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ABSTRACT

Objective: This study assessed the bacteriological quality and prevalence of foodborne bacteria in
raw broiler meat sold in Mymensingh City.

Materials and Methods: Thigh and breast meat samples (n = 80) from broiler chickens were
randomly collected from four live bird markets (LBM) in Mymensingh city for bacteriological anal-
ysis. To determine the bacteriological quality, a 10-fold serial dilution of the thigh and breast
homogenate was made. Then, total viable count (TVC), total coliform count (TCC), Staphylococci,
and Salmonella spp. counts were determined using plate count agar, MacConkey agar, Mannitol
salt agar, and Salmonella-Shigella agar. Gram stain, biochemical testing, PCR assays, and cultural
properties were used to identify the bacterial isolates.

Results: The TVCin the broiler meat sample ranged between log, 8.30 £ 0.54 colony forming unit
(CFU)/gm and log, 9.04 + 0.26 CFU/gm. TCC was found between log, 5.53 + 0.38 CFU/gm and
log,,6.66 + 0.80 CFU/gm. The mean Staphylococcal count was recorded between log, 4.64 +0.61
CFU/gm and log, 6.42 + 0.53 CFU/gm, and the total Salmonella count ranged between log,  4.75
+0.08 CFU/gm and log, 5.69 + 0.58 CFU/gm. The prevalence of Escherichia coli was the highest
(43.2%), followed by Staphylococcus aureus (36.8%) and Salmonella spp. (20%), respectively.
Conclusions: Data from this study indicated that the TVC and TCC of raw broiler meat sold at LBM
exceed the permissible limits and are contaminated with foodborne bacteria, which might cause
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public health hazards.

Introduction

Our everyday diet includes a significant amount of broiler
meat, which is much cheaper and very popular with people
of all ages. Per capita per year, broiler meat consumption
in Bangladesh is 3.74 kg, and its share is 54% of the total
meat [1]. The adverse effects of zoonotic foodborne infec-
tions on the general public’s health are becoming increas-
ingly well known. Several epidemiological surveys have
identified foods of animal origin as the leading carriers of
illnesses caused by foodborne pathogens. Getting safe food
to consumers, growers, and health experts has been one of
the most important and challenging things to do. Chicken
meat is known to be contaminated with pathogenic and
spoilage microorganisms during slaughter, skinning, and
evisceration processes if adequate hygienic and sanitary

measures are not undertaken [2]. Meat contamination by
foodborne bacteria is a growing public health concern [3].

The timing of feed withdrawal influences the bacteri-
ological qualities of poultry meat before slaughter, the
mode of transportation, contamination from live birds,
the processing method, environmental temperature, and
hygienic and sanitary procedures in the slaughterhouse
[4]. Depending on how the carcasses are processed at the
slaughterhouses, the microbial burdens on the birds may
go down or up [5]. To identify environmental and fecal
contamination in chicken meat, total coliform and total
fecal coliform counts can be used [6]. Total aerobic plate
count can be used to determine the meat’s sanitary sta-
tus, whereas total Staphylococci count and Staphylococcus
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aureus count are indicators of inadequate temperature
control, handling, and hygienic conditions [7].

Several foodborne pathogens, including Escherichia
coli, Salmonella spp., S. aureus, Campylobacter spp., Vibrio
spp., and Shigella spp., can contaminate poultry flesh and
infect people when handled raw or eaten undercooked
[8]. The cost of medical treatment and death from food-
borne illness results in economic losses [9]. In Bangladesh,
around 30 million individuals contract foodborne illnesses
yearly [10]. Most people in Bangladesh consumed chicken
carcasses that were slaughtered and processed in small
retail establishments. Without adequate temperature con-
trol, meat is sold outside, and its hygienic status is never
guaranteed. Chicken meats sold at retail shops and poul-
try farms were found to be contaminated with an unac-
ceptable bacterial load, which poses a public health risk
to the consumers [11,12]. Production and consumption
of poultry meat in Bangladesh are constantly increasing,
and ensuring its microbial safety is essential. Data on the
bacterial contamination of broiler meat sold at live bird
marketplaces in Bangladesh is quite scarce. To ascertain
the sanitary quality and hygienic state of broiler meat sold
at live bird markets (LBM), the current study set out to (i)
quantify the bacterial load [total viable count (TVC), total
coliform count (TCC), Staphylococcus spp., and Salmonella
spp.] and (ii) evaluate the prevalence of foodborne bacte-
ria (E. coli, S. aureus, and Salmonella spp.).

