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Objective: To assess the prevalence of Salmonella species and associated factors from cattle
carcasses in abattoir of Bahir Dar, Ethiopia.
Methods: A cross-sectional study was conducted among slaughtered cattle carcass samples
from Bahir Dar abattoir from December 2012 to February 2013. A total of 300 carcasses from hind
limb, abdomen and neck of one hundred cattle were collected and analyzed for the prevalence
of Salmonella. An observation checklist was used to collect data on the risk factors for
contamination of carcass.
Results: Out of the total 300 carcass samples, 23 (7.6%) were positive for Salmonella species.
Eleven (47.8%), nine (39.1%) and three (13.1%) of the isolates were Salmonella group A, Salmonella
arizonae and Salmonella typhi, respectively. Wearing garment during slaughtering, handwashing after separating intestinal content, washing of the knife before slaughtering, slaughtering
on sanitized floor and carcass-washing during slaughter were important risk factors that have
statistically significant association with the isolation rate of Salmonella in slaughtered cattle
carcasses (P<0.05). The mean aerobic mesophilic count of cattle carcass surfaces was 5.39 log CFU/
cm2.
Conclusions: Unlike other studies, Salmonella group A appears to be the most prevalent species
in cattle carcasses in the present study. Among carcass sites, the highest contamination was
recorded in the abdomen and the main source of contamination is human and intestinal contents.
Therefore, there is a need to maintain proper hygienic practices in Bahir Dar abattoir during
slaughtering.

com

Comments
S tudies of this kind are especially
important in countries like Ethiopia

where hygienic practices fall below
the expected level, and consequently
the prevalence of bacterial infections
from consumption of raw and halfcooked meat is considerably high and
will be a risk factor from the point of
view of personal and public health.
T he authors have carefully chosen
their investigation and executed
it successfully. T he methodology
followed meets the standards expected,
and the results obtained are apparently
reliable. The discussions made on the
results are sound, and the conclusions
drawn are appropriate. The corrective
measures suggested by the authors
should find general acceptance. The
literature survey is thorough, with
quite a few recent and appropriate
references included.
Details on Page 134

KEYWORDS
Salmonella, Carcass, Risk factors

1. Introduction
Salmonella species are a leading cause of acute
gastroenteritis in several countries, and salmonellosis
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remains an important public health problem worldwide,
particularly in the developing countries[1]. The presence of
Salmonella in food animals at slaughter and the consequent
cross-contamination of edible carcass tissues present
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a significant food-safety hazard[2]. Food animals such as
cattle may carry Salmonella at slaughter and can serve as
sources of contamination and provide an opportunity for
entry of the pathogen into the food products. This implies
that the presence of Salmonella in slaughter cattle and
slaughterhouse environment, and the potential crosscontamination of carcasses and edible organs can pose
food-safety hazards[3].
Raw meat coming from slaughterhouse is available in
open-air local retail shops without appropriate temperature
control, and this is purchased by households and also
partially cooked minced meat is served in restaurants.
Although there are a few studies done on the prevalence
and antimicrobial susceptibility of Salmonella serotypes
on apparently healthy slaughtered cattle, no study has
been done on the microbial load and risk factors of
contamination during slaughtering. A periodic surveillance
on the prevalence of Salmonella and risk factors in
slaughtered food animals is essential to control the spread
of the pathogen and infection in man through contaminated
carcass[4]. This is required to suggest the acceptance of
the carcass in relation to the standards. The objective of
this study was therefore to investigate the prevalence of
Salmonella and associated factors from slaughtered cattle
in abattoir of Bahir Dar, Ethiopia.
2. Materials and methods
2.1. Study design
A cross-sectional study was conducted from December
2012 to F ebruary 2013 to assess the isolation rate of

Salmonella species in cattle carcass samples and
associated factors from abattoir of Bahir Dar, Ethiopia.
2.2. Sampling

A total of 300 carcass (one hundred from each of hind
limb, abdomen and neck) samples were collected from 100
randomly selected cows. About 100 cm2 of cattle carcass
surface around the hind limb (medial), abdomen (lateral)
and neck was swabbed by wiping the cotton swabs on each
sampling site, five times in both vertical and horizontal
directions for 30 seconds using sterile surgical glove[2]. The
swab samples were transported from the site of collection
to the B ahir D ar U niversity P ostgraduate M icrobiology
Laboratory using an icebox within one hour of collection.
The swab samples were analyzed immediately for isolation
of Salmonella and aerobic mesophilic counts.

