UNIVERSITI PUTRA MALAYSIA
[EERILMU BERBAKTI]

o
.,E]I]IIZI

PREVALENCE OF Bacillus cereus ON FOOD HANDLERS’ HANDS AND IN
SELECTED FOOD SOLD AT NIGHT MARKET IN NORTHERN PERAK,
MALAYSIA AND ITS ASSOCIATION WITH KNOWLEDGE, ATTITUDE AND
PRACTICE OF FOOD HANDLERS

By

NOOR ANIZA BINTI ABDUL RAHIM

Thesis Submitted to the School of Graduate Studies, Universiti Putra
Malaysia, in Fulfilment of the Requirements for the Degree of Master of
Science

November 2021

FSTM 2021 29



All material contained within the thesis, including without limitation text, logos,
icons, photographs and all other artwork, is copyright material of Universiti Putra
Malaysia unless otherwise stated. Use may be made of any material contained
within the thesis for non-commercial purposes from the copyright holder.
Commercial use of material may only be made with the express, prior, written
permission of Universiti Putra Malaysia.

Copyright © Universiti Putra Malaysia



Abstract of thesis presented to the Senate of Universiti Putra Malaysia in
fulfilment of the requirement for the degree of Master of Science

PREVALENCE OF Bacillus cereus ON FOOD HANDLERS’ HANDS AND IN
SELECTED FOOD SOLD AT NIGHT MARKET IN NORTHERN PERAK,
MALAYSIA AND ITS ASSOCIATION WITH KNOWLEDGE, ATTITUDE AND
PRACTICE OF FOOD HANDLERS

By

NOOR ANIZA BINTI ABDUL RAHIM

November 2021

Chair : Noor Azira binti Abdul Mutalib, PhD
Faculty : Food Science and Technology

The night market is a prominent place for various types of delightful food.
However, the lack of proper equipment can promote the growth of various
pathogenic bacteria including Bacillus cereus because of uncontrolled storage
temperature. This bacterium can be commonly found in rice, flour and starchy-
based food. The efficiency of food safety training that was taken by the food
handlers can be observed by knowledge, attitudes, and practices (KAP) study.
This research aimed to determine the prevalence of B. cereus in selected ready-
to-eat (RTE) food in the night market in northern Perak; to determine the
antibacterial resistance profiles of the isolates to common antibiotics; and to
identify the association between KAP level with the food handlers’ demographic
characteristics and B. cereus hand carriage of the food handlers. Eighty-three
RTE food and fifty-seven hands’ swab samples of food handlers were collected
from twenty-five stalls at night markets in Kamunting, Taiping, and Bukit Merah,
Perak. Both food and swab samples were tested for aerobic plate count and B.
cereus identification. Positive isolates of B. cereus were further analyzed for
antimicrobial susceptibility testing. KAP survey were conducted among food
handlers after food and hands’ swab samples were collected. Data were
analyzed using Minitab software to determine the prevalence of B. cereus and
its association with the level of KAP among the food handler. Aerobic bacteria
was detected from 89% of the food samples with a range of 102-108 CFU/g while
28% of them were contaminated with B. cereus with a range of 102-10* CFU/g.
The percentage of B. cereus hand carriage detected was 42% from 57
respondents. B. cereus isolates detected from both food and hands’ swab
samples showed resistance to tetracycline, chloramphenicol and clindamycin.
The result from the KAP survey of the food handlers showed moderate scores
for knowledge (74%) and high scores for attitude (92%) and practices (82%).
Significant differences were reported in marital status (p-value: 0.000) and
working experience (p-value: 0.001) towards handling practices. Furthermore,