Materials and Methods
Collection of broiler meat samples

Broiler meat samples from the thighs (n = 40) and breasts
(n = 40) were aseptically taken from the slaughterhouses

of four LBM in Mymensingh city during the winter months
of November to January 2017. Twenty broiler meat sam-
ples comprised of thigh (n = 10) and breast (n = 10) were
collected from each LBM. For bacteriological analysis, sam-
ples were sent to a microbiology lab in an ice box. In the
live bird market, bleeding, skinning, and evisceration oper-
ations in the slaughterhouse were done under unhygienic
conditions (Fig. 1A). Good hygienic practices of the poul-
try slaughterhouse workers were not seen. The knife and
wooden cutting board used for cutting meat are not clean
(Fig. 1B). Meats were frequently contaminated by the dirty
floor of the slaughterhouse (Fig. 1C).

Preparation of meat samples

Using sterile scissors, a 25 gm section of each breast and
thigh sample was cut, then put into a sterile bag with 0.1%
sterilized buffer peptone water [13]. Under aseptic con-
ditions, samples were homogenized using a stomacher.
The homogenate was then diluted step by step until it was
diluted 10 times in 9 ml of sterile 0.1% buffer peptone
water.

Bacteriological analysis

TVC, TCC, Staphylococcus spp., and Salmonella spp. counts
were estimated by dispersing one ml dilutions of each
sample onto Plate count agar (HiMedia, Mumbai, India),
MacConkey agar (MCA; HiMedia, Mumbai, India), Mannitol
salt agar (HiMedia, Mumbai, India), and Salmonella-
Shigella (SS; HiMedia, Mumbai, India) agar, respectively
[6]. The inoculation plates were incubated at 37°C for
24 h. Gram staining, sugar fermentation, and biochem-
ical tests such as catalase, oxidase, and coagulase were

(B) | ()

Figure 1. Slaughter and processing of broiler. (A) Bleeding, skinning, and evisceration of broiler carcasses at a slaughterhouse under
unhygienic conditions, (B) Cutting meat using a dirty knife and wooden cutting board, and (C) Broiler carcasses were kept on the

dirty floor.
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used to identify the S. aureus suspected culture, while
Indole, Methyl Red (MR), Voges Proskauer (VP), catalase,
Triple Sugar Iron (TSI) agar, Urea Hydrolysis, and Citrate
Utilization tests were performed to confirm the presence
of E. coli [14]. A 25 gm meat sample was enriched in 225
ml of sterile buffered peptone water and cultured at 37°C
for 24 h to isolate Salmonella spp. An enriched sample was
added to 45 ml of Selenite-F broth and incubated there
for 24 h at 37°C. SS agar was streaked with a loopful of
enhanced culture, which was then incubated at 37°C for
24 h [15]. The colony formed on SS agar was sub-cultured
onto MCA and Nutrient agar (HiMedia, Mumbai, India) and
incubated at 37°C for 24 h to get a pure Salmonella culture.
Gram's staining method and the MR, VP, Indole, Oxidase,
Catalase, Urea Hydrolysis, and TSI agar tests were used to
confirm the presence of Salmonella spp.

Molecular detection of E. coli, S. aureus, and Salmonella
spp.

The previously mentioned heat lysis procedure was used
to recover the DNA from E. coli, S. aureus, and Salmonella
spp- These bacteria were molecularly confirmed using PCR
assays. Table 1 shows a list of the oligonucleotide primers
employed in the PCR.

Statistical analysis

Data from the microbiological analysis were entered into
a spreadsheet created with Microsoft Excel 2007. A cal-
culation was performed to convert the mean bacterial

counts [Colony forming unit (CFU)/gm] into log, , CFU/gm.
Version 16.0 of IBM-SPSS software was used to analyze the
data. One-way analysis of variance was used to compare
the mean counts of the two chicken parts and the exam-
ined LBM at a 95% confidence level (p < 0.05).

Results

Mean bacterial load counts of broiler meat per live bird
market

Table 2 displays the mean log , CFU/gm counts of TVC,
TCC, Staphylococcus spp., and Salmonella spp. in chicken
meat from four live bird marketplaces. The mean counts
in four live bird marketplaces did not differ significantly
(p>0.05).

The bacterial load was the highest at LBM-1 (log,, 9.04
+0.26 CFU/gm) and the lowest at LBM-4 (log, , 8.30 + 0.54
CFU/gm). The coliform count was highest at LBM-2 (log,,
6.66 + 0.80 CFU/gm) and lowest at LBM-1 (log,, 5.53
0.38 CFU/gm). The highest counts of Staphylococci and
Salmonella spp. were recorded from LBM-3 and LBM-4,
respectively.

