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ABSTRACT
Aim
Salmonella has been identified as the primary contributor to foodborne illnesses, posing a significant public health issue due to 
its high contamination rates.
Methods
A cross-sectional study was conducted from July 2022 to December 2022 to isolate and determine the burden of  Salmonella in 
goat meat at retail shops and to identify knowledge, attitudes, and hygienic practices in Eastern Ethiopia. A total of  224 samples 
were collected from goat meat, and environmental samples (cutting board, knife, worker’s hand, and hook) were examined for 
the prevalence of  Salmonella using conventional microbiological procedures. All samples underwent serial dilution to determine 
Salmonella loads in goat meat from the retailer’s houses. Additionally, 33 retail shop workers with different demographics were 
interviewed regarding their knowledge, attitudes, and practices related to Salmonellosis.
Results
The results revealed that out of  224 goat meat and environmental swab samples examined, the prevalence of  Salmonella was 
26.78%, 31.6%, 19.6%, 22.2% and 15.8% for goat meat swabs, cutting boards, hand swab samples, knife, and hook swab 
samples, respectively. The total average loads of  Salmonella on different samples were found to be 6.88×105 cfu/mL, 6.09×105 
cfu/mL, 6.51×105 cfu/mL, 4.59×105 cfu/mL and 3.28×105 cfu/mL for meat swab samples from retailers, hand swab samples, 
cutting boards, knife swabs, and hook swab samples, respectively.
Conclusion
The study showed that the hygienic status of  retail shops in the study area is poor, and the prevalence and load of  Salmonella 
are high. Based on these results, it is recommended to raise awareness to reduce the prevalence of  Salmonella in goat meat and 
decrease bacterial loads. Additionally, the responsible authorities should coordinate with retailers and shops to enforce good 
hygienic handling practices.
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INTRODUCTION

Food-borne diseases occur as a result of  the consumption of  con-
taminated foodstuffs, especially animal products, and represent a 

significant global public health issue.1 These illnesses are particularly 

common in developing nations, notably in Africa, due to prevalent 
issues with poor food handling, inadequate sanitation, insufficient 
food safety measures, limited resources, and low awareness among 
food handlers.2 Additionally, environmental factors, such as the tools 
used during the slaughter process, can introduce microorganisms 
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that pose a risk to meat processors, originating from animal waste 
and skin. These microorganisms may also be transferred to the car-
cass during skin removal and evisceration.3 The term “food-borne 
diseases” or “food-borne illnesses” refers to gastrointestinal issues 
that develop shortly after consuming contaminated foods.4

 The most prevalent zoonotic bacterial disease in humans 
is gastroenteritis, brought on by pathogenic bacteria called Salmo-
nella that reside in the gastrointestinal tract.5 Salmonella species 
are facultative intracellular, gram-negative, rod-shaped bacteria that 
can infect a wide range of  hosts.6 Due to their significant morbid-
ity and financial burden, Salmonella infections (also known as Sal-
monellosis) are regarded as the most common food-borne disease 
worldwide.7 Foodborne Salmonellosis is frequently linked to con-
suming contaminated animal products, which typically come from 
sick animals used in food production or from the contamination 
of  carcasses or edible organs.8 Salmonella species have been impli-
cated in the majority of  scientifically documented cases of  meat 
poisoning in the developed world. The main causes of  Salmonella 
infection in meat animals are the consumption of  contaminated 
foods and inadequate rearing practices.9

 Salmonella infection appears to be one of  the most fre-
quent examples of  an intestinal disease that is passed from animals 
to people. Humans and animals transmit the infection through fe-
ces-oral contact as well as by consuming food items such as meat, 
dairy, and eggs.10 Salmonella can spread by not thoroughly cleaning 
surfaces used to prepare raw meat as well as by not washing fresh 
produce before eating it. Food can also become contaminated by 
food handlers who do not thoroughly wash their hands with soap 
after handling raw meat or using the lavatory. Although Salmonella 
illnesses can also be brought on by contact with sick people, ani-
mals, or other waste, they are most frequently caused by contami-
nated food.11

 Numerous techniques have been developed for the detec-
tion, identification, and molecular characterization of  Salmonella 
species.12 Salmonella can be isolated and confirmed in the sample 
using culture, which can take 4 to 7-days.13 Typically, Salmonella is 
isolated using conventional culture techniques such as non-selec-
tive pre-enrichment, selective enrichment, and plating on selective 
and differential agars. Subsequently, biochemical and serological 
tests are performed to confirm suspected colonies. More recently, 
several alternative techniques, such as immunoassays, nucleic acid 
hybridization, and polymerase chain reaction (PCR) methods, have 
been developed for the detection of  Salmonella in food.14

 According to numerous studies, Salmonella has been 
discovered in a variety of  locations around the world in animals 
that produce food and animal products.15 Goat meat has also been 
linked to Salmonella food contamination.6 In Ethiopia, only a few 
studies have been carried out with the aim of  isolating Salmonella 
from goat meat, and Salmonellosis as a disease, particularly the 
isolation of  Salmonella from goat meat at retail shops, has received 
very little attention.16 Due to customary practices and a lack of  
legislation, the majority of  Ethiopians slaughter small ruminants in 
their backyards instead of  slaughterhouses.17 However, research on 
the prevalence of  Salmonella in goat meat at retail establishments 

in eastern Ethiopia is limited.

The objectives of  the study are as follows:  Isolate Salmonella from 
raw goat meat in Chelenko town, determine contamination load, 
identify sources, and assess hygienic handling practices among 
food handlers in retailer shops.

