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 ABSTRACT 

           This study was conducted to determine the total number of viable bacteria 

and to assess microbial contamination in shawarma sandwich samples from 10 

restaurants in Dohuk city. A total of 100 shawarma samples were collected from 

these restaurants, with five open and five closed establishments. Results revealed 

that the shawarma samples, restaurant buildings, equipment, and employees were 

contaminated with overall viable microbial counts. E. coli, Staphylococcus, 

Salmonella, and fungi were present in the shawarma samples at levels above 

acceptable standards for human consumption, except for samples from restaurant 

F2, which showed no contamination. Microbial counts were at log 5.30, 0.0, 4.5, 

0.0, and 0.0 CFU/g, respectively. Identification of the microbial isolates indicated 

that the shawarma samples contained different bacterial and yeast species; after 

morphological, microscopic, and biochemical characterization, these were 

identified as Staphylococcus sp., Salmonella sp., E. coli, Klebsiella sp., and 

Pseudomonas sp.  

The results concluded that the shawarma samples from the restaurants were 

contaminated with various microorganisms at levels not permitted for human 

consumption. Contamination from restaurant buildings, equipment, and employees 

was also found to have a significant effect on increasing contamination levels in 

Shawarma samples. 
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التشخيص والتعذاد لأنواع الميكروبات الملوثة لعينات سانذويشات الشاورما في مطاعم 

دهوكمختلفة في مذينة   
كركس محمذ ثلح

1 
نازك مصطفى سلمان و

2
 

1
 قسٌ عيىً الأغزيت، مييت اىزساعت، خاٍعت حنشيج، حنشيج، اىعشاق.

2
 دهىك، دهىك، اىعشاق. قسٌ عيىً الإّخاج اىحيىاّي، مييت عيىً اىهْذست اىزساعيت، خاٍعت

 

 

 الخلاصة 

 ٍذيْت دهىك.ٍطاعٌ اىَيىثت ىعيْاث شطائش اىشاوسٍا في َينشوبيت اىعزلاث اىواعذاد ححذيذ اىعذد اىنيي بهذف أخشيج اىذساست 

اىَخبقيت ٍِ اىْىع خَست الأوه ٍْها خَست ٍفخىحت واىّىعيِ حضَْج ٍطاعٌ  10عيْت شاوسٍا ٍِ  100 ٍِ خلاه خَع

 مَا حٌ حشخيص أّىاع اىعزلاث اىَينشوبيت اىَيىثت ىعيْاث اىشاوسٍا واىَيىثت ىلأخهزة واىعَاه وأخزاء بْايت مو ٍَِغيقت. اى

ىْخائح أُ عيْاث اىشاوسٍا ماّج ٍيىثت باىعذد اىنيي ىيَينشوباث اىحيت ، اىقىىىّيت ، بيْج ااىَطاعٌ اىَعخَذة في اىذساست.  

ىاصفاث اىقياسيت اىَحفىق الاعذاد اىَسَىح بها ىلاسخهلاك اىبششي في اىفطشياث بَعذلاث اىَنىساث اىعْقىديت ، اىساىَىّيلا و

 0.0و  4.5. 0.0،  5.30اعذاد اىَينشوباث في أعلآ بأعذاد ىى اىخي ظهشث  F2 باسخثْاء عيْاث اىشاوسٍا ٍِ ٍطعٌ اىعشاقيت

 عيْاث اىشاوسٍااىَعزوىت واىَيىثت ىىَينشوبيت اىعزلاث ا و.ث.ً./غٌ اىخي ماّج صَِ الاعذاد اىَسَىح بها. حٌ حشخيص

ىصبغت مشاً ومزىل ٍِ أّىاع ساىبت اىَىخبت وباّها ٍِ الأّىاع اى واىَيىثت ىلأخهزة واىعَاه وأخزاء بْايت مو ٍِ اىَطاعٌ

، .Staphylococcus spوحبيِ باّها ٍِ الأّىاع حيىيت، ىبعذ ححذيذ اىخصائص اىَىسفىىىخيت واىَينشوسنىبيت واىنيَ ائشخَاى

Salmonella sp. ،E.coli ،Klebsiella sp. و ، Pseudomonas sp..أُ عيْاث اىشاوسٍا ماّج ٍيىثت بأّىاع  اسخْخح

، مَا اىبششيضَِ اىحذود غيش اىَسَىح بها ىلاسخهلاك حَيزث باّها ٍشضيت وٍسببت ىيخسٌَ وإّها في اعذاد  خْىعتٍينشوبيت ٍ

 .اىَيىد ىعيْاث اىشاوسٍااىَينشوبي َحخىي را علاقت مبيشة اىحبيِ أُ حيىد اىَباّي والأدواث واىعاٍييِ في اىَطاعٌ ماُ 

 ٍحخىي ٍينشوبي ، شاوسٍا ، ٍطاعٌ ، دهىك: الكلمات الافتتاحية

INTRODUCTION 

Recent rapid shifts in the lifestyles of the world's population, especially concerning 

consumption, have led most people, including white-collar workers, laborers, and students, to 

spend much time working away from home. As a result, there's been an increase in the use of 

convenience foods, such as Ready-to-Eat (RTE) meals and other quick options like kebab 

sandwiches. Among the most popular convenience foods are shawarma sandwiches, which 

feature grilled meat known for its tasty flavor and affordability. These sandwiches typically 

contain a variety of ingredients, such as sliced chicken, beef, or lamb, with a fatty taste like chili, 

served alongside green salad and bread (Paiva De Sousa, 2008). Ground beef or chicken is used 

to make shawarma. It is prepared by stacking strips of fat and cubes of seasoned meat on a 

rotating vertical skewer. The outside of the meat is seared, but most of the inside remains 

uncooked. To serve, the beef cubes are thinly sliced, while the remaining meat stays warm on the 

skewers  (Ahmed et al., 2015). 

