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Abstract: The current study describes the isolation of Salmonella species from 100 cloacal swabs and 100 retail
chicken meat samples in local pluck-shops at Dakahlia, Egypt. Human workers at the shops were also examined
for Salmonella species by collecting 50 hand and stool swabs, each. The results showed that Salmonella
species were identified in 12%, 26%, 4% and 6% of cloacal swabs, meat, hand swabs and stool samples,
respectively. Serological and molecular identification showed that Salmonella typhimurium (S. Typhimurium)
was the only serotype identified from all the examined sources and it accounted for 16 isolates. enterobacterial
repetitive intergenic consensus- polymerase chain reactions (ERIC-PCR) fingerprinting of S. Typhimurium
isolates produced five clusters indicating the possibility of the serotype transmission between chicken and
humans. The discrimination power of ERIC-PCR was high (D=0.966) dividing S. Typhimurium isolates to 12
profiles. The microbiological quality of the examined chicken meat samples was also investigated using aerobic
plate, coliform and Enterobacteriaceae counts. The results showed the need for improving the hygienic

measures during slaughtering, processing and handling of chicken meat.

Key words: S. Typhimurium + ERIC-PCR - Fingerprinting + Chicken + Humans - Egypt

INTRODUCTION

Poultry industry is one of the fastest growing
sector of the animal industry in Egypt and worldwide.
Consumption of poultry meat has been implicated in food
borne outbreaks, therefore, contamination of chicken
meat during processing, handling and transportation is
of public health importance [1]. The alimentary tract, skin
and feather of poultry are considered the most important
sources of food borne bacteria, contamination of meat is
then possible during slaughter, feather plucking,
evisceration and handling [2]. Salmonella species has
been the leading cause of food borne outbreaks and is
considered one of the major causes of human
gastroenteritis worldwide [3, 4]. The detection of
Salmonella species in poultry production is an issue of
great concern, since control of this zoonotic disease is

in part based on the reduction of the prevalence at the
farm level [S5]. Amongst more than 2500 serotype,
S. Typhimurium has been reported to be the most
frequently serovar isolated from humans worldwide
accounting for 46% of outbreaks [1, 6].

Serotyping has been shown to have a limited value as
an epidemiological tool to trace the source of infection
with a low discriminatory power [7, 8]. Molecular typing
methods such as repetitive sequence-based polymerase
chain reactions (rep-PCR) produce epidemiological
markers to trace clonal strains or to relate outbreaks to the
source of contamination [8]. The rep-PCR relies on the
amplification of highly conserved, short repetitive
sequences in the genome of Enterobacteriaceae, which
include the repetitive extragenic palendronic elements
(REP), the enterobacterial repetitive intergenic consensus
(ERIC) sequences and the BOX sequences [9]. Based on
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the amplification of the DNA sequences by ERIC or REP
primers, it was possible to discriminate between closely
related serovars and strains of the same species [9, 10].
ERIC-PCR was chosen over other molecular typing
methods during the current study because it has been
found to be extremely reliable, reproducible and rapid;
furthermore, it offers high discrimination index [10].

The microbiological quality of chicken meat is usually
monitored by evaluation of certain parameters such as
aerobic plate count (APC), Enterobacteriaceae count and
most probable number (MPN) of coliforms [2]. These
parameters are considered indicators to assess the
processing hygiene and storage quality to predict the risk
of chicken meat consumption [11].

The aim of the current study was to determine the
prevalence of Salmonella species in chicken cloacal
swabs), freshly slaughtered chicken and in workers in
contact with chicken at pluck-shop markets, Dakahlia,
Egypt. The possible sources of infection with
S. Typhimurium were traced by generating molecular
markers using ERIC-PCR to assess the possible
relationship among the strains obtained from different
sources. Moreover, the microbiological quality of retail
chicken meat was investigated.

MATERIALS AND METHODS

Sampling: A total of 100 chicken cloacal swabs and
100 fresh chicken meat samples (breast meat fillet without
skin) were collected from local pluck-shop markets at
Dakahlia, Egypt. Chicken meat samples were collected
directly after the slaughter and evisceration process.
Workers at the pluck-shop markets were also examined by
collecting 50 hand swabs and stool samples, each. The
workers are responsible for slaughtering, evisceration and
preparation of chicken meat for marketing.

Sample Preparation

Cloacal, Hand Swabs and Stool Samples: Moistened
sterile swabs were used for collection of cloacal swabs,
hand swabs and human stool samples. The swabs were
then directly inserted into 0.1% peptone water tubes
under aseptic conditions and pre-enriched at 37°C for
24 hours.

Chicken Meat Samples: Twenty five grams from chicken
meat samples were aseptically transferred to a sterile
blender containing 225 ml of 0.1% peptone water for
homogenization and pre-enrichment at 37°C for 24 hours.
The homogenate of each sample was also used for
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preparation  of  serial  dilutions for  APC,
Enterobacteriaceae and MPN counts. One ml of the
homogenate were transferred into sterile test tube
contained 9 ml of 0.1% peptone water, then ten folds serial
dilution were prepared up to the required dilution [12].

