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Abstract
Aim: To determine the microbial quality of culled chicken layers in Penang, Malaysia.

Materials and Methods: Samples were obtained from three layer farms (designated as Farm A, Farm B and Farm C). A total
of 67 culled chicken layer samples consisting of egg wash water, chicken carcass rinse, drinking water, cloaca swab, feed and
faeces were examined for enterobacteriaceae, total and faecal coliforms, and Escherichia coli using the procedures in the
bacteriological analytical manual.

Results: The total plate count for bacteria ranged from 2.7 x 10’ cfuml ' to 1.8 x 10" cfug” (Farm A), <1.0 x 10” cfuml ' to 1.7 x
10° cfug” (Farm B) and <1.0 x 10° cfuml” to 3.1 x 10° cfug” (Farm C). Enterobacteriaceae count ranged from <1.0 x 10” cfuml”
t03.5x 10° cfug” (Farm A), <1.0 x 10” cfuml/cfug” to 1.2 x 10° cfug” (Farm B) and <1.0 x 10° cfuml/cfug” to 2.8 x 10° cfug”
(Farm C). Total and faecal coliforms ranged from <3.0 to >1100.0 Most probable number (MPN)ml'/ MPNg" for Farm A, B
and C. Similarly, E. coli count for all the three farms ranged from <3.0 to >1100.0 MPNml'/MPNg". E. coli counts were very
low for most of the samples examined except chicken carcass and faeces.

Conclusion: In general, Farm A had higher bacterial count, followed by Farm C and Farm B. This work gives an indication
that pathogenic foodborne pathogens such as E. coli, Salmonella, Citrobacter, Enterobacter, Klebsiella, Shigella and Yersinia

spp. may be present in culled chicken layers and consequently pose the risk of causing food poisoning or outbreaks.
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Introduction

Culled chicken layers or spent hens can be defined
as the identification and removal of non-laying, unpro-
ductive or low producing hens from a laying flock. Due
to the little value of culled chicken layers, they are
usually slaughtered at the end of their productive lives.
Hens can supply eggs for two to three years before
being regarded as spent hens, but a depression of egg
prices can shorten this time [1]. Pullets produced more
eggs and utilized their feed more efficiently than spent
layers although eggs from spent layers were heavier
than that of pullets [2]. For the egg industry, culled
chicken layers are considered as one of the by-products
and these birds have low price [3]. Owing to the
formation of large amounts of heat stable collagen
caused by aging, the muscles of culled chicken layers
become tough and unfavourable. These muscles have
low functional properties and reduce its usefulness in
whole meat food as well as its market value [4]. The
tough texture of culled chicken layer meat causes them
to be less popular among consumers.

However, the demand for spent hens can increase
during festive occasions among culled chicken layer
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consumers. Ariff [5] reported that the lack of broiler
chickens supply in the market to fulfill consumers
demand as well the tremendous increase in the price of
broiler chickens during festivals forced many people to
opt for spent hens instead of broilers. Furthermore, if
meats from culled chicken layers are processed properly
they can be good source of nutrients especially protein
and amino acids [4, 6]. Culled chicken layers are highly
enriched with omega-3 fatty acid and high in myo-
fibrillar protein, making them suitable raw materials
for surimi-based products [7]. Spent hens have been
reported to be good alternative for surimi-based product
because their price is considerably cheap and their use
ensures the improvement and utilization of waste/
underutilized resources [4]. Culled chicken layers have
been used largely in the preparation of chicken soups
and emulsified chicken products such as frankfurter
and bologna. They have also been used in canned
products including soups, sauces, stews, and gravies
[8].

Microorganisms including Escherichia coli,
Salmonella spp., Campylobacter spp., Shigella spp.,
Yersinia spp. and many more may be haboured in the
intestines of animals, and can cross contaminate
carcasses and meat products [9-18]. They are usually
excreted into the environment via faeces, and can
contaminate eggs, water, feed, soil, foods etc. As a
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Table-1: Total plate count of bacteria observed in culled chicken layers

Farm B Farm C

Sample Farm A

Egg wash water 2.7 x 103 —-2.6x 105 cfuml'1
Chicken carcass rinse 2.6 x 105 - 29x 105 cfuml'1
Drinking water 1.4x10" = 1.5 x 10" cfumi”
Cloacal swab 2.0 x 10° cfuml”

Feed 26x10"—2.9x 10" cfug”
Faeces 1.8x 10’ cfug”

9.2x10" = 2.0 x 10° cfumi”
21x10° = 2.3x10° cfuml”
<2.5x10° cfumi”
<1.0x10° cfumi”
29x10°= 3.1x10"cfug”
2.9x10° 3.1 x 10° cfug”

<25x10° = 1.9x10° cfuml”
2.0x10° = 2.5x 10° cfuml”
<2.5x10° cfumi”

<1.0x 10° cfuml’”’
<25x10°cfug”

1.4x10° = 1.7 x 10°cfug”’

consequence, humans can contract them from the
consumption of contaminated food or contact with
contaminated sources. In Malaysia, culled chicken
layers are consumed especially among individuals that
prefer tough chicken meat. Determining the micro-
biological status of culled chicken layers is essential
because it will give an indication of the risk involved in
contracting foodborne pathogens from the consumption
oftheir meats and eggs.