MATERIALS AND METHODS

Study Area

The study was conducted from July 2022 to December 2022 in 
Chelenko Town, Eastern Hararge Zone, in the Oromia regional 
state of  Ethiopia. Chelenko Town is situated 445 km to the east 
of  the capital city, Addis Ababa, and 80 km west of  Harer town. 
Geographically, it is located between 9°7’55” to 9°28’45” N lati-
tude and 41°31’40” to 41°52’30” E longitude. The Woreda is bor-
dered by Goro Muti Woreda in the south, Deder Woreda in the 
southwest, Goro Gutu in the northwest, Bedeno Woreda in the 
southeast, Kersa Woreda in the northeast, and the Somali Region 
in the north (Figure 1).

 The altitude of  Metta Woreda ranges from 1311-2830 
meters above sea level. Its annual rainfall varies from 600-900 mm, 
and the temperature ranges between 15 °C and 37 °C.18 The Wore-
da is composed of  39 rural kebeles and 3 urban kebeles (two in 
Chelenko and one in Kulubbi), making a total of  42 kebeles.18

Study Design

A cross-sectional study was conducted from July 2022 to December 
2022 to isolate and identify Salmonella from goats at retail shops 
and determine possible sources of  contamination. Additionally, an 
observational and descriptive study was carried out using a checklist 
and questionnaire survey to assess the hygienic practices of  meat 
handlers working at butchers.

Sample Size Determination and Sampling Techniques

Since there was no previous prevalence estimate in this study area, 
the prevalence of  Salmonella from raw goat meat at the Dire Dawa 
municipal abattoir was used for sample size determination. A pre-
vious cross-sectional study indicated a prevalence of  17.7% for 
Salmonella in raw goat meat.19 Therefore, we employed the for-
mula from Thrusfield20 and  Techasaensiri et al21 to estimate the 
sample size with a 95% confidence interval and 5% precision.

                                   1.962×Pexp×(1-Pexp)
                           n=
                                                d2

Where:
n=required sample size,
Pexp=expected prevalence,
d=the desired absolute precision of  0.05.

 Accordingly, the number of  samples needed to deter-
mine the prevalence of  Salmonella in goat meat at retail shops was 
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determined to be 224.

 For the questionnaire survey, the sample size approxima-
tion was based on a 5% standard error (SE) with 95% confidence 
intervals. Due to the limited number of  butcher house workers, all 
33 employees involved in meat-handling activities were included in 
the study. A structured questionnaire was prepared for the butcher 
house workers.

Sample Collection and Transportation

Carcass swab sampling: During each visit, four different sites 
of  the carcass (namely, the ribs, neck, flank, and hind leg) were 
swabbed using the method described in International Organization 
for Standardization (IOS).22 A sterile template measuring 10×10 
cm was placed on the carcass to cover an area of  100 cm2. For each 
sampling area, sterile cotton wool swabs rolled on wooden sticks 
were moistened in 10 mL of  buffered peptone water. The swabs 
were then rubbed over the entire selected area with continuous 
pressure for 30-seconds.

 After completing the rubbing process, the wooden sticks 
were broken by pressing them against the inner wall of  the test 
tube and then disposed of. The cotton wool swabs were transferred 
to screw-capped test tubes containing the buffered peptone water. 
Subsequently, the same pressure was repeated to sample each loca-
tion with dry swabs. The swab samples were placed into the same 
test tube filled with 10 mL of  buffered peptone water. The test 
tube was shaken vigorously for 2-minutes before transportation.

Environmental sampling: During each visit to the butcher house, 
environmental samples were collected from the hands of  the 

butcher shop workers (56), and samples were also collected from 
equipment such as knives (18), cutting boards (19), and hooks (19). 
For knives, combined samples were collected from both the blade 
and handle. The swabs used for sampling were returned to a test 
tube containing 10 mL of  sterile buffered peptone water (BPW).

 A second dry, sterile cotton swab of  the same type was 
used as before, and it was used to swab over the entire sampled 
area as described above. This second swab was then placed into the 
same container as the first swab.

 All the collected samples were transported to the Hirna 
Regional Veterinary Microbiology Laboratory (HRVL) using an 
icebox with ice packs to maintain proper temperature conditions. 
The samples were analyzed upon arrival at the laboratory or within 
24-hours of  sampling.

Questionnaire Survey and Observation

The data was collected by administering structured question-
naires to butcher shop workers. The questionnaires were guided 
by a checklist that included various items related to the study, such 
as the general conditions of  the butcher shops, facilities, general 
hygienic conditions, processing practices, personnel, equipment, 
transportation, and demographic information of  the participants.

 A total of  33 respondents from the retailer were included 
in the study. The personnel responsible for the processing of  goat 
meat were interviewed, and the required samples were taken after 
obtaining oral consent from the participants.

Figure 1. Map of the Study Area

http://dx.doi.org/10.17140/VMOJ-8-174


Mumed BA, et al

Vet Med Open J. 2023; 8(1): 29-37. doi: 10.17140/VMOJ-8-174

32 Original Research | Volume 8 | Issue 1 |

 Before the start of  data collection, the questionnaires 
were translated into Afaan-Oromoo, and the interviews were con-
ducted using the local language. Personal observations were also 
made, which included assessing the hygienic practices in the butch-
er house and the personal hygiene of  the butcher house workers.

Laboratory Analysis Methods 

Isolation and identification of Salmonella: We isolated and identi-
fied Salmonella using the technique recommended by the IOS,22 
and we prepared the bacteriological media following the manufac-
turer's recommendations.