Mean bacterial load counts in thigh and breast meats

Table 3 shows the mean log,, CFU/gm of TVC, TCC,
Staphylococcus, and Salmonella spp. counts of thigh and
breast meats. Thigh meat showed the highest mean bac-
terial count (log,, 5.85 + 0.90 CFU/gm) compared to the

Table 1. List of oligonucleotide primers used in the PCR assays.

Bacteria Oligonucleotide sequence Size (bp) References

F 5’-AATTGAAGAGTTTGATCATG-3’

E. coli 704 Guan et al. [16]
R 5’-CTCTACGCATTTCACCGCTAC-3’
F 5-ACTGGCGTTATCCCTTTCTCTGGTG-3’

Salmonella spp. 496 Cohen et al. [17]
R 5’-ATGTTGTCCTGCCCCTGGTAAGAGA-3’
F 5’-GCGATTGATGGTGATACGGTT-3’

S. aureus 279 Zhang et al. [18]
R 5-AGCCAAGCCTTGACGAACTAA AGC-3’

F = Forward, R = Reverse, -bp = base pair.

Table 2. Mean bacterial load of chicken meat per LBM.

Sampling sites  TVC (log,  CFU + SD/gm) TCC (log, CFU * SD/gm)

Staphylococcus spp. (log,, CFU + SD/gm)

Salmonella spp. (log,, CFU + SD/gm)

LBM-1 8.35+0.39 5.53+0.38 4.64+0.61 4.75 +0.08
LBM-2 9.04 +0.26 6.66 + 0.80 6.17 £ 0.35 5.27 £0.53
LBM-3 8.47 +0.36 5.98+0.42 6.42 +0.53 5.53+0.21
LBM-4 8.30+0.54 5.83+0.08 6.22+0.48 5.69+0.58
LBM = Live Bird Market, TVC: Total Viable Count, TCC: Total Coliform Count, CFU = Colony Forming Unit, SD = Standard Deviation.
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breast (log,, 5.08 + 0.43 CFU/gm). There was no signifi-
cant difference in the mean log, , CFU/gm bacterial counts
between meat from the thigh and the breast (p > 0.05).

Isolation and molecular detection of bacteria from broiler
meat

E. coli (n = 54), S. aureus (n = 46), and Salmonella spp. (n =
25) were isolated and identified using routine bacteriolog-
ical methods and PCR assays (Fig. 2).

Prevalence of foodborne bacteria in broiler meat

The E. coli isolates recorded the highest (43.2%), followed
by S. aureus (36.8%) and Salmonella spp. (20%). The
highest level of bacterial prevalence was noted in broiler
meat at LBM-3 (32%), followed by LBM-4 (24.8%), LBM-2
(23.2%), and LBM-1 (20%) (Table 4).

Table 5. shows the highest prevalence of E. coli both in
the thigh (77.5%) and breast (57.5%) meat, followed by
S. aureus (67.5% and 47.5%) and Salmonella spp. (45%
and 17.5%). There was no big difference in the number

Table 3. Mean bacterial counts of thigh and breast meats.

of bacterial isolates between the thigh and breast meat
(p > 0.05).

Discussion

In Bangladesh, most poultry is slaughtered in temporary
slaughterhouses at the LBM adjacent to the road and
crowded market places, which often lack water supply for
washing hands and cleaning, cutting knives, and utensils.
Furthermore, workers in temporary slaughterhouses lack
adequate knowledge of personal hygiene and sanitation
procedures, resulting in bacterial contamination of poul-
try carcasses. The quality of meat is assessed by counting
TVC, and it also indicates the food safety status of meat.
This study recorded TVC of > log,; 8 CFU/gm. Murshed et
al. [19] also noted a comparable mean TVC log count (log,
8.46 CFU/gm) in raw chicken meat. As compared to this
study, a lower TVC for market chicken meat was reported
in Nepal (log,, 4.45 CFU/gm) [6], Pakistan (log, , 5.07CFU/
gm) [20], and Egypt (log,, 6.18 CFU/gm) [21]. TVC indi-
cates the hygienic condition of the slaughterhouse where

Chicken parts  TVC (log,, CFU + SD/gm)  TCC (log,  CFU + SD/gm)

Staphylococcus spp. (log,, CFU + SD/

Salmonella spp. (log,, CFU + SD/gm)

gm)
Thigh 8.25+0.81 6.78 + 0.87 6.15 + 0.92 5.85 +0.90
Breast 8.11+0.78 5.77 + 0.44 6.05 + 0.88 5.08 +0.43

TVC = Total Viable Count, TCC = Total Coliform Count, CFU = Colony Forming Unit, SD = Standard Deviation.