Foodborne illness is common, costly, and preventable. The CDC estimates that foodborne 

illness makes one in six Americans sick and kills 3,000 people each year. The U.S. Department 

of Agriculture (USDA) estimates that foodborne illness costs the nation more than $15.6 billion 

annually (FSIS, 2023). Shawarma is a significant food category that is particularly vulnerable to 

microbial contamination because it is processed, contains nutrients, and is served and distributed 

in crowded or communal areas that often violate basic grocery store hygiene standards (Cossu et 

al., 2016). Cross-contamination of raw meat, poor personal hygiene, and unclean techniques by 

meat workers and vendors can significantly increase microbial counts in ready-to-eat shawarma. 

Foodborne illness is defined as two or more cases of a similar illness resulting from the 
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consumption of the same food (Elizabeth et al., 2019). This issue poses a threat to human health 

worldwide. It includes a wide range of diseases, including infectious diseases caused by 

pathogenic bacteria and their virulence, mainly due to toxic metabolic chemicals produced by 

these microorganisms. 

Therefore, this study aimed to determine the total viable counts and the species of 

microbial contamination in shawarma samples. Additionally, the building, tools, and staff from 

different restaurants in Duhok City were included. 

 

MATERIALS AND METHODS 

Collection of Samples:  
A total of 100 samples of ready-to-eat shawarma sandwiches and swabs were gathered 

from selected buildings in specific areas, as well as from related equipment used by restaurants 

and staff at 10 fast food restaurants in Duhok City. These restaurants include five that are closed 

and five that are open. Preparation of specimens and swabs was conducted for the isolation and 

identification of microbial species contaminating the samples. The collected samples were 

transferred to ice boxes and immediately transported to the laboratory for analysis under strict 

hygienic conditions  (Roberts and Greenwood, 2008).  

 

Microbial Isolation and A counts:  
Twenty-five grams of each sample were homogenized by mixer for 1.5 minutes in 225 ml 

of sterile diluent of 0.1% peptone. It is mixed well to give a dilution of 10^-1 using a sterile 

pipette. The swab samples were taken from the detected area of the restaurant building and each 

piece of equipment, while the Staff were taking a swab for each person. After that, the swabs 

were dipped in two milliliters of peptone water and then diluted to give a 10^-1 dilution. One 

milliliter of each samples homogenat   n    om             l   on        n         n o   ml o  

             p p on         n              l   ll              
1
    l   on  n       ll    l      o 

      o                l   ll        
2
       

3
       

4
 and from the last diluted was cultured 0.1 ml on 

each plate contains optimal medium as Nutrient agar (NA), S.S. Agar, XLD agar, MacConkey 

agar (MA), Eosin Methylene Blue (EMB) Agar and Mannitol Salt (MSA) Agar by spreading 

method and culturing aerobically at 35 ºC for 24 to 48 hrs. The viable microbial colonies after 

incubation are purified on the same medium (Roberts and Greenwood, 2008). The fungal counts 

were conducted by aseptically transferring 0.1 ml from suitable dilutions of each sample onto the 

solidified Potato-Dextrose Agar. The sample was spread all over the plates using a sterile bent 

glass rod, and then the plates were incubated at 28ºC for 72 hours. Colonies are purified on the 

same medium.  

 

Microbial Identification:  
Bacterial colonies that appeared on each optimal medium, such as Nutrient Agar (NA), 

S.S. Agar, XLD Agar, MacConkey Agar (MA), Eosin Methylene Blue Agar, and Mannitol Salt 

Agar, were obtained from the enumeration of shawarma sandwich samples or swabs. These 

colonies were then subcultured into peptone broth, shaken, and incubated at 37°C for 24 hours. 

A loopful of bacterial growth from the broth was streaked onto each of the same media plates 

and incubated at 37°C for 24 hours. The pure bacterial colonies were identified based on their 

shape, color, and size. Additionally, Gram staining was performed to observe the bacterial cell 

type, shape, and color under a light microscope. After these examinations, the bacterial isolates 
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were tested for oxidase, catalase, and IMViC reactions according to Baker et al. (1985) for gram-

negative isolates. Confirmatory identification of the bacteria was carried out using the Vetik-2 

Compact system. Fungal isolation involved spreading 0.1 ml of the last dilution from each 

sample onto PDA media, followed by incubation at 28±2 °C for 3 to 5 days. Fungal 

identification was conducted based on the key provided by Hospenthal and Rinaldi (2015). 

Microbial isolates were stored in a medium containing 15% glycerol at -20°C. 

Statistical Analysis: The statistical analysis employed the general linear models (GLM) 

procedure (ANOVA) in SAS (Version 9.01; SAS Institute Inc., Cary, NC) to analyze the data 

(SAS, 2001). Significant treatment differences were assessed us ng D nc n’  m l  pl -range test. 

All significance statements are based on a probability level of 0.05. 

 

RESULTS AND DISCUSSION 

The total microbial counts that contaminated ready-to-eat chicken and beef Shawarma 

sandwich samples from opened and closed restaurants in Dohuk City are shown in Table 4.1. 

The results indicated that all Shawarma samples from both open and closed restaurants had 

microbial counts, which ranged significantly (p<0.05) from log 4.47 to 6.25 CFU/g. 

Additionally, it was observed that the opened restaurant had two samples containing coliform 

bacteria, whereas three samples did not. All Shawarma samples from closed restaurants were 

contaminated with coliform bacteria, with counts ranging from 4.2 to 5.8 log CFU/g. 