Bacteriological Examination

Isolation and Identification of Salmonella Species: The
isolation and identification of Salmonella species were
done according to ISO 6579 method [13; 14]. The
suspected Salmonella colonies were subjected to Gram
staining and biochemical identification using oxidase test,
hydrolysis of wurea, H,S production and lysine
decarboxylation [15]. The biochemically identified
Salmonella isolates were then subjected to serotyping
following Kauffman-White Scheme with commercial
antisera (Difco Laboratories Deteroeit, Mitchigeu, USA)
for cell wall (O) and flagellar (H) antigen identification [16].
Serological identification was carried out at Animal Health
Research Institute, Dokki, Giza.

Molecular Examination
DNA Extraction: DNA extraction from biochemically
identified Salmonella isolates was performed using
bacterial DNA extraction kit (Spin-Column) (BioTeke
Corporation, Shanghai, China) according to the
manufacturer guidelines.

Salmonella Multiplex PCR: For molecular identification
of the most important zoonotic Salmonella species
(S. Typhimurium and Salmonella enteritidis), a multiplex
PCR was carried out [17]. Oligonucleotide primers
(manufactured by AlphaDNA, Montreal,  Quebec,
Canada) specific for  Salmonella  species [18],
S. Typhimurium [19] and S. Enteritidis [20] producing
204 bp, 401 bp and 304 bp, respectively were used.
Positive controls of S. Typhimurium and S. Enteritidis
were kindly obtained from Bacteriology Department,
Faculty of Veterinary Medicne, Kafr-Elsheikh University.
ERIC-PCR: In order to determine the genetic
relationship between the  molecularly identified
S. Typhimurium isolates from different sources, ERIC-
PCR was carried out [21].

Analysis of ERIC-PCR Amplicon Patterns: ERIC-PCR
fingerprinting data were transformed into binary code
depending on the presence or absence of each band.
Similarity between profiles was determined using the
Jaccard coefficient [22] and dendrogram was generated by
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unweighted pair group method with arithmetic average
(UPGMA) and sequential hierarchical and nested
clustering routine. The cluster analysis and
dendrogram construction were performed with SPSS
Inc. version X.

Discriminatory Power of ERIC-PCR: The discriminatory
power of ERIC-PCR was measured by the Simpson’s index
of diversity (D) that indicates the average probability that
a typing system will assign a different type to two
unrelated strains randomly sampled from a population
[23]. A D value of more than 0.9 indicates good
differentiation.

Microbiological Quality of Chicken Meat

Aerobic Plate Count: Spreading of 0.1 ml of each
previously prepared serial dilution of the homogenate
onto duplicate sterile plates of pre-poured and dried
standard plate count agar (Oxoid, CM463, Adelaide,
Australia), then the plates were incubated for 48 h at 35°C
[24]. The total APC per gram sample was calculated
according to the following equation: total APC= number
of colonies x dilution factor. The total APC was presented
as colony forming units (CFU/g).

Enterobacteriaceae Count: Enterobacteriaceae were
enumerated by the pour-plating method on violet
red bile glucose agar (VRBG; Difco Laboratories Inc.,
Detroit, Michigan, USA) using the serial dilutions
of the sample homogenates [12]. The total
Enterobacteriaceae count was presented as colony
forming units (CFU/g).

Most Probable Number of Coliforms (MPN): The most
probable number of coliforms was performed by preparing
test tubes with 9 ml of sterile MacConky broth (Oxoid, CM
Sa, Adelaide, Australia) containing inverted Durham’s
tube for gas collection [25]. Positive tubes with acid and
gas production were recorded, for each dilution, the
results were presented as a fraction as follows: number of
positive tubes/number of inoculated tubes. The MPN was
then estimated using MPN index [26] and the
concentration of coliform bacteria was presented as
MPN/g of the sample.

RESULTS
Prevalence of Salmonella Species: The prevalence rates

of Salmonella species in different samples are summarized
in Table 1. Overall, 43 Salmonella isolates (14.3%) were
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identified from 300 samples collected from different
sources. The isolation rate of Salmonella species from
chicken meat samples was 26% followed by 12% from
cloacal swabs. Out of 50 hand swabs from human workers
at the chicken pluck-shop markets, 4% were positive for
Salmonella species, while 6% of stool samples from the
same workers were positive (Table 1).

Serotyping and PCR Confirmation: Different serotypes
were identified (data not shown), S. Typhimurium was
the most frequently identified serotype from the
examined samples comprising 16 isolates (Table 1),
while no S. Enteritidis was detected. For confirmation
of the serotyping results, PCR for identification of
S. Typhimurium was performed and the results showed
the confirmation of the 16 isolates as S. Typhimurium
serotype (Figure 1 and Table 1).

