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Abstract
Foodborne illnesses are a major public health concern, and meat products are one of the most common 
sources of contamination. Handling and processing raw meat in restaurants can increase the risk of 
foodborne illnesses if the correct hygiene and safety measures are not followed. Consequently, it is 
important to conduct a comprehensive assessment of foodborne illness-causing microorganisms to 
monitor the food safety practices in restaurants and prevent the spread of contamination, protecting 
public health and ensuring the safety of the food supply chain. In view of this, this study conducted 
an assessment of local restaurants to identify the prevalence of different foodborne illness-causing 
microorganisms. A total of 63 samples were collected aseptically using cotton swabs from restaurants 
in 9 different locations in Al-Mandaq City, Saudi Arabia (7 samples from each location). Klebsiella 
aerogenes (K. aerogenes), Salmonella spp., Shigella spp., Staphylococcus aureus (S. aureus), 
Staphylococcus epidermidis (S. epidermidis) and Escherichia coli (E. coli) were isolated and identified 
from each sample using different media. From 63 samples, 91 isolates of pathogenic bacteria were 
isolated from 9 restaurants. Higher prevalence was found in location 7, where the number of isolates 
was 17, while the lowest pathogenic load was observed in location 2, where the number of isolates 
was 8. Among the samples, the highest number of pathogenic isolates was observed in raw foods (22), 
followed by samples collected from the tools (18). Of the 109 bacterial counts, S. aureus contributed 
43.12%, followed by S. epidermidis (42.2%), Salmonella spp. (6.42%), and K. aerogenes (4.58%). The 
frequency of E. coli occurrence was low (2.75%) in all the samples collected from the nine locations.
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INTRODUCTION

 Foodborne illnesses are among the 
world’s top concerns in the twenty-first century.1,2 
This issue is more significant in developing 
countries because of inadequate infrastructure 
and low levels of knowledge.3 Animal-derived 
foods intended for human consumption are 
typically the most dangerous if the correct food 
hygiene practices are not followed. In terms of 
pathogen matters, organic poisons, many potential 
pollutants, contaminants, and animal goods – 
including meats, fish, and their products – are 
typically classified as high-risk commodities.4 
Enterohemorrhagic Escherichia coli (E. coli) O157 
is one of the main pathogenic bacteria frequently 
linked to foods of animal origin. Hemolytic-
uremic syndrome (HUS) and/or severe diarrhea 
are also possible outcomes of this pathogen’s 
asymptomatic disease in individuals.5-6 E. coli O157 
infections in humans have primarily been linked 
to ingesting tainted, inadequately cooked minced 
beef and unpasteurized cow’s milk. Restaurants 
and butcher shops are regularly blamed for human 
infections caused by E. coli O157.7

 Clostridium, Staphylococcus, Salmonella, 
Bacillus, Moraxella spp., Campylobacter, Listeria, 
Pseudomonas spp., lactic acid bacteria, and 
Acinetobacter spp. are the most prevalent genera 
of meat pathogenic bacteria.8 and can result 
in discoloration, foul odors, and slime on beef 
surfaces. Cladosporium, Geotrichum, Penicillium, 
and Mucor are some of the mold and yeast species 
that can be detected in meat, along with Candida 
and Cryptococcus species.9 During preparation 
and/or slaughter, the meat may have picked up 
pathogens. Most of the infecting organisms come 
from animal excrement and hide. Food of animal 
origin, including meats, fish, and their products, 
particularly when consumed uncooked, are 
typically viewed as high-risk foods.10-11

 Meat serves as the primary source of 
protein and critical vitamins for most individuals 
in many parts of the world, and these are 
necessary for daily activities and the development, 
maintenance, and repair of body cells.12 Despite its 
nutritional content, fresh meat is quite susceptible 
to contamination. Consuming contaminated 
food might result in hospitalization, mild to 
severe disease, or death.5 Previous research from 

emerging and established nations has shown that 
foodborne illnesses might affect at least 10% of 
the population.13

 Compared to other foodborne infections, 
the prevalence of Salmonella is still very high and 
has not decreased in over ten years.14 Salmonella 
is a primary contributor to several cases of 
foodborne illness and is occasionally one of the 
pathogens with the highest rates of morbidity and 
fatality.15