 In the first stage, the samples in BPW were incubated for 
18±2-hours at 37±1 °C to promote the proliferation and regen-
eration of  damaged cells. After the non-selective pre-enrichment 
stage, 1 ml of  the pre-enriched sample was transferred and mixed 
aseptically into a tube containing 10 mL of  Rappaport-Vassiliadis 
medium (RV) broth. The inoculated tubes were then incubated at 
37±1 °C for 18-hours to favor the growth of  Salmonella.

 We transferred a loopful of  inoculum from the RV broth 
and streaked it onto xylose lysine desoxycholate (XLD) agar plates. 
The plates were prepared following the manufacturer’s directions. 
The plates were incubated at 37±1 °C for 24-hours. If  there was 
no growth within 18 to 24-hours, the plates were re-incubated for 
an additional period.

 After proper incubation, the plates were examined for the 
presence of  suspected Salmonella colonies. If  growth was slight 
or if  no typical colonies of  Salmonella were present on the agar 
plates, they were re-incubated at 37 °C for another 18 to 24-hours. 
After incubation, the plates were examined for the presence of  
typical and suspect colonies.

 Typical colonies of  Salmonella grown on XLD agar have 
a black center and a lightly transparent zone of  reddish color due 
to the color change of  the media.22 H2S-negative variants grown on 
XLD agar appear pink with a darker pink center. Lactose-positive 
Salmonella grown on XLD agar appear yellow with or without 
blackening.

 The suspected Salmonella colonies were subcultured on 
nutrient agar for further biochemical confirmation tests. 

Biochemical identification: For biochemical confirmation, three 
typical or suspected pure Salmonella colonies were selected from each 
selective plating medium. These selected colonies were streaked onto 
the surface of  pre-dried nutrient agar plates and incubated at 37±1 °C 
for 24±3-hours. The pure cultures on nutrient agar were then used for 
biochemical confirmation.

The biochemical tests included the following:

• Glucose, lactose, and sucrose fermentation and gas and H2S produc-
tion in triple sugar iron agar (TSIA).
• Urease test.

• Indole, Methyl red, Voges-Proskauer, Citrate (IMViC) test (Indole, 
Methyl Red, Voges-Proskauer (MR-VP), and Simmons Citrate’s agar 
slants were inoculated by stabbing the butt and streaking the slant).

 The isolates producing a Red (alkaline) slant, a yellow (acid) 
butt, gas, and hydrogen sulfide production (H2S) were considered posi-
tive on TSIA. Urease-negative, Methyl Red-positive, Voges-Proskauer-
negative, Indole-negative, and Citrate-positive results were identified 
as Salmonella.22

Enumeration of Salmonella: For the enumeration of  Salmonella, 
both the meat swab and environmental swab samples were mixed with 
10 mL of  BPW and incubated overnight at 37 °C. Then, 1 mL of  the 
original sample was added to six serial test tubes, each containing 9 mL 
of  BPW, for serial dilution.

 To perform the dilution, 0.1 mL of  the sample was taken 
from each of  the diluted test tubes and added onto XLD agar plates. 
The plates were then incubated at 37 °C for 24 to 48-hours. After in-
cubation, the growth of  Salmonella colonies on the XLD agar surface 
was checked, and the colonies were statistically counted.

 A colony counter was used to count the Salmonella colonies. 
The number of  Salmonella per mL of  the original undiluted sample 
was calculated after determining the dilution and dilution factor. The 
dilution (D) was calculated by dividing the volume of  the sample by 
the sum of  the total volume of  the sample and the diluent. The dilu-
tion factor (DF) was calculated by dividing the sum of  the total vol-
ume of  the sample and the diluent by the volume of  the sample.

 We calculated the number of  Salmonella per mL (cfu/mL) 
in the original undiluted sample by multiplying the counted number of  
colonies by the dilution factor.23

Data Management Analysis

The collected data was coded and entered into a Microsoft Excel 
2007© spreadsheet. The analysis was performed using Statistical 
Package for Social Sciences (SPSS) version 20 software. Descriptive 
statistics were used to summarize the collected data. The prevalence 
of  Salmonella was calculated using percentages.

 To assess the associations between the occurrence of  
Salmonella in different samples, statistical tests such as the Chi-
square (χ2) test were conducted. The analysis was done at a 95% 
confidence interval (CI) and a 5% level of  significance. A p-value 
less than or equal to 0.05 was considered statistically significant, 
indicating that there is a significant association between the variables 
being tested.

RESULTS

Prevalence of Salmonella 

Out of  a total of  224 samples examined from butcher houses 
in Chelenko town for the prevalence of  Salmonella, 54 samples 
(24.1%) were found to be positive for Salmonella.
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 Among the different sample sources examined at the 
butcher houses, the highest prevalence of  Salmonella was observed 
in cutting board swab samples, with 5 samples (31.6%) testing 
positive. Afterward, we conducted swab tests on meat samples, 
and out of  the 30 samples tested, 26.78% tested positive for 
Salmonella. Knife swab samples had 4 positive samples (22.2%), 
worker hand swab samples had 11 positive samples (19.6%), and 
hook swab samples had 3 positive samples (15.8%).

 Statistical analysis showed that there was no significant 
variation between the different sample sources from butcher 
houses regarding the positivity of  Salmonella (p=0.6660) (Table 1).

Load of Salmonella Detected

Among the different sample sources, the highest load of  Salmonella 
was detected on the meat swab taken from the butcher house, with a 
count of  6.88×105 cfu/mL. This was followed by the cutting board 
with a count of  6.51×105 cfu/mL, the worker’s hand with a count 
of  6.09×105 cfu/mL, the knife swab with a count of  4.59×105 cfu/
mL, and the hook swab sample with a count of  3.28×105 cfu/mL.

 Statistical analysis showed that there was no statistically 
significant difference between the sources of  samples for the 
detected load of  Salmonella (p=0.199) (Table 2).

