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ABSTRACT

Objective: Consumption of roadside food potentially increases the risk of foodborne diseases caused by path-
ogens. This study was carried out to determine the level of bacterial contamination in food sold by street vendors
around Chow Kit area and its association with the vendor’s level of cleanliness. Methods: A total of 30 food
samples were analyzed to determine the total viable count, total coliform, E. coli and S. aureus counts, and
presence of Salmonella sp. by using standard plate count method. Inspection of vendors’ premise cleanliness
were done based on the food premise inspection form used by the Ministry of Health with slight modifications.
Result: About 87% of the samples showed presence of aerobic microorganisms’ contamination with a mean total
viable count of 4.07+0.63 Log CFU/g. There were 43% of the samples that showed presence of total coliform
with an average of 4.19+0.89 Log CFU/g. Meanwhile, only two samples were found to be E. coli positive. S. au-
reus was detected in 33% of samples with an average of 3.88+0.86 Log CFU/g in the food. No Salmonella were
found in all of the samples. The total viable count readings were in compliance with the guideline set by Interna-
tional Microbiological Specifications on Foods (ICMSF) although total coliform, E. coli and S. aureus exceeded
this guideline. There was an overall weak negative correlation between the levels of bacterial contamination with
the vendor’s level of cleanliness. Conclusion: In conclusion, overall bacterial contamination in street foods sold
around Chow Kit area is considerably high with total coliform, E. coli and S. aureus contamination on the food
samples had exceeded the permissible limit based on the ICMSF standard. This study emphasizes that more
food safety education for the food handlers and provision of the sanitary facilities at vending sites are needed.

Keywords: Street food, bacterial contamination, food safety

1. Introduction utes to the country's economy but also supports the
Street food is defined as ready-to-eat food sold by lives of millions of low-income people in the city
street vendors at public places (FAO 2012). According (Samapundo et al. 2016). Furthermore, the street food
to the Food and Agriculture Organization (2012), street menu is according to the community's culture in the
food has been sold for thousands of years and can be area. Hence, street food plays an important role for a
found around the world. It is estimated that over 2.5 country and can enhance the travel sector around the
billion people around the world enjoy street food every  world (Choudhury et al. 2011).
day (Samapundo et al. 2016). In Malaysia, street food Although street food is a popular choice, it is often
sale has generated a gross income of RM 7 trillion a reported to be contaminated with pathogens and as-
year (Alimi 2016). This sales activity not only contrib- sociated with foodborne illnesses (Das et al. 2010).
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There are various factors that contribute to the con-
tamination of street food. Among them is the food
handling factor itself. Less knowledge about food
safety among food handlers might increase the risk of
food contamination and contribute to foodborne illness.
In most developing countries, poor hygiene and han-
dling of food, cross contamination, time and tempera-
ture abuse during storage and preparation are factors
related to foodborne illness (Ismail et al. 2016). In
Malaysia, all food handlers are required to be vac-
cinated against typhoid infections and attend a com-
pulsory food handling course (Food Act 1983).

There are many types of bacteria that contribute to
street food contamination. Foodborne diseases occur
due to contamination from various pathogenic bacteria
(Tambekar et al. 2008). Commonly known bacterial
food pathogens in foods consist of Bacillus cereus,
Salmonella sp., Listeria monocytogenes, Staphylo-
coccus aureus and Escherichia coli (Cho et al. 2010).
Tambekar et al. (2008) found that Indian traditional
foods such as samosa, kachori and palakwada were
contaminated by E. coli, S. aureus and Salmonella sp.

Chow Kit's location is in the heart of Kuala Lumpur
where street food is aplenty (PPKB 2018). The com-
mon food sold consists of sweet cakes, fried foods,
dishes and flavoured drinking water. The process of
preparing street food is prone to poor environmental
conditions compared to preparing food in the premises
(Ismail et al. 2016). The environmental conditions in
vendor area are among other factors contributing to
the contamination of street food. Lack of facilities such
as water connections, inefficient drainage systems and
refrigerating facilities could be the major causes of
food contamination sold by street vendors (Islam et al.
2015). Thus, this study aims to determine the level of
bacterial contamination in food sold by street vendors
around Chow Kit area. The correlation between the
microbiological contamination and vendors’ premise
level of cleanliness were also determined.

2. Materials and Method

2.1. Sampling method

This study was conducted at 15 selected stalls
around Chow Kit. A total of 30 food samples were
collected for laboratory analysis. The inclusion criteria
for stall selection were those stalls selling sweet cakes
(kuih) and fried snacks. Additionally, other criteria for
stall selection are the food preparation was done at the
stall and two types of food were sampled from stalls
selling more than 4 types of food. Food sold such as
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fruits, nuts and side dishes were the exclusion criteria
for stall selection in this study. Food samples were
placed in a cool box and maintained at 4°C and were
taken to the laboratory to be analysed.