2.3. Culture and identification of Salmonella

Carcass swab samples were homogenized by shaking
manually with 10 m L of sterile peptone water ( M erck,
D armstadt ) and transferred to S elenite C ystine B roth
(Merck, Darmstadt) prior to inoculation onto xylose-lysine
deoxycholate agar ( O xoid, E ngland ) . T he plates were
incubated under aerobic atmosphere at 37 C and examined
after 24 h. Typical colorless colonies on MacConkey agar
and pink to red colonies on xylose-lysine deoxycholate
agar were picked and further identified through a series of
o

biochemical tests as per standard methods[5].

2.4. Enumeration of aerobic mesophilic bacteria
For aerobic mesophilic count, ten-fold dilutions of the
homogenized carcass swab samples were pour plated in
triplicate onto plate count agar (Oxoid, England). The plates
were incubated at 35 °C for 48 h and the colonies were
counted and recorded as CFU/cm2 of carcass[6].

2.5. Assessment of risk factors

Data on the hygienic practices of the slaughter-men
and the sanitation conditions of slaughtering area were
collected with observation checklist.

2.6. Data analysis

Data were analyzed using SPSS version 20.0 and Epi Info
version 3.3. The isolation rate of Salmonella species was
calculated by dividing the frequency of positive samples by
the total number of samples examined. Aerobic mesophilic
counts were expressed in log 10 CFU/cm2. Chi-square test
was used to determine the association between the isolation
rates of Salmonella species and handling practices of the
slaughter men. Odds ratios were computed to measure
the strength of association. Values were considered to be
statistically significant when P<0.05.

3. Results
3.1. Isolation rate and distribution of Salmonella species
Out of 300 cattle carcass samples collected, 23 (7.6%)
showed positive results for Salmonella species. Of these
positive carcass samples, 6 (6%) were from the hind limb,
10 (10%) from the abdomen and 7 (7%) were from the neck
region (Table 1).
Table 1
Distribution of Salmonella sppecies from cattle carcasses, Bahir Dar, Ethiopia,
2013.
Location of

carcass
Hind limb
Abdomen
Neck
Total

No. of carcass No of samples tested positive

Percent (%)

tested

for Salmonella

100

10

10.0

300

23

7.6

100

6.0

6

100

7.0

7

Relatively higher prevalence of Salmonella were detected
in the abdomen than the neck and hind limb. Out of 23
Salmonella isolates, 11 (47.8%), 9 (39.1%) and 3 (13.1%) were
Salmonella group A, Salmonella arizonae and Salmonella
typhi, respectively (Table 2).
Table 2
Number and percentage of Salmonella species isolates from cattle carcasses,
Bahir Dar, Ethiopia, 2013.
Subspecies

Salmonella group A
Salmonella arizonae
Salmonella typhi
Total

Number of isolates
11
9
3

23

%

of isolates
47.8
39.1
13.1
100.0
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3.2. The association between prevalence of Salmonella and
hygienic practice of slaughter men
As presented in Table 3, from 100 cattle, 89 (89%) were
slaughtered by slaughter men that wore garment.
Table 3
Association between isolation rate of Salmonella and hygienic practices of
slaughter-men in Bahir Dar, Ethiopia, 2013.
Characteristics

Wearing garment

Yes

Wearing boots

Positive No (%)

Negative

14 (18.9)

60 (81.1)

Washing hands with Yes

6 (37.5)

10 (62.5)

soap before starting
slaughtering
Washing hands after
separating intestinal
contents
Washing carcass
during slaughtering
Washing knife
before beginning
slaughtering
If the floor is
sanitized

9 (34.6)

No

17 (20.2)

No

15 (33.3)

No

12 (15.8)

Yes
Yes
Yes
No

Yes
No

8 (14.5)

11 (45.8)
17 (18.9)
6 ( 60.0)

16 (17.8)
7 (70.0)

: Statistically significant at P<0.05.