 Numerous studies have shown that 
bacteria can adhere to stainless steel and 
other surfaces that come into contact with 
meat.16 Listeria monocytogenes has the highest 
hospitalization rates of all known foodborne 
pathogens and can potentially cause a severe and 
even fatal illness.17 Moreover, its attachment to 
processing equipment and the environment can 
cause critical issues. 
 Water activity and an ideal pH for fresh 
meat are considered to be key factors in the 
growth of microorganisms. Meat is therefore 
regarded as a food that spoils quickly.18 Cross-
contamination between meat products and raw 
meats happens on butcher shop surfaces, as 
well as during processing, preparation, handling, 
and supplying afterward.19 Unsanitary handling 
techniques, the use of contaminated water 
and blades and other cutting equipment during 
cutting operations, and infectious panels to exhibit 
meat destined for sale lead to meat poisoning at 
slaughterhouses and retail meat shops. Knives, 
weighing scales, and wooden boards from retail 
stores can be contaminated with germs, especially 
those of the Shigella and Staphylococcus aureus 
(S. aureus) species.20

 Meat bacterial counts are utilized as a 
reliable estimate of how hygienic meat is. Meat 
with a high bacterial load results from poor 
slaughterhouse infrastructure, filthy animals, 
and careless handling of carcasses. Therefore, 
evaluating the bacterial load can determine 
the threat to individual well-being.21 Many 
nations have advocated using sanitary and value 
management procedures for red meat and 
its products, particularly in food-serving. The 
environment in the butcher’s and abattoir areas 
can act as a health hazard if there is not sufficient 
hygiene control.20,22
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 The methods of managing and handling 
meat used in various restaurants might give rise 
to the possibility of a large number of spoilage 
germs easily growing on it and causing spoiling 
and foodborne illness. Therefore, it is important 
to evaluate the meat’s microbiological quality to 
develop sanitary procedures that can be utilized 
in butcheries to reduce the risk of contracting a 
foodborne illness from consuming tainted goods.10 
Moreover, it is considered that water plays a crucial 
role in food safety in restaurants and industries. 
Water can be used to wash working surfaces, 
carcasses, equipment, employees’ hands, blood off 
meat, and much more. The characteristics of the 
water applied in meat processing in restaurants 
also have a significant role in preventing or 
increasing meat contamination.23

 No similar data has been provided 
concerning the evaluation of meat safety practices, 
meat-related illnesses, and the microbiological 
load of meat cutter surfaces in Al-Mandaq City’s 
restaurants. This might make it more difficult 
for the government to implement policies that 
accurately address the adverse effects of meat 
infection issues on general health.24 In light of this, 
this study aimed to establish the needed database 
regarding the potential prevalence of different 
pathogenic bacteria in restaurants in Al Mandaq 
City, Saudi Arabia.

MATERIALS AND METHODS

Sample collection
 Abiotic and biotic samples were collected 
from raw food (shish tawook, chicken kebob), 
cooked food (shish tawook, chicken kebob, fries), 
preparation area, tools (knife, tweezers, board), 
hands, fridge, and cashier in restaurants in 
different locations in Al Mandaq City, which is in 
the southwestern region of Saudi Arabia. A total 
of 63 samples were collected aseptically using 
cotton swabs from 9 restaurants (7 samples from 
each location). Collected samples were stored in 
an icebox and transferred to the lab in sterilized 
containers. 

Isolation and identification of bacterial strains
 Swab streaking was done on various 
media following the protocol of Melebari et al.22 
The media used were Eosin methylene blue (EMB) 

agar, HiCrome Staph Selective Agar, MacConkey 
agar, and blood agar, and they were incubated 
for 24 hours at 37°C. Morphologically distinct 
colonies were selected and purified after 24 hours 
of incubation. E. coli strains were identified using 
an EMB medium by producing a metallic sheen. 
Staphylococcus epidermidis (S. epidermis) and 
S. aureus were identified using HiCrome Staph 
Selective Agar. S. epidermidis and S. aureus were 
identified, based on the production of blue and 
green colonies on the media. Shigella spp. and 
Salmonella spp. were identified on Salmonella-
Shigella agar. 

Basic confirmation tests
 As basic confirmation tests, catalase 
activity was tested, and gram staining of isolated 
strains was performed. The protocol of Smith 
and Hussey25 was used to perform gram staining. 
The catalase activity of the isolated strains was 
tested on the bacterium colony with 3% H2O2, 
and bubble formation was observed. The isolated 
strains’ hemolytic potential was tested on blood 
agar (nutrient agar + 10% sheep blood). Pathogens 
were streaked on blood agar and incubated for 24 
hours at 37oC. The clear zone and color of colonies 
were used to check for hemolysis.

Statistical analysis
 Data was represented using percentages 
and frequencies. SPSS 26 was used to analyze 
the data statistically. The Chi-square test was 
performed to compare the groups, and the 
significant impact was assessed at the 95% 
confidence interval (a = 5%) (Table 2 and 3).