Twenty-five grams of each collected food samples
were weighed and transferred to a sterile bag con-
taining 225 ml of sterilized 0.1% (v/v) buffered peptone
water (BPW; Merck, Germany). Samples were then
homogenised using a stomacher (MiniMix 100PCC Lab
Blender, Interscience France) for 2 mins. Ten ml of the
homogenized samples were taken out to be used for
enrichment steps for detection of Salmonella spp. and
the remaining samples were used for detection and
enumeration of total viable count (TVC), total coliform,
E. coli and Staphylococcus aureus.

2.2. Sample analysis

Microbiological analyses were performed according
to Zulfakar et al. (2017) with some modifications. A
10-fold series dilution were performed on the homog-
enized samples. One hundred microliters of appropri-
ately diluted samples were plated in triplicates on se-
lected media; Total Viable Count - Plate Count Agar
(Merck, Germany), Coliform and E. coli — Chromocult
Coliform Agar (Merck, Germany) and S. aureus —
Mannitol Salt Agar (Merck, Germany). All plates were
incubated at 37°C for 24 hours.

For detection of Salmonella spp., 90ml of BPW were
added to the sample and incubated at 37°C for 20
hours. Following incubation, 1 ml sample were trans-
ferred into 10 ml of Rappaport-Vassiliadis Soya (RVS)
(Merck, Germany) broth and vortex thoroughly before
incubated at 41.5°C for 24 hours for selective enrich-
ment process. After incubation, a loopfull of the en-
riched broth was then streaked onto Xylose Lysine
Deoxycholate (XLD) agar (Merck, Germany) and in-
cubated at 37°C for 24 hours. Detection of Salmonella
sp. was recorded by the presence of red colonies with
black centers.

Presumptive bacterial colonies isolated (for E. coli
and Salmonella spp.) were then subjected to a series of
biochemical tests for conformation. All data were ex-
pressed as log CFU/cm2 except for the detection of
Salmonella spp. where it was reported as percentage
of presence/absence of the bacteria.

2.3 Vendors’ premise inspection

The food vendor inspection was done by using Min-
istry of Health's Premises Inspection Form (KKM) with
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some modifications. There are 8 parts that were taken
into account namely food, food operators, equipment
and utensils, water supply, drainage system, hand
washing facilities, garbage disposal, food waste and
others. The total number of marks for this inspection is
100. The prescribed mark was rejected if a part does
not meet the predetermined features. Inspection scores
are also rated on the part which is green with a score of
more than 75% which meant it comply with the criteria
of vendor inspection. The yellow rating is between
65-75% which meant it does not comply with the criteria
of vendor inspection and the red rating has a score of
less than 65% which meant it does not comply with the
criteria of vendor inspection and need further action.

2.4 Statistical analysis

Data obtained were analyzed using SPSS version
23.0. Descriptive analysis was used to determine the
number of plate count (TVC), total coliform, E. coli,
Salmonella sp. and S. aureus in the food sold at the
vendors around Chow Kit. One sample T test was used
to compare the bacterial contamination levels of the
food samples with the International Commission on
Microbiological Specifications on Foods (ICMSF 1986)
standard. Spearmen Rho correlation test was used to
correlate the bacterial contamination levels between
selected foods sold at Chow Kit vendors with the
vendor's premise level of cleanliness. Results were
considered significant when p<0.05, unless otherwise
stated.

3. Results

3.1. Bacterial counts

The presence of total viable count, total coliform, E.
coli, S. aureus and Salmonella spp. are summarized in
Table 1. On total viable count, the highest contamina-
tion was seen with 87% of the total sample. The mean
presence of total viable count in street food sold at
Chow Kit vendors was 4.07 + 0.63 Log CFU/g. Total
coliforms were found at 43% of the total samples with a
mean of 4.19 + 0.89 Log CFU/g. Meanwhile, E. coli was
found only in 6% of the total samples and had a mean
of 4.40 + 1.97 Log CFU/g. S. aureus had a contamina-
tion of 33% of the total samples with a mean of 3.88 +
0.86 Log CFU/g. Salmonella spp. was not detected in
any sample.

Table 1: Total microorganism of total viable count, total
coliform, E. coli, S. aureus and Salmonella spp. in
street vended food in Chow Kit.

Type of micro- No. (%) Mean? +
organisms standard de-
(n=30) viation
Total viable 26 (87) 4.07 £ 0.63
count
Total coliform 13 (43) 4.19 £ 0.89
E. coli 2 (6) 4.40 £ 1.97
S. aureus 20 (33) 3.88 + 0.86

Salmonella spp.  Not detected
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"Number of positive samples.
’Mean of total microorganisms stated in Log CFU/g
unit.