ERIC-PCR Fingerprinting: Salmonella typhimurium
was the only serotype identified from all the examined
sources (Table 1), therefore it was subjected to ERIC-PCR
fingerprinting to evaluate the genetic relationship
between the isolates from chicken and humans. ERIC-PCR
profiles were discriminated by the number and position of
amplified fragments. Visual comparison of the banding
patterns of S. Typhimurium DNA revealed multiple DNA
fragments ranged in sizes between 100 and 1200 bp
(Figure 2). Two small size common bands of about 170 bp
and 220 bp were observed in all 16 isolates. ERIC-PCR
primer sets produced 12 profiles (referred to as E1 to E12).
Table 2 shows the number and source of isolates in each
profile. The discriminatory power of ERIC-PCR was
calculated to be 0.966 by the Simpson’s index of diversity
(D).

The dendrogram analysis of the examined isolates
showed five clusters and two separate isolates (Figure 3
and Table 2). Two isolates from chicken meat and two
human isolates (from hand swab and stool, one isolate,
each) fall in the same cluster (cluster I) showing genetic
relationship. The similarity index between profile E1 and
E2 was 86%, E1 and E3 was 83%, while the similarity
between E2 and E3 was 71%. Profiles E4 (one isolate from
cloacal swabs) and E5 (one isolate from chicken meat)
formed one cluster with 89% similarity. Cluster III
contained profiles E6 (one isolate from meat and stool,
each) and E7 (one isolate from cloacal swabs), with a
similarity index of 90%. Profiles E8 (one isolate from
cloacal swabs and human stool each) and E9 (one isolate
from hand swabs) formed one cluster with a similarity
index of 78%. The results showed that one human stool
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Table 1: Prevalence of Salmonella species in the examined samples

Type of samples Number examined Number positive [%(CI)] S. Typhimurium (number)
Cloacal swabs 100 12 [12% (6.4-20)] 5

Chicken meat 100 26 [26% (17.7-35.7)] 6

Human hand swabs 50 2 [4% (5-13.7)] 2

Human stool 50 3[6% (1.3-16.5)] 3

Total 300 43 [14.3% (10.6-13.8)] 16

Fig. 1: PCR results of Sa/monella multiplex PCR in 1.2% agarose gel (L: 100 bp ladder, 1: S. Typhimurium positive control,
2: S. Enteritidis positive control, [3-4 and 7-11]: S. Typhimurium positive samples, [5-6]: Salmonella species
positive samples, 12: Negative control)

Fig. 2: PCR results of S. Typhimurium ERIC-PCR profiles in 1.2% agarose gel (M: 100 bp ladder, 1R-16R: S. Typhimurium
isolates)
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Fig. 3: Dendrogram showing the relatedness of S. Typhimurium strains isolated from human (hand, stool), chicken meat
(meat) and chicken cloacal swabs (cloa) as determined by the DNA fingerprint analysis performed by ERIC-PCR
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Fig. 4: Mean log APC, Mean log Enterobacteriaceae and Mean log MPN per gram of examined chicken meat samples,

error bars show standard deviation

Table 2: ERIC-PCR fingerprinting profiles and associated clusters

Profile Number of isolates Source Cluster

El 2 Chicken meat Cluster I

E2 1 Hand swab

E3 1 Human stool

E4 1 Cloacal swab Cluster II

E5 1 Chicken meat

E6 2 Chicken meat, Human stool ~ Cluster III

E7 1 Cloacal swab

E8 2 Cloacal swab, Human stool ~ Cluster [V
E9 1 Hand swab

E10 2 Chicken meat, Cloacal swab  Cluster V
El1 1 Chicken meat Single isolate
E12 1 Cloacal swab Single isolate

isolate shared identical banding profile with chicken meat
isolate (profile E6). Also, another human stool isolate
shared the same profile with cloacal swab isolate
(profile EB).
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Microbiological Quality: The results illustrated in
Figure 4 shows that APC of the examined chicken meat
samples ranged from 4.6 to 6.9 with a mean £SD value of
5.89 £0.72 log,, CFU/g. The count of Enterobacteriaceae
in the examined samples ranged from 3.3 to 4.6 with an
average of 4 + 0.45 log,, CFU/g, while MPN of coliforms
ranged from 0.95 to 2.95 with a mean of 2.13+0.75 MPN/ g.

DISCUSSION

Salmonella is an important zoonotic pathogen
acquired mainly due to consumption of contaminated
food especially poultry meat [3]. The worldwide incidence
of nontyphoidal salmonellosis is estimated to be 1.3
billion cases and 3 million deaths annually [27, 28]. The
obtained results showed that Salmonella species were
isolated from 12% of chicken cloacal swabs (Table 1).
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This finding was consistent with 12.4% prevalence rate of
Salmonella species recovered from chicken cloacal swabs
in poultry farms at Beni-Suef, Egypt [29]. Also, nearly
similar results (11.4%) were reported in Alexandria from
living layer flocks in poultry farms [30].