Staphylococcus sp. was found to contaminate all Shawarma samples from both opened and 

closed restaurants, with counts ranging from log 3.5 to 4.5 CFU/g. Salmonella sp. was also 

present in all Shawarma samples, with counts ranging from log 3.5 to 5.8 CFU/g, except for the 

R2 samples from opened restaurants and R7 from closed restaurants, which did not contain these 

bacteria. Fungal species were not detected in some samples from opened restaurants, specifically 

R2, R3, and R4, while they were found in R1 and R5 at log 4.3 and log 3.6 CFU/g, respectively. 

Additionally, contaminated samples from closed restaurants R6, R7, R8, R9, and R10 showed 

fungal counts of log 3.5, 3.7, 4.3, 4.3, and 4.4 CFU/g, respectively. 

 

Table 1. The microbial total count's log (CFU/ml) contamination of Shawarma samples in 

various restaurants of Duhok city 

The different letters mean significant differences in each column at a probability of 0.05.  ±=Std Error, R1= Marjan, R2= Oscare, R3= Alebaba, 

R4= Ranya, R5= Sultan, R6= Colombiano, R7= Viking, R8= Zynal, R9= Hi, R10= Grand. 

 

Restaurant 

Type 

Restaurant 

Code 

Different Microbial counts log(CFU/g) in contaminated Shawarma 

samples 

Total 

Microbial 
Coliform Staph. sp. Salmonella sp. Fungi sp. 

Opened 

R1 6.27±1.13a 0.0±0.0c 4.3±0.92a 3.8±0.46c 4.3±0.82a 

R2 5.30±0.82cd 0.0±0.0c 4.5±0.95a 0.0±0.0d 0.0±0.0c 

R3 4.47±1.40c 4.2±0.65b 4.4±0.73a 4.0±0.73b 0.0±0.0c 

R4 5.47±1.01c 0.0±0.0c 4.3±0.68a 3.5±0.74c 0.0±0.0c 

R5 4.90±0.79d 4.4±0.62b 4.1±0.77b 4.2±0.59b 3.6±0.59b 

Closed 

R6 5.04±0.90d 4.2±0.83b 4.6±0.83a 4.3±0.85b 3.5±0.62b 

R7 5.80±1.52b 5.8±1.01a 4.0±0.57b 0.0±0.0d 3.7±0.46b 

R8 5.60±0.75c 4.3±0.87b 3.5±0.75c 4.4±0.74b 4.3±0.58a 

R9 5.80±1.20b 5.8±0.91a 4.0±0.83b 4.0±0.95b 4.3±0.74a 

R10 5.90±1.20b 4.4±0.88b 4.5±1.10a 5.8±1.10a 4.4±0.52a 
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The results were in agreement with the previous study of (Ahmed et al., 2015), who is 

ensuring the contamination of Shawarma samples with various microbial species. The 

contamination of Shawarma samples by different microbes is attributed to the failure to apply 

health conditions during the handling and cleaning of raw materials and the preparation of 

Shawarma, resulting in final samples that are not thoroughly cleaned and are not optimal for 

consumption. Moreover, the results showed that the fungal species were contaminated in all 

Shawarma samples of closed restaurants. In contrast, 3 of 5 samples of opened restaurants were 

not contaminated, which may be attributed to the lower moisture conditions in the opened 

restaurant samples and their effects on reducing fungal contamination compared with the closed 

restaurants, which have a higher percentage of moisture content. The results reveal significant 

microbial contamination across Shawarma samples, with total counts ranging from 4.47 to 6.27 

log CFU/g. These levels exceed the acceptable limits set by international food safety standards, 

which often recommend maximum levels around 4 log CFU/g for ready-to-eat foods. Such 

findings are consistent with studies from similar settings, where street-vended or restaurant foods 

showed high microbial loads due to inadequate handling and poor hygiene practices (Al-

Mohammed et al., 2023). Furthermore, it appeared that the opened restaurant in Duhok could 

pose a serious risk to consumers if current practices continue. 

Some samples lacked coliforms (e.g., R1, R2, R4), but levels were notably high in others, 

reaching 5.8 log CFU/g in closed restaurants like R7 and R9. The presence of coliforms signals 

fecal contamination or poor sanitation during processing. Similar findings were reported by 

Yousif et al. (2022), who identified coliform contamination as a marker of food safety violations 

in fast-food outlets. Recent WHO reports (2023) also highlight that high coliform counts are 

strongly associated with poor water quality and unhygienic food contact surfaces, especially in 

developing regions. 

Staphylococcus spp. Counts were consistently high across most restaurants, ranging from 

3.5 to 4.6 log CFU/g, with the highest in R6 (Colombiano). This is concerning because 

Staphylococcus aureus is known for producing heat-stable enterotoxins that can cause foodborne 

illnesses. A 2024 study by Khan et al. showed that improper glove use and direct hand contact 

are significant factors contributing to Staphylococcus contamination in ready-to-eat meat dishes. 

Therefore, the high prevalence of Duhok Shawarma indicates poor personal hygiene among food 

handlers. 

Interestingly, Salmonella was absent in some restaurants (R2, R7) but reached 5.8 log 

CFU/g in R10 (Grand), a level considered extremely dangerous for consumers. The sporadic 

presence of Salmonella is especially concerning because it is a leading cause of global foodborne 

outbreaks. The European Food Safety Authority (EFSA, 2023) reported that even low doses of 

Salmonella can cause illness, highlighting the urgent need for stricter monitoring. Similar 

contamination patterns in fast-food meat products have been reported in Middle Eastern cities 

(Ahmed et al., 2025), linking them to inadequate cooking and cross-contamination. 