Questionnaire and Observation Survey

Socio-demographic characteristics of respondents: Among the 
33 respondents from the 11 butcher houses interviewed for their 
socio-demographic characteristics, the distribution of  educational 
status was as follows: 3 respondents (9%) were illiterate, 19 
respondents (57.6%) had completed grades 1 to 8, 4 respondents 

(12.1%) had completed grades 9 to 12, and 7 respondents (21.2%) 
had education beyond grade 12.

 In terms of  gender, the majority of  the respondents were 
male, with 21 respondents (63.6%), while 12 respondents (36.4%) 
were female.

 Regarding the age group of  the respondents, 8 respondents 
(24.2%) were between 11 and 24-years-old, 18 respondents (54.5%) 
were between 25 and 50-years-old, and 7 respondents (21.2%) were 
between 50 and 75-years-old.

The knowledge, attitude, and practices of butcher house workers: 
The study assessed the knowledge, attitude, and practices of  
butcher house workers regarding critical factors that could impact 
the safety and quality of  goat meat.

 Out of  the 33 respondents, a majority of  24 (72.6%) had 
not received any formal training, while 9 (27.3%) had acquired 
informal training. However, all the respondents, 33 (100%), were 
aware that contamination poses a risk and can influence the 
quality and safety of  goat meat. About half, 18 (54.5%) of  the 
respondents, were aware of  zoonotic diseases, while the others did 
not have knowledge about zoonosis (Table 3).

 Regarding hygiene practices, out of  the total respondents, 
20 (60.6%) washed their hands only, 8 (24.2%) used detergents in 
addition to water, and 27 (81.8%) cleaned their shop and equipment 
every day at the end of  their work. Among them, 6 (18.2%) washed 
their hands after work, 16 (48.5%) washed before work, 8 (24.2%) 
washed both before and after, and 3 (9%) of  the respondents did 
not wash their hands at all while handling meat. Moreover, 14 
(42.4%) wore different jewelry materials, and 22 (66.7%) underwent 
a medical examination before being interviewed. 25 (75.6%) of  the 
respondents used their own working clothes, while the remaining 8 
(24.2%) shared clothing when handling meat (Table 3).

Butchers Observational Survey 

The observational survey of  11 butcher houses in Haramaya town 
revealed the following findings regarding their hygienic practices:

• 5 (45.5%) of  the butcher houses were observed to use clean 
knives and cutting boards, while the majority, 6 (54.5%), were not 
using clean utensils.
• 8 (72.7%) of  the butchers were not wearing clean clothing, while 
the remaining 3 (27.3%) were observed to wear clean clothing.
• Only 2 (18.2%) of  the butchers used aprons (protective clothes), 
while the majority, 9 (81.2%), did not use any protective clothing.
• Among the butchers, 7 (63.6%) were observed to handle money 
with bare hands, which can pose a contamination risk.
• Additionally, 10 (90.9%) of  the butchers were using a single knife 
and cutting board for different types of  meats and offal, which can 
also lead to cross-contamination.

DISCUSSION

Proper meat handling practices are crucial to ensuring the quality 

Table 1. Prevalence of Salmonella from Butcher House at Chelenko Town

Sample 
Source No. Examined No. Positive Percentage 

(%)
χ2 

(p-Value)

Meat 112 30 26.78

 
2.38(0.666)

Cutting Board 19 6 31.6

Knife 18 4 22.2

Worker Hand 56 11 19.6

Hook 19 3 15.8

Total 224 54

Table 2. The Average Load of Salmonella from Goat Meat 
Swabs and Environmental Swab Samples

Sample Source Average Load of 
Salmonella Cfu/mL χ2 (p-Value)

Meat 6.88X105

6(0.199) 

Worker hand 6.09X105

Cutting board 6.51X105

Knife 4.59X105

Hook 3.28X105

Cfu/mL: Colony forming units per milliliters of sample
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and safety of  meat. Knowledge of  hygienic meat handling practices 
throughout the process of  goat meat production, processing, and dis-
tribution is essential in formulating preventive measures to reduce the 
risk of  foodborne diseases associated with meat consumption.24 The 
current study found that males are more likely to be involved in goat 
meat processing than females, which is consistent with a report from 
Eguale25 in central Ethiopia. The mean age of  the respondents in this 
study was 43-years, ranging from 11 to 75, which is lower than the 
mean age of  46.5±6.5 reported in another study Garedew et al26 but 
higher than the mean age of  27.5±8.5 mentioned in a different study 
Esmaeili et al6. This suggests that older food handlers may have better 
hygienic practices compared to their younger counterparts.

 In the current study, it was found that more than 57% 
of  the butcher house workers had only completed primary school 
education. Similarly, over 70% of  the butchers did not receive job-
related training in food hygiene and instead acquired their skills 
through informal observations. These findings are consistent with 
a previous report by Weldo et al19 which also noted a prevalence of  
primary school education and a lack of  job-related training among 
butcher house workers in Dire Dawa City, Ethiopia. Due to their 
limited knowledge of  hygiene, sanitation, the risks of  contamination, 
and personal hygiene practices, these employees may inadvertently 
cross-contaminate and mishandle meat in an unhygienic manner. It 

is crucial for food handlers, including butchers, to possess the nec-
essary knowledge and abilities to handle food hygienically. Proper 
training is essential, providing them with the fundamental concepts 
and requirements of  personal hygiene.27

 Moreover, Salmonella particles from goat meat and con-
tact with dirty equipment during the slaughter of  backyard animals 
could have contaminated the aprons. Workers may have used their 
hands to handle the meat, unconsciously transferring Salmonella to 
their aprons in the process. This study indicates that carcasses and 
related samples in butcher houses were contaminated with Salmo-
nella, putting consumers at risk of  contracting Salmonellosis from 
consuming the meat.