M 1 2 3 4 5 6

M 1 2

(A)

(B)

(C)

Figure 2. PCR-detection of E. coli, Salmonella, and Staphylococcus spp. (A) Amplification of 704-bp fragment of 165rRNA gene of E.
coli., (B) Amplification of 496-bp fragment of 16S rRNA gene of Salmonella spp., and (C) Amplification of 279-bp fragment of nuc
gene of S. aureus. In all cases, Lane 1-4: DNA samples, Lane M: 100-bp size DNA marker, Lane 5: positive control, and Lane 6: negative

control.
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Table 4. Prevalence of foodborne bacteria per LBM.

Bacterial isolates

Sampling sites

LBM-1 (*n/%)

LBM-2 (*n/%)

Total (*N/%)

LBM-3 (*n/%) LBM-4 (*n/%)

E. coli 13 (65.0) 11(55)

S. aureus 8(25.0) 12 (60.0)
Salmonella spp. 4(20.0) 6 (30.0)
Total (%) 25 (20.0) 29(23.2)

18 (90) 12(60.0) 54(43.2)
15(75.0) 11(55.0) 46(36.8)
7(35.0) 8(40.0) 25(20.0)
40 (32.0) 31(24.8) 125 (100)

LBM = Live Bird Market, *n = 20, *N = 125.

Table 5. Prevalence of foodborne bacteria in thigh and breast meats.

Bacterial isolates Thigh (*n/%) Breast (*n/%) Total (*N/%)
E. coli 31(77.5) 23 (57.5) 54 (43.2)
S. aureus 27 (67.5) 19 (47.5) 46 (36.8)
Salmonella spp. 18 (45.0) 7 (17.5) 25 (20.0)
Total (%) 76 (60.8) 49(39.2) 125 (100)

*n =40, *N = 125.

chickens are slaughtered and processed. The meat's higher
TVC count (107 CFU/gm) is responsible for microbial
spoilage and off-odor [22]. The log TVC count in this study
exceeds the permissible level (log,, 26 CFU/gm) [23], indi-
cating very poor hygienic practices at the slaughterhouses
at the LBM.

This study recorded TCC between log, ,5.53 + 0.38 CFU/
gm and log, , 6.66 + 0.80 CFU/gm, similar to the TCC (log,,
6.5 CFU/gm) reported by Bhandari et al. [24]. As compared
to the present study, a lower TCC in chicken meat was
reported in Bangladesh (log,, 3.37 CFU/gm), India (log,,
1.13 CFU/gm), and Nepal (log,, 2.19 CFU/gm) by Murshed
etal. [19], Selvan etal. [25], and Maharjan et al. [6], respec-
tively. This study recorded higher TCC in the thigh meat
(log,, 6.78 + 0.87 CFU/gm) as compared to breast meat
(log,, 5.77 + 0.44 CFU/gm) since the thigh area is more
exposed to fecal contamination during handling and pro-
cessing of the carcass [19]. In the present study, the TCC in
the raw broiler meat sold at the LBM exceeds the accept-
able limit (<100 CFU/gm) prescribed by the International
Commission on Microbiological Specifications of Foods
[23]. The presence of higher coliform counts in the broiler
meat sold at the live bird market might result from fecal
contamination during slaughter operations, evisceration,
as well as poor personal hygiene of the slaughterhouse
workers.

In this study, foodborne bacteria like E. coli, Salmonella
spp., and S. aureus isolated from broiler meat were con-
firmed by PCR assays. E. coli,, Salmonella spp., and S. aureus
recovered from thigh and breast meat samples success-
fully amplified 704-bp, 496-bp and 274-bp PCR ampli-
cons, which confirmed their identity at the molecular level
[16-18].

Meat containing the E. coli indicator organism is likely
to be contaminated with feces and indicates poor hygiene

http://bdvets.org/javar/

[26]. In this investigation, the prevalence of E. coli var-
ied between 43.2% and 90%. Elzaher et al. [27] showed
a similar incidence of E. coli (87.5%) in poultry flesh. In
this study, thigh meat had a greater prevalence of E. coli
(77.5%) than breast meat (57.5%). Both thigh meat (9%)
and breast meat (12%) in Egypt were found to have lower
E. coli prevalence [28]. A study conducted in Romania
recorded a 34% prevalence of E. coli in poultry carcasses
[29].

