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Abstract

Background: Bacillus cereus is frequently related to foodborne illness outbreak. The common food vehicles for trans-
mission of the bacteria are rice, rice products and starchy foods. As rice is a staple food for some countries including
Malaysia, knowledge about safety of B. cereus in rice is important. This study was conducted to enumerate and identify
B. cereus in local indigenous and imported rice grains. As Malaysia depends on imported rice to complement the food
demands, it is crucial to assess on the imported rice besides the locals.

Results: Twenty local indigenous and twenty imported rice grains were investigated in this study. All samples
showed positive for the presence of B. cereus using polymerase chain reaction targeting the gryB8 gene (475 bp) which
encodes for B protein subunit for DNA gyrase or also known as topoisomerase Il. The microbial load of B. cereus in all
samples was >1100MPN/g. However, PCR analysis revealed all the samples were contaminated with B. cereus except

for three samples of local indigenous rice (LIR 3, LIR 9 and LIR 20).

Conclusions: Due to the finding of high prevalence on the samples, it is therefore concluded that the local indig-
enous and imported rice grains can be one potential source of B. cereus transmission to the public.

Keywords: Bacillus cereus, Enumeration, gryB gene, Polymerase chain reaction, Rice

Background

Food poisoning caused by Bacillus cereus is frequently
associated with consumption of contaminated fried
rice. The foodborne bacteria produce endospore which
is resistant towards heat. They are able to grow in the
temperature of 10-48 °C, and temperatures ranging
from 28 to 35 °C are the optimum. To date, the available
treatments for the disinfection are used which are high
temperature for canning and lowering pH [6]. B. cereus
pathogenesis depends on amount of dose consumed
and site of the bacteria producing toxin in either food or
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intestine [16]. The bacterial infection is manifested with
diarrhoea and emesis.

Local rice in Sarawak contributes 214.97 tonne valued
at RM 369,551 representing 3.7% of the total export value
of agricultural product [8]. Rice cultivation in Sarawak
had always been on a subsistence cash crop basis with
low yields because of tough hilly terrains, drought, poor
drainage and irrigation and lack of modern machinery
usage. Rice is cultivated manually using traditional meth-
ods, and in some places, machinery is used to increase
the yield. In spite of these setbacks, the local farmers had
produced some of the world finest and very best home-
grown aromatic rice. Notable traditional rice produced in
Sarawak are the Bario rice, Biris rice, Bajong rice, Beras
Hitam or black rice and Beras Merah or red rice. There
are other aromatic rice varieties, namely Kanowit rice,
Wangi rice, Rotan rice, Bali rice, Mamut rice, Selasih
rice, Kateh Merah, Lemak rice and the black glutinous
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rice. As the society became more affluent and health con-
scious, focus now has shifted to the local pesticide-free
produce and high nutritional value [15]. In tandem with
food security and fulfilment of the requirement of rice
by Malaysians, imported rice is also retailed in markets.
The most demanded imported rice in Malaysia are Thai
White Rice and Vietnamese White Rice [4].

The gyrB gene encodes subunit B protein of DNA
gyrase (topoisomerase type II), which is essential for
DNA replication [3]. The gene is used in phylogenetic and
taxonomic analysis since it is ubiquitous even in different
bacterial species. Furthermore, the gene has better effi-
ciency than its counterpart, 16S rRNA because of faster
evolutionary rate which contributes to lesser percentage
of gene similarities, even among closely related species
[19] and therefore suitable for bacterial species identifica-
tion. A study conducted by Bavykin et al. [3] showed that
the percentage of gene similarity of 16S rRNA in closely
related species can be up to 100%, which makes it hard
to distinguish between the species. By comparison, Wang
et al. [19] stated that the percentages of gene similarity
of gyrB between the species are up to 99.2%. Up to the
present time, Malaysia has not had any official statistics
on B. cereus outbreak, but there are a few reports regard-
ing incidences of B. cereus in food such as ready-to-eat
cereals [5], raw and cooked chicken meats [1] and ready-
to-eat cooked rice [17] and cooked rice [12]. There has
been no study of B. cereus in imported rice in Malaysia.
This shows screening of B. cereus from food is crucial
and positive findings may help further initial preventative
measures of outbreak from occurring.

