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ABSTRACT

The present study was conducted on 100 samples of two types of Shawarma fast-food (chickens meat
Shawarma and red meat Shawarma) in restaurants and Cafeterias of Soran city, Kurdistan region, Iraq;
for four months during 2021. The aim of this investigation was to compare both types of Shawarma for
bacterial contamination. The collected samples were transferred to the laboratory using cold box and
analyzed within two hours. The samples were prepared for bacteriological analysis via observed and total
viable count (TVC) of bacteria; Total coliform count, Staphylococcus bacteria count, Detecting of
Salmonella and Examining culture (for identification and isolating Grams Stain bacteria). The main
results were as follow; TVC bacteria percentages in chicken and red meat Shawarma were (82 vs. 94) %,
respectively; with values of (9x10* vs. 14x10% cfu/g, respectively. The counterparts’ percentages of
Coliform contamination were (10 vs. 14) %, respectively; with values of (27x10% vs. 2x10°% cfulg,
respectively. Staphylococcus aureus, Staphylococcus epidermidis, Salmonella, Shigella spp and
Pseudomonas bacteria recorded (18, 12, 20, 24 and 2) %, respectively for both types of Shawarma. The
highest positive and significant (P<0.01) correlation coefficient was found between Staphylococcus aureus
and Staphylococcus epidermidis count (0.762) in chicken’s Shawarma. This study discovered some
dangerous types of Coliforms for the first time in Shawarma samples (Raoulttella ornithinolytica,
Enterobacter hormaechei, and Aeromonas salmonicida).
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INTRODUCTION

Non—homemade foods are  often
unsanitary, so sellers always minimizing
meal quality in order to remain customers'
attention and maximizing their profit. Therefore,
humans may face a great healthy problem when
they eat dirty foods. Huge number of people are
fed daily from such sector, which supply
different varieties of low-cost and accessible
meals. Therefore, microbial origin diseases that
come from food, are significantly associated
with street meals (WHO, 2002). Shawarma is a
Levantine Arab meal, in which lamb (red meat),
chicken or other species such as turkey, beef,
veal, or may mixed of them are roasted and
toasted on a spit (vertical spit) or roasted on a
coal (horizontal spit); Shawarma meal may be
submitted on a plate or as a wrap or sandwich,
but its meat is roasted only from the outside,
while meat inside remains uncooked, despite the
shavings are cut off part of meat for serving, and

the rest meat is kept roasted on the rotating
skewer (Ahmed et al., 2015). Such food often
contaminated with different types of pathogens
due to the open side restaurants, and also it
contains a lot of sodium, which causes high
blood pressure and kidney’s disease (Al-Saad,
2016). In addition to high quantity of Tran’s
Fats, saturated Fats and / or cholesterol which
can be a lethal compound affect the heart health
(Hovenkamp et al., 2008).

Nowadays, the lifestyle of human has been
changed and such changes appeared in human
diet, their food types, cooking time...etc. These
changes create another change, which is the
increasing in restaurants numbers and then
people's tendency to consume more fast food
(Amamoto et al., 2004). The pathogens involved
in Foodborne diseases (FBDs) are Salmonella
spp., Vibrio parahaemolyticus, Vibrio cholerae,
Staphylococcus aureus, Clostridium botulinum,
Clostridium  perfringens, Bacillus  cereus,
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Listeria monocytogenes (Hernandez-Cortez et
al., 2017).