Fungal contamination varied widely, with 0.0 log CFU/g in some restaurants (R2, R3, 

R4) but reaching up to 4.4 log CFU/g in R8–R10. Fungal growth in meat-based foods often 

results from poor storage conditions, such as high humidity or long holding times. A 2022 study 

by Mustafa et al. noted that fungi in street food can produce mycotoxins, which pose chronic 

health risks beyond immediate gastrointestinal issues. The higher fungal counts in closed 

restaurants suggest that storage environments may encourage fungal growth more than open-air 

vendors.When comparing open and closed restaurants, the closed ones (R6–R10) generally 

showed higher contamination levels, especially for coliforms and fungi. This challenges the idea 
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that closed environments are inherently safer and highlights that handling practices are more 

important than physical setup. Recent research by Al-Azzawi et al. (2023) supports this, 

indicating that employee hygiene and cleaning routines are more critical than environmental 

design in ensuring microbial safety. Similar settings, where street-vended or restaurant foods 

demonstrated high microbial loads due to inadequate handling and poor hygiene practices (Al-

Mohammed et al., 2023; Hamad et al., 2024), suggest that Shawarma in Duhok may pose a 

significant risk to consumers if current practices persist. 

The total microbial count of staff swabs from both open and closed restaurants in Dohuk 

City that prepared Shawarma is shown in Table 4.2. The results indicated that the total microbial 

counts were significantly (p<0.05) higher in staff members from each restaurant, whether open 

or closed, with counts ranging from log 1.8 to 2.2 CFU/g. The presence of Coliform spp. 

Suggests contamination and a lack of cleanliness. Additionally, the open restaurant had two staff 

swabs containing Coliform bacteria, while the other three restaurants' staff samples showed no 

Coliform presence. Swabs from four closed restaurants were contaminated with Coliform species 

at levels between log 0.8 and 1.5 CFU/g, whereas the swab samples from R7 did not contain any 

Coliform bacteria. 

 

Table 2. The microbial count's log (CFU/ml) contamination of Staff in various restaurants 

of Duhok city. 

The different letters mean significant differences in each column at probability 0.05.  ±=Std Error, R1= Marjan, ±=Std Error, R2= Oscare, R3= 

Alebaba, R4= Ranya, R5= Sultan, R6= Colombiano, R7= Viking, R8= Zynal, R9= Hi, R10= Grand. 

 

The Staphylococcus sp. was found in all staff samples from both open and closed 

restaurants, with counts ranging from log 1.3 to 2.3 CFU/g. Similarly, Salmonella sp. was 

detected in staff samples from two open restaurants and one closed restaurant. Additionally, 

fungal species were present in R1 swab samples from open restaurants, with a count of 1.3 

CFU/g. Contaminated swab samples from staff in closed restaurants at R6, R7, R8, R9, and R10 

showed counts of 1.0, 2.0, 1.3, 0.8, and 1.5 CFU/g, respectively. The results aligned with the 

study on Shawarma samples from restaurants in Amman, Jordan, which indicated that 

contamination in the Shawarma samples was caused by staff failing to adhere to health 

regulations. The non-compliance rate ranged from 80% to 95%. Restaurant staff are considered 

one of the most common contributors to food-borne illnesses, contaminating food through poor 

personal hygiene, cross-contaminating raw and cooked foods, and improperly cooking or storing 

foods (Al-Nasraween et al., 2018). 

Restaurant 

Type 

Restaurant 

Code 

Different Microbial counts log(CFU/g) in contaminated Shawarma 

samples 

Total 

Microbial 
Coliform Staph. sp. Salmonella sp. Fungi sp. 

Opened 

R1 b1.8±0.02 d0.0±0.0 b1.9±0.02 c0.0±0.0 c1.3±0.02 

R2 c1.5±0.04 d0.0±0.0 c1.7±0.01 c0.0±0.0 e0.0±0.0 

R3 b1.7±0.01 d0.0±0.0 b1.9±0.04 c0.0±0.0 e0.0±0.0 

R4 b1.8±0.04 b1.3±0.01 c1.5±0.03 b1.0±0.01 e0.0±0.0 

R5 ab1.9±0.03 a1.5±0.05 c1.7±0.04 a1.3±0.01 e0.0±0.0 

Closed 

R6 b1.6±0.04 0.8±0.02 b1.9±0.02 b1.0±0.01 d1.0±0.01 

R7 b1.8±0.05 d0.0±0.0 d1.3±0.02 c0.0±0.0 a2.0±0.02 

R8 a2.2±0.03 a1.6±0.03 a2.3±0.03 c0.0±0.0 c1.3±0.02 

R9 a2.0±0.02 c0.6±0.01 d1.4±0.01 c0.0±0.0 d0.8±0.01 

R10 a2.2±0.05 a1.5±0.02 d1.3±0.04 c0.0±0.0 b1.5±0.01 
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Staff swabs also showed contamination, with microbial counts reaching up to 2.2 log CFU/ml in 

some restaurants. Notably, Staphylococcus was consistently detected, reaching 2.3 log CFU/ml 

in R8, while fungi peaked at 2.0 log CFU/ml in R7. The presence of coliforms in R4, R5, R6, R8, 

R9, and R10 further indicates poor personal hygiene and inadequate handwashing practices. Both 

food and staff samples consistently showed high levels of Staphylococcus. This indicates that 

staff are a primary source of cross-contamination, supported by Khan et al. (2024), who 

identified direct hand contact and glove misuse as major transmission routes in meat-handling 

environments. The similar prevalence of Staphylococcus in both food and staff samples strongly 

suggests that contamination mainly came from handlers rather than solely from the environment. 

