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ABSTRACT. A total of 117 samples of ready-to-eat foods from hawker centres and
restaurants in Kota Kinabalu were examined to determine the aerobic plate count (APC),
coliform, Escherichia coli and Staphylococcus aureus as well as selected pathogens such
as Listeria monocytogenes, Salmonella spp and Escherichia coli 0157:H7. Approximately
50% samples had APC levels above the maximum limit (> 10° cfu/g) permitted by the Food
Act 1983 and Food Regulation 1985. The detection rate for coliforms was highest in meat
whereas egg samples were the lowest. E. coli was detected in all groups of food samples
with the highest count for vegetable samples. The highest mean for S. aureus was found in
egg samples (4.6 x 1 cfu/g), followed by meats (3.4 x 10 cfulg), vegetables (2.3 x 10" cfi/
g), chickens (2.0 x 10 cfu/g) and fishes (1.3 x 10F cfu/g). Samples taken from premises
which hygiene training had been given to their food handlers had a better microbiological
quality as compared with those without training. E. coli 0157:H7 was only detected in 6%
of the saumples and was not detected in fish. However, all food samples were negative for
Salmonella and L. monocytogenes. Based on these results, it was concluded that the
microbiological quality of foods sold in Kota Kinabalu was unsatisfactory and the prevalence
of certain pathogens such as E. coli and E. coli 0157:H7 significantly indicating a potential
risk to consumers.
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INTRODUCTION

The ready-to-eat (RTE) food product provides a source of readily available and
nutritious meals for the consumer. As the demand for RTE foods increase, a great variety of
these foods are becoming available and more people are eating away from their home
especially during lunch hour because they do not have time for cooking. Food is the major
source of exposure to pathogenic agents, both chemicals and biological (bacteria, viruses
and parasites). Foods contaminated with unacceptable levels of pathogens and chemical or
having other hazardous characteristics, imposed substantial health risks to consumer, as
well as to health care cost. These cost included the expenses entailed in controlling the
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disease, medical treatment cost, business losses, and losses in productivity (IFST, 1995).
Furthermore, many developing countries do not have a comprehensive food safety
programme, while most food-borne disease are sporadic and often not reported (WHO,
2000). Food poisoning in Malaysia was increasing every year. For instance in 19935, the
number of cases was 1,438 compared to 8,640 cases in 1999 and most of cases happened in
school. Whereas in Sabah, number of food poisoning cases has rise to 863 cases in 1999
from 37 cases in 1995 (MOH, 2002). Among the etiology agents were Staphylococcus aureus,
Esherichia coli and Salmonella spp.

Since outbreaks of illness in human beings are understood to be caused by
consumption of contaminated foods, several reports have been published that described the
bacteria contamination of RTE foods (Kanecko et al., 1999; Mosupye and Von Holy, 2000).
Chiou et al (1996) examined the microbial quality of 300 RTE food products sold in Taiwan,
which were kept hot. Their results indicated that the percentage of foods not meeting the
microbiological standard accepted by the authority regarding to aerobic count, coliform and
E. coli were 17.7%, 20.3% and 8.0% respectively. According to Centers for Disease Control
and Prevention, USA 77% of foodborne illnesses are attributed to foodservice operations,
20% to homes, and 3% to food processing plants (Dykstra and Schwarz, 1991). The scale
and ubiquitous nature of contamination of raw materials of animal as well as vegetable
origin with enteric pathogens is compounded, in a great many countries, by an unreliable
water supply, a lack of consistent refrigeration, and a poor knowledge of even an elementary
level of applied food microbiology (Ehiri et al., 1997).

In Sabah and other states of Malaysia where street-food vending is common, there
has been little information regarding the incidence of street-food related diseases. Therefore,
the purpose of this study was to establish the microbiological quality and food safety of
ready-to-eat foods sold in Kota Kinabalu areas on relation to levels of aerobic plate counts,
coliform counts, E. coli and some selected pathogens. In addition, the study also sought Lo
determine microbiological quality associated with premises type and relationship between
hygiene training course and microbiology quality.