RESULTS 

 The bacteria isolated from nine different 
restaurants were characterized and confirmed by 
gram staining, catalase, and hemolytic potential 
of the isolated strains. Table 1 shows that the 
Staphylococcus species are gram-negative, 
whereas all the other characterized strains are 
gram-positive. Only Klebsiella aerogenes (K. 
aerogenes) is catalase positive among the isolated 
bacterial strains, while the rest are negative. All 
the strains showed hemolytic activity except 
Salmonella spp.
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Prevalence of pathogens
 Statist ical  analysis performed to 
determine the association between the presence 
of pathogens in different locations showed that 
there was a significant correlation between the 
location of the restaurant and K. aerogenes, 
Salmonella spp., S. aureus, and S. epidermidis, 
where it was observed that the p-value was 
greater than 0.05. A non-significant correlation 
was observed in Shigella spp. and E. coli, where it 
was observed that the p-value was greater than 
0.05 ( Table 2). Pearson correlation of pathogens 
observed and sample type – raw food, cooked 
food, preparation area, tools (knife, tweezers, 

Figure 1. No. of bacteria from nine locations in Al-Mandaq City, Saudi Arabia

Figure 2. No. of bacteria isolated from different tools

Table 1. Characterization of the isolated pathogens 
from different locations in Al-Mandaq City, Saudi Arabia

Strain Gram Catalase Hemolytic
 staining   activity

K. aerogenes - - +
S. aureus + + +
S. epidermidis + + +
Salmonella spp. - + -
Shigella spp. - + +
E. coli - + +
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board), hands, fridge, and cashier – showed 
that there was no significant association (p > 
0.05) except Salmonella spp., where a significant 
association was observed (p < 0.05).
 A total of 109 bacterial strains were 
isolated from 9 restaurants in Al-Mandaq City, 
Saudi Arabia. Among all the tools used, the highest 
number of pathogenic isolates was observed for 
location 7, where the total number of pathogens 
was 17, followed by location 9, where the number 
was 15. The same number of pathogens (14) was 
observed for location 1 and location 3. Similarly, 
for location 5 and location 6, an equal number of 
pathogens (11) was observed. A smaller number 
of pathogens (8) was recovered from location 2 
(Figure 1).

 The highest number of pathogens was 
recovered from raw foods (22), followed by tool 
samples (18). An equal load of pathogens was 
isolated from hands and cashier samples (17 each). 
The number of pathogens in the cooked food 
was relatively low (10) compared to the number 
of pathogens isolated from the other samples  
(Figure 2). 
 From 7 sources of each location, a total 
of 109 pathogens were isolated. From raw food, 
22 pathogens were recovered, among which the 
most prevalent was S. epidermidis with 8 isolates, 
followed by S. aureus (n = 7) and Salmonella spp. 
(n = 3). Both K. aerogenes and Shigella spp. were 
isolated only once each. Furthermore, only S. 

Figure 3. No. of each pathogen type isolated from all locations

Figure 4. Prevalence of pathogenic bacteria isolated from different locations in Al-Mandaq City, Saudi Arabia
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aureus (n = 5) and S. epidermidis (n = 5) were 
recovered from cooked food. K. aerogenes was 
found in the preparation area (n = 1), while there 
was a greater abundance of S. aureus (n = 5) 
and S. epidermidis (n = 5) compared to the rest 
of the pathogens. From tools, K. aerogenes and 
Salmonella spp. were found in equal isolations 
(n = 2), whereas Shigella spp. was not observed. 
The highest number of isolations (n = 7) of S. 
epidermidis was observed from all the locations, 
followed by S. aureus (n = 6). No Salmonella 
spp. and Shigella spp. were observed from the 
hands. However, the highest number of S. aureus 
isolates was 9, and these were isolated from all the 
locations collectively. There were no K. aerogenes, 
Salmonella spp., E. coli, or Shigella spp. from the 
samples collected from the fridge. However, the 
number of S. aureus and S. epidermidis isolates 
(7 isolates) was found to be higher than that of 
the other pathogens. From cashier samples, S. 
aureus was found to be the pathogen with the 
highest number of isolates (8 isolates), followed 
by S. epidermidis (7 isolates), and there were no 
isolations of K. aerogenes, E. coli, or Shigella spp. 
(Figure 3). Figure 4 summarizes the percentage 
prevalence of the characterized pathogens. Of 
the 109 bacterial counts, S. aureus contributed 
43.12%, followed by S. epidermidis (42.2%), 
Salmonella spp. (6.42%), and K. aerogenes (4.58%). 
The frequency of E. coli occurrence was very low 
(2.75%) in all the samples collected from the nine 
locations. 

