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Abstract: Keropok lekor samples during processing namely as mincing, mixing, kneading, boiling, and
cooling stage from a processing plant in Selangor were test to determine the total plate count, coliform,
fecal coliform and Escherichia coli. Coliform and fecal coliform were detected during processing in all
stages. Escherichia coli was detected in fecal coliform for all stages. This indicated that fecal
contamination occurred during processing. Total plate count, coliform, and fecal coliform were detected
in mincing stage was at levels of 6.29 log10 CFU/g, 4.04 log10 MPN/g, and 3.78 log10 MPN/g,
respectively. There were no significant changes during mixing and kneading stage. Boiling reduced the
total plate count, coliform, and fecal coliform significantly (p<0.05) with log reduction of 2.66 log10
CFU/g, 2.27 log10 MPN/g, and 1.33 log10 MPN/g, respectively. However, a significant (p<0.05) log
increase of 2.62 log10 CFU/g for total plate count, 2.02 log10 MPN/g for coliform and 1.51 log10
MPN/g for fecal coliform during cooling stage was observed. Finish product of keropok lekor contained
6.61 log10 CFU/g of total plate count, 3.79 log10 MPN/g of coliform and 3.02 log10 MPN/g of fecal
coliform. Results indicated that keropok lekor is easily contaminated after boiling and during cooling
stage. Therefore, good hygiene practices (GHP) should be enforced in keropok lekor processing to ensure
no post-processing contamination.
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INTRODUCTION

Keropok lekor is a popular traditional fish product
especially in Malaysia. It is made from fish flesh that
is minced and mixed with starch, salt, crushed ice and
monosodium glutamate. Different type of fish are use
in keropok lekor processing such as ikan parang
(Chirocentrus dorab), ikan tamban beluru (Clupea
leiogaster)[12], ikan selayang (Decapterus russelli) and
the other common varieties of fish used are ikan
tamban bular (Dussumieria hasselti), ikan tamban sisek
(Sardinella fimbriata), ikan biji nangka (Upeneus
sulphureus), ikan selar kuning (Selaroides leptolepis)
and ikan gelama (Sciaena spp.) [11,12].

Nowadays, keropok lekor has become the national
favorite delicious food as appetizer or snack. It has
gained a nationwide potential market as the demand
and consumption of keropok lekor is increasing
parallel with the increasing popularity of this
traditional snack. Thus there is increasing public
concern in the safety and quality of keropok lekor.

Production of keropok lekor is increased and improved
recently from largely backyard manufacturing process
to modern small or medium factory scale
manufacturing process due to the higher domestic
demand. Therefore, such a standardized hygienically
made product would require by consumers and may
acquire the potential to export outside the region over
and above the demand, respectively.

Basically, there are five different processing stages
in keropok lekor processing, it normally comprises
mincing the fish flesh, mixing the minced fish with
other ingredients, kneading and rolling the dough, boil
the product in water and cool the product before it is
packaged. A good part of seafood processing requires
handling. The risks of contamination, therefore, can
become a function of the number of processing steps
[8]. Presently, safety and quality of keropok lekor is
variable as the microbiological safety and quality
specification  for  this  product  has  not been fully

developed or specified. Therefore, postharvest control
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(i.e. the control of processing) is a very important
factor in maintaining the safety of food [8].
Consequently, examination of foods for microbial
indicator organisms has become normal practice as the
basic to monitor the safety and quality control of food
and to assess food sanitation.

Hence, this study is serving as a preliminary
investigation of hygiene and sanitary quality in
keropok lekor processing. The findings would be
useful for improving the processing procedure and
maintaining the quality of keropok lekor during and
after processing, storage and retail market. The
objective of this study is to evaluate the hygiene and
sanitary quality in keropok lekor during different
processing stages by the number of coliform and
Escherichia coli presence.

MATERIALS AND METHODS

Sampling: Samples were taken four times at different
periods from a keropok lekor processing factory in
Selangor. Samples were collected using sterile utensils
and placed into sterile plastic bag. Keropok lekor
samples for physicochemical and microbiological
analysis were collected from the following five
processing stages: mince fish, after mixing of all
ingredients, after kneading and rolling the dough, after
boiling, and after cooling at ambient temperature. All
samples were kept in pre-chilled container with
crushed ice (4±1EC) and were analyzed within 24
hours of collection.

Physicochemical Analysis:  Measurement of pH was
carried out by inserting the probe electrode of pH-
meter (Mettler Toledo) direct into each stage of
samples. Water activity (aw) was measured using
Aqualab (Decagon Aqualab). Two repetition of reading
for pH and aw were taken for each sampling.

Microbiological Analysis:  Enumeration of Total Plate
Count. A 1:10 dilution of sample was prepared
aseptically by homogenizing 25 g of sample with 225
mL of sterile peptone water (OXOID) in stomacher
bag and mixed well using stomacher (Seaward
Stomacher 400, BA-7021). Appropriate decimal
dilutions of the samples were prepared using the same
diluent and plated in duplicate onto Plate Count Agar
(PCA)(OXOID) incubated at 37 EC for 48 hours.