MATERIALS AND METHODS

Sampling Procedure

High risk cooked food samples such as beef, chicken, fish, egg and vegetables were
selected and purchased between 11.00 am to 1.00 pm from hawker centers/restaurants in
Kota Kinabalu areas (Town, Inanam and Menggatal). The samples, which packaged
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individually with sterile whirl-pak bags, were kept in cool-box (below 5°C) and delivered
to the laboratory within 2 hours. Analyses of the samples were conducted either immediately
after arrival in the laboratory, or following overnight storage within 24 hours in the refrigerator.

Microbiological Analyses

The pour-plate technique was used to determine aerobic plate count (APC). Samples
(25 g) were weighed into sterile stomacher bags, mixed with 225 ml saline-water (0.85%)
and homogenized in Bag Mixer™ stomacher for 30 seconds (10" dilution), followed by
serial dilutions. Plates were incubated at 37°C for 48 hours. Samples were also analysed for
coliforms and E. coli by using most probable number technique (MPN). Differentiation of
E. coli and nonfecal coliforms isolated from the samples was carried out by IMViC tests
(Marshall, 1993). For enumeration of S. aureus, serial dilutions food samples were plated
onto Baird-Parker agar (BPA, Merck Germany) with egg yolk emulsion (50 ml L'!), and
incubated at 37°C for 24 — 48 hours. Typical colonies were subjected to coagulase using
Bactident Coagulase (Merck, Germany) and S. aureus ATCC 25923 used as positive control.

For the detection of Salmonella spp., 25 g of food samples was mixed with 225 ml
buffered peptone water 00.1% (Merck, Germany), homogenized for 30 seconds, and incubated
at 37°C for 24 hours. The pre-enrichment broth culture (1.0 ml) was added to 10 ml Selenite
Cystine broth (SCB, Merck Germany) and 10 ml Tetrathionate broth (Merck, Germany),
which were incubated for 24 hours at 37°C and 44°C, respectively. A loopful of each
enrichment broth culture was streaked onto Bismuth Sulphite agar (BSA, Merck Germany)
and Brilliant Green agar (BGA, BBL USA). The plates were then incubated at 37°C for 24
hours. Pure culture S. ryphimurinm 865 was used as positive control. Typical colonies from
BSAand BGA were streaked onto Triple Sugar Iron agar (TSI, Merck Germany) and Motility
Indole Ornithine agar (MIO, Difco USA) for presumptive test. Confirmation was carried by
using the API system 20E Identification Kit (bioMerieux, France).

In order to test for L. monocytogenes, 25 g of food sample was mixed with 225 ml of
Listeria enrichment broth (Merck, Germany) and homogenized for 30 seconds. The
enrichment broth culture was incubated at 37°C for 24 hours. A loopful of the culture was
streaked after 24 hours onto Oxford-Listeria-Selective agar (Merck, Germany), and Palcam-
Listeria-Selective agar (Merck, Germany), which were then incubated at 37°C for 24 hours
(Wang et al., 1992). For positive control, L. monocytogenes L35 was used. Presumptive
colonies were identified based on catalase activity, umbrella motility and biochemical test
with TSI Confirmations were carried out using the API Listeria System Identification Kit
(bioMerieux, France).
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The presence of E. coli O157:H7 was determined using Sorbitol MacConkey agar
(SMC, Merck Germany) as described by Mosupye & Von Holy (1999). Approximately 4 —
5 typical colonies were streaked onto Ethylene Methylene Blue agar (EMB, Merck Germany),
which were then incubated at 37°C for 24 hours. Presumptive positives colonies were
confirmed by IMViC test and followed by using E. coli O157:H7 Rapid Latex Test Kit
(Oxoid, England).

Statistical Analysis

Data were evaluated using the SPSS programme (Verse 10.01) including one-way
ANOVA, correlation coefficients and t-tests.