DISCUSSION

 It has been shown that there is a daily 
increase in the prevalence of foodborne infections. 
Foodborne illnesses continue to be a major health 
concern for people worldwide and pose a threat to 
communities, the food industry, and individuals.26 

Foodborne bacterial infections can be caused 
by the consumption of both raw and prepared 
foods/cooked foods; even ready-to-eat foods 
may be a source. A study conducted by Alharbi et 
al.27 revealed the isolation of pathogenic bacteria 
(Klebsiella pneumoniae, E. coli, S. aureus, and 
Bacillus cereus (B. cereus) from ready-to-eat foods.
 According to Kirk et al., the most common 
bacterial pathogens that might cause foodborne 
diseases are Salmonella spp., E. coli, S. aureus, S. 

epidermidis, Campylobacter spp., and B. cereus.28 

In general, foodborne infections are linked with 
gastroenteritis, which may be mild to acute in 
terms of severity.22 These infections produce 
symptoms such as diarrhea, nausea, and vomiting, 
which disturb various physiological functions by 
affecting the body’s main systems, including the 
cardiovascular, respiratory, musculoskeletal, and 
immune systems.29

 The present study describes the 
prevalence of pathogenic bacteria isolated from 
restaurants in Al-Mandaq City, Saudi Arabia. It is 
clear from Figure 2 that most of the pathogens 
were isolated from raw food samples. This may 
be due to the contamination during transportation 
and processing,30 particularly the processing of 
meat, which can be easily contaminated by the 
tools used during cutting and preparation.31 The 
results of our study are consistent with the findings 
of Bantawa et al., who reported the isolation of S. 
aureus, Salmonella spp., and Shigella spp. from raw 
foods.32 In cooked food, the rate of the existence 
of S. aureus and S. epidermidis was alarmingly 
high, as 83.32% of samples were positive, and 
these were the most common pathogens found 
in all samples. It is well known that S. aureus 
and S. epidermidis can be destroyed by heat.33 In 
the current study, the possible reason for their 
presence in cooked food is the contaminated 
surface that comes in contact with cooked foods, 
naked hands, or other contaminated tools.34

 Salmonella spp. was isolated in 6.42% 
of samples from raw food, cashier, and the tools 
used for cutting and processing (Figure 4). With 
a slight variation, our results align with those 
of Arumugaswamy et al.,35 who reported the 
presence of Salmonella spp. in samples from raw 
foods and cooked foods, whereas in our study, 
we did not observe the presence of this pathogen 
in cooked food. Shigella spp. was recovered only 
from raw food in 1% of all the samples collected 
from all the locations. Shigellosis is a worldwide 
public health issue caused by members of the 
genus Shigella. Previous studies have focused on 
human gastrointestinal pathogens but ignored 
animal groups. Shigella spp. infects and causes 
clinical symptoms in animals, and these animals 
act as a source of Shigella spp.36

 The  second h ighest  pathogenic 
population was observed in the tools (Figure 2), 
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such as knives, cutting boards, gloves, storage, 
and other instruments used to process foods, 
which are potential sources of contamination. 
Gurmu and Gebretinsae reported that this high 
load of pathogenic bacteria might be due to the 
persistence of the pathogens on the surface of 
these tools.17 It should also be noted that either 
the workers or their clothing may be the source 
of contamination.20 In our study, we only isolated 
K. aerogenes from raw foods, food preparation 
areas, tools, and hands of the workers. Klebsiella 
species are found in soil, water, and food sources, 
as well as on the mucosal surfaces of mammals.37

 With a slight variation, our results align 
with the findings of Hemalata and Virupakshaiah,38 
who reported the isolation of pathogenic 
populations from different food sources, among 
which the highest prevalence was observed for 
Pseudomonas (23%), followed by S. aureus (22%), 
Salmonella spp. (21%), E. coli (22.32%), and 
Klebsiella spp. (9%). The contradiction with this 
study is that we found a very low E. coli population 
(2.75%) from all the samples. It is concluded that 
either the environment was unsuitable for E. coli, 
there was no cross-contamination, or the water 
served in the restaurant was E. coli-free since 
one of the main sources of E. coli contamination 
is water.39 In another study, it was found that 
Salmonella species, C. perfringens, S. aureus, and 
other foodborne pathogenic bacterial species are 
frequently present in foods.40

CONCLUSION

 Six types of pathogens with various 
frequencies were isolated from nine different 
restaurants in Al-Mandaq City, Saudi Arabia. 
Of all the restaurants, the bacterial load was 
highest in location 7, and raw food samples were 
more contaminated than the others. The most 
abundant pathogens were S. aureus (43.12%) and 
S. epidermidis (42.2%), and the least abundant 
pathogen was Shigella spp. 
 Utilization of such contaminated foods, 
particularly cooked food, is a dilemma for the 
people of the city that should be addressed with 
proper checks and balances by the government. 
Future studies must include other advanced 
techniques such as antimicrobial susceptibility 
testing and molecular identification of all the 

isolated strain-based 16S rRNA genes to determine 
the exact characterizations and prevalence of 
various pathogens. 
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