Enumeration of Coliform: Coliforms were determined
by the three tube most probable number (MPN)
method. 1 mL of diluted sample from each dilution
was inoculated into MacConkey broth (MERCK) for

presumptive test of coliforms. Tubes were incubated at
35oC for 24 and 48 hours. Brilliant green bile broth
(MERCK) was used for confirmed test of coliforms.
Tubes were incubated at 35oC for 48±2 hour.

Enumeration of Fecal Coliform: Fecal coliform was
determined by MPN method. Positive MacConkey
broth tubes were gently agitated and a loopful from
this culture was transferred to EC broth (MERCK)
tubes. All tubes were incubated at 45.5oC for 48±2
hours and examined for gas formation.

Confirmation of Escherichia coli: Confirmation of E.
coli was done by isolation of the bacteria from
gassing EC tubes cultures. Each gassing EC tube were
agitated gently and a loopful were streaked onto eosin
methylene blue agar (OXOID) and were incubated at
35oC for 24 hours. Plates were examined for the
typical nucleated, dark-centered colonies with a
metallic sheen which are indicative of E. coli. Single
typical E. coli like colony was selected and transferred
to a PCA slant. Slants were incubated at 35oC for 18
to 24 hours. Confirmation of E. coli was carried out
by IMViC test. Cultures were transferred into the
following media for IMViC test: 1)Tryptone water
(MERCK). Tubes were incubated at 35oC for 24±2
hours and Kovac’s indole agent was used to test for
indole production. 2) Methylred Voges-Proskauer broth
(MERCK). Tubes were incubated at 35oC for 24±2
hours. 1mL of medium was transferred into a small
glass test tube and Voges-Proskauer reagent (α-napthol
solution then 40% KOH solution) was added to test
for acetylmethycarbinol. Remainder of MR-VP culture
was incubated for an additional 48 hours and methyl
red indicator was added to test for methyl red
reaction. 3) Simmon’s citrate agar (DIFCO) slant.
Slants were incubated at 35EC for 48 hours. Citrate
utilization was signaled by a green to bright blue color
change. Additionally, cultures from PCA slant were
transferred to lauryl tryptose broth (OXOID) and
incubated at 35oC for 48±2 hours. Tubes were
examined for gas formation from lactose. Gram
staining was performed with a smear prepared from a
24 hours culture from PCA slant. Coliforms are non-
sporeforming bacilli which stain red (gram negative);
gram positive organism stain purple. Confirmation of
E. coli presence was determined by gram-negative,
non-sporeforming rods producing gas in lactose and
producing + + – – (Biotype I) or – + – – (Biotype II)
IMViC patterns.

Statistical Analysis: All data collected were analyzed
by SAS  9.1  statistical package (SAS Institute, Inc.

2002- 2003) using one-way analysis of variance
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(ANOVA). Duncan's multiple range was used to
determine significant differences among means. All
data reported are the means of four replicates.

RESULTS AND DISCUSSION

Temperature, pH and Water Activity of Keropok
Lekor: Temperature of samples was measured at each
processing stage and is shown in Table 1. Temperature
of samples increased gradually from mincing to
kneading stage. Boiling increased the temperature to
85.69 C in the center of keropok lekor when heat was
applied at 100 C for 10 min. This temperature was
reduced to 27.06 C within 1 to 2 hours during cooling
at ambient temperature. There is no significant
difference (p>0.05) was found between processing
stages for pH and water activity. pH of keropok lekor
ranged from pH 6.61 to 6.87; and water activity of
keropok lekor was considered very high as it ranged
from 0.98 to 0.99.

Bacterial Counts of Keropok Lekor: Total plate count
(TPC) of keropok lekor observed during mincing,
mixing, and kneading was at 6.29, 6.25 and 6.65
log10 CFU/g, respectively. The TPC of keropok lekor
decreased to 3.99 log10 CFU/g during boiling and
increased to 6.61 log10 CFU/g in finish product after
cooling stage (Figure 1). TPC of keropok lekor
produced from this processing plant exceeded the 106/g
limits set by Malaysia Food Regulations 1985 for fish
and fish product.

Result shows that coliform, fecal coliform, and E.
coli were detected during processing in all stages
(Figure 2). Presence of E. coli in fecal coliform
analysis was detected and their numbers ranged from
log 2.19 MPN/g to log 1.48 MPN/g. Highest coliform
numbers in keropok lekor was observed during
mincing, which was more than log 4.04 MPN/g.
Boiling reduced the numbers of coliform and fecal
coliform significantly (p<0.05) with about 1 to 2 log
reduction of MPN from kneading stage to log 1.77
MPN/g and log 1.51 MPN/g, respectively. However,
both MPN/g of coliform and fecal coliform increased
significantly during cooling with about 1 to 2 log
increment of MPN/g. As such finish product contained
log 3.79 MPN/g of coliform and log 3.02 MPN/g of
fecal coliform. Numbers of coliform observed in
keropok lekor after cooling was above 5×10/g limits
prescribed by Malaysia Food Regulations 1985 for fish
and fish product.