RESULTS AND DISCUSSION

Mean bacterial counts of RTE food samples are shown in Table 1. Food from meat
and vegetables groups were found to have a significant higher (p<0.05) bacterial counts as
compared to other food samples with mean APC of 1.6 x 107 cfu/g and 1.7 x 107 cfu/g,
respectively. Raw meat, poultry and vegetables are commonly contaminated with large
numbers of bacteria including potential foodborne pathogens and these bacteria could also
present in the corresponding cooked foods if cooking process was not properly done. Improper
management during distribution and display in retail shops allow the bacteria to grow quickly
(Kaneko er al., 1999). Most of the ready-to-eat foods/cooked foods were kept in the tray/
containers and kept at room temperature before serving. These could be the reason that
almost 40% of the food poisoning cases happened in Malaysia was due to improper storage
or holding temperature.

Generally, 28% of the food samples collected were found to have mean APC values
above 107 cfu/g (Table 2) and approximately 56% samples had APC levels above the
maximum limit (>10° cfu/g) permitted by Food Act 1983 and Food Regulations 1983.
Vegetable samples had the highest rate (90%) of non-compliance with standards, followed
by meat (65%) and egg (44%) samples. Although high APC value does not constitute a risk
to health, but it may sometimes indicate a general lack of hygiene, the cooling process was
inadequate, post-cooking contamination had occurred, the temperature of post-cooking
storage was inadequate to prevent bacterial growth or a combination of these factors were
involved (IFST, 1997). Albrecht er al. (1995) has pointed out that bacterial
contamination in foods 1s common especially in most of the studies recently. Foods contain
high-protein makes it a highly favourable medium for microorganisms. However, result of
this study showed that most of the fish samples have lower bacteria counts compared to
meat, chicken and egg samples. This may associated with cuisine type and usage of herbs or
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spices in cooking. Some spices and vegetables such as onions/garlic and chilly were found

to contain broad-spectrum antimicrobial substances that exhibit both antibacterial and

antifungal properties (Cutter, 1999).

Table 1: Bacteriological quality of different categories of RTE foods.

Type of food

Mean Bacteria Counts

APC (cfu/e)

Coliform (MPN/g)

E. coli (MPN/g)

S. aureus (cfu/g)

Meat(n = 20)

1.6 x 107

7.0 x 10°

1.1 x 10

3.4 x 10

6.8 x 108
1.3 x 10
1.4 %100

Chicken(n = 30)
| Fishin = 22}
' Ego(n = 25)

4.7 x 10°
3.9x 10°
3.7 x 107

2.0 x 10
1.2 x 10
3.8 x 10

20x 10
1.3 x 107
4.6 x 1(¢

Vegetable(n =20)| 1.7 x 107 6.7 x 107 1.1 x 107 23 x 18
n - number of samples
Table 2: Microbial profile and distribution of RTE foods.
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Fish 1 (4.5 A ER ] H22.7) G{27. 3k TEI1R)
Egg . . . . TR TE2EAN 4400
Vigetahle A0k 1 1501 1507%4m
Sube bl i 1] i 1 inEs Ti6in 21174 TN (10 31 X4 11281
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Fish e LAELE 1id.5p Ti30.6) ST
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The highest mean for coliform counts was found in meat samples (7.0 x 10° MPN/
g), followed by vegetables and chicken samples (6.7 x 10* MPN/g and 4.7 x 10* MPN/g)
(Table 1). Meanwhile fish and egg samples had the lowest counts with the value of 3.9 x (¥
and 3.7 x 107, respectively. Coliform was not found in 2.6% of samples and 25.6% ranged
less than 50 MPN/g. The largest population distribution for coliforms was found in the
range of 107 to <10* MPN/g (Table 2). However, almost 72% of the food samples were not
compliant with microbiological standard (50 MPN/g) accepted by the government. Of the
result, 60.0% of meat and vegetable samples ranged from 10* — 10* MPN/g compared to
chicken (26.7%), fish (22.7%) and egg (16.0%). The reason may be due to contaminated
raw malerial, cross contamination during preparation or high storage temperature. Coliforms
on these products reflect the initiate microflora of the vegetables in growing fields and the
recontamination during cutting and further processing. Majority of chicken (30.0%) and
egg (52.0%) samples ranged from 10* - 10° MPN/g. Meanwhile almost 36% of fish samples
ranged less than 50 MPN/g. The presence of coliform ready-to-eat foods shown that there
were cross-contamination occurred either direct or indirect. Among the factors were poor
personal hygiene, inadequate cleaning methods, and lack of facilities for the segregation of
raw and cooked foods (Jay et al., 1999).