 In the present study, it was found that more than 72% of  
butcher house workers did not receive job-related training but instead 
acquired their respective skills through observation. These results are 
in agreement with the report Garedew et al26 which stated that most 
of  the butcher house workers in Mekelle City, Ethiopia, had only 
received primary school education and lacked job-related training. As 
a result, these workers could unknowingly cross-contaminate meat 
and fail to handle it hygienically due to a lack of  knowledge regarding 
hygiene, sanitation, and the risk of  contamination. Their personal 
hygiene practices might also be inadequate.

Table 3. The Knowledge, Attitude, and Practices of Butcher House Workers

Factors Values Frequency Percentage (%)

Received training 
Yes 9 27.3

No 24 72.7

Know contamination as risk
Yes 33 100

No - -

Know about zoonosis disease
Yes 18 54.5

No 15 45.4

Take medical examination before
Yes 22 66.7

No 11 33.3

Dirty cloth and utensils cause of harm 
 

Yes 30 90.9

No 3 9

Jewellery materials
Worn 14 42.4

Not worn 19 57.6

Hand washing

After work 6 18.2

Before work 16 48.5

Before and after 8 24.2

Not washed 3 9

Manner of washing hands

Rinsing with water only 20 60.6

Using detegents and water 8 24.2

Not washed hand 5 15.2

Keeping clean is easy for you
Yes 5 15.2

No 28 84.8

Smoking/chewing while working
Yes 12 36.4

No 21 63.4

Cleaning equipment’s and butcher house
Every day at end of work 27 81.8

Before starting work 6 18.2

Wear working clothes
Individually 25 75.6

Commonly 8 24.2
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 Although most of  the butcher house workers believed that 
unclean hands and equipment were major causes of  meat contami-
nation and posed health risks to meat consumers. The study found 
that some workers still carelessly contaminated the products by using 
unclean cutting boards and knives while working.

 The hygiene standards in the butcher houses are poor. A 
significant portion of  butchers (63.6%) handle money with their 
bare hands while processing the meat, neglecting the use of  proper 
protective clothing. This finding is lower than a study Weldo et al19 
that reported 93.3% of  butchers in Dire Dawa City handling money 
while processing meat. Handling food with bare hands can lead to 
cross-contamination and introduce harmful microorganisms into 
otherwise safe food, as highlighted by another study.28 Therefore, it 
is crucial to take all feasible precautions to limit or eliminate this con-
tamination, given that meat handlers are likely sources of  microbial 
contamination.29

 Moreover, paper money can be a source of  various infec-
tions, including Salmonella, as it is frequently exchanged between 
different people. Handling carcasses with bare hands after touching 
such contaminated objects can lead to cross-contamination. Another 
concern is that the majority of  butchers use a single knife for all 
types of  edible offal and meat, and they also use a single cutting 
board without cleaning or sterilizing any of  these items. Such general 
butchering practices encourage the contamination of  goat meat.30

 It is evident that these unhygienic practices in the butcher 
houses can pose significant risks to both the butchers themselves 
and the consumers. Proper training and the implementation of  hy-
giene protocols are essential to ensuring the safety of  the meat and 
preventing the spread of  foodborne illnesses.

 The study examined the knowledge, attitude, and hygiene 
practices of  butchers in relation to critical factors that could impact 
the safety and quality of  goat meat. Among the 33 respondents, 24 
(72.6%) had not received any formal training, while 9 (27.3%) had 
acquired their skills through informal means. Approximately 54.5% 
(18 respondents) were aware of  zoonotic diseases, while the remain-
ing respondents had no knowledge about them. A significant ma-
jority, 90.9% (30 respondents), knew that wearing dirty clothes or 
having dirt on cloth and utensils could cause harm. However, 84.8% 
(28 respondents) stated that maintaining a clean environment was 
challenging for them.

 Regarding hygiene practices, the study found that 81.8% 
of  butcher workers cleaned their butcher area and equipment every 
day after sales and washed their hands with water only after work. 
However, more than 84% of  participants expressed difficulty in 
maintaining clean and hygienic practices. Additionally, over half  of  
the respondents admitted to smoking or chewing gum while at work.

 In the present study, we found that 66.7% of  butcher house 
workers had undergone job-related medical tests, which agrees with 
a study conducted by Igbinosa31.

 The overall prevalence of  Salmonella was found to be 

20.5%. Out of  224 goat meat and environmental swab samples ex-
amined, the prevalence of  Salmonella was 20.08%, 31.6%, 22.2%, 
19.6% and 15.8% for goat meat swabs, cutting board swabs, knife 
swabs, hand swabs, and hook swabs, respectively. These results were 
consistent with a report by Weldo et al19 which found a Salmonella 
prevalence of  17.7% in goat carcass swabs in Dire Dawa. The study 
highlights a high occurrence of  Salmonella in raw goat meat sold in 
the butcher houses, indicating a significant level of  contamination in 
the town. The presence of  Salmonella in the raw goat meat suggests 
poor hygienic practices during the processing stage by the goat meat 
handlers. Lack of  utensil sterilization and failure to maintain clean 
working surfaces might have led to contamination, as Alemu et al32 
reported.

