuringiensis
that had slight variance in their biochemical
characteristic. From biochemical point of
view, these 2 samples were the promising
candidates for B. thuringiensis. However,
all gram-positive samples were further
analysed by PCR and ARDRA to confirm
their species.

Sample 11-212 biochemical assay and
staining were done after all sample had
undergone ARDRA analysis. This sample
was taken to consideration due to its

colony shape that closely resembles B.
thuringiensis. The result of biochemical
assay and staining confirmed the similarity
with the positive control, and thus, were
analysed further.

16S rRNA Amplification

DNA of bacterial samples was extracted
using heat-shock method to make the cells
undergo lysis and DNA can be extracted
from supernatant. The bacterial DNA
samples were amplified using 27F and
1492R primers. Bacterial samples from
first batch extraction were all tested, and
all samples showed band with similar size
(Figure 3A). Positive control band was
around 1500 bp in size, similar to sample

1500

1-2B  1-4B1

[-4B2  1-4DI 1-41)2

1-1C 1-1F1 11-1F2

B

Figure 3. PCR result of 16S rRNA amplification for samples from first batch extraction (A) and second batch
extraction (B). DNA ladder (M) used was 1000 bp ladder.
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bands which around 1500 bp as well. Both
first and second batch samples showed
similar band size. Figure 3A showed I-2B
and [-4B1 had smaller bands compared to
other 3 samples, which might be caused by
low DNA concentration prior to PCR.
Samples from the second batch were
selected based from staining results. 3 gram
positive, bacilli-shaped bacteria (II-1C, II-
1F1, and II-1F2) had their DNA extracted
and used for 16S rRNA amplification. Figure
3B shows the PCR amplification result for
3 samples, having bands in the same size
as positive control, and all were around
1500 bp in size. 16S rRNA amplification
in previous research (Atallah, El-Shaer,
& Abd-El-Aal, 2014 Shishir et al., 2014)
showed similar 16S rRNA size of 1500 bp.

ARDRA Analysis

Based on staining and biochemical activity
assay, only several samples which showed
similar characteristics to B. thuringiensis
were tested for ARDRA. All first batch
samples (I-2B, [-4B1, [-4B2, [-4D1, [-4D2)
were tested using Pstl, ECORI, and HindIII
restriction enzymes. Figure 4 shows the
restriction results of the samples. HindIII
and EcoRI restriction enzymes cleaved both
the positive control and samples into similar
restriction patterns, but Pstl restriction
shows a different result. Positive control
B. thuringiensis was not cleaved by Pstl,
giving a band size of 1500 bp while all
samples were cleaved into 2 bands around
900 and 700 bp.

1500 »

1500 *

Figure 4. ARDRA analysis result using Pstl, HindIIl, ECORI restriction enzyme. Marker used is 100 bp
ladder. Sample 1 (I-2B), 2 (I-4B1), 3 (I-4B2), 4 (I-4D1), and 5 (I-4D2).

Pertanika J. Trop. Agric. Sc. 41 (3): 1423 - 1435 (2018)
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ARDRA result from second batch
bacteria showed a different restriction
pattern on sample 2 (II-1F1). As can be
inferred from Figure 5, sample II-1F1 was
cleaved into 2 fragments of 900 and 700 bp
in size respectively. In this ARDRA analysis,
EcoRI enzyme (data not displayed) gave no
distinct restriction patterns, so Haelll was
used instead. Haelll restriction of II-1F1
sample yielded different patterns (indicated
by white arrow), albeit less profound
compared with Pstl.

This result indicated the difference
between positive controls with bacterial
samples, namely 16S rRNA of Bacillus
thuringiensis. All first batch samples
restriction patterns were different from
positive controll itherefore, the bacterial
samples may not B. thuringiensis. In second
batch bacterial samples, only II-1F1 sample
had different restriction patterns. All samples
with different restriction patterns were
omitted from next process, except sample
[-4D2 which have similar biochemical assay
result with positive control.

Hindlll Haelll

1500 »

1 2 3 + 1 2 3

Figure 5. ARDRA analysis result using Pstl, HindIIl, and Haelll restriction enzyme. Sample 1(II-1C), 2 (II-
1F1), 3 (II-1F2) is each cleaved by 3 restriction enzymes. Different restriction bands are indicated by white

arrows.