*

6.94

74 (74)

2.68

0.0880

16 (16)

2.16

0.1300

4.93

0.0200*

24 (24)

9.29

0.0020

90 (90)

8.58

0.0001

13.86

0.0001

11 (11)

Yes
No

89 (89)

5 (45.5)

72 (80.9)

6 (54.5)

χ2

No (%)

17 (19.1)

No

Total

No (%)

17 (65.4)

26 (26)

67 (79.8)

84 (84)

30 (66.7)

45 (45)

47 (85.5)
13 (54.2)
64 (84.2)
73 (81.1)

55 (55)

76 (76)

4 (40.0)

10 (100)

3 (30.0)

10 (10)

74 (82.2)

90 (90)

P value*
0.0080

T he remaining 11 ( 11 % ) cattle were slaughtered by
slaughter men without wearing garment and 6 (54.5%) of the
Salmonella species were isolated from the cattle slaughtered
by men without wearing garment. There was statistically
significant association between wearing garment during
slaughtering and the isolation rate of Salmonella in cattle
carcasses (P=0.0080). As shown in Table 4, carcass samples
from cattle slaughtered without wearing garment had five
times risk of contamination with Salmonella (95% CI: 1.3818.63).
Table 4
Summary of regression analysis on the isolation rate of Salmonella and hygienic
practice of slaughter-men in Bahir Dar abattoir Ethiopia, 2013.
Characteristics

Wearing garment

Number of Positive Odds Confidence

Yes
No

Washing hands after Yes

separating intestinal
contents
Washing carcass
during slaughtering
Washing knife
before beginning
slaughtering
If the floor is
sanitized

No

Yes
No

Yes
No

Yes
No

samples
89

17 (19.1)

55

8 (14.5)

2.93

1.11-7.77

0.0200

24

11 (45.8)

4.51

1.64-12.42

0.0020

90

17 (18.9)

3.15

0.82-12.05

0.0001

45
76
10
90
10

: Statistically significant at P<0.05.

*

6 (54.5)

15 (33.3)
12 (15.8)
6 (60.0)

16 (17.8)
7 (70.0)

10.72

interval
1.38-18.00

P value*

ratio
5.08

11

No (%)

2.5-46.3

0.0080

0.0001

The study revealed that 55 (55%) cattle were slaughtered

by slaughter men that had the habit of hand-washing after
separation of the intestinal content during slaughter, and

were slaughtered by slaughter men that did not
have the habit of hand-washing after separation of the
intestinal content. Fifteen (33.3%) Salmonella species were
isolated from the cattle slaughtered by slaughter-men that
did not have the habit of hand-washing after eviscerating
the intestinal content. The habit of hand-washing after
separation of intestinal contents was significantly associated
with the isolation rate of Salmonella (P=0.0200). Carcass
samples processed with hand-washing were less likely to
be contaminated than those processed without washing
(odds ratio 2.93, 95% CI: 1.11-7.77).
W ith regard to the habit of carcass washing during
slaughter, 76 (76%) of cattle carcasses were not washed
during slaughtering, of which 12 ( 15 . 8 % ) were positive
for Salmonella species. However, the remaining 24 (24%)
cattle carcasses were washed during slaughter, of which
11 ( 45 . 8 % ) were positive to Salmonella species. C arcass
washing during slaughtering had a statistically significant
association with the isolation rate of Salmonella in
slaughtered cattle (P=0.0020). Carcass samples obtained
without washing during slaughtering had 4.5 times greater
chance of contamination with Salmonella than those
processed with washing the carcass (95% CI: 1.64-12.42).
N inety ( 90 % ) of the cattle were slaughtered by clean
and washed knife, but the remaining 10 (10%) cattle were
slaughtered without washing the knife. From this result, 17
(73.9%) of Salmonella species were isolated from the cattle
which were slaughtered with washed knife. On the other
hand, 6 (26.1%) of Salmonella species were isolated from
the cattle slaughtered without washing the knife. It was
observed that washing the knife before slaughtering has a
statistically significant association with the isolation rate of
Salmonella (P=0.0001). Carcass processed with unwashed
knife has 3.15 times chance of contamination than that
processed with washed knife (95% CI: 0.82-12.05).
In this study, 90 (90%) of cattle were slaughtered on clean
and sanitized slaughter floor. Of these, 16 (69.6%) were
Salmonella-positive. In contrast, 10 (10%) of cattle were
slaughtered in on unsanitized slaughter floor, of which 7
(30.4%) were Salmonella-positive. The result showed that
cattle slaughtered on sanitized slaughter floor were less
likely to be contaminated with Salmonella (odds ratio 10.72,
95% CI: 2.5-46.3).
45 (45%)

3.3. Aerobic mesophilic count
The mean aerobic mesophilic count of cattle carcass
surfaces was 5.39 log CFU/cm2 and ranged from 3.50-6.13 log
2
CFU/cm . The mean aerobic mesophilic count of the hind
limb, abdomen and neck were 5.38, 5.47 and 5.33 log CFU/
cm2, respectively (Table 5).
Table 5
2
The mean and range of aerobic mesophilic counts (log CFU/cm ) on slaughtered
cattle carcass surfaces in Bahir Dar slaughterhouse, Ethiopia, 2013.
Carcass

locations
Hind limb
Abdomen
Neck

No. of carcass

tested
30
30
30

SD=standard deviation.