positive correlations were seen between attitude and practices score (p-
value:0.000, r:0.681). On the other hand, the respondents' level of knowledge
(p-value: 0.007) and practices (p-value: 0.006) were found to be significantly
associated with B. cereus hand carriage whereas respondents with higher
knowledge scores were found to be as B. cereus hand carriage. The findings
concluded that a good knowledge score does not always portray the cleanliness
of the food handlers. It is a call for authorities to emphasize food safety among
food handlers especially at the night markets.
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Pasar malam merupakan tempat pengumpulan pelbagai makanan yang enak.
Walaubagaimanapun, kekurangan fasiliti bagi mengawal suhu persekitaran
tempat penyediaan makanan boleh menyebabkan pertumbuhan perlbagai jenis
bakteria patogen termasuklah Bacillus cereus. Bakteria ini kebiasaannya
dijumpai di dalam nasi, tepung dan makanan berkanji. Keberkesanan latihan
pengendali makanan dalam membentuk amalan yang betul semasa
pengendalian makanan diukur melalui kaji selidik pengetahuan, sikap dan
amalan (KAP) pengendali makanan. Kajian ini bertujuan untuk menentukan
prevalen B. cereus di dalam makanan sedia dimakan yang dijual di pasar malam
di utara Perak; menentukan kadar kerintangan B. cereus terhadap antibiotik; dan
mengkaji perkaitan di antara KAP pengendali makanan dengan faktor demografi
dan pembawa B. cereus. Lapan puluh tiga sampel makanan sedia dimakan dan
lima puluh tujuh sampel swab tangan pengendali makanan diambil daripada dua
puluh lima gerai pasar malam di Kamunting, Taiping dan Bukit Merah, Perak.
Sampel yang diambil dianalisis untuk kiraan bakteria aerobik dan B. cereus.
Isolat B. cereus yang dikesan seterusnya dikaji tahap kerintangannya terhadap
antibiotik. Kiraan bakteria aerobik dikesan daripada 89% sampel makanan
dalam kadar 10%-10° CFU/g sementara 28% B. cereus dikesan pada kadar 102-
10* CFU/g. Peratusan responden yang dikesan sebagai pembawa bakteria B.
cereus adalah sebanyak 42% daripada 57 orang responden. Isolat B. cereus
yang dikesan daripada kedua-dua sampel makanan dan swab tangan
menunjukkan kerintangan terhadap antibiotik tetracycline, chloramphenicol dan
clindamycin. Selain itu, data kaji selidik KAP menunjukkan dapatan skor
sederhana bagi pengetahuan (74%), manakala skor tinggi bagi sikap (92%) dan
praktis (82%) pengendali makanan. Terdapat perbezaan yang signifikan di
antara taraf perkahwinan (p:0.000) dan pengalaman bekerja (p:0.001) terhadap
skor praktis. Perkaitan positif juga dilihat di antara skor sikap dan skor praktis
(p:0.000, r:0.681). Skor pengetahuan (p:0.007) dan praktis (p:0.006) turut



menunjukkan perkaitan yang signifikan terhadap pembawa B. cereus di mana
responden dengan skor pengetahuan yang lebih tinggi dikesan sebagai
pembawa B. cereus. Data dari kajian ini merumuskan bahawa skor pengetahuan
yang baik tidak semestinya menggambarkan tahap kebersihan diri pengendali
makanan. la boleh membuka mata pihak berkuasa untuk lebih menitikberatkan
tentang isu keselamatan makanan di kalangan pengendali makanan di premis
penjualan makanan berskala kecil terutamanya premis pasar malam.
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CHAPTER 1

INTRODUCTION

1.1 Background

Food is a necessity for life. However, craving for delicious food sometimes leads
to less concern about the nutrition and safety of the food. Food safety remains a
major concern around the globe. Nearly one in ten people in the world fall ill each
year after eating spoiled food, causing 420,000 deaths of which nearly a third of
all deaths are children under the age of five (Food and Drug Administration
[FDA], World Health Organization [WHO]). According to the Centre for Disease
Control and Prevention USA [CDC] (2017), symptoms of food poisoning may
vary from mild to severe depending on the bacteria swallowed. In general, the
infected person will only have minor diseases, lasting from few hours to several
days. However, it may be more serious in children, pregnant women, and those
who are older or have a weakened immune system which may cause them to be
hospitalized, and certain illnesses contribute to long-term health problems or
even death (WHO, 2013).