E. coli was found in 21% of the food samples analysed and the highest mean was
found in vegetable samples (1.1 x 10° MPN/g) (Table 1). Chicken samples have the lowest
occurrence of E. coli since the organism was not detected in 93.3% of the samples compared
to fish (90.9%) and egg (88.0%) samples. On the other hand, E. coli was detected in 40.0%
of meat and 45.0% of vegetable samples (Table 2). According to the regulation, E. coli
should not be present in all cooked foods. Study shown that the unhygienic practices included
improper hand-washing techniques and lack of hand washing with soap for 20 seconds is
efficient to remove/reduce microorganisms than using sanitized such as 70.0% alcohol
(Charbonneau et al., 2000). A significant correlation (p<0.05) was found between E. coli
with coliform and E. coli with APC. Samples with higher numbers of coliforms and aerobic
bacteria usually will also have higher counts of E, coli. However, the relation of coliforms
and E. coli were not observed (p>0.05) in meat, vegetable and egg samples. Besides genus
Escherichia, other genus like Kiebsiella, Citrobacter and Enterobacter were present in
coliform groups (Hui et al., 1994). Soriano et al. (2000) reported that some coliform such as
Klebsiella pneumoniae, Klebsiella oxytoca, Citrobacter freundii, Enterobacter cloacae and
Serratia spp. were isolated in Spanish potato omelette samples.

Mean S. aureus values for egg samples were the highest (4.6 x 10* cfu/g), compared
with those for meat (3.4 x 10¢ cfu/g), vegetable (2.3 x 10" cfu/g), chicken (2.0 x 107 cfu/g)
and fish (1.3 x 10° cfu/g) (Table 1). Although there is no regulation specifically for S. aureus
in RTE foods, the presence of this bacterium in food samples indicates improper handling
and possible cross-contamination (Snyder, 1998) and more importantly could be associated
with present of enterotoxin in food. §. aureus is the most commonly found foodborne
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pathogens in Malaysia. Based on the APHA Guidelines on S. aureus (Diane, 1995), 34.2%
of the food samples were categorised as unsatisfactory microbiological quality, and 16.2%
were of unacceptable microbiological quality. Furthermore, 25% of meat samples have means
S. aureus counts ranged from 10° — 10° cfu/g, followed by vegetable (15.0%), and egg
(6.0%), respectively. Human skin and nasal membranes are the main reservoir of
staphylococci (Jablonski and Bohach, 1997), which may contribute to the contamination of
products during distribution and handling if the conditions allow for bacterial growth and
toxic production.

The microbiological quality of foods sold in premises with trained food handlers and without
trained food handlers were compared. Mean APC for meat, chicken and egg samples from
premises which hygiene training haven’t given to the food handlers were 1.9 x 107 c¢fu/g, 1.0
x 107 cfu/g and 1.4 x 10° cfu/g, much higher than those with training (Table 3). Moreover,
there were significant differences (p<(0.05) in all count types between food samples collected
from the two groups of food premises. Therefore, this study has shown that the importance
and effectiveness of hygiene training course. In the other hand, there was no different in
term of microbiological quality for food from hawker centers and restaurants. The highest
mean APC was found in meat samples from hawker centers (2.3 x 107cfu/g) compared to
the same samples from restaurants (1.4 x 107 cfu/g).