This study recorded a total Salmonella count of > log,
4.75 CFU/gm in raw broiler meat, while Uddin et al. [30]
found Salmonella spp. counts between log,, 1.3 CFU/gm
and log, 2.67 CFU/gm in chicken meat sold at super shops
in Dhaka, Bangladesh. Salmonella was detected in poultry
flesh between 20% and 40% in this study. The Salmonella
prevalence in Nepali retail broiler meat ranged from 10%
to 46.2% [24,31]. Research shows a 19%-24% prevalence
of Salmonella contamination in retail [32]. According to
Cretu et al. [29], there was a 2% prevalence of Salmonella
on the surface of chicken carcasses. In Pennsylvania, 19%
of the prepared broiler meat sold in grocery stores had
Salmonella contamination [32]. In the present study, the
prevalence of Salmonella was higher in thigh meat (45%)
than in breast meat (17.5%). Guran et al. [33] reported
a higher prevalence of Salmonella both in breast meat
(44.7%) and thigh meat (41%). Salmonella could get into
the meat from feces or the hands of the butcher when he
washed and cut it [34,35].

In the present study, the Staphylococci count of raw
broiler meat ranged between log,, 4.64 + 0.61 CFU/gm
and log , 6.42 + 0.53 CFU/gm, which was higher than
the Staphylococci count recorded by Sengupta et al. [36]
(log,, 3.7 CFU/gm) and Joshi et al. [37] (log,, 4.07 CFU/
gm). Staphylococcus aureus contaminates the meat
from unhygienic slaughterhouses while processing and
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handling the carcass. According to Carroll et al. [38], S.
aureus, which causes foodborne poisoning, is a natural
flora of the human skin, respiratory system, external ear,
and mouth. Their presence in the food samples was mainly
due to the unwholesome practices of the handlers. In
this investigation, S. aureus prevalence ranged from 25%
to 75%. In Romania, 14% of poultry carcasses were con-
taminated with S. aureus [29]. Herve et al. [39] reported
53% of S. aureus contamination in retail chicken meat.
Staphylococcus aureus prevalence in retail meat in China
was reported by Wu et al. [40] to be 35%. Contamination
of chicken meat at the slaughterhouse resulted from the
sneezing, coughing, breathing, and talking of infected
people [6]. In this study, TCC and total Staphylococci and
Salmonella counts were higher than TVC. Similar results
were reported in cattle sold at retail markets [41]. A study
conducted in Nepal recorded almost similar TCC (8.13 *
0.13) and TVC (8.22 + 0.14) in raw meat [42].

Conclusion

The study’s data indicate that the bacterial load in raw
broiler meat at the LBM exceeds the permissible limit. To
minimize the present bacterial burden to an acceptable
level, appropriate sanitary and hygienic practices at the
broiler slaughterhouses need to be adopted. A higher prev-
alence of foodborne bacteria in the raw broiler meat at the
live bird markets might cause a health risk to slaughter-
house staff and meat consumers. Undertaking appropriate
intervention measures, including training programs for
slaughterhouse workers and building consumer aware-
ness, is required to mitigate this health risk.

List of abbreviations

LMB, live bird market; PCR, polymerase chain reaction;
TVC, total viable count, TCC, total coliform count, MCA,
MacConkey agar; CFU, colony forming unit.

Acknowledgment

The authors would like to thank the slaughterhouse own-
ers and workers for their cooperation during the process
of sample collection. The University Grants Commission of
Bangladesh provided financial support for this research
project (Project No. 2017/153/UGC).

Conflict of interest

No conflict of interest is declared.

http://bdvets.org/javar/

Authors’ contributions

SM] was involved in the study design, conducted the exper-
iment, collected data, interpreted results, and drafted the
manuscript. PB was involved in conducting experiments,
data analysis, and interpretation of results. MZR conducted
experiments, data analysis, and interpreted the results.
MMK participated in the methodology, wrote the first
draft, reviewed it, and revised the final version. The exper-
iment's concept and design, funding negotiation, data anal-
ysis supervision, first draft writing, review writing, and
manuscript editing were all done by MAI.

References

[1] Rahman MS, Jang D-H, Yu C-J. Poultry industry of Bangladesh:
entering a new phase. Korean ] Agric Sci 2017; 44(2):272-82;
https://doi.org/10.7744 /kjoas.20170027

[2]  Rouger A, Tresse O, Zagorec M. Bacterial contaminants of poul-
try meat: sources, species, and dynamics. Microorganisms 2017;
5(3):50; https://doi.org/10.3390 /microorganisms5030050

[3] Badr H, AlAtfeehy NM, Nasef SA. Detection of food borne patho-
gens from retail chicken. Benha Vet Med ] 2016; 31(2):276-82;
https://doi.org/10.21608/bvm;.2016.31314

[4] Khairunnesa M, Jaman M, Noorunnahar M, Ahmed S, Hossain M,
Bostami A. Evaluation of existing poultry processing and market-
ing in the wet market of Gazipur city in Bangladesh. Progr Agric
2020; 31(3):205-17; https://doi.org/10.3329/pa.v31i3.52125