Contamination of chicken meat at retail markets could
be originated from the intestinal contents of the carcass
during evisceration, defeathering process, handling and
cross-contamination during storage [31]. The current
study revealed that 26% of retail chicken meat samples
examined were contaminated with Salmonella species.
These results were comparable with a prevalence rate of
26.4% inIreland [32], 27% in Russia [33], 27% in Colombia
[34], 29% in UK [35] and 29.3% in India [36]. Lower
isolation rate of 4.4% was reported in retail chicken meat
samples in Egypt [6]. Moreover, the obtained isolation
rate of Salmonella contamination of chicken meat is lower
than 35.8% in Spain [37], 36.5% in Belgium [38] and 60%
in Portugal [39]. The obtained results revealed a
significantly higher prevalence rate of Sal/monella species
in chicken meat compared to cloacal swabs (p=0.1) that
highlights the importance of chicken meat as a vehicle for
Salmonella transmission to humans [32]. The relatively
high isolation rate of Salmonella from chicken carcasses
during the current study could be attributed to the fact
that in Egypt, most of chicken are sold in pluck-shop
markets that devoid hygienic measures leading to
increased chances for contamination of slaughtered
chicken carcasses with Salmonella species.

Human workers at the pluck-shop markets were
apparently healthy; however, examination of stool
samples revealed that 6% were carriers for Salmonella
species (Table 1). The obtained proportion from human
healthy carriers was lower than 12% [40] and 35% [41]
isolation rates from apparently healthy personnel in
Thailand. Moreover, higher isolation rate of 46.4% was
reported from human stool samples in contact with
poultry in Pakistan [42], while, in Mexico, 13.3% of human
stool samples were found positive for Salmonella
species, with S. Typhimurium predominating [43]. In
Nigeria, stool samples from workers in poultry farms
showed 0.5% prevalence of Salmonella species, of which,
two were identified as S. Typhimurium [44]. Differences
in the obtained isolation rate of Salmonella species
from humans in the current study compared to the
aforementioned results could be attributed to several
factors such as sampling methods, isolation and
identification protocols and the degree of human contact
with poultry and other animals [41].
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Hand swabs from workers at the pluck-shop markets
were also examined for Sa/monella contamination in order
to investigate the role of workers in cross contamination
of chicken meat with Salmonella species during
slaughtering and evisceration process. The results
showed that 4% of hand swabs were positive for
Salmonella species and only S. Typhimurium serotype
was identified. Nearly similar isolation rate of 3.1% from
hand swabs of humans in contact with poultry was
previously reported in Sharkia, Egypt [45]. Also, other
studies in Egypt documented the isolation of Salmonella
species from 8.9% [29] and 8.3% [46] of hand swabs from
human in contact with poultry. Lower isolation rate of
1.8% was also reported in USA from hand swabs of
humans in contact with poultry and poultry products [47].

The isolation of S. Typhimurium from different
sources provide evidence that contact with poultry and
consumption of poultry meat could pose health hazards
for humans [44]. In order to investigate the genetic
relationship between Salmonella isolates from different
sources to trace back the source of infection and to
investigate the possibility of transmission of certain
genotype to humans from chicken, S. Typhimurium was
chosen and subjected to ERIC-PCR genotyping. The
choice of S. Typhimurium strain was for the reason that
this was the only serotypes isolated from all the sources
under investigation.

ERIC-PCR fingerprinting has been shown to have a
greater discriminatory power, together with the
advantages of being simple and fast method for relating
bacterial strains associated with food-borne epidemics [8].
The obtained results showed high discriminatory
power of ERIC-PCR (D=0.966) dividing S. Typhimurium in
to 12 profiles and five clusters (Table 2). In accordance,
several studies have reported the potential of rep-PCR
with high discriminatory power in the epidemiological
studies of bacterial strains [8; 48]. For instance, great
heterogeneity in 31 S. Enteritidis was reported indicating
high discriminatory power (0.985) of ERIC-PCR and
usefulness of the method for epidemiological evaluation
of S. Enteritidis isolates in Poland [10]. Moreover, a
high discriminatory power of ERIC-PCR was found in 13
S. Enteritidis isolates dividing these isolates in to six
clusters [3]. Also, the obtained results in the current
study is consistent with a study reported that the
obtained ERIC-PCR fingerprints from 89 Salmonella
isolates of 22 serotypes did not correlate with serotypes,
indicating that ERIC-PCR was able to discriminate
among Salmonella isolates sharing similar serotypes [49].
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In contrast, a study was performed on 65 Salmonella
isolates of 49 serotypes and the authors concluded that
the isolates within one serotype produced the same
profile [50]. Furthermore, Millemann et al. [51] evaluated
ERIC-PCR on 56 S. Typhimurium and S. Enteritidis
isolates. They reported that ERIC-PCR was not able to
discriminate serotypes, since all S. Enteritidis isolates and
some S. Typhimurium isolates shared the same fingerprint
[3, 51]. A possible explanation for the discrepancy of
the aforementioned studies could be the PCR conditions,
some studies reported that elevated annealing
temperatures of primers improved the reproducibility and
resolving power of rep-PCR [3].

The presence of two common bands at 170 bp and
220 bp in all 16 isolates indicate that these two band
profiles are strain specific for S. Typhimurium (Figure 2).
This observation was also reported for S. Typhimurium
isolates from human and food sources in Mauritius [8].