Discussion: Average TPC in minced fish was 6.29

log10 CFU/g and there were no significant different
during mixing and kneading. The temperature observed
was slightly increased during mixing and kneading
stage. This may be due to heat generation by
machinery used, excessive handling of food handlers
during processing especially during kneading the
dough. However, the temperature measured was still in
range that suitable for growth of most
microorganisms[13,7]. Microorganisms require water and
suitable pH medium for growth, hence limiting the
amount of water content and altering the pH will
affect microbial multiplication in food [2]. Values of
pH and water activity in samples observed show that
ingredients used such as salt and MSG and heat
treatment applied do not affect or impart significant
changes in pH and water activity. Range of pH and
water activity in keropok lekor observed is related to
be a supportive parameter of high TPC and coliform
in samples analyzed as the ranges were favored the
growth of most of the microorganisms in general [7].

During boiling a significant reduction was
observed in TPC, coliform and fecal coliform. This
may be due to increased temperature of 85.69EC at
the center of keropok lekor when heat applied at
100oC for 10 min. Application of heat to an internal
temperature of 63oC for 15 seconds for seafood during
cooking which recommended by FDA’s 1997 Food
Code was reported as safe for consumption[9].
However, this temperature is only sufficient for the
destruction of vegetative form of pathogens and
therefore is not the sole safety factors for the whole
production process[4]. The product is categorized as
pasteurized but not sterilized. The result of study
corroborate the earlier study of Yokoseki[14] who
reported fish sausage is not  sterile and can contain up
to 103 bacteria/g of sausage meat after heat processing
at 85 to 90oC for approximately 1 hour.

Finish product of keropok lekor contained 6.61
log10 CFU/g of TPC, 3.79 log10 MPN/g of coliform,
and 3.02 log10 MPN/g of fecal coliform indicate that
post-processing contamination occurred in the samples
during cooling stage. Possible reasons for the high
TPC could be due to lower microbiological quality of
mince fish used for production, unsatisfactory
processing from a sanitary point of view, or lower
microbiological quality of water used for cleaning
utensils and work surfaces. High TPC in this
perishable product may also indicate unsuitable time or
temperature conditions during storage[6].
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Table 1: Temperature, pH, and water activity of keropok lekor during processing stages1.
Processing stage Temperature2 (°C) pH2 Water activity (aw)2

Mincing 14.14±7.09d 6.61±0.16a 0.99±0.02a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mixing 17.24±2.16c, d 6.64±0.28a 0.98±0.01a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Kneading 20.95±0.48c 6.64±0.28a 0.98±0.01a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Boiling 85.69±1.66a 6.87±0.07a 0.98±0.01a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cooling 27.06±0.47b 6.78±0.12a 0.98±0.01a

1Data represent mean ± standard deviation of four replications.
2Data in the same column with different superscript is different significantly (p< 0.05).

Fig. 1: Total plate count (TPC) of keropok lekor during processing stages1.

Fig. 2: MPN of coliform, fecal coliform, and E. coli of keropok lekor during processing stages1.

Coliform and E. coli are often used as indicator
microorganisms to assess food sanitation than quality
[7]. The existence of coliform bacteria may not
necessarily indicate a direct fecal contamination of the
product, but more precisely as an indicator of poor
hygiene and sanitary practices during processing and
further handling in plant[1]. Therefore, high coliform in
samples indicated poor sanitary conditions during
processing and cross-contamination occurred in the
plant. Huss et al. [5] also stated that bacteria present
on the raw material may survive during processing of
various fish products and thus be present on the final
product or they may be eliminated. Further
contamination with new microorganisms after
processing is also possible. Post-processing

contamination through sanitary and manufacturing
practices would also contribute immensely to the
microbial load in the final product[10,3]. This was
observed in present study where detection of coliform,
fecal coliform, and E. coli in the finish product.
Presence of E. coli in fecal coliform analysis indicates
the recent fecal contamination occurred during
processing.

In this study, an increase in TPC, coliform, fecal
coliform, E. coli after cooling, which had decreased
after boiling, seem to be the result of recontamination
caused by personnel hands, work surface of cooling
stage or environmental air. Recontamination of heat
treated products before packaging is a critical problem
faced by manufacturer where there is a potential for
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microbial growth in the final product[5]. Hence,
hygienic processing and preparation of food has for
many years been regarded as a basic requirement and
the first line of defense against pathogenic
microorganisms. But this approach is unable to secure
fish products free of pathogens; good hygiene,
cleaning, and sanitation are necessary to secure low
levels of microorganisms on the final product[4].

Conclusion: Boiling stage was found to be able to
reduce significantly (p<0.005) in the numbers of TPC,
coliform and fecal coliform to a satisfactory level.
However, poor hygiene and improper handling resulted
the boiled keropok lekor contaminated during cooling
stage. Good hygiene processing (G++P) could may be
enforced during keropok lekor processing in order to
eliminate the post-processing contaminated.
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