Methods

Sample collection and enumeration

Twenty local indigenous rice grains (Bario bukit, Bario
paya, Limbang, Pulut chelum, Bubuk, Buran, Empenit,
Ginti bukit, Ginti paya, Katun, Kicap, Mamut, Melanjan,
Melawi, Padi mit, Samak, Saratok, Sebuti, Selasih and
Tarat) were collected in Sarawak, and twenty imported
rice grains were purchased at retail shops and hypermar-
kets in Malaysia. The samples were transported to the
laboratory for further analysis. Twenty grams for each
sample was added into stomacher bag containing 180 ml
of tryptic soy broth (Difco, US). The bag was shaken for
60 s and further incubated at 37 °C for 20 h [17]. Enu-
meration was conducted by using most probable number
(MPN) three-tube serial dilution. Tubes were incubated
at 37 °C for 24 h.

DNA extraction and polymerase chain reaction

The bacterial DNAs were extracted by using the boil
cell method as described by Lee et al. [13]. One millili-
tre of the culture was centrifuged at 12,000x g for 1 min.

Page 2 of 5

Subsequent re-suspension was done in 500 pl of distilled
water. The mixture was boiled for 20 min and followed by
prompt cooling at —20 °C for 10 min. Then, the mixture
was centrifuged again at 12,000 xg for 5 min and only the
supernatant was retained for PCR method.

Molecular techniques were performed to iden-
tify B. cereus from the concentrated DNA by fol-
lowing the method by Wu et al. [18]. The gyrB gene
was amplified using BCJH-F primer (5-TCATGAA-
GAGCCTGTGTACG-3') and BCJH-1R  primer
(5'-CGACGTGTCAATTCACGCGC-3’) which produced
475-bp amplicons [17]. The PCR consisted of 3.0 uL of
DNA template, 5.0 pL of 5X PCR buffer, 2.0 uL of 1.0 uM
BCJH-1R primer, 2.0 puL of 1.0 pM BCJH-F primer, 0.8 pL
of 1.0 U Taq polymerase, 0.4 pL of 0.2 mM deoxynu-
cleoside triphosphate (ANTP) mix, 0.6 pL of 1.5 mM
MgCl, and 6.2 pL of double-distilled water to make up
to 20 uL of the PCR mixture. The PCR was conducted
with an initial denaturation at 94 °C for 3 min, followed
by denaturation at 94 °C for 45 s, annealing at 63 °C for
1 min, elongation at 72 °C for 1 min and final extension
at 72 °C for 7 min. The amplicons were analysed via 1.0%
of agarose gel electrophoresis in 1x TBE buffer (Bio-
Rad, Spain) at 90 V for 60 min. A 100-bp DNA ladder
(Thermo Scientific Fermentas), B. cereus positive control
and DNAse/RNAse-free water as negative control were
included. The gel was stained with 1 pug/ml ethidium bro-
mide for 15 min and visualised under UV light.

Results

Enumeration of B. cereus via most probable number
analysis showed 100% (20/20) samples of local indige-
nous and 100% (20/20) of imported rice grains had high
occurrence of the bacteria which had more than 1100
MPN/g per sample. Subsequent PCR detection found
85% (17/20) of the local indigenous rice grains and 100%
(20/20) of the imported rice grains were detected positive
with B. cereus. The prevalence is presented in Table 1.
Representative amplifications of the gyrB gene for the
detection of B. cereus (475 bp) in the samples are dis-
played in Figs. 1 and 2.

Discussion

In this study, MPN analysis of the forty samples for local
indigenous (n = 20) and imported (n = 20) rice grains
turned turbid after the incubation and the bacterial con-
centration was >1100 MPN/g for each rice grain sample.
Based on the permitted level of B. cereus in food by the
Food Standards Australia New Zealand [9], the bacte-
rial allowable level is below 10> CFU/g. However, the
amount of >10* CFU/g is considered unsafe and may
result in immediate recall of the foodstuffs for further
inspection if in retails. However, the indicator level in the
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Table 1 Results for most probable number and PCR analysis of B. cereus in local indigenous and imported rice grains

Types of sample Sample codes  MPN/g PCR analysis  Types of sample Sample codes  MPN/g  PCRanalysis
Local indigenous rice grains LIR1 >1100 +° Imported rice grains IR 1 >1100 +?
LIR2 >1100 + IR2 >1100 +
LIR3 >1100 IR3 >1100 +
LIR4 >1100 + R4 >1100 +
LIRS >1100 + IR5 >1100 +
LIR6 >1100 + IR6 >1100 +
LIR7 >1100 + IR7 >1100 +
LIR8 >1100 + IR8 >1100 +
LIR9 >1100 IR9 >1100 +
LIR10 >1100 + IR10 >1100 +
LIR 11 >1100 + R11 >1100 +
LIR12 >1100 + IR12 >1100 +
LIR13 >1100 + IR13 >1100 +
LIR 14 >1100 + IR 14 >1100 +
LIR15 >1100 + IR15 >1100 +
LIR16 >1100 + IR16 >1100 +
LIR17 >1100 + IR1 >1100 +
LIR18 >1100 + IR 2 >1100 +
LIR19 >1100 + IR3 >1100 +
LIR 20 >1100 — IR4 >1100 +