Raw poultry meat is believed to be vehicles for
transmission and when food safety
precautions are inadequate, there may be a serious risk
of salmonellosis outbreaks [8, 52]. The presence of some
S. Typhimurium isolates from chicken meat, cloacal swabs
and humans in the same clusters (Figure 3 and Table 2)
sharing a degree of similarity indicates the possibility of
the transmission of such strain to humans due to
consumption of contaminated chicken meat from the gut
of birds during slaughter [53]. These findings were
consistent with the reported similarity between some
Salmonella isolates originated from humans and food
sources [8]. Moreover, another study reported a high
degree of similarity between Salmonella isolates from
humans and one isolate from a turkey [54].

The microbiological quality of retail chicken meat was
assessed in the current study by determination of aerobic
plate count, Enterobacteriaceae count and most probable
number of coliforms. The results of aerobic plate count
ranged from 4.6 to 6.9 with a mean value of 5.89 + 0.72
log,, CFU/g of examined chicken muscle (Figure 4). Our
results coincide with 5.13 log,, CFU/g reported in Egypt
[55] and 5.19 log,, CFU/g in Spain [11]. However, higher
APC levels of 6.6 log,, CFU/g in Morocco [56] and 6.5
log,, CFU/g in Kuwait [57] were observed. A possible
explanation of the aforementioned higher levels of APC
than the current study could be the sampling of breast
meat with neck skin [56, 57], due to the fact that breast
skin seems to be presenting a high degree of bacterial
contamination [58]. However, during the current study,
only breast meat samples without skin were examined.
Moreover, the studies in Kuwait and Morocco evaluated
the hygienic quality of chicken meat after refrigeration,
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while, in the present study, the examined fresh chicken
meat samples were collected directly after the slaughtering
and evisceration process. The higher APC levels in
chicken meat during refrigeration storage are expected
because psychrotrophs (bacteria capable of multiplying
during refrigeration) are included in APC [11, 59].
Although there are no established microbiological norms
for raw chicken meat in Egypt, the obtained levels of APC
are within the marginally acceptable level compared to the
maximum contamination levels (6 log,, CFU/g) reported in
Spain and USA [60; 61].

The average number of Enterobacteriaceae in the
examined samples was 4.0 = 0.45 log10 CFU/g (Figure 4).
These results are higher than 2.92 + 0.70 log,, CFU/g in
Turkish chicken meat [62] and 2.58-3.53 log,, CFU/g in
retail cut chicken meat in Spain [11]. However, higher
levels of 4.6 log,, CFU/g were reported in Kuwait [57].
The mean counts of Enterobacteriaceae in the present
study exceeded the acceptable limits of 2 log,, CFU/g
when compared to Spanish regulations [60].

In order to explain the discrepancy between
obtaining marginally accepted level of APC and
unacceptable level of Enterobacteriaceae count in the
present study, low percentages of Enterobacteriaceae
count (< 1%) within APC has been previously reported
indicating low correlation between APC and
Enterobacteriaceae count [11; 57].

The presence of coliforms in meat may be responsible
for their substandard quality resulting in economic losses
and their presence in great number reflects a public health
hazard [12]. In the current study, the MPN of coliforms
ranged from 0.95 to 2.95 with average of 2.13 £ 0.75
MPN/g (Figure 4). The obtained results are comparable
with 2 log,, CFU/g detected in Turkish chicken meat [11],
while higher MPN of 3.6 log,, CFU/g [57] and 3 log,,
CFU/g [61] were also reported.

In conclusion, the current study reported the
isolation of Salmonella species from retail chicken breast
fillet at Dakahlia, Egypt. Fingerprinting of S. Typhimurium
isolates identified from chicken and human sources
indicates genetic relationship between the isolates,
which in turn suggest the possibility of transmission
of the organism between chicken and humans. ERIC-PCR
is of high discriminatory power for molecular and
epidemiological investigation of genetic relatedness
among S. Typhimurium isolates, however, investigation
of greater and more diverse Salmonella isolates is
recommended. The microbiological quality of the
examined chicken meat samples was also investigated and
indicated the need for improving the hygienic parameters
during processing and handling.



10.

Global Veterinaria, 13 (1)

REFERENCES

Hendriksen, R.S., A.R. Vieira, S. Karlsmose, D.M. Lo
Fo Wong, A.B. Jensen, H.C. Wegener and
F.M. Aarestrup, 2011. Global monitoring of
Salmonella serovar distribution from the World
Health Organization Global Foodborne Infections
Network Country Data Bank: results of quality
assured laboratories from 2001 to 2007. Foodborne
Pathog Dis., 8: 887-900.

Mead, G.C., 1989. Hygiene problems and control of
process Mead, G.C. (Ed.)
Processing of poultry meat. Elsevier Science,
Amsterdam, pp: 183-220.

Rasschaert, G., K. Houf, H. Imberechts,
K. Grijspeerdt, L. De Zutter and M. Heyndrickx, 2005.
Comparison of five repetitive-sequence-based PCR
typing methods for molecular discrimination of
Salmonella enterica isolates. J. Clin Microbiol.,
43:3615-3623.