The presence of coliforms in staff (e.g., 1.6 log CFU/ml in R8) and food (up to 5.8 log CFU/g in 

R7 and R9) indicates systemic hygiene failures. This dual contamination underscores the risks of 

fecal-oral transmission routes within the restaurants. Salmonella was less common in staff 

samples but reached dangerous levels in food (e.g., 5.8 log CFU/g in R10). Such findings agree 

with EFSA (2023) and Ahmed et al. (2025), who stressed that even occasional Salmonella 

presence can cause outbreaks if controls are weak. 

Fungi were absent in most staff samples, except for increased counts in R7 (2.0 log 

CFU/ml) and moderate levels in others. In contrast, food samples exhibited much higher fungal 

contamination in closed restaurants (R8–R10, up to 4.4 log CFU/g). This difference indicates 

that staff contribute minimally to fungal transmission, while poor storage conditions in closed 

establishments may foster fungal growth. Similar findings were reported by Mustafa et al. 

(2022), who associated storage humidity with mycotoxin risks in ready-to-eat foods. 

Interestingly, closed restaurants showed higher contamination in both food and staff 

samples compared to open vendors. For example, R8 (closed) had the highest staff microbial 

counts (2.2–2.3 log CFU/ml) and high food contamination across all microbial groups. This 

finding challenges the belief that closed environments provide better protection. Al-Azzawi et al. 

(2023) noted that structural design alone is not enough without strict sanitation and handler 

hygiene protocols. 

The results in Table 3 show the total microbial count of contamination on equipment used 

in preparing Shawarma samples from both open and closed restaurants in Dohuk city. The results 

showed that the total microbial counts were found in all Equipment samples from each opened or 

closed restaurant. and the accounts appeared significantly (p<0.05) at log 1.3 to 2.1 CFU/g. 

Additionally, they found that the Equipment samples contained coliform bacteria in R1, R2, and 

R5 of open restaurants. In the closed restaurant samples, only two restaurants were contaminated 

with coliform bacteria, ranging from log 1.0 to 1.4 CFU/g. The Staphylococcus sp. was found on 

equipment contaminated in three open restaurants, R2, R3, and R5, at ranges of 0.9, 1.5, and 1.3 

CFU/g. Additionally, contaminated equipment was found in all closed restaurants, including R6, 

R7, R8, R9, and R10, with log values of 1.5, 1.3, 1.2, 0.4, and 1.4 CFU/g, respectively. 

Salmonella sp. was also present on equipment used for preparing Shawarma in restaurants R5 

and R10. Furthermore, fungal species were detected on equipment from open restaurants R1, R3, 

R4, and R5, with CFU counts of 1.5, 1.0, 1.0, and 1.0, respectively. Similarly, contaminated 

equipment samples from closed restaurants R6 and R10 showed log values of 1.0 and 0.6 CFU/g, 

respectively. 

The high microbial loads in Shawarma food samples (e.g., total counts up to ~6.27 log CFU/g) 

suggest a substantial risk of foodborne illness if proper controls are not in place. Comparable 

recent work by IHCSFM (2025) has shown that equipment contamination, e.g., Listeria, can act 
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as an upstream source that later contaminates final food products when hygiene is weak. 

 

 

 

Table 3. The microbial total counts log (cfu/ml) contamination of Equipment in various 

restaurants of Duhok city. 

The different letters mean significant differences in each column at probability 0.05.  ±=Std Error, R1= Marjan, R2= Oscare, R3= Alebaba, R4= 

Ranya, R5= Sultan, R6= Colombiano, R7= Viking, R8= Zynal, R9= Hi, R10= Grand. 

 

Also, recent reviews of (Duan, 2025) show that detection methods are improving, and many 

studies now report similar or even higher microbial loads in ready-to-eat foods in settings with 

limited control of temperature, cross-contamination, or handler hygiene. These findings support 

that your food contamination levels are not anomalies but align with what others see under 

similar sanitary and operational conditions. 

The total microbial contamination counts of building swab samples collected from both 

open and closed restaurants in Dohuk City are shown in Table 4. The results indicated that the 

total microbial counts were significantly different (p<0.05) among all building samples from 

each open or closed restaurant, with counts ranging from log 1.9 to 3.2 CFU/g. In addition, it 

appeared that all opened and closed restaurants were contaminated with Coliform species at a 

range of 1.0 to 2.3 CFU/g. Also, Staphylococcus sp. was found to be contaminated in all open 

and closed restaurants. Furthermore, Salmonella sp. was also shown to be contaminated in the 

building of the restaurants as R1, R3, R4, and R5 at a log 1.3, 1.1, 1.3, and 1.6 CFU/g, 

respectively. The building of the closed restaurant, specifically R6, R8, R9, and R10, was found 

to be contaminated with Salmonella sp. at log 1.4, 2.0, 1.4, and 1.4 CFU/g, respectively. The 

fungal species have also been found in all building swab samples from open and closed 

restaurants. 

 

  

Restaurant 

Type 

Restaurant 

Code 

Different Microbial counts log(CFU/g) in contaminated Shawarma 

samples 

Total 

Microbial 
Coliform Staph. sp. Salmonella sp. 

Fungi 

sp. 