[5]  Althaus D, Zweifel C, Stephan R. Analysis of a poultry slaughter
process: influence of process stages on the microbiological con-
tamination of broiler carcasses. Ital ] Food Safety 2017; 6(4):7097;
https://dx.doi.org/10.4081%2Fijfs.2017.7097

[6] Maharjan S, Rayamajhee B, Chhetri VS, Sherchan SP, Panta OP,
Karki TB. Microbial quality of poultry meat in an ISO 22000:
2005 certified poultry processing plant of Kathmandu valley.
Int ] Food Contam 2019; 6(1):1-9; https://doi.org/10.1186/
s40550-019-0078-5

[71  Salem A, Sabike I, Sharaf E, Hashhash A. Assessment of hygienic
and nutritive quality of retailed minced meat in Egypt. Benha
Vet Med ] 2019; 36(1):393-402; https://doi.org/10.21608/
bvmj.2019.120664

[8] Bintsis T. Foodborne pathogens. AIMS Microbiol 2017; 3(3):529;
https://doi.org/10.3934 /microbiol.2017.3.529

[91 Hussain MA, Dawson CO. Economic impact of food safety out-
breaks on food businesses. Foods 2013; 2(4):585-9; https://doi.
org/10.3390/foods2040585

[10] Noor R, Feroz F. Food safety in Bangladesh: a microbiological
perspective. Stamford ] Microbiol 2016; 6(1):1-6; https://doi.
org/10.3329/sjm.v6i1.33509

[11] Hasan MM, Kabir SML, Hoda N, Amin NM. Assessment of micro-
bial load in marketed broiler meat at Mymensingh district of
Bangladesh and its public health implications. Res Agric Livest
Fish 2015; 2(1):87-95; https://doi.org/10.3329 /ralf.v2i1.23033

[12] Faruque MO, Mahmud S, Munayem MA, Sultana R, Molla MT, Ali MF,
et al. Bacteriological analysis and public health impact of broiler
meat: a study on Nalitabari Paurosova, Sherpur, Bangladesh.
Adv Microbiol 2019; 9:581-601; https://doi.org/10.4236/
aim.2019.97036

[13] Gundogan N, Citak S, Yucel N, Devren A. A note on the incidence
and antibiotic resistance of Staphylococcus aureus isolated from
meat and chicken samples. Meat Sci 2005; 69(4):807-10; https://
doi.org/10.1016/j.meatsci.2004.10.011

Julgarnain et al. / J. Adv. Vet. Anim. Res., 9(3): 405-411, September 2022 410


https://doi.org/10.7744/kjoas.20170027
https://doi.org/10.3390/microorganisms5030050
https://doi.org/10.21608/bvmj.2016.31314
https://doi.org/10.3329/pa.v31i3.52125
https://dx.doi.org/10.4081%2Fijfs.2017.7097
https://doi.org/10.1186/s40550-019-0078-5
https://doi.org/10.1186/s40550-019-0078-5
https://doi.org/10.21608/bvmj.2019.120664
https://doi.org/10.21608/bvmj.2019.120664
https://doi.org/10.3934/microbiol.2017.3.529
https://doi.org/10.3390/foods2040585
https://doi.org/10.3390/foods2040585
https://doi.org/10.3329/sjm.v6i1.33509
https://doi.org/10.3329/sjm.v6i1.33509
https://doi.org/10.3329/ralf.v2i1.23033
https://doi.org/10.4236/aim.2019.97036
https://doi.org/10.4236/aim.2019.97036
https://doi.org/10.1016/j.meatsci.2004.10.011
https://doi.org/10.1016/j.meatsci.2004.10.011

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

http://bdvets.org/javar/

Forbes BA, Sahm DF, Weissfeld AS. Diagnostic microbiology. Mosby,
St Louis, MO, 2007.

Feng P, Weagant SD, Grant MA, Burkhardt W, Shellfish M, Water
B. BAM: enumeration of Escherichia coli and the coliform bacte-
ria. Bacteriological analytical manual. 8th edition, Silver Spring,
Berlin, Gemany, 2002, Available via http://www.fda.gov/Food/
FoodScienceResearch/LaboratoryMethods/ucm064948.htm
(Accessed 22 February 2022).