Barrow, P.A., 1993. Salmonella control--past, present
and future. Avian Pathol., 22: 651-669.
Carrique-Mas, J. and R. Davies, 2008. Salmonella
enteritidis in commercial layer flocks in Europe:

contamination, In:

legislative background, on-farm sampling and main
challenges. Revista Brasileira de Ciéncia Avicola,
10: 1-9.

Ahmed, A.M. and T. Shimamoto, 2014. Isolation and
molecular characterization of Salmonella enterica,
Escherichia coli O157:H7 and Shigella spp. from
meat and dairy products in Egypt. Int J of Food
Microbiol., 168-169, 57-62.

Farber, J.M. and P.I. Peterkin, 1991.
monocytogenes, a food-borne pathogen. Microbiol.
Rev., 55:476-511.

Albufera, U., P. Bhugaloo-Vial, M.I. Issack and
Y. Jaufeerally-Fakim, 2009. Molecular characterization
of Salmonella isolates by REP-PCR and RAPD
analysis. Infect Genet Evol, 9: 322-327.

Versalovic, J., T. Koeuth and J.R. Lupski, 1991.
Distribution of repetitive DNA sequences in
eubacteria and application to fingerprinting of
bacterial ~ genomes. Nucleic Acids  Res.,
19: 6823-6831.

Chmielewski, R., A. Wieliczko, M. Kuczkowski,
M. Mazurkiewicz and M. Ugorski, 2002.
Comparison of ITS profiling, REP- and ERIC-PCR of
Salmonella enteritidis isolates from Poland. J. Vet
Med B Infect Dis Vet Public Health, 49: 163-168.

Listeria

102

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

2 95-104, 2014

Capita, R., C. Alonso-Calleja, M.T. Garcia-Arias,
B. Moreno and M.D.C. Garcia-Fernandez, 2002.
Methods to detect the occurrence of various
indicator bacteria on the surface of retail poultry in
Spain. J. Food Sci., 67: 765-771.

ICMSF, 1978. Microorganisms in foods: Their
significance and methods for
University of Toronto Press, Toronto, Ontario,

enumeration.

Canada.

ISO-6579, 2002. Microbiology of food and animal
feeding stuffs for detection of Salmonella.
[SO-6579, 2007. Detection of Salmonella species in
animal feces and in environmental samples from the
primary production stage.

Cruickshank, R., J.P. Duguid, B.P. Marmion and
R.H.A. Swain, 1975. Medical Microbiology. The
Practice of Medical Microbiology, Vol 2, 12" Ed.
Edition. Churchill Living stone, Edinburgh, London
and New York.

Kauffman, F., 1974. Serological diagnosis
Salmonella species Kauffman White
Minkagaord, Copenhagen, Denmark.
Alvarez, J., M. Sota, A.B. Vivanco, 1. Perales,
R. Cisterna, A. Rementeria and J. Garaizar, 2004.
Development of a multiplex PCR technique for
epidemiological typing of
Salmonella in human clinical samples. J Clin
Microbiol., 42: 1734-1738.

Kwang, J., E.T. Littledike and J.E. Keen, 1996. Use of
the polymerase chain reaction for Salmonella
detection. Lett. Appl. Microbiol., 22: 46-51.

Olsen, J.E., S. Aabo, O.F. Rasmussen and L. Rossen,
1995. Oligonucleotide probes specific for the genus
Salmonella and for Salm. Typhimurium. Lett Appl.
Microbiol., 20: 160-163.

Agron, P.G., R.L. Walker, H. Kinde, S.J. Sawyer,
D.C. Hayes, J. Wollard and G.L. Andersen, 2001.
Identification by hybridization of
sequences specific for Salmonella enterica serovar
Enteritidis. Appl. Environ. Microbiol., 67: 4984-4991.
Lim, H., K.H. Lee, C.H. Hong, G.J. Bahk and
W.S. Choi, 2005. Comparison of four molecular
typing methods for the differentiation of Salmonella
spp. Int. J. Food Microbiol., 105: 411-418.

Jaccard, P., 1912. The distribution of the flora in the
Alpine zone. New Phytologist, 11: 37-50.

Hunter, P.R., 1990. Reproducibility and indices of
discriminatory power of microbial typing methods.
J. Clin Microbiol., 28: 1903-1905.

of
Scheme

detection and

subtractive



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Global Veterinaria, 13 (1): 95-104, 2014

Sawanson, K.M., F. Busta, E.-H. Peterson and
M.C. Johnson. 1992. Colony count methods, In:
Vanderzant, C., Splittoesser O. (Eds.) Cmpendium of
methods for microbiological examination of foods
American Public Health Association,, Wshington,
D.C., USA, pp: 100-101.

Thatcher, F.S. and D.S. Clark, 1978. Microorganisms
in food, Vol 1. Academic Press, New York.