Cryl Gene Amplification

Inconclusive results of ARDRA meant it was
difficult to identify B. thuringiensis sample.
Therefore, another set of primers Lepl A
and LeplB were used to amplify cryl
gene of B. thuringiensis. Therefore, these
pairs of primers can detect B. thuringiensis
based on their crylgene. From the result of
previous biochemical assay and ARDRA,
4 samples were amplified using Lepl A
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and Lepl1B primers. Sample [-4D2 was
tested for biochemical characteristic with
positive control B. thuringiensis. Another
two samples were taken from ARDRA
result (II-1C and II-1F1), with sample II-212
tested because it has similar biochemical
characteristics.

LeplA and LeplB amplify
Lepidopteran-specific crystal toxic genes,
which produce crystal proteins to kill

Pertanika J. Trop. Agric. Sc. 41 (3): 1423 - 1435 (2018)
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Leptidoptera insects (Bravo et al., 2007).
PCR amplification of cryl gene using
LeplAlleplB primers showed a 357 bp
band, similar to 363 bpB. thuringiensis
positive control (Figure 6). Other samples
didn’t produce any amplification bands, and
1I-1F2 showed a faint band, but it was too
little to be considered.

-1 1-1F2 11-212

M - +

1-4D2

Figure 6. crylA gene amplification. Sample II-
212 (white arrow) shows a band similar to positive
control. Marker used is 100 bp ladder.

Abdulreesh, Osman and Assaecedi
(2012) found that LeplAllLeplB primers
amplified cry1lAa, crylAb, and crylAc genes
in B. thuringiensis, resulting in a 490 bp
band. Ammouneh, Harba, Idris and Makee
(2011) also had 490 bp band using LeplAl]
Lep1B primers. RilZzaani and Bahagiawati

(2003) showed LeplAllLeplB primers
produced several kinds of bands aside from
490 bp, depending on the B. thuringiensis
isolate. In this research, LeplAllLeplB
amplification resulted in 363 bp for positive
control and 357 bp for sample 1I-212.

According to Abdulreesh et al. (2012),
490 bp indicated amplification of crylAa,
crylAb, and crylAc gene. The smaller
amplicon band in this research might
because the bacteria don’t possess all 3
crylAa, crylAb, and crylAc genes, for both
positive control and sample II-212. This
indicated that crystal protein produced by
sample [1-212 might had reduced efficiency
in killing Lepidopteran insects, since it
did not have a complete 3 genes. But its
efficacy towards mos/[uito still reluires
further testing.

The RFLP was performed to analyse
similarity between sample and positive
controls. Both were analysed using 4
restriction enzymes to detect any differences
in gene. The restriction on both the sample
and control yielded only 1 band size of 360
bp as can be seen on Figure 7. From this
result it can be inferred that I1-212 is closely
related to positive control B. thuringiensis.

FeaRl

Psil Hindlll Haelll

M 4 II-212 + 11-212

400 ™

+ 11-212 + 11212 + 1I-212

Figure 7. cryl gene amplicons RFLP. All samples show uniform sized bands to untreated PCR result (lane 2

and 3). Marker used is 100 bp.

Pertanika J. Trop. Agric. Sc. 41 (3): 1423 - 1435 (2018)
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CONCLUSION

The bacterial isolation from Aedes aegypti
larvae with impaired movement and
slow response was performed to find B.
thuringiensis using several biochemical
assays, staining and molecular analysis.
Bacterial samples were placed in selective
medium to eliminate non-spore-forming
gram-positive bacteria. Biochemical assay
and staining were used to narrow the
bacteria candidate for B. thuringiensis and
as cross-reference for molecular analysis.
ARDRA and cryl RFLP analysis indicated
sample 11-212 was B. thuringiensis. The
efficacy of the crystal protein needs to
be tested further to detect 11-212 toxicity
towards Aedes aegypti larvae.
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Journal of Tropical Agricultural Science

About the Journal

Overview

Pertanika Journal of Tropical Agricultural Science (JTAS) is the official journal of Universiti Putra Malaysia
published by UPM Press. It is an open-access online scientific journal which is free of charge. It publishes
the scientific outputs. It neither accepts nor commissions third party content.