Therefore, this study was carried out to determine
the microbial load of culled chicken layers in three
farms in Penang, Malaysia.

Materials and Methods

Location, duration and data collection: This study exa-
mined culled chicken layers and their environmental
samples obtained from three different layer farms in
Penang, Malaysia between November 2011 and April
2012 for their microbial quality. Samples from culled
chicken layers were egg wash water, chicken carcass
rinse, faeces and cloaca swab, while environmental
samples were litter, feed and drinking water. These
samples were stored under 4 °C during transportation
and analyzed immediately upon arrival at the Food
Microbiology Laboratory of the School of Industrial
Technology, Universiti Sains Malaysia, Penang.
Samples collected were analyzed for total aerobic bacteria,
enterobacteriaceae, coliforms, faecal coliforms and E.
coli.

Enumeration and confirmation of bacteria groups:
Enumeration and confirmation of microbes was done
using slightly modified method in the Bacteriological
Analytical Manual of the Food and Drug Admini-
stration (BAM-FDA)[19, 20]. Egg wash water (10 ml),
chicken carcass rinse (10 ml), drinking water (10 ml),
feed (10 g), faeces (10 g) and cloaca swab (1 swab)
were transferred into 90 ml, 90 ml, 90 ml, 90 ml, 90
ml, and 10 ml of 0.1% saline bacteriological peptone
water (SBPW), respectively and homogenized to serve
as the 10™ dilution factor. Subsequently, serial dilutions
were made from the 10” to 10 in 9 ml SBPW.

Total aerobic plate count: Serial dilutions (10" to 10°)
were spread plated on plate count agar (PCA). Plates
were incubated at 37 °C for 48 = 2 h under aerobic
condition. After 48 hours of incubation, the number of
colonies (25-250) formed on the plates were counted
and the cfug” or cfuml” was calculated based on the
guidelines given in the BAM-FDA.

Enterobacteriaceae: Similarly, serial dilutions (10" to
10°) were spread plated on violet red bile agar (VRBG)
plates. Plates were incubated at 37 °C for 18 hto 24 h
under aerobic condition. Counting and calculation of
cfug’ or cfuml” was done as in total aerobic plate count.

Total coliform, faecal coliforms and E. coli: The 3 tube
most probable number (MPN) method of BAM-FDA
was used. One ml of aliquot from dilution factors 107,
107 and 10” for each sample was transferred into 3
lauryl sulphate tryptose (LST) containing Durham
tube. Inoculated LST tubes were incubated at 37 °C for
24 h to 48 h. Positive LST tubes were indicated by gas
production in the Durham tubes and turbidity of broths.
Positive LST tubes were further transferred into
brilliant green lactose bile (BGLB) and EC broths
containing Durham tubes. Inoculated BGLB broths
were incubated at 37 °C for 48 h + 2 h for the
confirmation of coliforms. Inoculated EC broths were
incubated at 45 °C for 24 h to 48 h for the enumeration
of total faecal coliforms. A loopful of cultures from
positive EC tubes were streaked onto Levine-EMB
agar (L-EMB) plates and incubated at 37 °C for 18 h to
24 h for the enumeration of E. coli. Presumptive E. coli
colonies which appeared as dark centred and flat, with
or without metallic sheen were purified on PCA.
Purified E. coli isolates were subjected to recommen-
ded biochemical test (IMViC test) according to BAM-
FDA[20].