USDA, 2008. Microbiology Laboratory Guidebook,
Ch. 2, Rev 3. Most Probable Number Procedure and
Tables.

Tassios, P.T., A. Markogiannakis, A.C. Vatopoulos,
E. Katsanikou, E.N. Velonakis, .
Kremastinou and N.J. Legakis, 1997. Molecular
epidemiology of antibiotic resistance of Salmonella
enteritidis during a 7-year period in Greece. J. Clin
Microbiol., 35: 1316-1321.

Van, T.T., G. Moutafis, T. Istivan, L.T. Tran and
P.J. Coloe, 2007. Detection of Salmonella spp. in
samples from Vietnam and
characterization of their antibiotic resistance. Appl.
Environ. Microbiol., 73: 6885-6890.

Ibrahim, M.A., H.H. Emeash, N.H. Ghoneim and
M.A. Abdel-Halim, 2013. Seroepidemiological studies
on poultry salmonellosis and its public health
importance. J. World's Poult Res., 3: 18-23.

Draz, A.A., A.H. El-Gohary and H.A. Samahy, 1996.
pollution with certain bacterial
pathogens of zoonotic importance in some poultry
farms. 7" Scientific Congress, Faculty of
Veterinary Medicine, Assiut, Egypt.

Zhao, C., B. Ge, J. De Villena, R. Sudler, E. Yeh,
S. Zhao, D.G. White, D. Wagner and J. Meng, 2001.
Prevalence of Campylobacter spp., Escherichia coli
and Salmonella serovars in retail chicken, turkey,
pork and beef from the Greater Washington, D.C.,
area. Appl. Environ. Microbiol., 067: 5431-5436.
Jordan, E., J. Egan, C. Dullea, J. Ward, K.
McGillicuddy, G. Murray, A. Murphy, B. Bradshaw,
N. Leonard, P. Rafter and S. McDowell, 2006.
Salmonella surveillance in raw and cooked meat and
meat products in the Republic of Ireland from 2002 to
2004. Int J. Food Microbiol., 112: 66-70.

Alali, W.Q., R. Gaydashov, E. Petrova, A. Panin,
O. Tugarinov, A. Kulikovskii, D. Mamleeva, I. Walls
and M.P. Doyle, 2012. Prevalence of Salmonella on
retail chicken meat in Russian Federation. J. Food
Prot, 75: 1469-1473.

Kourea-

retail raw food

Environmental

In:

103

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Donado-Godoy, P., V. Clavijo, M. Leon, M.A. Tafur,
S. Gonzales, M. Hume, W. Alali, I. Walls, D.M. Lo Fo
Wong and M.P. Doyle, 2012. Prevalence of
Salmonella on retail broiler chicken meat carcasses
in Colombia. J. Food Prot, 75: 1134-1138.

Plummer, R.A.S., S.J. Blissett and C.E.R. Dodd, 1995.
Salmonella contamination of retail chicken products
sold in the UK. J. Food Prot., 58: 843-846.

Ruban, W.S., M. Thiyageeswaran and R. Sharadha,
2010. Isolation and identification of Salmonella
species from retail chicken meat by polymerase chain
reaction. Int. J. Microbiol. Res., 1: 106-109.
Dominguez, C., I. Gomez and J. Zumalacarregui, 2002.
Prevalence of Salmonella and Campylobacter in
retail chicken meat in Spain. Int J. Food Microbiol.,
72:165-168.

Uyttendaele, M., P. De Troy and D.J., 1999. Incidence
of
Campylobacter coli and Listeria monocytogenes in
poultry carcasses and different types of poultry
products for sale on the Belgian retail market. J. Food
Prot., 62: 735-740.

Antunes, P., C. Reu, J.C. Sousa, L. Peixe and
N. Pestana, 2003. Incidence of Salmonella from
poultry products their susceptibility to
antimicrobial agents. Int J. Food Microbiol.,
82:97-103.

Sanders, J., D. Isenbarger, S. Walz, L. Pang, D. Scott,
C. Tamminga, B. Oyofo, W. Hewitson, J. Sanchez,
C. Pitarangsri, P. Echeverria and D. Tribble, 2002.
An observational clinical-based study of diarrheal
illness in deployed United States Military Personnel
Thailand: presentation of
Campylobacter nfection. Am. J. Trop. Med. Hyg.,
67: 533-38.

Padungtod, P. and J.B. Kaneene, 2006. Salmonella in
food animals and humans in northern Thailand. Int J.
food Microbiol., 108: 346-354.

Akhtar, F., I. Hussain, A. Khan and S.U. Rahman,
2009. andantibiogram of
Salmonella enteritidis isolated from human and
poultry sources Pakistan Vet. J., 30: 25-28.

Zaidi, M.B., P.F. McDermott, P. Fedorka-Cray,
V. Leon, C. Canche, S.K. Hubert, J. Abbott, M. Leo6n,
S. Zhao, M. Headrick and L. Tollefson, 2006.
Nontyphoidal Sa/monella from human clinical cases,
asymptomatic children and raw retail meats in
Yucatan, Mexico. Clin Infect Dis., 42: 21-28.