Guan S, Xu R, Chen S, Odumeru J, Gyles C. Development of a proce-
dure for discriminating among Escherichia coli isolates from animal
and human sources. Appl Environ Microbiol 2002; 68(6):2690-8;
https://doi.org/10.1128/AEM.68.6.2690-2698.2002

Cohen ND, Neibergs HL, McGruder ED, Whitford HW, Behle RW, Ray
PM, et al. Genus-specific detection of Salmonellae using the poly-
merase chain reaction (PCR). ] Vet Diag Invest 1993; 5(3):368-71;
https://doi.org/10.1177/104063879300500311

Zhang K, Sparling J, Chow BL, Elsayed S, Hussain Z, Church DL,
et al. New quadriplex PCR assay for detection of methicillin
and mupirocin resistance and simultaneous discrimination of
Staphylococcus aureus from coagulase-negative Staphylococci. ]
Clin Microbiol 2004; 42(11):4947-55; https://doi.org/10.1128/
JCM.42.11.4947-4955.2004

Murshed HM, Al-Amin M, Kabir SML, Rahman SME, Oh D-H. Quality
and safety of meat and meat products available in Mymensingh,
Bangladesh. ] Meat Sci Technol 2016; 4(2):61-70.

Chaudhrya M, Rashidb H, Hussainc M, Rashidd HB. Evalution of
bacteriological quality of whole chicken carcasses with and with-
out skin by comparing level of indicator bacteria. Sci Int Lahore
2011; 23(4):307-11.

Ibrahim HM, Amin RA, El-Shater MA, Hafez SM. Bacteriological
evaluation of freshly slaughtered chicken carcasses. Benha Vet Med
] 2015; 28(2):74-82; https://doi.org/10.21608/bvmj.2015.31869
Wen X, Zhang D, Li X, Ding T, Liang C, Zheng X, et al. Dynamic
changes of bacteria and screening of potential spoilage markers
of lamb in aerobic and vacuum packaging. Food Microbiol 2022;
104:103996; https://doi.org/10.1016/j.fm.2022.103996

ICMSE. Microorganisms in foods 2. Sampling for Microbiological
Analysis: Principles and specific applications. 2nd edition,
International Commission on Microbiological Specification for
Foods, University of Toronto Press, Toronto, Canada, 1986.
Bhandari N, Nepali D, Paudyal S. Assessment of bacterial load in
broiler chicken meat from the retail meat shops in Chitwan, Nepal.
Int] Infect Microbiol 2013; 2(3):99-104; https://doi.org/10.3126/
ijim.v2i3.8671

Selvan P, Babu RN, Sureshkumar S, Vankataramanujam V. Microbial
quality of retail meat products available in Chennai city. Am ]
Food Technol 2007; 2(1):55-9; https://dx.doi.org/10.3923/
ajft.2007.55.59

Kim J, Yim D-G. Assessment of the microbial level for livestock
products in retail meat shops implementing HACCP system.
Korean ] Food Sci Anim Resour 2016; 36(5):594-600; https://doi.
org/10.5851 /kosfa.2016.36.5.594

Elzaher MA, Saleh EA, Elhamied RA, Talat D, Ibrahim MS. Studies
on the prevalence of E. coli in chicken carcasses in abattoirs and
its antibiotic sensitivity. Alexandria ] Vet Sci 2018; 58(1):132-8;
https://doi.org/10.5455/ajvs.285297

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]
[38]

[39]

[40]

[41]

[42]

Julgarnain et al. / J. Adv. Vet. Anim. Res., 9(3): 405-411, September 2022

Sayed EA, Fahim AS, Zakaria IM. Aerobic plate count of contam-
inants and molecular characterization of Eschereichia coli in raw
chicken meat in Ismailia, Egypt. ] Vet Healthcare 2020; 2(2):23-30;
https://doi.org/10.14302 /issn.2575-1212.jvhc-20-3477

Cretu C, Horhogea C, Rimbu C, Ionel B. The assessment of the micro-
bial contamination of chilled poultry meat from the commercial
network. Lucrari Stiintifice - Medicind Veterinard, Universitatea
de Stiinte Agricole si Medicina Veterinara "Ion lonescu de la Brad”
Iasi, 2018. pp. 423-6. ISSN 1454-7406.

Uddin ], Hossain K, Hossain S, Saha K, Jubyda FT, Haque R, et al.
Bacteriological assessments of foodborne pathogens in poultry
meat at different super shops in Dhaka, Bangladesh. Ital ] Food
Safety 2019; 8(1):6720; https://doi.org/10.4081/ijfs.2019.6720
Bahadur DL, Prasad DI, Kumar YS, Md A, Zohorul IM. Prevalence
and antibiotic resistance profile of Salmonella from livestock
and poultry raw meat, Nepal. Int ] Mol Vet Res 2016;6(1):1-22;
https://doi.org/10.5376/ijmvr.2016.06.0001

M’ikanatha NM, Sandt CH, Localio AR, Tewari D, Rankin SC,
Whichard JM, et al. Multidrug-resistant Salmonella isolates
from retail chicken meat compared with human clinical iso-
lates. Foodborne Pathog Dis 2010; 7(8):929-34; https://doi.
org/10.1089/fpd.2009.0499