Opened 

R1 1.4±0.03c 0.5±0.01b 0.0±0.0d 0.0±0.0b 1.5±0.03a 

R2 1.3±0.02c 1.3±0.03a 0.9±0.02b 0.0±0.0b 0.0±0.0d 

R3 1.8±0.05b 0.0±0.0c 1.5±0.03a 0.0±0.0b 1.0±0.03b 

R4 0.0±0.0d 0.0±0.0c 0.0±0.0d 0.0±0.0b 1.0±0.02b 

R5 1.7±0.02b 1.1±0.03a 1.3±0.03a 0.7±0.01a 1.0±0.01b 

Closed 

R6 1.6±0.02b 0.0±0.0c 1.5±0.02a 0.0±0.0b 1.0±0.01b 

R7 2.1±0.03a 0.0±0.0c 1.3±0.02a 0.0±0.0b 0.0±0.0d 

R8 1.5±0.02c 0.0±0.0c 1.2±0.01a 0.0±0.0b 0.0±0.0d 

R9 1.5±0.03c 1.4±0.05a 0.4±0.02c 0.0±0.0b 0.0±0.0d 

R10 1.9±0.02b 1.0±0.03a 1.4±0.04a 0.6±0.01a 0.6±0.01c 
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Table 4. The microbial counts log (CFU/ml) of contamination in various restaurants in 

Duhok city 

The different letters mean significant differences in each column at probability 0.05.  ±=Std Error, R1= Marjan, R2= Oscare, R3= Alebaba, R4= 
Ranya, R5= Sultan, R6= Colombiano, R7= Viking, R8= Zynal, R9= Hi, R10= Grand. 

 

Multiple studies have indicated that Shawarma samples are responsible for the outbreak 

of most foodborne diseases (McIntyre, 2012), but there are no previous studies that determine the 

type and counts of contaminated microbes in the Shawarma restaurant building. However, the 

building can be one of the sources of contamination for shawarma samples. The results are 

obtained in Table 4. It was found that the buildings of the shawarma restaurants were 

contaminated with different types of microorganisms, which included coliforms, staphylococci, 

salmonella and fungal species, and that all of them have pathological effects on humans when 

ingested, in addition to that, their contaminated numbers are in high limits, which can be a source 

of contamination of shawarma samples with these pathological microbial species.The microbial 

counts on building surfaces across the sampled restaurants ranged from 1.8 to 3.2 log CFU/ml, 

with the highest contamination found in R9 (3.2 log CFU/ml). These levels are concerning 

because building infrastructure is not just a passive environment; it can serve as a reservoir for 

pathogens, leading to food cross-contamination. Recent studies have highlighted that poor 

environmental sanitation and neglected surfaces (walls, floors, ceilings) significantly increase 

microbial risks in food establishments (Tian et al., 2023). This correlates with the higher counts 

observed in closed restaurants in this study, where microbial persistence was greater compared to 

some open facilities. 

The presence of coliform bacteria indicates fecal contamination, often due to poor cleaning 

practices or subpar water quality. A recent review by Rahman et al. (2024) emphasized that 

coliforms remaining on surfaces in foodservice environments continue to be an important 

hygiene marker, especially in low-resource settings with weak sanitation infrastructure. The 

     '    n  ng  con   m        g  n      c  nc           ll   m jo  conc  n  n D  ok’  

restaurants. 

The persistence of Staphylococcus on building surfaces is concerning because of its 

ability to survive desiccation and its well-known pathogen status. A recent study by Huang et al. 

(2022) found that foodservice facilities with high-touch surfaces like doors and counters had 

significant Staphylococcus contamination, which directly correlates with a higher risk of 

Restaurant 

Type 

Restaurant 

Code 

Different Microbial counts log(CFU/g) in contaminated Shawarma 

samples 

Total 

Microbial 
Coliform Staph. sp. Salmonella sp. 

Fungi 

sp. 

Opened 

R1 1.9±0.03b 1.0±0.01c 1.0±0.03c 1.3±0.03b 1.5±0.03b 

R2 1.8±0.04b 1.6±0.03b 1.7±0.05b 0.0±0.00c 1.0±0.03b 

R3 1.9±0.04b 1.6±0.02b 2.1±0.05a 1.1±0.04b 0.8±0.0c 

R4 2.0±0.05b 1.5±0.03b 2.3±0.08a 1.3±0.03b 1.0±0.03b 

R5 2.2±0.05b 1.7±0.06b 2.1±0.03a 1.6±0.04a 1.1±0.03b 

Closed 

R6 1.9±0.03b 1.7±0.05b 2.2±0.04a 1.4±0.02b 1.4±0.06b 

R7 2.3±0.07b 1.4±0.05b 1.9±0.03b 0.0±0.0c 1.5±0.04b 

R8 2.1±0.05b 2.3±0.07a 2.1±0.02a 2.0±0.02a 2.8±0.07a 

R9 3.2±0.04a 2.1±0.06a 2.4±0.07a 1.4±0.04b 2.4±0.05a 

R10 2.4±0.07b 2.0±0.04a 2.1±0.06a 1.4±0.02b 2.4±0.06a 
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foodborne outbreaks. This supports the idea that frequently touched surfaces in restaurants can 

act as hidden reservoirs of contamination. 

Even relatively low levels of Salmonella are considered significant because the pathogen has a 

low infectious dose. According to the European Centre for Disease Prevention and Control 

(ECDC, 2023), environmental contamination with Salmonella continues to be a common source 

of foodborne outbreaks, especially in foodservice establishments where proper sanitization and 

pest control are lacking. These findings emphasize the importance of routine structural 

disinfection. 

Fungal contamination in buildings often results from poor ventilation, high humidity, and 

insufficient cleaning of hidden surfaces. A recent study by Osei-Tutu et al. (2025) documented 

fungal growth on structural parts of restaurants and connected it to air quality problems and 

health risks for both staff and customers. The increased fungal levels in closed restaurants 

observed in this study support these findings, indicating that indoor microclimates can promote 

fungal growth. 

These findings challenge the idea that closed environments are inherently safer, showing instead 

that hygiene practices and environmental sanitation are more important than architectural design. 

Similar conclusions were reached by Castro-Ibáñez et al. (2022), who showed that food safety 

results depend more on cleaning routines and staff adherence than on whether the facility is 

open-air or enclosed. 