Salmonella, Campylobacter jejuni,

and

in and outcome

Prevalence studies



44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Global Veterinaria, 13 (1)

Agada, G.O.A., 1.0. Abdullahi, M. Aminu,
M. Odugbo, S.C. Chollom, K.P. R. and A.E.J. Okwori,
2014. Prevalence and antibiotic resistance profile of
Salmonella isolates from commercial poultry and
poultry farm-handlers in Jos, Plateau State, Nigeria.
British Microbiol. Res. J., 4: 462-479.

Mohamed, A.A., M.M. Nasser, L.E. Mowafy,
M.A. Amin and H.A. Abd-Allah, 2004. Tracing some
sources of infection of some zoonotic diseases, due
to some bacteria among family Enterobacteriaceae.
Zag Vet.J.,32: 1-14.

Mohammad, L.N., H.A. Samaha, A.A. Draz and
Y.N. Haggag, 1999. Salmonellae among birds and
human beings. Alex J. Vet. Sc., 15: 147-154.
Humphrey, T.J., K.W. Martin and A. Whitehead,
1994. Contamination of hands and work surfaces
PT4 during the
preparation of egg dishes. Epidemiol Infect, 113:
403-409.

Foley, S.L., D.G. White, P.F. McDermott, R.D. Walker,
B. Rhodes, P.J. Fedorka-Cray, S. Simjee and S. Zhao,
2006. Comparison of subtyping methods for
differentiating serovar
Typhimurium isolates obtained from food animal
sources. J. Clin Microbiol., 44: 3569-3577.

Burr, Josephson and Pepper, 1998. An evaluation of
ERIC PCR and AP PCR fingerprinting for
discriminating Salmonella serotypes. Lett. Appl.
Microbiol., 27: 24-30.

Van Lith, L.A. and H.J. Aarts, 1994. Polymerase chain
reaction identification of Salmonella serotypes.
Lett. Appl. Microbiol., 19: 273-276.

Millemann, Y., M.C. Lesage-Descauses, J.P. Lafont
and E. Chaslus-Dancla, 1996. Comparison of random
amplified polymorphic ~DNA
enterobacterial repetitive intergenic consensus-PCR
for epidemiological studies of Salmonella. FEMS
Immunol. Med. Microbiol., 14: 129-134.

Labbe’, G.R. and S. Garcia. 2001. Guide to food-borne
pathogens., In: Ronald, L., Santos, Garcia (Ed.) John
Wiley and Sons Inc.

Adeyanju, G.T. and O. Ishola, 2014. Salmonella and
Escherichia coli contamination of poultry meat from
a processing plant and retail markets in Ibadan, Oyo
State, Nigeria. Springer Plus, 3: 139-147.

with  Salmonella enteritidis

enterica

Salmonella

analysis and

104

54.

55.

56.

57.

58.

59.

60.

61.

62.

2 95-104, 2014

Beyer, W., F.M. Mukendi, P. Kimmig and R. Bohm,
1998. Suitability of repetitive-DNA-sequence-based
PCR fingerprinting for characterizing epidemic
isolates of Salmonella enterica serovar Saintpaul. J.
Clin Microbiol., 36: 1549-1554.

Morshedy, A.M.A. and K.I. Sallam, 2009. Improving
the microbial quality and shelf life of chicken
carcasses by Trisodium Phosphate and Lactic Acid
dipping. Int J Poultry Sci., 8: 645-650.

Cohen, N., H. Ennaji, B. Bouchrif, M. Hassar and
H. Karib, 2007. Comparative study of microbiological
quality of raw poultry meat at various seasons and
for different slaughtering processes in Casablanca
(Morocco). J. Appl. Poult. Res., 16: 502-508.
Abu-Ruwaida, A.S., W.N. Sawaya, B.H. Dashti,
M. Murad and H.A. Al-Othman, 1994.
Microbiological quality of broilers during processing
in a modern commercial slaughterhouse in Kuwait.
J. Food Prot., 57: 887-892.

Kotula, K.L. and Y. Pandya, 1995. Bacterial
contamination of broiler chickens before scalding.
J. Food Prot, 58: 1326-1329.

Russell, S.M., D.L. Fletcher and N.A. Cox, 1994.
The effect of incubation temperature on recovery
of mesophilic
carcasses subjected to temperature abuse. Poult Sci.,
73:1144-1148.

Pascual-Anderson, M.R. 1992. Aves y caza, In:
Microbiologia alimentaria: metodologia analitica
para alimentos y bebidas. Madrid: Diaz de Santos,
pp: 163-170.

Wehr, H.M., 1982. Attitudes and policies of
governmental agencies on microbial criteria for foods
- An update. Food Tech, 36: 45-54.

Temelli, S., M. Kurtulus, C. Sen and S. Anar, 2011.
Microbiological evaluation of chicken kadinbudu
meatball production stages in a poultry meat
processing plant. Ankara Universitesi Veteriner
Fakiiltesi Dergisi, 58: 189-194.

bacteria from broiler chicken