Previous studies showed a variety of ready-to-eat food contaminated with
foodborne bacteria such as Bacillus cereus, Listeria monocytogenes, Salmonella
and Staphylococcus aureus (Yu et al., 2020; Paudyal et al., 2017). Besides, food
handlers are also found to be one of the sources of contamination (Lee et al.,
2017; Okareh and Erhanon, 2015). Swab test on hand of the food handlers
showed positive for various bacteria and norovirus (Segalo et al., 2020; Woh et
al., 2017).

Training of the food handlers has been identified as one of the most effective
way to increase the safety of food served, as training and education are essential
to ensure workers have adequate awareness and knowledge to comply with food
hygiene requirements (Ko, 2013). Knowledge, attitudes and practices (KAP)
survey of food handlers is essential to examine the efficacy of training given as
it can help to measure the success of initiatives done by health education and
the ability to change behavior related to health (United State Agency for
International Development [USAID], 2011).

1.2 Situation in Malaysia

Malaysia is well known as a nation with delicious cuisine where delicious food
can be found almost everywhere, including in areas with a lack of adequate food
preparation, storage and serving facilities such as at night market. The
increasing trend of buying and eating night market foods is due to their location,

1



accessibility, and inexpensive prices especially among the people with lower
income (Mazlan et al., 2017). However, the possibility of using low-quality raw
materials and unhygienic food preparation could be a potential source of
foodborne diseases (Soon, 2019; Alimi, 2016). Malaysia had reported an
increase of food and water-borne diseases by 12% in 2019 (Department of
Standard Malaysia, 2020). Numerous studies on contaminated local ready-to-
eat (RTE) food have been linked to hand hygiene practices and poor handling
practices of food handlers (Lee et al., 2017; Okareh and Erhahon, 2015; Fang et
al., 2003). Some of the foods sold are ready to be consumed, thus long holding
time for food prepared earlier and served on the counter at dangerous zone
temperature increased the risk of food poisoning as bacteria can replicate faster
at room temperature (Kalyoussef and Feja, 2014).

A food handling training program was introduced in Malaysia since 1996 and is
compulsory for all food handlers to improve their basic understanding of food
safety. In 2019, there were more than 300 Food Handler Training School in
Malaysia (Food Safety Quality Program [FSQP] Annual Report, 2019).
Nevertheless, there were food poisoning cases happen every year and 1,688
collected samples were found to be in violation of the Food Act 1983 and its
regulations in 2019 (FSQP Annual Report, 2019). The training certificate of food
handlers who violated the act is canceled and they must attend new training
before they are allow to handle food. (Food regulation 2009). However, it is better
to prevent than cure food poisoning in every aspect. Thus, the study of food
handlers’ knowledge, attitude, and practice (KAP) on food safety can provide a
nationwide assessment for continuous consumer assurance of food safety.

Many previous studies on food safety knowledge in Malaysia have all focused
on food premises with proper preparation, storage and serving facilities such as
restaurants, school’'s canteen and university’s cafes (Asmawi et al., 2018; Lee et
al., 2017; Woh et al., 2016; Aziz and Dahan, 2013; Abdul Mutalib et al. 2012).
Therefore, it is relevant to measure the extent of food safety knowledge, attitude
and practices towards night market’s food handlers due to the increased public
food choice demand to varieties inexpensive ready-to-eat meals (Alimi, 2016).
This study aimed to explore the socio-demographic characteristics of night
market’s food handlers and identify the basic knowledge on food safety, attitude
towards food handling and food handling practices through a set of
guestionnaires.