SGMRL and Gunasena, (2016) tested the
Shawarma samples and assessed the rate value
of TVC as ranged from (4.15 - 4.48) log cfu/g;
while Salem et al., (2016) tested Shawarma
sandwiches of chicken and red meat and found
that the rate values of TVC were (2.8x10° and
2.7x10") cfulg, respectively. Kumar and Op,
(2017) analyzed ready to eat meat samples and
tested the value of TVC as (1.8x10° cfu/g). also,
while Nashwa et al., (2017) assessed the mean
value of TVC as (1.3x10" cfu/g). Abdalhamid et
al., (2013) analyzed fifty samples of fast food
Shawarma and tested the wvalue of
Staphylococcus aureus bacteria as (8.3 x 10°
cfu/g) with percentage of (36%); while Ahmed
et al., (2015) assessed the Shawarma sandwiches
and found that the mean value of Staphylococcus
aureus of tested beef and chicken Shawarma
sandwiches were (5.2x10° and 3.6x10%) cfu/g,
respectively. Matos et al., (2006) reported that
the analysis of meat samples resulted in
estimating the percentage of (14.3%) as
Staphylococcus epidermidis. In cooked meat
samples, Amin, (2015)stated that the percentage
of Staphylococcus epidermidis was (47.47%);
while Salem et al., (2016) tested Shawarma
sandwiches of chicken and meat, and they found
that the percentages of Staphylococcus
epidermidis just (4% and 6%), respectively.
Another researcher mentioned that ready to eat
Shawarma  samples had  content  of
Staphylococcus epidermidis as (7.2x10* cfu/g)
in Europe (Podkowik et al., 2016). However,
different researchers (Khalafalla et al., 2015;
Elfaki and Elhakim, 2011; Amin, 2015)
indicated various coliform values in Shawarma
meat which were (9x10° ; 2.6x10 and 8.14x10
CFU/g) by, respectively. Recently, El-Fakhrany
et al., (2019) tested Shawarma of chicken and
red meat, and reported percentages of
Enterobacter cloacae as (42 %, and 44 %),
respectively; while Salem et al., (2016) indicated
Enterobacter cloacae as (7 % and 10 %) for the
previous Shawarma respectively. Radwana,
(2020) analyzed Shawarma samples and rate the
percentage of Salmonella as (8 %); while
Alharbi et al., (2019) were tested the percentage
of Salmonella as (15 %) in Shawarma food. The
aim of this investigation was to study the types
of bacteria present in the collected samples and
to compare both types of Shawarma for bacterial
contamination.

MATERIAL AND METHODS

This study was carried out on 100 samples
(equally) of two types of Shawarma food
(chickens’ meat and red meat Shawarma) during
winter of 2021, from restaurants of Soran city,
Kurdistan region, Iraq; in order to study the
bacterial contamination in the collected samples,
that selected randomly for the period of 4
months. The collected samples were transferred
directly to the laboratory using col box (0-4° c)
and analyzed within two hours. The samples
were sterilized using dry heat (red heat flame
and flaming) and wet heat according to
(Varghese & Joy, 2014). Also, all equipment
that used in this study, and all culture media
were done according (Varghese & Joy, 2014).
Bacteriological Analysis

The collected samples were diluted up to
dilution of 107, according to (Harrigan and
McCance, 1987).

Counting and detecting

Total viable count (TVC), Total Coliform,
Staphylococcus and Salmonella were counted
and detected also according to (Harrigan and
McCance, 1987).

Examination of culture

All solid culture media were examined for
growth, pigmentation, colony morphology and
media alterations. Plates with evident growth
were submitted to further bacteriological testing.
Those who did not demonstrate apparent
development were incubated for a longer period
of time; if no growth was identified after 48
hours, the sample was discarded. However,
identification of isolated bacteria was done
according to (Varghese & Joy, 2014); and
secondary identification (vitex test) done
according to (Pincus, 2006).

Statistical Analysis

The collected data were submitted to SPSS
software (SPSS, 2019) and different procedures
were applied (Descriptive statistics, Frequencies
and Correlation coefficients).

RESULTS AND DISCUSSION
Total viable count

The results show that the bacterial
contamination in chicken’s samples is (82 %)
and in red meat ones is (94 %) as illustrated in
(Table 1 and Figure 1). Also, the mean value of
TVC bacteria in chicken meat samples is (9x10*
cfu/g), while in red meat samples is higher
(14x10* cfu/g) as shown in (Table 2 and Table
3).
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Table (1:) Percentages of bacterial contamination in chicken and reds’ meat Shawarma

Total Total Staphylococc  Staphylococcu Salmonella  Shigella Pseudomona
viable colifor us aureus s epidermidis s
count m
Shawarma’s 82 10 18 12 20 24 2
chicken meat
Shawarma’s 94 14 18 12 20 24 2
red meat