3.2.Comparison of microbiological con-
tamination level with ICMSF guideline for
microbiological limit

One sample T test was used to compare bacterial
contamination levels in street food around Chow Kit
with the International Commission on Microbiological
Specifications for Foods (ICMSF 1986) standard for
ready-to-eat foods. Based on the standard, the mean of
total viable count in street food from Chow Kit vendors
did not exceed the standard set by ICMSF which is not
more than Log 7 CFU/g. The mean of total coliform, E.
coliand S. aureus in street food sold in vendors around
Chow Kit however exceeded the standards set by the
ICMSF. The mean total coliform and S. aureus in food
sold at Chow Kit vendors exceeded the 4 Log CFU/g
standard set by the ICMSF. Based on the T test of
samples, there was a significant difference (p <0.05)
between the total coliform and S. aureus in street food
sold from Chow Kit vendors and standards set by the
ICMSF. For E. coli, only two samples were contami-
nated by these bacteria. The mean of E. coli presence
exceeded the standard set by the ICMSF of more than
2 Log CFU/g. These results showed that the mean
value of E. coli on both samples had a significant dif-
ference (p <0.05) with the standard values set by the
ICMSF. No Salmonella sp. was present in any street
food samples sold at the vendors around Chow Kit.
According to the standards set by the ICMSF, Salmo-
nella spp. cannot be present in the food.
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3.3. Bacterial contamination on street food
and the vendor’s level of cleanliness
around Chow Kit

Table 2 shows the level of bacterial contamination in
street food and the vendor’s level of cleanliness around
Chow Kit based on vendor inspection. Majority of the
vendors have red rating after doing the inspection while
three of the vendors had yellow rating and only one
vendor had green rating. Spearmen Rho correlation
test was used to determine the correlation between
bacterial contamination levels in street food sold
around Chow Kit with the vendor’s level of cleanliness
around Chow Kit.

Based on the Spearmen Rho correlation test, data
analysis showed that there was a weak negative rela-
tionship between the vendor’s level of cleanliness with
the mean total coliform in street food sold at Chow Kit
(r =-0.33, p > 0.05) and the mean presence of E. coli
in the food sold at Chow Kit vendors (r = -0.440, p
<0.05). However, there was a very weak positive rela-
tionship between the vendor’s level of cleanliness and
the mean of total viable count on street food sold at
Chow Kit (r = 0.08, p> 0.05).

Table2: Bacterial contamination of street food and
vendor’s premise level of cleanliness

Total viable Total

Vendor Vendor’s level F. coli S. aureus

of cleanliness count coliform

(o)

G1 68 (K) 2.70 ]

G2 4.10 2.09
4.26
5.07
GS 371
G6 68 (K)
76 (1)

68 (K)

4.26

G7 2 88

Gs 4.47

G9

2.32

<10 2.47

<11 3.70

G12 392

G13 4.32

Gl4 3.47 3.01

G15 3.69

Color indication:

Comply >75%
Not comply 65-75%
<65%
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4. Discussion

Total viable count, total coliform, E. coli, S. aureus
are often used as indicator organisms in determining
the hygiene level of food handling practices (Nik
Rosmawati et al. 2014). In this study the total viable
count, total coliform, E. coli and S. aureus were identi-
fied in street food sold by vendors around Chow Kit.
Parameters for total viable count were used in this
study to determine microbial load that have contami-
nated the food sold by Chow Kit vendors. Meanwhile,
the parameters for total coliform and E. coli were used
to determine the contamination of feces in the food.
The parameters for S. aureus and Salmonella spp.
aimed to identify pathogenic microorganisms that may
have contaminated food.