 The current study’s finding of  a 20.5% prevalence of  Sal-
monella in goat meat is lower than a study in Nigeria,15 which report-
ed a prevalence of  24.2% in goat meat. However, it is higher than the 
60% prevalence reported in Tanzania.19 Additionally, the prevalence 
of  Salmonella determined in this study is higher than in other Ethio-
pian studies,27,31,33-35 where the prevalence ranged from 3.33-11.7% in 
goat carcass swabs. This variation could be attributed to differences 
in the hygienic and sanitary procedures used. Moreover, the lack of  
training on hygiene and sanitation for butcher house workers and 
their inadequate knowledge about hygienic meat processing contrib-
ute to the high contamination of  carcasses. In Ethiopia, where many 
people prefer raw or undercooked meat,32 Salmonella contamination 
in carcasses poses specific public health implications.

 Regarding environmental samples, the prevalence of  Sal-
monella was 31.6%, 19.6%, 22.2% and 15.8% for cutting board 
swabs, hand swab samples, knife swabs, and hook swab samples, 
respectively. The high prevalence of  Salmonella from cutting board 
swabs suggests significant contamination, possibly due to the use 
of  a single cutting board for carcasses and offal by over half  of  the 
butcher houses. Poor handling of  carcasses, hygiene issues among 
personnel, and contamination during handling and cutting board 
washing might also add to the contamination problem, echoing’s35 
findings, even though hook swab samples showed less prevalence.

 The study also measured the average loads of  Salmonella 
on different samples. The results revealed that the highest average 
viable count of  Salmonella was obtained from meat swab samples 
taken from butcher houses (6.88×105 cfu/mL), followed by cutting 
board swab samples (6.51×105 cfu/mL), while the lowest average 
load of  Salmonella was found in hook swab samples. In comparison, 
the findings of  the current study are higher than the 9.1×102 cfu/g to 
1.07×104 cfu/g viable count of  Salmonella reported from goat meat 
in Uyo Metropolis, Akwa Ibom State, Nigeria.23 This variation may 
be attributed to various hygienic and sanitary practices. The study 
found no appreciable difference in the load of  Salmonella between 
the backyard and butcher house environmental samples, indicating 
that all sampled areas were contaminated due to inadequate hygienic 
practices by the goat meat handlers during the processing stage.

CONCLUSION

The current study discovered a high load and prevalence of  Salmo-
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nella in goat meat, pointing to inadequate hygienic standards and 
improper meat handling procedures in the butcher shops. Cutting 
boards, hooks, knives, and staff  hands in these establishments were 
probably where the contamination first started. As a result, if  these 
problems are not resolved, goat meat that is sold to consumers could 
end up being a major source of  Salmonellosis. 

RECOMMENDATIONS

Based on the above conclusions, the following recommendations 
were made:

• Training programs: Implement training programs to educate goat 
meat handlers about best practices in handling, personnel hygiene, 
and processing meat. Increasing awareness among butcher work-
ers and the wider community about zoonotic diseases transmitted 
through consuming uninspected goat meat is crucial.
• Sanitation and hygiene: Enforce strict sanitation and hygienic 
practices in all sampled areas to reduce bacterial loads and mini-
mize the risk of  contamination.
 
ETHICAL APPROVAL AND CONSENT TO PARTICIPATE

The College of  Veterinary Medicine’s Veterinary Public Health De-
partment at Haramaya University, Ethiopia, approved the current 
research protocol. Ethical clearance was waived due to the minimal 
involvement of  humans and animal subjects, ensuring compliance 
with ethical considerations.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of  interest.

REFERENCES

1. Girma G. Prevalence, antibiogram and growth potential of  Sal-
monella and Shigella in Ethiopia: Implications for public health: A 
review. Research Journal of  Microbiology. 2015; 10(7): 288-307.

2. Abebe E, Gugsa G, Ahmed M, et al. Occurrence and antimi-
crobial resistance pattern of  E. coli O157: H7 isolated from foods 
of  Bovine origin in Dessie and Kombolcha towns, Ethiopia. 
PLoS Negl Trop Dis. 2023; 17(1): e0010706. doi: 10.1371/journal.
pntd.0010706

3. Jerie S, Matunhira K. Occupational safety and health hazards 
associated with the slaughtering and meat processing industry in 
urban areas of  Zimbabwe: A case study of  the Gweru city Mu-
nicipal Abattoir. Ghana Journal of  Geography. 2022; 14(1): 22-40. doi: 
10.4314/gjg.v14i1.2

4. Gallo M, Ferrara L, Calogero A, Montesano D, Naviglio D. 
Relationships between food and diseases: What to know to en-
sure food safety. Food Res Int. 2020; 137; 109414. doi: 10.1016/j.
foodres.2020.109414

5. Anuchatkitcharoen C, Numee S, Bender J, Awaiwanont N, In-
tanon M. Prevalence and antimicrobial resistance of  Salmonella 
isolated from backyard pigs in Chiang Mai, Thailand. Veterinary In-
tegrative Sciences. 2020; 18(3): 193-204. 

6. Esmaeili H, Rahmani HK. Detection of  carriers in sheep and 
goat flocks of  Bushehr and Lorestan Provinces. Iran J Med Bacteriol. 
2016; 5(3-4): 50-53.

7. Bantawa K, Sah SN, Limbu DS, Subba P, Ghimire A. Antibiotic 
resistance patterns of  Staphylococcus aureus, Escherichia coli, Sal-
monella, Shigella and Vibrio isolated from chicken, pork, buffalo 
and goat meat in eastern Nepal. BMC Res Notes. 2019; 12(1): 766. 
doi: 10.1186/s13104-019-4798-7

8. Economou V, Gousia P. Agriculture and food animals as a 
source of  antimicrobial-resistant bacteria. Infect Drug Resist. 2015; 
8: 49-61. doi: 10.2147/IDR.S55778 

9. Chotinan S, Tadee P. Epidemiological survey of  S. Enteritidis-
pulsotypes from Salmonellosis outbreak in Chiang Mai and Sam-
utSongkhram provinces, Thailand. Chiang Mai Vet J. 2015; 13(2): 
73-80.