Mean依SD
5.38依0.70
5.47依0.69
5.33依0.74

Minimum Maximum P value
3.61

5.87

3.54

6.13

3.50

6.01

0.59
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4. Discussion
4.1. Isolation rate and distribution of Salmonella species
According to the study conducted in USA, the midline,
neck and hind portion of the carcass have been found
to be heavily contaminated areas[2,7]. The result of the
current study is higher than the reports from slaughtered
cattle in Ethiopia[3], in Khartoum Sudan (4.2%)[8], while the
isolation rate obtained from this study was lower than 37.3%
prevalence recorded from a study done in Namibia (10.9%)
[9] and A lgeria ( 10 % ) [10]. T he difference could be due to
seasonal factors in contamination of beef with Salmonella
species[11]. Other causes for this variation are associated
with stress during transportation to the slaughterhouse,
hygienic conditions of holding pens, processing practices,
abattoir facilities and employee’s hygiene and practices[3,7].
The distribution of Salmonella species among cattle
varies greatly over time, and differs among geographic
regions, age groups, clinical manifestation, and production
systems[12]. Most cases of salmonellosis are caused by food
infected with Salmonella enterica, which often infects
cattle and poultry, though other animals such as domestic
cats and hamsters have also been shown to be sources
of infection to humans[13]. In this study the detection of
Salmonella groups A and Salmonella tyhpi indicates that
the contamination is of human origin and result of poor
personal hygiene during handling and processing of the
meat products[11]. Salmonella enterica subspecies arizonae
is naturally found in reptiles but also causes outbreaks of
salmonellosis in turkeys and sheep and can produce both
enteritis and serious disseminated disease in humans[14].
R eptiles frequently harbor subspecies arizonae as a
commensal subspecies, but pathological responses to
infection have also been reported, and the bacteria seem
to be capable of vertical transmission through infection of
oviduct. Many human and other animal infections can be
traced to contact with reptiles or ingestion of various reptile
products, particularly from rattlesnakes[14].