Recognized internationally as the leading peer-reviewed interdisciplinary journal devoted to the
publication of original papers, it serves as a forum for practical approaches to improving quality in issues
pertaining to tropical agriculture and its related fields.

JTAS is a quarterly (February, May, August and November) periodical that considers for publication
original articles as per its scope. The journal publishes in English and it is open to authors around the
world regardless of the nationality.

The Journal is available world-wide.

Aims and scope

Pertanika Journal of Tropical Agricultural Science aims to provide a forum for high quality research
related to tropical agricultural research. Areas relevant to the scope of the journal include: agricultural
biotechnology, biochemistry, biology, ecology, fisheries, forestry, food sciences, genetics, microbiology,
pathology and management, physiology, plant and animal sciences, production of plants and animals of
economic importance, and veterinary medicine.

History

Pertanika was founded in 1978. A decision was made in 1992 to streamline Pertanika into three journals
as Journal of Tropical Agricultural Science, Journal of Science & Technology, and Journal of Social
Sciences & Humanities to meet the need for specialised journals in areas of study aligned with the
interdisciplinary strengths of the university.

After 37 years, as an interdisciplinary journal of Agriculture, the revamped Journal, a leading agricultural
journal in Malaysia now focuses on tropical agricultural research and its related fields.

Goal of Pertanika
Our goal is to bring the highest quality research to the widest possible audience.

Quality

We aim for excellence, sustained by a responsible and professional approach to journal publishing.
Submissions are guaranteed to receive a decision within 14 weeks. The elapsed time from submission
to publication for the articles averages 5-6 months.

Abstracting and indexing of Pertanika

Pertanika is almost 40 years old; this accumulated knowledge has resulted in Pertanika JTAS being
abstracted and indexed in SCOPUS (Elsevier), Thomson (ISI) Web of Knowledge [BIOSIS & CAB Abstracts],
EBSCO & EBSCOhost, DOAJ, Agricola, Cabell’s Directories, Google Scholar, MyAlS, ISC & Rubriqg (Journal
Guide).

Future vision

We are continuously improving access to our journal archives, content, and research services. We have
the drive to realise exciting new horizons that will benefit not only the academic community, but society
itself.



Citing journal articles
The abbreviation for Pertanika Journal of Tropical Agricultural Science is Pertanika J. Trop. Agric. Sci.

Publication policy

Pertanika policy prohibits an author from submitting the same manuscript for concurrent consideration
by two or more publications. It prohibits as well publication of any manuscript that has already been
published eitherin whole or substantial part elsewhere. It also does not permit publication of manuscript
that has been published in full in Proceedings.

Code of Ethics

The Pertanika Journals and Universiti Putra Malaysia takes seriously the responsibility of all of its
journal publications to reflect the highest in publication ethics. Thus all journals and journal editors are
expected to abide by the Journal’s codes of ethics. Refer to Pertanika’s Code of Ethics for full details, or
visit the Journal’s web link at http://www.pertanika.upm.edu.my/code_of _ethics.php

International Standard Serial Number (ISSN)

An ISSN is an 8-digit code used to identify periodicals such as journals of all kinds and on all media—print
and electronic. All Pertanika journals have ISSN as well as an e-ISSN.

Journal of Tropical Agricultural Science: ISSN 1511-3701 (Print); ISSN 2231-8542 (Online).

Lag time
A decision on acceptance or rejection of a manuscript is reached in 3 to 4 months (average 14 weeks).
The elapsed time from submission to publication for the articles averages 5-6 months.

Authorship

Authors are not permitted to add or remove any names from the authorship provided at the time of
initial submission without the consent of the Journal’s Chief Executive Editor.

Manuscript preparation
Refer to Pertanika’s INSTRUCTIONS TO AUTHORS at the back of this journal.

Most scientific papers are prepared according to a format called IMRAD. The term represents the first
letters of the words Introduction, Materials and Methods, Results, And, Discussion. IMRAD is simply
a more ‘defined’ version of the “IBC” [Introduction, Body, Conclusion] format used for all academic
writing. IMRAD indicates a pattern or format rather than a complete list of headings or components of
research papers; the missing parts of a paper are: Title, Authors, Keywords, Abstract, Conclusions, and
References. Additionally, some papers include Acknowledgments and Appendices.