Results and Discussion

The results obtained for total aerobic bacteria,
enterobacteriaceae, total coliform, faecal coliforms
and E. coli counts are presented in Tables 1, 2, 3, 4, and
5, respectively. From Table-1, samples collected from
Farm B namely egg wash water, chicken carcass rinse,
feed and faeces had lower total aerobic plate count as
compared to the same samples collected from Farm A
and C except drinking water and cloacal swab.
Drinking water and cloacal swab from Farm B
exhibited the same total aerobic plate counts with that
of drinking water and cloacal swab from Farm C. Their
total plate counts were <2.5 x 10’ cfuml” (drinking
water) and <1.0 x 10’ cfuml” (cloacal swab). On the
other hand, samples collected from Farm A notably,
chicken carcass rinse, drinking water, cloacal swab,
feed and faeces generally showed higher total aerobic
plate counts. Drinking water from Farm B and C,
faeces from Farm A and B, and cloacal swab from Farm
A, B and C showed no range for their total aerobic plate
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Table-2: Enterobacteriaceae count observed in culled chicken layers and their environmental samples

Sample Farm A

Farm B

Farm C

<1.0x10°= 2.4 x 10* cfuml”
2.3x10°— 2.6 x 10° cfuml”

Egg wash water
Chicken carcass rinse
Drinking water <25x10° cfumi”
Cloacal swab <1.0 x 10° cfuml”
Feed <2.5x10° cfug”

Faeces 34x10°—3.5x10°cfug”

<1.0x10°=2.9x 10° cfum!”
1.7%x10° = 2.2x 10" cfuml”

<1.0 x 10° cfumi”
<1.0x 10° cfumi”
<1.0x 10° cfug”

1.1 x10°-1.2x 10° cfug”

<2.5x10° cfuml”
1.7x10° - 2.0 x 10°cfuml”
<1.0 x 10° cfuml’”’

<1.0x 10° cfuml”

<1.0x 10° cfug”
2.3x10°-2.8 x 10°cfug”

Table-3: MPN for coliform observed in culled chicken layers

Sample Farm A

Farm B

Farm C

<3.0->1100.0 MPNml"
210.0 - > 1100.0 MPNml”

Egg wash water
Chicken carcass rinse

Drinking water 240.0 MPNmI”"
Cloacal swab <3.0-23.0 MPNmI'1
Feed >1100.0 MPN g

Faeces >1100.0 MPN g'1

<3.0-120.0 MPNml"
150.0 - > 1100.0 MPNml"
<3.0 MPNml"

<3.0 MPNml"

>1100.0 MPN g
>1100.0 MPN g

38.0 - > 1100.0 MPNml”"
160.0 - > 1100.0 MPNmI "
<3.0-3.6 MPNmI”
<3.0 - 11.0 MPNmI"
<3.0-430MPNg"
>1100.0 MPN g

Table-4: MPN for faecal coliform observed in culled chicken layers

Sample Farm A

Farm B

Farm C

<3.0->1100.0 MPNmI”
120.0 - > 1100.0 MPNmI ™"

Egg wash water
Chicken carcass rinse
Drinking water 14.0-23.0 MPNmI_1
Cloacal swab <3.0-15.0 MPNmI"
Feed 7.4-11.0 MPNg "

Faeces >1100.0 MPN g

<3.0 - 120.0 MPNm!”
120.0 - > 1100.0 MPNml”"
<3.0 MPNmI"

<3.0 MPNmI”"
<30-92MPNg’
210.0->1100.0 MPN g

3.0-> 1100.0 MPNm!”
160.0 - >1100.0 MPNmI”"
<3.0-3.6 MPNmI"
<3.0-11.0 MPNmI"
<30-36MPNg’
>1100.0 MPN g

Table-5: MPN for Escherichia coli observed in culled chicken layers

Sample Farm A

Farm B

Farm C

9.2 -21.0 MPNmiI"
43.0 - > 1100.0 MPNmI”
3.0-3.6 MPNmI"

Egg wash water
Chicken carcass rinse

Drinking water
Cloacal swab <3.0-7.2 MPNmI”
Feed 3.0-36MPNg"

Faeces 210.0 - >1100.0 MPN g'1

<3.0-7.4 MPNml"
20.0 — 460.0 MPNmI”"
<3.0 MPNmI"

<3.0-9.2 MPNml"
27.0 - > 1100.0 MPNmI”
<3.0 MPNml"

<3.0 MPNml" <3.0-3.6 MPNm!”
< 3.0 MPN/g <30MPNg"

64.0->1100.0 MPN g 150.0 - >1100.0 MPN g '

count. This is because all triplicate tests for these
samples gave the same result.