4.2. Association between prevalence of Salmonella and
hygienic practices of slaughter-men
T he important factors of Salmonella contamination
includs different subspecies and slaughter men wearing
garment or not. These results are confirmed by the study
of Whyte et al[15]. Similar study in Peshawar postulated
that the control of pathogens including Salmonella on
carcasses could be achieved by adopting standard dressing
procedures[16]. A ccording to B loomfield et al [17], even
wet-cleaning of clothes is a significant contaminant in
disseminating Salmonella to different surfaces and the
hands of the workers.
Hand-washing after separation of intestinal content has
a statistically significant association with the isolation rate
of Salmonella in slaughtered cattle carcasses (P=0.02). The
present study contradicts the study conducted in other
localities in which there was no statistically significant
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association between the evisceration with hand and carcass
contamination[18]. On the other hand, when the carcass is
opened and the viscera removed, spillage of rumen and
intestinal fluids may contaminate the workers (or slaughter
men)[7]. This study is in line with the study conducted by
Bouchrif et al.[19] in that the leading source of contamination
of carcasses by Salmonella is the evisceration step at the
slaughterhouse. According to Abdalla et al[8], fecal matter
was a major source of contamination and could reach
carcasses through direct contact with workers without
washing their hands.
T he current study is in agreement with the study
conducted in Ethiopia, which showed that the eviscerating
knife was found to be significantly associated with carcasscontamination by Salmonella [18] . S imilar finding was
reported by Abdulla and his colleagues that there was
significant relation between washing of knife and positive
detection of Salmonella[16]. T his study is in line with
the study conducted in Khartoum North, Sudan[8]. Study
conducted in India also showed that cutting equipments
are the major contaminants of fresh meat in the slaughter
plant[20].
The result showed that cattle slaughtered in clean and
sanitized slaughter floor had statistically significant
association with the prevalence of Salmonella. T his
result is comparable with the study conducted by Abdalla
et al. [8] which explained that the slaughterhouse floor
has significantly ( P< 0 . 05 ) higher degree of Salmonella
contamination. S o, cleaning and sanitizing of the
slaughterhouse were a key component of good practices at
slaughterhouse, and can confer significant benefits in terms
of reducing the incidence of Salmonella contamination
to the carcass. S imilarly, the contamination of cattle
carcass also originates from the floor where animals are
being stunned and bled and this has been reported in
other studies as well[3]. The slaughtering-plant operations
generally amplify the level of bacterial contamination as
observed in this study and the study conducted in the
United Arab Emirates[21]. This study is also supported by
the study conducted in India, which showed that floors,
platforms and walls on most occasions are contaminated
due to microorganisms including Salmonella brought in
by animals along with hides and faces and also through
blood droppings and rupture of viscera. This significantly
contaminates the cattle carcass[22]. From this result, the
present study found that carcass washed during slaughter
had a statistically significant association with the
prevalence of Salmonella in slaughtered cattle (χ2=9.29,
P=0.002).
F eces, as well as soil adhering to the animal, are
carried into the abattoir on the hair, hide, hooves and tail
of the animal[7]. In addition to feces, the occurrence of
Salmonella on the external surfaces of cattle carried into a
slaughterhouse can serve as an indication of contamination
that potentially could be transferred to carcass surfaces
during the dehiding process[3]. I t is also subjected to
contamination by the digestive flora during eviscerating[10].
S o, carcass washing plays a great role in reducing the
prevalence of Salmonella at the slaughterhouse. T his
study was supported by the study conducted in Iran. It was
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stated that the washing procedure in the slaughterhouse
decreases Salmonella contamination on the cattle
carcass [23]. I n the current study no cattle carcass was
washed by warm water.
4.3. Aerobic mesophilic count
On the one hand, only 14.4% of cattle carcass samples
was at a good standard. About 21.1% was acceptable and
64.4% was unacceptable microbiological level based on
the standards of Food and Agricultural Organization[24].
The high level of aerobic mesophilic counts after washing
of cattle carcasses in this study is in agreement with that
reported by Nouichi and Mossadak[10] in Algeria. Similarly,
2
Adzity et al.[9] documented a mean of 5.76 log CFU/cm in
Ghana. On the other hand, the result is higher than the
mean on cattle carcasses reported by Paszkiewicz and
Renatapyz[25], and Abdalla et al.[8] from Sudan with a mean
at shoulder, neck and brisket site.
A study by Bryant et al.[26] revealed that the workers’
hands and the equipment were the sources of meat
contamination during the slaughtering process.
P articularly, the high aerobic mesophilic count in
this study might be due to the contamination of fresh
meat by unclean utensils, and dirt[27]. The presence of
aerobic mesophilic count in large quantity is explained
also by contact with unclean slaughtering area, and
bad evisceration practices, often resulting in rupture
of the gastrointestinal tract, and especially hide-tocarcass contamination transfer during slaughtering [10].
The environmental exposure to contaminants, the health
of the cattle itself, and stressful situations, which may
increase microbial shedding in cattle such as disrupted
access to feed and water, transport, handling and contact
with other animals could be the factors of significance in
contamination. Processing stations and slaughter practices
are also potential sources of carcass-contamination in the
slaughterhouse[7].
This study shows that most carcasses from slaughtered