10. Musa Z, Onyilokwu SA, Jauro S, Yakubu C, Musa JA, Occur-
rence of  Salmonellain ruminants and camel meat in Maiduguri, 
Nigeria and their antibiotic resistant pattern. J. Adv. Vet. Anim. Res. 
2017; 4(3): 227-233. doi: 10.5455/javar.2017.d215

11. Mathole MA, Muchadeyi FC, Mdladla K, Malatji DP, Dzomba 
EF, Madoroba E. Presence, distribution, serotype and antimicrobi-
al resistance profiles of  Salmonellaamong pigs, chickens and goats 
in South Africa. Food Control. 2017; 72: 219-224. doi: 10.1016/j.
foodcont.2016.05.006

12. Ashton PM, Nair S, Peters TM, et al. Identification of  Salmo-
nella for public health surveillance using whole genome sequenc-
ing. PeerJ. 2016; 4: e1752. doi: 10.7717/peerj.1752 

13. Lee KM, Runyon M, Herrmanm TJ, Phillips R, Hsieh J. Re-
view of  Salmonelladetection and identification methods: Aspects 
of  rapid emergency response and food safety. Food Control. 2015; 
47: 264-276. doi: 10.1016/j.foodcont.2014.07.011

14. Mooijman KA, Pielaat A, Kuijpers AFA. Validation of  EN ISO 
6579-1 - Microbiology of  the food chain-horizontal method for 
the detection, enumeration and serotyping of  Salmonella - Part 1: 
Detection of  Salmonella spp. Int J Food Microbiol. 2019; 288: 3-12. 
doi: 10.1016/j.ijfoodmicro.2018.03.022

15. Jajere SM, Adamu NB, Atsanda NN, et al. Prevalence and an-
timicrobial resistance profiles of  Salmonella isolates in apparently 
slaughtered food animals at Maiduguri central abattoir, Nigeria. 
Asian Pac J Trop Dis. 2016; 5(12): 996-1000. doi: 10.1016/S2222-
1808(15)60971-9

16. Abdi RD, Mengstie F, Beyi AF, et al. Determination of  the 

http://dx.doi.org/10.17140/VMOJ-8-174
http://doi.org/10.1371/journal.pntd.0010706
http://doi.org/10.1371/journal.pntd.0010706
http://doi.org/10.4314/gjg.v14i1.2
http://doi.org/10.1016/j.foodres.2020.109414
http://doi.org/10.1016/j.foodres.2020.109414
http://doi.org/10.1186/s13104-019-4798-7
http://doi.org/10.2147/IDR.S55778
http://doi.org/10.5455/javar.2017.d215
http://doi.org/10.1016/j.foodcont.2016.05.006
http://doi.org/10.1016/j.foodcont.2016.05.006
http://doi.org/10.7717/peerj.1752
http://doi.org/10.1016/j.foodcont.2014.07.011
http://doi.org/10.1016/j.ijfoodmicro.2018.03.022
http://doi.org/10.1016/S2222-1808(15)60971-9
http://doi.org/10.1016/S2222-1808(15)60971-9


Mumed BA, et al

Vet Med Open J. 2023; 8(1): 29-37. doi: 10.17140/VMOJ-8-174

sources and antimicrobial resistance patterns of  Salmonella iso-
lated from the poultry industry in Southern Ethiopia. BMC Infect 
Dis. 2017; 17: 352. doi: 10.1186/s12879-017-2437-2 

17. Bekele F, Lulu D. Detection of  salmonella in HaramayaUni-
vesity slaughter house and assessment of  hygienic practice among 
slaughterhouse workers, Haramaya, Ethiopia. Journal of  Health, 
Medicine and Nursing. 2017; 44(10): 13-22. 

18. Meta Woreda Agricultural Natural Resources Office. 2021.

19. Weldo BF, Disassa F, Feleke A, Tadesse G, Moje N. Prevalence 
and antimicrobial susceptibility of  Salmonellaisolates from appar-
ently health slaughtered goats at Dire Dawa municipal abattoir, 
Eastern, Ethiopia. Journal of  Microbiology and Antimicrobials. 2015; 
7(1): 1-5. doi: 10.5897/JMA2014.0331

20. Thrusfield M. Veterinary Epidemiology. 3rd ed. Oxford, UK: 
Blackwell Science Ltd., 2007: 38. 

21. Techasaensiri C, Radhakrishnan A, Als D, Thisyakorn U. Ty-
phoidal Salmonella trends in Thailand. Am J Trop Med Hyg. 2018; 
99(3_Suppl): 64-71. doi: 10.4269/ajtmh.18-0046

22. International Organization for Standardization (ISO), ISO-
6579:2002. Microbiology of  food and animal feeding stuffs: 
Horizontal method for the detection of  Salmonella spp. 2002-07. 
511-525. Website. https://www.iso.org/standard/29315.html. Ac-
cessed July 17, 2023.