From Table-2, drinking water, cloacal swab and
feed from Farm B and Farm C exhibited the same
enterobacteriaceae count of <1.0 x 10’ cfuml’ for
drinking water and cloacal swabs, and <1.0 x 10’ cfug’
for feed. The enterobacteriaceae counts for drinking
water (<2.5 x 10’ cfuml™) and feed (<2.5 x 10’ cfug™)
from Farm A were found to be the same. On the other
hand, egg wash water, chicken carcass rinse, drinking
water, feed and faeces from Farm A were observed to
have higher level of enterobacteriaceae as compared to
the same samples collected from Farm B and C. It was
also observed that feed from Farm A, Farm B and Farm
C, cloacal swab and drinking water from Farm A, Farm
B and Farm C, and egg wash water from Farm C
showed no range for enterobacteriaceae count as all
counts for these samples gave the same results. Besides
that, chicken carcass rinses were found to have higher
enterobacteriaceae counts than egg wash water
samples. In general, faeces from Farm A, Farm B and
Farm C have the highest enterobacteriaceae count as

compared to other samples (egg wash water, chicken
carcass rinse, drinking water, cloacal swab and feed).
Faeces from Farm A had the highest level of
enterobacteriaceae. Members of the enterobacteriaceae
such as E. coli, Salmonella spp., Enterobacteria spp.,
Klebsiella spp. and Yersinia spp. are commonly found
in the intestinal tract of animals, which are widely shed
in facces during defaecation [21].

The result obtained for the most probable number
(MPN) of total coliform, faecal coliforms and E. coli is
showed in Table-3, 4 and 5 respectively. Samples
collected from Farm B which include egg wash water,
chicken carcass rinse, drinking water, and cloacal swab
generally had the lowest level of coliforms as
compared to the same samples collected from Farm A
and C. Farm A, however, was observed to have the
highest level of coliform for samples such as chicken
carcass rinse, drinking water and cloacal swab as
compared to the same samples collected from Farm B
and C. It was observed that feed from Farm A and B,
and faeces from Farm A, B and C have the same level of
coliform which was >1100 MPNg". Drinking water as
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well as the cloacal swab collected from Farm B was
found to be least contaminated with coliforms.

Environmental and culled chicken layer samples
thus drinking water, cloacal swab and feed from Farm
A had higher level of faecal coliforms as compared to
the same samples collected from Farm B and C. It was
found that the level of faecal coliforms in chicken
carcass in Farm A was the same as in Farm B with their
MPN ranging from 120.0 to >1100 MPNml". Chicken
carcass rinse from Farm C was most contaminated with
faecal coliforms with MPN number ranging from 160.0
to >1100.0 MPNml". On the other hand, egg wash
water and some of the environmental and culled
chicken layer samples which include drinking water,
cloacal swab and feaces from Farm B had the lowest
level of faecal coliforms as compared to the same
samples collected from Farm A and C.

Egg wash water, chicken carcass rinse, drinking
water, cloacal swab, feed and faeces from Farm A had
the highest level of E. coli as compared to the same
samples collected from Farm B and Farm C. Farm B
was observed to have the lowest level of E. coli for egg
wash water, chicken carcass rinse, cloacal swab and
faeces. The level of E. coli in drinking water and feed
from Farm B was found to be the same as the drinking
water and feed collected from Farm C which was <3
MPNmI". The MPN for E. coli in drinking water and
feed from Farm A was found to be the same which was
3.0 to 3.6 MPNml" for drinking water and 3.0 to 3.6
MPNg" for feed.

Overall, faeces from all the three farms were
found to have the highest level of E. coli and the other
bacteria compared to egg wash water, chicken carcass
rinse, drinking water, and cloacal swab and feed
samples. This is because E. coli and other bacteria are
usually found in the intestines of humans and warm-
blooded animals [22] and it is usually shed into the
environment via faeces [9]. Chicken carcasses are also
mostly contaminated by bacteria during the removal of
gastrointestinal tract [23]. Eggs in all the three farms
were rolled onto a conveyor after laying. This practice
kept the eggs off the floor all the time and thus reduces
contact with faeces and litter, which could probably
reduce the chances of faecal contamination of egg
shells and consequently egg wash water.

Conclusion

This work gives an overview of the microbio-
logical quality (total plate count, enterobacteriaceae,
total coliforms, faecal coliforms and E. coli) of culled
chicken layers and their related samples collected from
3 farms in Penang, Malaysia. The microbiological
counts vary according to the 3 farms namely Farm A,
Farm B and Farm C. Total plate count for bacteria was
highest in egg wash water (Farm C), chicken carcass
rinse (Farm A), drinking water (Farm A), cloacal swab
(Farm A), feed (Farm A) and faeces (Farm A).
Enterobacteriaceae counts for drinking water, cloacal
swab and feed samples collected from Farm A, Farm B

and C were low, except for faecal samples. All samples
collected from Farm A were higher in E. coli as
compared to samples collected from Farm B and C.
MPN for E. coli for all the samples from all the three
farms were considerably low and in a satisfactory level
except for faeces and chicken carcass rinse samples.
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