cattle in B ahir D ar abattoir were of unacceptable
bacteriological quality. Unlike other studies,
Salmonella group A appears to be the most prevalent
in cattle carcasses in the present study and the highest
contamination was recorded in the abdomen among carcass
sites. Therefore, human and the intestinal content are main
sources of contamination. It is therefore recommended that
good hygienic and sanitary conditions should be observed
in the abattoir during slaughtering operations.
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Comments
Background
In countries like Ethiopia where consumption of raw meat
is a common practice, the risk of pathogenic contamination
and consequent infections in humans is very high. Even
half-cooked meat can carry considerable proportions of
contaminations. Of the many pathogenic bacteria found
in cattle, Salmonella is known for its toxicity, causing
food-poisoning, gastroenteritis, and typhoid fever. Thus,
examining its prevalence in cattle carcasses and the
causative factors thereof has substantial importance
towards suggesting the corrective measures.
Research frontiers
The study has been performed by taking a reasonably
large sample of 300 cattle carcasses, giving the distribution
of Salmonella in body areas like hind limbs, abdomen
and neck, notwithstanding that the bacterium is primarily
an intestinal pathogen. T he samples were apparently
collected and analyzed under hygienic conditions without
giving room for further contaminations. The experiments
including the cultures and identification of Salmonella
species were obviously performed by following standard
and up-to-date methodology, which confers reliability on
the results obtained on the three species of Salmonella.
Related reports
T he study has compared its results with those of a
number of other studies performed in different countries
and other regions of E thiopia on the prevalence of
Salmonella and salmonellosis. Some of the items chosen,
for example, the selection of hind limbs, abdomen and
neck for analysis, were logically based on the studies
performed by other investigators. This nevertheless does
not detract the scientific value of the present study.
Innovations and breakthroughs
The central idea of this investigation stems from the
observation that the distribution of Salmonella species
among cattle varies greatly over time, and differs among
geographic regions, age groups, clinical manifestations,
and production systems. In contrast to the studies of others,
the present study reports that Salmonella group A is most
prevalent in cattle carcasses, which is a notable finding of
this study.
Applications
T he study takes into account the distribution of
Salmonella species in the cattle carcasses in the local
abattoir in Bahir Dar town. The results and the conclusions
thereof could be very well applicable in a generalized
way to other places in Ethiopia and other countries, where
similar practices are followed. Consequently, the corrective
measures suggested by the authors towards improving the
bacteriological quality of the meat from cattle carcasses find
general acceptance at other places as well.
Peer review
Studies of this kind are especially important in countries
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like E thiopia where hygienic practices fall below the
expected level, and consequently the prevalence of bacterial
infections from consumption of raw and half-cooked meat
is considerably high and will be a risk factor from the
point of view of personal and public health. The authors
have carefully chosen their investigation and executed it
successfully. The methodology followed meets the standards
expected, and the results obtained are apparently reliable.
The discussions made on the results are sound, and the
conclusions drawn are appropriate. The corrective measures
suggested by the authors should find general acceptance.
The literature survey is thorough, with quite a few recent
and appropriate references included.
References
[1] Addis Z, Kebede N, Sisay Z, Alemayehu H, Wubetie A, Kassa T.
Prevalence and antimicrobial resistance of Salmonella isolated
from lactating cows and in contact humans in dairy farms of
Addis Ababa: a cross sectional study. BMC Infect Dis 2011; 11:
222.
[2] Kikuvi GM, Ombui JN, Mitema ES. Serotypes and antimicrobial
resistance profiles of Salmonella isolates from pigs at slaughter
in Kenya. J Infect Dev Ctries 2010; 4: 243-248.
[3] Sibhat B, Molla Zewde B, Zerihun A, Muckle A, Cole L, Boerlin P,
et al. Salmonella serovars and antimicrobial resistance profiles
in beef cattle, slaughterhouse personnel and slaughterhouse
environment in Ethiopia. Zoonoses Public Health 2011; 58: 102109.
[4] Molla B, Mesfin A, Alemayehu D. Multiple antimicrobial resistant
Salmonella serotypes isolated from chicken carcass and giblets
in Debre Zeit and Addis Ababa, Ethiopia. Ethiop J Health Dev
2003; 17: 131-149.
[5] Cheesbrough M. District laboratory practice in tropical countries.
2nd edition. Cambridge: Cambridge University Press; 2006.
[6] Adzitey F, Teye GA, Kutah WN, Adday S. Microbial quality of beef
sold on selected markets in the Tamale Metropolis in the northern
region of Ghana. Livest Res Rural Dev [Internet]. 2011 [cited 2014
Feb 13]; 23(1): [about 1 p.]. Available from: http://www.lrrd.org/
lrrd23/1/kuta23005.htm.
[7] Alemayehu D, Molla B, Muckle A. Prevalence and antimicrobial
resistance pattern of Salmonella isolates from apparently healthy
slaughtered cattle in Ethiopia. Trop Anim Health Prod 2003; 35:
309-319.
[8] Abdalla MA, Suliman SE, Ahmed DE, Bakhiet AO. Estimation
of bacterial contamination of indigenous bovine carcasses in
Khartoum (Sudan). Afr J Microbiol Res 2009; 3: 882-886.
[9] Shilangale RP, Di Giannatale E, Chimwamurombe PM, Kaaya GP.
Prevalence and antimicrobial resistance pattern of Salmonella in
animal feed produced in Namibia. Vet Ital 2012; 48: 125-132.
[10] Nouichi S, Hamdi TM. Superficial bacterial contamination of ovine
and bovine carcasses at El-Harrach Slaughterhouse (Algeria). Eur
J Sci Res 2009; 38: 474-485.
[11] Tassew H, Abdissa A, Beyene G, Gebre-Selassie S. Microbial fiora
and food borne pathogens on minced meat and their suceptibility
to antimicrobial agents. Ethiop J Health Sci 2010; 20: 137-143.