The bacterial and fungal isolates identified from Shawarma samples, staff, equipment, 

and building swabs were investigated as shown in Table 4.5. The results of identifying pure 

single isolates from these samples, which grew on optimal media, were based on morphological, 

microscopic, and some biochemical characteristics. Complete confirmation of the microbial 

species was obtained using the Vitek-2 Compact system. The identified species include 

Staphylococcus sp. (Figure 4.1), Klebsiella oxytoca (Figure 4.2), Kocuria rosea, E. coli (Figure 

4.3), Acetobacter spp., Salmonella spp. (Figure 4.4), Pseudomonas aeruginosa (Figure 4.5), and 

Candida spp. (Figure 4.6). The presence of Staphylococcus spp. was similar in both open and 

closed restaurants. Contamination with coliform bacteria, which are among the most common 

disease-causing bacteria, indicates poor hygiene and unsanitary practices during the processing 

and packaging of Shawarma. This may also suggest that restaurant staff lack sufficient training 

in hygienic food preparation and handling. The presence of Salmonella may be due to inadequate 

cleaning in the restaurants or the use of contaminated equipment during meat preparation. 

Some bacterial isolates can survive for long periods on surfaces like utensils, cutting boards, 

storage containers, and food manufacturing equipment in restaurants. Therefore, this 

investigation suggests decreasing bacterial contamination by properly washing all equipment 

with soap and sterilizing agents and treating it in its current state. 
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Figure 4.1 Staphylococcus sp. cells with                   Figure 4.2 Kocyria rosea colony on MAC agar 

  microscope lines100x                                

  
Figure 4.3 E.coli cells with gram stain under                       Figure 4.4 Salmonella cells with gram stain under  

microscope lines100x                                                                                                    microscope lines100x 

 
Figure 4.5 Pseudomonas cells with Gram stain                         Figure 4.6 Candida spp., with under the 

microscope lines100x  

 stain under microscope lines 100x  

 

Most food poisoning outbreaks have been linked to pathogenic bacteria that contaminated 

Shawarma sandwiches (Al-Nasraween et al., 2018), which people of all socioeconomic 

backgrounds widely consume. The microbial load in chicken Shawarma samples collected from 
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restaurants in Dohuk city was high, according to the Iraq food standards (FSIS, 2023), microbial 

limit for preprepared food, and the microbial species of the samples had unacceptable levels of 

food-contaminating microorganisms. 

 The E. coli, Acetobacter spp., Klebsiella oxytoca, Salmonella spp., Staphylococcus sp., 

and Candida sp. were among the microbial strains found in Shawarma. Our findings 

contradicted those of a previous study (Osaili et al., 2014). Many foodborne outbreaks have been 

reported in Canada as a result of chicken shawarma consumption (McIntyre, 2012). Another 

Saudi study investigated the presence of pathogenic bacteria, fungi, and yeasts in fast foods 

(Easa, 2010). 
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Table 5. The Microbial species contaminated Shawarma samples, staff, equipment, and 

buildings from various restaurants in Duhok City. 

R1= Marjan, R2= Oscare, R3= Alebaba, R4= Ranya, R5= Sultan, R6= Colombiano, R7= Viking, R8= Zynal, R9= Hi, R10= Grand. 

 

However, there have been few studies in Iraq to assess food handlers' knowledge and 

practices regarding safe food preparation. Food handlers had "fair" overall knowledge of food 

safety concepts and "poor" knowledge of foodborne pathogens and safe food storage, thawing, 

cooking, and reheating, according to (Osaili et al., 2014) They did, however, demonstrate "good" 

knowledge of personal hygiene and symptoms of foodborne illness. 

Type of 

Restaurant 

Code of 

Restaurant 

Shawarma samples The Staff 
The 

Equipment 
The Building 

Microbial species contaminated 

Opened 

R1 

Staph. saprophytic,  

Staph. warneri, 

Candida spp 

Staph . warneri, 

Candida spp 

Klebsilla oxytoca, 

Staph . warneri, 

Candida spp 

Klebsilla oxytoca, 

Staph . warneri, 

Kocyria rosea 

Candida spp 

R2 Staph.spp Staph. spp 
Staph. 

saprophytic. 
Staph. saprophytic 

R3 

E.coli,  Klebsilla 

oxytoca,Salmonella 

spp., Candida spp 

Staph. saprophytic, 

Candida spp. 

Staph. 

saprophytic, 

Candida spp. 

E.coli,  Acetobacter 

spp.,Staph.vitulinus., 

Candida spp 

R4 

Staph. warneri, Staph. 

saprophytic, Salmonella 

spp., 

E.coli,  Acetobacter 

spp., Staph. 

saprophytic, 

 

Candida spp. 

Staph. warneri, 

Staph. saprophytic, 

Candida spp. 

R5 

E.coli,  Acetobacter 

spp. Klebsiella oxytoca, 

Staph. saprophytic, 

Salmonella spp., 

Candida spp. 

Staph. saprophytic, 

Salmonella spp., 

Staph.saprophytic

, Candida spp. 

 

Staph. saprophytic, 

Candida spp. 

 

Closed 

R6 

E.coli, Klebsiella 

oxytoca, Staph. 

saprophytic, Salmonella 

spp., Candida spp. 

Acetobacter spp. 

Klebsiella oxytoca, 

Staph. saprophytic, 

Staph. lentus, 

Salmonella spp., 

Candida spp. 

Staph. 

saprophytic, 

Staph. lentus, 

Candida spp. 

E.coli,  Acetobacter 

spp. Staph. 

saprophytic, 

Staph.lentus, 

Salmonella spp., 

Candida spp. 

R7 

E.coli, Klebsilla 

oxytoca,  Ps.sedemonus, 

Staph. saprophytic, 

E.coli, Staph. 

saprophytic,  

Candida spp. 