The total viable count can provide information on the
quality of the food as well as identify problems during
storage and handling during the food preparation
(Center for Food Safety 2014). Based on food stand-
ards set by the International Commission on Microbi-
ological Specifications for Foods (ICMSF), the total
viable count did not exceed the standard set but is at
the boundary between 4 Log CFU/g to 7 Log CFU/g.
This study also showed contamination of total viable
count was the highest i.e. 87% compared to other pa-
rameters and only four samples did not show any
contamination of total viable count. Studies from Al
Mamun, Rahman and Turin (2013) also showed a high
number of total viable counts, of nearly half of the
samples (44.5%) contaminating street food around
schools in Dhaka, Bangladesh. Most food that had this
total viable count contamination consists of fried food
and sweet cakes. This type of food is eaten immedi-
ately after cooking processes such as frying and
steaming. Food handlers should focus on each process
starting from the quality of the raw materials. Fried food
and sweet cakes need batter made from flour. High
contamination of microorganisms can be avoided by
using freshly prepared batter and chilling the batter to
10°C before they are used for frying (Mukprasirt et al.
2001). Mukprasirt et al. (2001) also reported that bac-
terial contamination was higher in the non-chilled batter
than the chilled batter. Additionally, other factors that
control bacterial contamination in food are pH of the
batter. The batter that has a slightly acidic pH does not
support the growth of microorganisms. Limited facilities
at Chow Kit vendors such as the absence of refrigera-
tion can contribute to high bacterial contamination of
food sold around Chow Kit.
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Total coliform detection is often widely used to
measure the effectiveness of hygiene programs in a
food handling area. The total coliform is also an indi-
cator of fecal contamination in food products. The
presence of this group of bacteria can indicate the
presence of pathogenic bacteria in the food (Lues &
Van Tonder 2007). According to the standard set by
ICMSF, the mean coliform presence is at an alarming
level if it exceeded the standard of more than 4 Log
CFU/g and 43% of the food sample studied here was
contaminated by this total coliform. Total coliform
contamination of street food in Brazil and Korea also
showed high contamination of these bacteria (Mosupye
& Holy 2001; Chung, Kim & Ha 2010). Therefore,
awareness of food hygiene among food handlers like
washing hands after going to the toilet and before start
handling the food is important to reduce the amount of
total coliform contamination in the food. Study by Das &
Rath (2010) also showed the presence of high total
coliform in the food samples taken. The high presence
of total coliform may indicate high levels of pathogenic
bacteria present in the food (Das & Rath 2010). The
presence of total coliforms in street food also illustrated
the poor environment during processing, handling,
distribution and contamination after handling the food
(Cho et al. 2011).

One of the factors for total coliform contamination in
food is contamination of the stool or the use of unclean
water that causes contamination to food. Another factor
that contributes to the total coliform contamination in
food is from the washing water used to wash the
kitchen utensils or direct contact either hands of the
food handler. These bacteria have potential to divide
more when food is left at ambient temperature for a
long time (Nemo et al. 2015). Street food at Chow Kit
vendor will usually be cooked in the morning and left at
ambient temperature until evening, until the vendor
close for that day. This can be a contributing factor to
the high total coliform contamination of foods sold in
Chow Kit. In addition, not only is the food left at ambient
temperature for a long time but the food is left uncov-
ered whereby the risk of contact to the food from the
hand of the food handler or the buyer itself is high.

Escherichia coli is used as an indicator for the
presence of fecal contamination in determining the
hygiene of a food product (Health Protection Agency
2009). E. coli was available only in two samples i.e.
presence in 6% of street food sold at Chow Kit stalls but
the mean E. coli contamination exceeded the standard
set by ICMSF. Cho et al. (2011) in Korea showed that
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the presence of E. coli in street food was about 3%,
slightly lower than this study. While another study by
See (2016) also found that the presence of E. coli in 5
out of 30 street food samples in Kampar, Perak; slightly
higher than this study. The presence of E. coli in the
food indicates that there is direct or indirect fecal con-
tamination (Center for Food Safety 2014). Food han-
dlers are most likely not practicing good personal hy-
giene practices where they might not wash their hands
after going to the toilet and before handling the food.
This act can be the contributor of E. coli contamination
in the two samples. According to Center for Food
Safety (2014), the lack of hygiene during food handling
and improper storage are among the primary factors for
E. coli's presence in food. Food samples contaminated
by E. coli were fried tempeh and apam balik. Soybeans
are the main ingredients in making tempeh, whereby it
is made from fermentation of soy beans and this pro-
cess can be the factor of bacterial contamination if it is
not well operated. Such fermentation process alone
might contribute to the bacterial growth and if the
manufacturing process is not well-managed bacteria
such as E. coli can further contaminate the tempeh.
Apam balik are cooked by using ingredients such as
flour and are filled with peanut powder and cornstarch.
Then, they are packed in plastic bags and left at am-
bient temperature until the end of the stall operation.
The moist cornstarch texture could be the factor of E.
coli contamination in the turnover pancakes, given that
bacteria multiply rapidly on a moist surface and are
supported by being left at ambient temperature for long
periods.

5. Conclusion

In conclusion, overall bacterial contamination in
street foods sold around Chow Kit area is considerably
high with total coliform, E. coli and S. aureus contam-
ination on the food samples had exceeded the per-
missible limit based on the ICMSF standard. There
were weak negative correlations seen between Chow
Kit street food vendors’ cleanliness rating and level of
bacterial contamination in street food sold. This study
suggests that more food safety education for the food
handlers and provision of the sanitary facilities at
vending sites are needed to maximize the safety of the
street food thus protecting the consumers from possi-
ble foodborne ilinesses.
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