135

[12] Hoelzer K, Moreno Switt AI, Wiedmann M. Animal contact as a
source of human non-typhoidal salmonellosis. Vet Res 2011; 42:
34.
[13] Swanson SJ, Snider C, Braden CR, Boxrud D, Wünschmann
A, Rudroff JA, et al. Multidrug-resistant Salmonella enterica
serotype typhimurium associated with pet rodents. N Engl J Med
2007; 356: 21-28.
[14] Libby SJ, Lesnick M, Hasegawa P, Kurth M, Belcher C, Fierer J,
et al. Characterization of the spv locus in Salmonella enterica
serovar Arizona. Infect Immun 2002; 70: 3290-3294.
[15] Whyte RT, Holder JS, Tinker DB, Allen VM, White RP, Hinton
MH. Assessment and development of procedures and apparatus
to reduce contamination of lamb carcasses during pelt removal in
low-throughput abattoirs. J Food Prot 2002; 65: 41-49.
[16] Aftab M, Rahman A, Qureshi MS, Akhter S, Sadique U, Sajid A, et
al. Level of Salmonella in beef of slaughtered cattle at Peshawar.
J Anim Plant Sci 2012; 22: 24-27.
[17] Bloomfield SF, Aiello AE, Cookson B, Boyle CO, Larson EL. The
effectiveness of hand hygiene procedures in reducing the risks
of infections in home and community settings including hand
washing and alcohol based hand sanitizers. Am J Infect Control
2007; 35: S27-S64.
[18] Teklu A, Negussie H. Assessment of risk factors and prevalence
of Salmonella in slaughtered small ruminants and environment in
an export abattoir, Modjo, Ethiopia. Am Eurasian J Agric Environ
Sci 2011; 10: 992-999.
[19] Bouchrif B, Paglietti B, Murgia M, Piana A, Cohen N, Ennaji MM,
et al. Prevalence and antibiotic-resistance of Salmonella isolated
from food in Morocco. J Infect Dev Ctries 2009; 28: 35-40.
[20] Biswas AK, Kondaiah N, Anjaneyulu AS, Mandal PK. Causes,
concerns, consequences and control of microbial contaminants in
meat-a review. Int J Meat Sci 2011; 1: 27-35.
[21] Khan MA, Suryanarayan P, Ahmed MM, Vaswani RB, Faheem SM.
Antimicrobial susceptibility of Salmonella isolates from chicken
meat samples in Dubai, United Arab Emirates. Int J Food Saf
Nutr Public Health 2010; 3: 149-159.
[22] Bhandare SG, Paturkar AM, Waskar VS, Zende RJ. Bacteriological
screening of environmental sources of contamination in an
abattoir and the meat shops in Mumbai, India. Asian J Food Agro
Ind 2009; 2: 280-290.
[23] Movassagh MH, Shakoori M, Zolfaghari J. The prevalence of
Salmonella spp. in bovine carcass at Tabriz slaughterhouse, Iran.
Global Veterinarian 2010; 5: 146-149.
[24] Food and Agriculture Organization. Principles of meat processing
hygiene and regulatory practices. In: Heinz G, Hautzinger P,
editor. Meat processing technology for small to medium-scale
producers. Bangkok: Food and Agriculture Organization; 2010.
[25] Paszkiewicz W, Pyz-Lukasik R. Bacterial contamination of calf
carcasses during production cycle. Bull Vet Inst Pulawy 2012; 56:
47-49.
[26] Bryant J, Brereton DA, Gill CO. Implementation of validated
hazard analysis critical control point HACCP system for the
control of microbiological contamination of pig carcass at a small
abattoir. Can Vet J 2003; 44: 51-55.
[27] Frew T. Microbiological quality and safety of street vended raw
meat in Jigjiga town: south east Ethiopia[D]. Ethiopia: Addis
Ababa University; 2011.