23. Ajulo HO, Ajulo MO, Udo Ekereumoh NSE. Isolation and 
identification of  Salmonella and escherichia coli from raw goat 
meat in Uyo Metropolis, Akwaibom State. Asian Food Science Journal. 
2020; 14(4): 50-60. doi: 10.9734/afsj/2020/v14i430138

24. Odoch T, Wasteson Y, L’Abée-Lund T, et al. Prevalence, an-
timicrobial susceptibility and risk factors associated with non-ty-
phoidal Salmonella on Ugandan layer hen farms. BMC Vet Res. 
2017; 13(1): 365. doi: 10.1186/s12917-017-1291-1 

25. Eguale T. Non-typhoidal Salmonella serovars in poultry farms 
in central Ethiopia: Prevalence and antimicrobial resistance. BMC 
Vet Res. 2018; 14(1): 217. doi: 10.1186/s12917-018-1539-4

26. Garedew L, Hagos Z, Addis Z, Tesfaye R, Zegeye B. Preva-
lence and antimicrobial susceptibility patterns of  Salmonella iso-
lates in association with hygienic status from butcher shops in 

Gondar town, Ethiopia. Antimicrob Resist Infect Control. 2015; 4: 21. 
doi: 10.1186/s13756-015-0062-7

27. Abunna F, Ashenafi D, Beyene T, Ayana D, Mamo B, Duguma 
R. Isolation, identification and antimicrobial susceptibility profiles 
of  Salmonella isolates from dairy farms in and around Modjo 
town, Ethiopia. Ethiopian Veterinary Journal. 2017; 21(2): 92-108. 
doi: 10.4314/evj.v21i2.7 

28. Alves A, Viveiros C, Lopes J, Nogueira A, Pires B, Afonso 
AF. Microbiological contamination in different food service units 
associated with food handling. Appl Sci. 2021; 11(16): 7241. doi: 
10.3390/app11167241

29. Essa AO. Isolation, identification, antimicrobial susceptibility 
test of  Salmonella on small ruminants meat at Sheikh Abattoir, So-
maliland. International Journal of  Social Science and Humanities Research. 
2018; 6(4): 1086-1103.

30. Blecha J. Regulating backyard slaughter: Strategies and gaps 
in municipal livestock ordinances. Journal of  Agriculture, Food Sys-
tems, and Community Development. 2015; 6(1): 33-48. doi: 10.5304/
jafscd.2015.061.011

31. Igbinosa IH. Prevalence and detection of  antibiotic-resistant 
determinant in Salmonella isolated from food-producing animals.
Trop Anim Health Prod. 2015; 47(1): 37-43. doi: 10.1007/s11250-
014-0680-8 

32. Alemu A, Addis M, Degefu H. Identification, antimicrobial 
resistance pattern and community knowledge, attitude and prac-
tices of  Salmonella in Mizan Town, Ethiopia: Cross sectional 
study. Health Science Journal. 2020; 14(7): 779. doi: 10.36648/1791-
809X.14.7.779

33. Tadesse G, Tessema TS. A meta-analysis of  the prevalence of  
Salmonella in food animals in Ethiopia. BMC Microbiol. 2014; 14(1): 
270. doi: 10.1186/s12866-014-0270-y 

34. Tadesse G, Gebremedhin EZ. Prevalence of  Salmonella in raw 
animal products in Ethiopia: A meta-analysis. BMC Res Notes. 2015; 
8(1): 163. doi: 10.1186/s13104-015-1127-7 

35. Kuma F, Lakew M, Koran T, et al. A cross sectional study on 
Salmonella in apparently healthy sheep and goats slaughtered at Elf-
ora and Luna export abattoirs, Ethiopia. African Journal of  Microbiol-
ogy Research. 2017; 11(13): 530-536. doi: 10.5897/AJMR2017.8449

37Original Research | Volume 8 | Issue 1 |

Submit your article to this journal | https://openventio.org/submit-manuscript/

http://dx.doi.org/10.17140/VMOJ-8-174
http://doi.org/10.1186/s12879-017-2437-2 
http://doi.org/10.5897/JMA2014.0331
http://doi.org/10.4269/ajtmh.18-0046
https://www.iso.org/standard/29315.html
http://doi.org/10.9734/afsj/2020/v14i430138
http://doi.org/10.1186/s12917-017-1291-1
http://doi.org/10.1186/s12917-018-1539-4
http://doi.org/10.1186/s13756-015-0062-7
http://doi.org/10.4314/evj.v21i2.7
http://doi.org/10.3390/app11167241
http://doi.org/10.5304/jafscd.2015.061.011
http://doi.org/10.5304/jafscd.2015.061.011
http://doi.org/10.1007/s11250-014-0680-8
http://doi.org/10.1007/s11250-014-0680-8
http://doi.org/10.36648/1791-809X.14.7.779
http://doi.org/10.36648/1791-809X.14.7.779
http://doi.org/10.1186/s12866-014-0270-y
http://doi.org/10.1186/s13104-015-1127-7
http://doi.org/10.5897/AJMR2017.8449

	Type of Article
	Article Title
	Authors Details
	Corresponding Author
	Article Information
	Cite this Article
	ABSTRACT
	Aim
	Methods
	Results
	Conclusion
	Keywords

	INTRODUCTION
	MATERIALS AND METHODS
	Study Area
	Figure 1

	Study Design
	Sample Size Determination and Sampling Techniques
	Sample Collection and Transportation
	Carcass swab sampling
	Environmental sampling

	Questionnaire Survey and Observation
	Laboratory Analysis Methods
	Isolation and identification of Salmonella
	Biochemical identification
	Enumeration of Salmonella

	Data Management Analysis

	RESULTS
	Prevalence of Salmonella
	Table 1

	Load of Salmonella Detected
	Table 2

	Questionnaire and Observation Survey
	Socio-demographic characteristics of respondents
	The knowledge, attitude, and practices of butcher house workers
	Table 3


	Butchers Observational Survey

	DISCUSSION
	CONCLUSION
	RECOMMENDATIONS
	Training programs
	Sanitation and hygiene

	ETHICAL APPROVAL AND CONSENT TO PARTICIPATE
	CONFLICTS OF INTEREST
	REFERENCES
	Submit your article to this journal