Egg samples from premises which hygiene training had been given to their food
handlers have the lowest counts of coliform (2.7 x 10* MPN/g), followed by vegetable (3.3
x 10° MPN/g, chicken (3.4 x 10° MPN/g), meat and fish (5.9 x 10° MPN/g) (Table 3). On the
other hand, the lowest mean of coliform counts was found in fish samples (3.2 x 10° MPN/
¢) prepared by food handlers who haven’t undergone food hygiene training. Hygiene training
course are important and necessary in order to increase the safety knowledge of the food
handlers. Therefore, the local Public Health Authority has implemented policy that food
handlers should attend hygiene training since 1996 before they can work in food services
sectors (KKCH, 2000). Coliform counts for vegetable samples from hawker centers (8.4 x
10 MPN/g) were much higher than from restaurants (6.3 x 10> MPN/g) whereas counts for
meat, chicken, fish and egg samples from hawker centers were lower compared to restaurants.
However, no significant (p>0.05) differences were found among the samples from different
type of premises. Hands are one of the principal vehicles for the cross-contamination of
infectious agents onto ready-to-eat foods. Effective hand washing is therefore of great
important in terms of successful hygienic food preparation, as it prevents this route of
transmission and thereby helps to prevent the spread of infectious disease (Snelling et al.,
1991; Restaino & Wind, 1990).

Results of this study shown that contamination of E. coli and §. aureus were lower
in samples taken from premises which food hygiene training have been given to their food
handlers as compared with those without training. Food handler plays an important role in
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the prevention of foodborne diseases. An infected food handler has been identified as possible
source of outbreak in many countries (Sewell and Farber, 2001). They must ensure that
there is no opportunity for potentially contaminated items comes into contact with foods
that there are to be eaten without further heat treatment. Although meat samples from
hawker centers seem to have a higher S. aureus count, however, no significant differences
(p=0.05) were observed between the premises. S. aureus was the most f requently detected
pathogenic organism (40.2%) indicative of the poor hygiene practices of the vendors
regardless of the type of food sold. Food microbiological quality from both premises can be
improved through effectiveness sanitation programme.

Table 3: Bacterial quality of RTE in premises with different status of hygiene

training.
Mean APC {cfulg) Mean Coliform (MPN/g) Mean £ coff (MPN/g) Mean 5. aurews (cfig)
Type of food _ -
. Withwrzining | Withoutlraiming | Withtraining | - Without iraining | With training Without raiming | Withtraining | Without training
Meal L4 x10° 19x10’ 59x10° 52x10° 16110 00x 10’ 34x10° 12x 10
=7 =13 n=7 [n=13] fn=1 in=13) {n=7) in=13)
Chicken 111 10 5 10 310 S5y 10° Lax 10 4x 10 40x 10° 89 1 10°
in=11} n=1% =11 in=1% n=11} {n=1%) (n=11) {n=19)
Fish L4z 10° 12x10° S9x10° 32x 00 3510 30x 10’ 17x10 L8 x 10’
(n="1) (n=16) (=0 in=1§) n=6 in=16) {n=4) in=1¢)
Ege Lox 10" L4x1® 2700 42510 S.Ix10 3lx10 20 %10’ 725 10"
n=9) {n=1f) n=% in=16) n=4 (n=16] (n=9) {a=16}
Vegetable 0310 223107 330 Lox Il 8.0 x10* L7x I 23x6* 24x 10"
in=7} (n=13) n=7i =13 {n=T) n=13) {n=T) =13
Tot 010 L1xi0’ 50x 107 S3x10° s0xl0’ sox10° sex10° 50x10°
in=40) {n=17 fn= ) =1 in=40) n=17 (n=40) (n=17)

n = number of sample
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One of the greatest controls is the implementation of food premises grading system
based on their hygiene practices and provides sufficient information for consumer to decide
where to eat. However, the success of this programme in reducing risk factors associated
with food safety 1s still unknown. Meanwhile, the requirement of health certificate when
applying license to operate food premise could also be another control measures taken by
local authority to ensure food safety (KKCH, 2000).