1.3 Problem Statement

According to the Department of Statistics Malaysia, food poisoning cases
showed an increasing rate of 24% in 2019 compared to 2018. Furthermore, in
2014, there was a case of food poisoning involved three stalls in the night market
at Terengganu, Malaysia, which caused 101 patients hospitalized, while a five
years old boy had died. Ready-to-eat food involved and tested positive for



pathogenic bacteria were red fried rice, white fried rice, fried kueytiow (flat rice
noodles) and fried noodle (Environmental Health Conference, 2014).

Studies done in several states in Malaysia by Ali et al., (2017); Jawad and
Mutalib (2016) and Sandra et al., (2012) found a high prevalence of Bacillus
cereus in rice dishes, curry and meat dishes. The long holding period at ambient
temperature favoured the survival and germination of Bacillus spores which may
be responsible for the high load of Bacillus spp. isolated in ready to eat foods
(Alimi, 2016). Perak has been top five states with the highest food poisoning
cases in Peninsular Malaysia along with Johor, Selangor, Kedah and Kuala
Lumpur (FSQP Annual Report, 2018).

Previous studies found an increasing number of foodborne pathogens showed
resistance ability towards the various type of antibiotics (New et al., 2017; Woh
et al.,, 2017 and Rosenquist et al., 2005). Isolates of Bacillus cereus
demonstrated 100% resistance to penicilin G, oxacillin, ampicillin,
amox/clavulanic acid and cefotaxime beta-lactam antibiotics (Penido et al.,
2013). The incidence of resistant strains to these antibiotics may be an alarm
since beta-lactam antibiotics are frequently used to treat B. cereus-related food
poisoning. Another study found that some of these strains of bacteria were also
resistant to most antibiotics such as tetracycline, vancomycin, gentamicin,
nalidixic acid, and nitrofurantoin (Ali et al., 2017), making it more challenging to
treat the bacterial infection. Although usually, food poisoning can heal on its own,
some cases may require antibiotics therapy to target specific bacteria, in addition
to rehydration treatment. Antibiotic treatment can reduce the duration of
symptoms and can inhibit bacteria in older adults, newborns, and weakened
immune patients (NIDDK, 2019; Switaj et al., 2015).

Jeffree et al. (2016) discovered that the leading factor to food poisoning is the
uncertainty of the food handlers towards the authorities' minimum health needs
and practices. The presence of the microorganism on the food handlers’ hand
swab showed inappropriate hygiene activities (Woh et al., 2017; Lee et al., 2017;
Okareh and Erhahon, 2015). A research carried out by Tan et al (2013) reported
that food handlers with higher education levels had shown significantly higher
personal hygiene practices than those who completed elementary and
secondary education. As for the night market, the stall owner tends to recruit
someone with diverse educational qualifications to assist in the process of food
handling, which can be challenging to track. Therefore, knowledge, attitude and
practise (KAP) study is needed to assess their routine activities along with
knowledge and attitude while handling food.



1.4 Hypothesis

i.  There is a high prevalence of B. cereus in food and hands’ swab of
food handlers at night market.

i. There is a high prevalence of B. cereus strains that are resistant to
antibiotics.

iii. There is an association between knowledge, attitude and practice of
the food handlers with its socio-demographic backgrounds.

iv. There is an association between knowledge, attitude and practice of
the food handlers and the prevalence of B. cereus hand carriage.

15 Objectives

General objective for this study is to determine prevalence of B. cereus in food
and on food handlers’ hands at the night market in northern Perak and its
association with KAP of food handlers. Meanwhile, specifically, it seeks

i. determine the prevalence of B. cereus in ready-to-eat foods and on
hands’ swab of food handlers at the night markets.

i. determine the prevalence of strains that are resistant to common
antibiotics among the isolates.

ii. identify the level of knowledge, attitudes, and practices and its
association with socio-demographic characteristics of food handlers
and,

iv. determine the association between knowledge, attitude and practices
of the food handlers and B. cereus hand carriage.
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