Fig. 1 Representative amplifications of the gyrB gene for the detec-
tion of B. cereus (475 bp) in the samples. Sample: /LR 18. Lane 0 100-bp
molecular ladder (Thermo Scientific Fermentas), Lane 1 B. cereus posi-
tive control, Lanes 2 and 3 B. cereus positive samples (replicates 1 and

2), Lane 4 negative sample (replicate 3), Lane 5 negative control

Fig. 2 Representative amplifications of the gyrB gene for the detec-
tion of B. cereus (475 bp) in the samples. Sample: IR 17. Lane M 100-bp
molecular ladder (Thermo Scientific Fermentas), Lane 1 B. cereus posi-
tive control, Lanes 2-7 samples, Lane 8 negative control

UK is different where it is regarded as hazardous if only
>10° CFU/g. Meanwhile, the UK’s allowable limit is below
10° CFU/g [16]. With regard to the finding obtained in
this study, the rice grain samples were concluded as risky
for consumption and unsatisfactory. This is in agreement
with the previous research by Sandra et al. [17] where B.
cereus was found >1100 MPN/g in all cooked rice grain
samples.

The PCR analysis revealed that 85% (17/20) of the local
indigenous and 100% (20/20) of imported rice grains
were positive with B. cereus. Only three local rice grains
were negative towards B. cereus, and therefore, this study
suggests the three samples were contaminated with other

endophytic bacteria due to positive result of contamina-
tion from MPN analysis. Endophytic bacteria are found
from surface-sterilised or inside plants and have no
harmful effect to plant [14]. Nonetheless, local rice grains
might have undergone stringent quality control through
Food Regulations 1985 and Food Act 1983. The high bac-
terial prevalence in the food samples is comparable to the
finding obtained by Sandra et al. [17] where 100% (25/25)
of raw local rice grains were B. cereus positive. However,
there was lower level of contamination where 46.6%
(83/178) of the isolated US rice were detected with B.
cereus [2]. In addition to that, 18.5% (10/54) of rice dishes
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samples were identified in Belgium having positive with
the bacterial contamination [7]. However, both protocols
applied by Ankolekar et al. [2] and Delbrassinme et al. [7]
involved selective plating on agar instead of molecular
detection.

The bacteria can cause disease if ingested in high
amount by producing toxin in either food or intestine.
The minimum cell dose for B. cereus pathogenicity is in
the range of 10°~10% of cells or spores per gram. Inges-
tion greater cell or spore concentration than as stated
leads to risk for diarrhoeal (10°~107 cells/g) and emetic
(10°-107 cells/g) syndromes. These syndromes differ with
the types of symptom manifested. Diarrhoeal syndrome
causes diarrhoea, abdominal cramp and nausea; however,
emetic syndrome causes vomiting, nausea, malaise and
emesis [10]. In this study, the occurrence of the bacte-
rial concentration was higher than 1100 MPN/g for each
sample which points out that all the local indigenous and
imported rice grains might not be safe for consumption.
Therefore, local authorities have to enforce and regulate
laws regarding the safety of commercial rice grains for
trade in Malaysia. Besides, commercial food companies
have to comply with the regulations to ensure the prod-
ucts are safe to consumers.

The presence of B. cereus from raw rice grains can be
caused by contamination during growth, harvesting and
subsequent processes. The bacteria have potential to
cause food poisoning as rice grain is normally stored at
12-14% of moisture content, and this permits the bacte-
rial proliferation [11]. Besides, improper washing prior
boiling leaves the residual spores on the rice grains [17].
B. cereus endospores are resistant and have higher sur-
vivability, especially when the food is left at room tem-
perature. Therefore, they have potential to germinate and
re-grow to a pathogenic form of B. cereus.

Conclusion

This integrated study involving both Malaysian and
imported rice grains is important to reveal the presence
of B. cereus in food. This is the first preliminary report
on the occurrence of B. cereus in imported rice grains in
Malaysia. This study provides explanations of risks of the
public contracting the illness as the studied rice is staple
food for Malaysians. As precautionary measures should
be taken, cooked rice grains should be promptly con-
sumed, otherwise kept at below 7 °C or higher than 63 °C
within 2 h of cooking to avoid germination of the spores.
Prompt cooling or heating the food for storage can mini-
mise the potential of the spore to germinate during the
holding time. As improvement for further research, it
should be performed on toxigenic spores of Bacillus spe-
cies in Malaysia which might give insight into the bacte-
rial pathogenesis.
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