However, the present results of TVC bacteria
from chicken and red meat Shawarma samples
are similar to that obtained by (Alsaigali, 2006;
Elfaki and Elhakim, 2011). Moreover, the
present results of TVC in both chicken and red
meat Shawarma are disagreement with that
reported by (Tavakoli and Riazipour, 2008;
Yuksek et al., 2009). Despite the preparation of
Shawarma needs to expose to heating, there
were still pathogenic microorganisms observed
on the studied samples. So, such result may
reflect the fact that some of the observed
microorganism can be survive in high cooking
temperature which is not sufficient to eliminate
harmful ~ microorganisms, or the high
contamination of bacteria in Soran city samples,

may be attributed to the improper washing,
packing and handling, in addition to dusty of the
area throughout the preparation process and
during the exhibition.

As shown in Tables (2 & 3), the counts of
bacteria were not distributed normally among
the studied samples, due to the values of
skewness that exceeded zero, and high standard
deviations. These results ensure that the studied
samples had not homogeneity in their counts of
different types of bacteria. But in general, such
counts of bacteria are relatively high and
dangerous on human health. Some samples had
not specific types of bacteria, but had a huge
count of another types of bacteria; and vice
versa, for both studied types of Shawarma.
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Fig. (1): Bacterial contamination (%) of chicken vs. red meat Shawarma
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Table (2): Descriptive statistics of bacteria in chicken’s Shawarma meat

Minimum Maximum Mean Standard Error Skewness
Total viable count 0 35 x 10° 9 x 10 16 x 10° 1.15
Total coliform 0 45 x 10° 27 x 10° 13 x 10° 3.58
Staphylococcus aureus 0 2 x10* 17 x 10? 6 x 10° 3.05
Staphylococcus epidermidis 0 6 x 10° 5 x 10? 2 x 10 2.73
Table (3): Descriptive statistics of bacteria in red meat’s Shawarma
Minimum Maximum Mean Standard Error Skewness

Total viable count 0 6 x 10° 14 x 10° 22 x 10° 0.99

Total coliform 0 6 x 10 2 x10° 12 x 10° 6.05

Staphylococcus aureus 0 26 x 10° 1x10° 5 x 107 5.23

Staphylococcus epidermidis 0 1x10* 3x10° 2 x10° 5.60
Isolation of Total Coliform Coliform isolates in meat Shawarma were

Assessing the studied Shawarma samples,
resulted in determining the percentage of
Coliform contamination in chicken meat as
(10%) and in red meat as higher (14%) as shown
in (Table 1 and Figure 1). Moreover, the results
of mean value of coliform in chicken meat (927
x 102 cfu/g) and in red meat (2 x 103 cfu/g) are
shown in tables (1 and 2)

However, the present findings are
disagreement with the results of (Abdalhamid et
al., 2013), for Coliform percentage in red meat
Shawarma, where the last author recorded higher
value. Also the present finding of red meat
Shawarma was recorded higher value than the
result of (Ahmed et al., 2015). In general, the
results that reported by (Tavakoli and Riazipour,
2008) were recorded less values of Coliform in
comparison to the findings of the present study.
The relative high values of the present findings
may be attributed to the slaughtering process and
slaughter house cleaning, in which the meat
samples were exposed to different sources of
contamination, such causes consider additional
reasons for the bacterial contamination in the
studied restaurants in Soran city. In general,
careful handling of cooked Shawarma and
maintenance of adequate cooling temperature
during storage would reduce Coliform and
enhance the shelf life of Shawarma.

The results of diagnosing isolated coliform
bacteria are belong to the following species

(Enterobacter cloacae ssp cloacae 60%,
Raoulttella ornithinolytica 20% and
Enterobacter hormaechei 20%), while all

belonged to Aeromonas salmonicida as shown in
(Table 4 and Figure 2).

The present findings are in agreement with
the results of (Hasan, 2014; El-Fakhrany et al.,
2019) for Enterobacter cloacae organism in
chicken’s Shawarma.

The present findings are disagreement with
the results of (Salem et al, 2016) for
Enterobacter cloacae in chicken’s Shawarma
analysis; and also disagreement with the
analyzed samples by (Ismail, 2006; Mohammed,
2010; Abdalhamid et al., 2013; Amin, 2015) for
Enterobacter cloacae in red meat Shawarma
samples. However, Ismail Hakki Tekiner, (2015)
reported values similar to the present
investigation results in regard to the red meat
Shawarma samples.