Staph. 

saprophytic, 

E.coli,  

Ps.sedemonus, Staph. 

saprophytic, Staph. 

warneri, 

Candida spp. 

R8 

E.coli, Klebsilla 

oxytoca,  Ps.sedemonus, 

Staph. saprophytic,  

Staph. warneri, 

Salmonella spp., 

Candida spp. 

Klebsiella oxytoca,  

Ps.sedemonus, Staph. 

saprophytic, Candida 

spp. 

Staph. 

saprophytic, 

Klebsilla oxytoca, 

Staph. saprophytic, 

Staph.warnir, 

Salmonella spp., 

Candida spp. 

R9 

Klebsiella oxytoca, 

Staph. saprophytic, 

Salmonella spp., 

Candida spp. 

E.coli, Staph. 

saprophytic, Candida 

spp. 

Klebsiella 

oxytoca, Staph. 

saprophytic, 

E.coli,   Klebsilla 

oxytoca,  

Ps.sedemonus,Acetob

acter spp. Staph. 

saprophytic, 

Salmonella spp., 

Candida spp. 

R10 

E.coli, Ps.sedemonus, 

Staph. saprophytic, 

Salmonella spp., 

Candida spp. 

Ps.sedemonus,  

Acetobacter 

spp.Staph.saprophyti

c,Candida spp. 

Ps.sedemonus, 

Staph. 

saprophytic, 

Salmonella spp., 

Candida spp. 

E.coli,  Acetobacter 

spp.Staph.saprophyti

c, Staph.lentus,  

Salmonella 

spp.,Candida spp. 
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In addition, our findings were consistent with those of Easa, (2010), who discovered that 

Enterobacteriaceae species were the most prevalent pathogens in Shawarma compared to Gram-

positive bacteria. According to foodborne illness research, the majority of outbreaks in food 

service establishments can be attributed to food handlers due to improper food preparation 

practices. Furthermore, (Green et al., 2006) discovered that poor food handling practices, such as 

cross-contamination of raw and cooked products, slow cooling and insufficient refrigeration of 

foods, and poor Staff hygiene when handling ready-to-eat food, are the root causes of food 

poisoning outbreaks (McIntyre et al., 2013). 

This diversity reflects multiple sources of contamination, from raw materials to handling 

and environmental persistence. A recent study by Singh et al. (2023) emphasized that 

foodservice facilities often face a "multi-microbial burden," with both pathogenic and 

opportunistic microbes persisting in different niches, which aligns with these findings. The 

detection of E. coli in both open and closed restaurants (e.g., R3, R5, R6, R7, R8, R9, R10) 

highlights fecal contamination and poor sanitary practices. Klebsiella oxytoca, found across food, 

staff, and building samples, is an opportunistic pathogen that can indicate cross-contamination 

between raw and cooked foods. Alotaibi et al. (2024) reported that E. coli and Klebsiella spp. 

remain key hygiene indicators in ready-to-eat meat products, reinforcing that these bacteria are 

reliable markers of unsafe practices in restaurant settings. Multiple Staphylococcus species were 

detected, including S. saprophyticus, S. warneri, S. lentus, and S. vitulinus. These organisms are 

frequently associated with human skin and mucous membranes, indicating staff as primary 

sources. Notably, S. saprophyticus appeared across nearly all sample types, confirming its 

prevalence as a contamination marker in restaurants. This is consistent with observations by 

Darwish et al. (2022), who found that coagulase-negative staphylococci are increasingly 

implicated in food contamination, especially in meat products handled without gloves or proper 

sanitation. 

The Salmonella was found in several restaurants, notably in both food and environmental 

samples (e.g., R5, R6, R8, R9, R10), representing a direct public health hazard. Pseudomonas 

aeruginosa was also identified (R7–R10), known for its biofilm-forming ability and resistance to 

cleaning agents. According to Zhu et al. (2023), the presence of Pseudomonas in foodservice 

environments is an indicator of poor sanitation and increased risk of cross-contamination, as 

biofilms allow pathogens to survive standard cleaning. This highlights the need for more 

rigorous disinfection protocols. The Candida spp. was present across all sample categories, 

suggesting they are highly persistent in the restaurant environment. Although Candida species 

are typically opportunistic rather than classical foodborne pathogens, their frequent detection 

highlights systemic sanitation weaknesses. A study by Mahalingam et al. (2024) found that 

fungal contamination in restaurants is strongly correlated with poor air circulation, high 

humidity, and unclean storage environments, all of which may apply to the Duhok restaurants 

studied. 

Closed restaurants (R6–R10) generally demonstrated greater microbial diversity, including 

pathogenic species like Pseudomonas and higher frequencies of Salmonella and E. coli. This 

finding suggests that closed environments may provide more favorable conditions for microbial 

persistence, particularly when ventilation is limited and sanitation routines are insufficient. 

Similar conclusions were drawn by Kumar et al. (2025), who documented higher microbial loads 

and species diversity in enclosed kitchens compared to open-air ones, attributing the differences 

to differences in airflow and cleaning frequency. 
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CONCLUSION 

This study showed that shawarma samples from restaurants in Duhok City were 

contaminated with various microorganisms, including E. coli, Staphylococcus spp., Salmonella 

spp., Klebsiella spp., Pseudomonas spp., and fungi, at levels above safe limits. Contamination 

was not only found in the food but also traced to staff, equipment, and surfaces, highlighting 

systemic hygiene issues. Closed restaurants generally had higher contamination levels than open 

ones, especially for coliforms and fungi, showing that goo     l  ng     gn  lon   o  n’  

guarantee food safety without proper sanitation and handling. Overall, these findings emphasize 

the urgent need for better food safety training, stricter monitoring, and comprehensive hygiene 

strategies in local restaurants to protect public health and reduce foodborne illness risk. 
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