Guran HS, Mann D, Alali WQ. Salmonella prevalence associated
with chicken parts with and without skin from retail establish-
ments in Atlanta metropolitan area, Georgia. Food Control. 2017;
73:462-7; https://doi.org/10.1016/j.foodcont.2016.08.038

Das A, Rume F, Ansari W, Alam M, Islam M, Dutta P, et al.
Assessment of bacterial contamination levels on the surface
of the bovine carcasses at slaughterhouses of Barishal city in
Bangladesh. ] Vet Med One Health Res 2019; 1(2):231-45; https://
doi.org/10.36111/10.36111/jvmohr.2019.1(2).0014

Antunes P, Mourdo ], Campos ], Peixe L. Salmonellosis: the role of
poultry meat. Clin Microbiol Infect 2016; 22(2):110-21; https://
doi.org/10.1016/j.cmi.2015.12.004

Sengupta R, Das R, Ganguly S, Mukhopadhayay SK. Commonly
occurring bacterial pathogens affecting the quality of chicken
meat. Int ] Chem Biochem Sci 2012; 1:21-3.

Joshi N, Joshi R. Bacteriological quality of meat sold in retail mar-
ket in Uttar Pradesh. ] Vet Public Health 2010; 8(2):137-9.

Carroll KC, Butel ], Morse S. Jawetz melnick and adelbergs medical
microbiology 27 E. McGraw-Hill Education, 2015.

Herve DT, Kumar G. Prevalence of Staphylococcus aureus
in retail chicken meat samples in Jalandhar, Punjab.
Res ] Pharm Technol 2017; 10(1):281-5; https://doi.
org/10.5958/0974-360X.2017.00058.0

Wu S, Huang ], Wu Q, Zhang ], Zhang F, Yang X, et al. Staphylococcus
aureus isolated from retail meat and meat products in China: inci-
dence, antibiotic resistance and genetic diversity. Front Microbiol
2018; 9:2767; https://doi.org/10.3389/fmicb.2018.02767
Murshed HM, Al-Amin M, Kabir S ML, Rahman SME, Oh DH,
Rahman ME. Quality and safety of meat and meat products avail-
able in Mymensingh. ] Meat Sci Technol 2016; 4(2):61-70.
Bantawa K, Rai K, Subba Limbu D, Khanal H. Food-borne bacte-
rial pathogens in marketed raw meat of Dharan, eastern Nepal.
BMC Res Notes 2018; 11(1):618; https://doi.org/10.1186/
s13104-018-3722-x

411


http://www.fda.gov/Food/FoodScienceResearch/LaboratoryMethods/ucm064948.htm
http://www.fda.gov/Food/FoodScienceResearch/LaboratoryMethods/ucm064948.htm
https://doi.org/10.1128/AEM.68.6.2690-2698.2002
https://doi.org/10.1177/104063879300500311
https://doi.org/10.1128/JCM.42.11.4947-4955.2004
https://doi.org/10.1128/JCM.42.11.4947-4955.2004
https://doi.org/10.21608/bvmj.2015.31869
https://doi.org/10.1016/j.fm.2022.103996
https://doi.org/10.3126/ijim.v2i3.8671
https://doi.org/10.3126/ijim.v2i3.8671
https://dx.doi.org/10.3923/ajft.2007.55.59
https://dx.doi.org/10.3923/ajft.2007.55.59
https://doi.org/10.5851/kosfa.2016.36.5.594
https://doi.org/10.5851/kosfa.2016.36.5.594
https://doi.org/10.5455/ajvs.285297
https://doi.org/10.14302/issn.2575-1212.jvhc-20-3477
https://doi.org/10.4081/ijfs.2019.6720
https://doi.org/10.5376/ijmvr.2016.06.0001
https://doi.org/10.1089/fpd.2009.0499
https://doi.org/10.1089/fpd.2009.0499
https://doi.org/10.1016/j.foodcont.2016.08.038
https://doi.org/10.36111/10.36111/jvmohr.2019.1(2).0014
https://doi.org/10.36111/10.36111/jvmohr.2019.1(2).0014
https://doi.org/10.1016/j.cmi.2015.12.004
https://doi.org/10.1016/j.cmi.2015.12.004
https://doi.org/10.5958/0974-360X.2017.00058.0
https://doi.org/10.5958/0974-360X.2017.00058.0
https://doi.org/10.3389/fmicb.2018.02767
https://doi.org/10.1186/s13104-018-3722-x
https://doi.org/10.1186/s13104-018-3722-x