The Introduction explains the scope and objective of the study in the light of current knowledge on the
subject; the Materials and Methods describes how the study was conducted; the Results section reports
what was found in the study; and the Discussion section explains meaning and significance of the results
and provides suggestions for future directions of research. The manuscript must be prepared according
to the Journal’s INSTRUCTIONS TO AUTHORS.

Editorial process

Authors are notified with an acknowledgement containing a Manuscript ID on receipt of a manuscript,
and upon the editorial decision regarding publication.

Pertanika follows a double-blind peer-review process. Manuscripts deemed suitable for publication
are usually sent to reviewers. Authors are encouraged to suggest names of at least three potential

reviewers at the time of submission of their manuscript to Pertanika, but the editors will make the final
choice. The editors are not, however, bound by these suggestions.
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Notification of the editorial decision is usually provided within ten to fourteen weeks from the receipt
of manuscript. Publication of solicited manuscripts is not guaranteed. In most cases, manuscripts are
accepted conditionally, pending an author’s revision of the material.

As articles are double-blind reviewed, material that might identify authorship of the paper should be
placed only on page 2 as described in the first-4 page format in Pertanika’s INSTRUCTIONS TO AUTHORS
given at the back of this journal.

The Journal’s peer-review

In the peer-review process, three referees independently evaluate the scientific quality of the submitted
manuscripts.

Peer reviewers are experts chosen by journal editors to provide written assessment of the strengths and
weaknesses of written research, with the aim of improving the reporting of research and identifying the
most appropriate and highest quality material for the journal.

Operating and review process

What happens to a manuscript once it is submitted to Pertanika? Typically, there are seven steps to the
editorial review process:

1. The Journal’s chief executive editor and the editorial board examine the paper to determine
whether it is appropriate for the journal and should be reviewed. If not appropriate, the
manuscript is rejected outright and the author is informed.

2. The chief executive editor sends the article-identifying information having been removed,
to three reviewers. Typically, one of these is from the Journal’s editorial board. Others are
specialists in the subject matter represented by the article. The chief executive editor asks
them to complete the review in three weeks.

Comments to authors are about the appropriateness and adequacy of the theoretical or
conceptual framework, literature review, method, results and discussion, and conclusions.
Reviewers often include suggestions for strengthening of the manuscript. Comments to the
editor are in the nature of the significance of the work and its potential contribution to the
literature.

3. The chief executive editor, in consultation with the editor-in-chief, examines the reviews and
decides whether to reject the manuscript, invite the author(s) to revise and resubmit the
manuscript, or seek additional reviews. Final acceptance or rejection rests with the Edito-
in-Chief, who reserves the right to refuse any material for publication. In rare instances,
the manuscript is accepted with almost no revision. Almost without exception, reviewers’
comments (to the author) are forwarded to the author. If a revision is indicated, the editor
provides guidelines for attending to the reviewers’ suggestions and perhaps additional advice
about revising the manuscript.

4. The authors decide whether and how to address the reviewers’ comments and criticisms and
the editor’s concerns. The authors return a revised version of the paper to the chief executive
editor along with specific information describing how they have answered’ the concerns
of the reviewers and the editor, usually in a tabular form. The author(s) may also submit
a rebuttal if there is a need especially when the author disagrees with certain comments
provided by reviewer(s).

5. The chief executive editor sends the revised paper out for re-review. Typically, at least one of
the original reviewers will be asked to examine the article.

6.  When the reviewers have completed their work, the chief executive editor in consultation
with the editorial board and the editor-in-chief examine their comments and decide whether
the paper is ready to be published, needs another round of revisions, or should be rejected.



If the decision is to accept, an acceptance letter is sent to all the author(s), the paper is sent to
the Press. The article should appear in print in approximately three months.

The Publisher ensures that the paper adheres to the correct style (in-text citations, the
reference list, and tables are typical areas of concern, clarity, and grammar). The authors are
asked to respond to any minor queries by the Publisher. Following these corrections, page
proofs are mailed to the corresponding authors for their final approval. At this point, only
essential changes are accepted. Finally, the article appears in the pages of the Journal and is
posted on-line.
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