The prevalence of pathogenic bacteria in cooked foods sold in Kota Kinabalu areas
are shown in Table 4. E. coli O157:H7 was detected in all food samples except fish. The
highest percentages of positive E. coli 0157:H7 were found in meat (10.0%), followed by
egg (8.0%), chicken (6.7%) and vegetable (5.0%), respectively. Significant correlation
(p<0.05) was showed between the presence of E. coli and E. coli O157:H7 in foods. Many
of the reported outbreaks have been associated with fresh produce and probably contaminated
before it reached the kitchen (Cody et al., 1999). The presence of E. coli O157:H7 in cooked
food showed an inadequate heat treatment since E. coli O157:H7 can be easily killed at
68.3°C for 15 seconds (Jackson et al., 1996). Therefore, to remain safe, the foods must be
held either for only a short period or at temperatures above that at which pathogens cannot
multiply. The exact origin of the E. coli 0157 contamination could not be determined, however
it may have been resulted from poor handling practices and improper storage conditions.
Cross-contamination appeared to be greater in the kitchens of café, restaurants and hotels
than in those of school, hospital and staff canteen because formal training had been given (o
those food handlers from school and hospital compared to other food premises.

Test for L. monocytogenes was negative in 117 food samples. However only a strain
of L. ivanovii was isolated in vegetable samples (5.0%) Absence of L. monocytogenes in
these foods may be explained by antibacterial effects of some spices (Arora and Kaur, 1999),
which are commonly used in cooking. Furthermore, the background flora present on the
produce might also have an inhibitory effect on L. monocytogenes. Gohil et al. (1995) have
also reported negative tests for L. monocytogenes but four positive tests for L. innocua in
183 samples of fresh retail vegetables. In contrast, Arumugawamy et al. (1994) reported
that L. monocytogenes was found in 22 of 76 ready-to-eat foods sold in Malaysia and the
percentage of detection was higher in cucumber (slices) served with the satay. However, the
detection rate of L. monocytogenes in cooked foods was low compared to raw foods
(Uyttendaele ef al., 1999; Arumugassawamy ef al., 1994).

Salmonella spp. were not detected in any of the samples analysed. The absence of
Salmonella spp may reflect the very low occurrence of this pathogen in cooked foods.
Consequently, these results also indicated that the thermal processing and the holding
temperatures of the RTE foods were effective in maintaining the microbiological safety of
the foods. The isolation of Salmonella in food samples is difficult because they may be
present in relatively low numbers, often in the presence of high numbers of closely related
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competitor organisms (Baylis et al., 2000). The recovery and growth of the Salmonella spp.
may be adversely affected by inhibitory metabolites produced by other bacteria, the depletion
of available nutrients (Litchfield, 1973) and high concentrations of other Gram-negative
bacteria may also cause the Salmonella to enter a premature stationary phase of growth
before detectable numbers have been attained (Jameson, 1962). Heinitz er al. (2000) shown
that the detection rate for Salimonella in cooked foods or ready-to-eat foods was relatively
low (2.0%) as compared to raw foods. In addition, higher isolation rate of Salmonella was
found in food origin from animal such as meat and chicken. Nevertheless, to determine the
presence of Salmonella in foods. a sensitive and specific detection methods are needed.

Table 4: Presence of pathogenic bacteria In different categorized of RTE foods.

Type Of Food Number Of Positive Sample
E. coli O15T7:H7 Listeria spp. Salmonella spp.

Meat (n = 20) 2 (10.0) ND ND

Chicken (n = 30) 2(6.7) ND ND

Fish (n = 22) ND ND ND

Egg (n = 25) 2(8.0) ND ND

Vegetable (n = 20) 1 (5.00 1(5.0) ND

TOTAL (n=117) 7(6.0) 1(0.9) -

[ ) - percentage
n - number of sample
ND - not detected in 25 g samples
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CONCLUSION

It is concluded that microbiological quality of RTE foods sold in Kota Kinabalu
areas were unsatisfactory and insist on the importance of hygiene measures through
educational of street vendors to reduce the risk of foodborne diseases. The prevalence of
certain pathogens such as E. coli and E. coli O157:H7 in ready-to-eat foods were significantly
indicating a potential risk to health. Furthermore, this study also highlighted the importance
of hygiene training course in improving the microbiological quality of foods sold.
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