These mentioned bacteria are among the most
common bacteria that cause disease, therefore
the presence of such organisms in ready-to- eat
food (Shawarma) describes an awful state of
poor hygiene and unsanitary practices employed
in the processing and packaging of this food
product.

The contamination reasons of the studied
samples of the mentioned bacteria may related
to the restaurants that kept or stored food in
open places within an environmental
temperature (30-40°C), which is favorable for
microbial growth; and also, none of the

restaurant workers have had training on
hygienic food preparation and handling
practices.
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Table (4). Species of coliform isolates from chicken and reds meat Shawarma

Coliform
Enterobacter Raoulttella Enterobacter Aeromonas
cloacae ssp ornithinolytica hormaechei salmonicida
cloacae
Chicken’s Shawarma 60 20 20 0
Red meat Shawarma 0 0 0 100
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Fig. (2): Percentage (%) of coliform isolates from chicken‘s and red meat Shawarma samples

Isolation of Staphylococcus aureus bacteria

The percentages of Staphylococcus aureus
bacteria are shown in (Table 1 and Figure 1).
The results of both chicken and red meat
Shawarma samples are the same (18%), this
value is relatively low. The mean value of
previous samples are (17x10% and 1x10° cfu/g),
respectively (Table 2 and Table 3).

The present results of chicken’s Shawarma
are in agreement with the results reported by
(Yetim et al, 2003; Alsaigali, 2006;
Mohammed, 2010; Salem et al., 2016; Al-
Mossawei et al., 2018; Alharbi et al., 2019;
Ghonaim et al., 2020); where their results were
similar and less than our results.

Also, the present findings of chicken’s
Shawarma are disagreement with the results
indicated by (ZAKI, 2008; Al-Dughaym and
Altabari, 2010; Amin, 2015; Mohamed, 2015;
Radwana, 2020); where their results were not
closed and higher than our results.

Regarding red meat Shawarma samples and
its content of Staphylococcus aureus bacteria,
the findings of this study are in agreement with

the results of (Yuksek et al., 2009; Abdalhamid
et al., 2013; Ahmed et al., 2015; Ragab et al.,
2019); where their results were similar to our
results.

Also, the present findings of red meat
Shawarma are disagreement with the results of
(Reginald and Gayle, 2001; Sharaf and Sabra,
2012; NASHWA et al., 2017; Morshdy et al.,
2019); where their results were far than our
results in percentages of Staphylococcus aureus
bacteria.

However, presence of Staph. aureus bacteria
in the studied samples of Shawarma meat maybe
indicates the shortage in the hygiene of
production. Moreover, such organisms may take
the chance to cloned and replicated in the
product during storage, and then produce their
enter toxins which constitute a public health
hazard (Staphylococcal food poisoning) to the
consumers.

The contamination of studied meat samples
with this type of bacteria species may increase
when the workers did not wash their hands after
touching any part of their body. Another reason
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of contamination, perhaps is handling and
packing of food by workers, because the hands
of human and also their fingers are important
sources of Staphylococcus aureus
contamination. In addition, Staphylococcus
aureus is food handlers’ bacteria, especially at
nasal areas and hands which make toxigenic.
Furthermore, may the employer touch his nose
and continue his work. Finally, the cooked meat
may be kept in an open environment, so it will
cause the contamination.

Isolation of Staphylococcus epidermidis
bacteria

The results of percentages of Staphylococcus
epidermidis in chicken and red meat Shawarma
of studied samples are the same (12%) as shown
in (Table 1 and figure 1); also, the mean value of
Staphylococcus  epidermidis in  chicken’s
Shawarma is (5 x 10% cfu/g), while the same
value in red meat Shawarma is (3x10? cfu/g) as
shown in (Table 2 and Table 3). These values
may seem to be relatively small, but it affects
negatively on human health and cause diseases.

The present results are in agreement with the
result that reported by (Matos et al., 2006) for
chicken’s meat Shawarma, and with the result
that indicated by (Salem et al., 2016) for red
meat Shawarma. On the other hand, the present
findings are disagreement with the results that
found by (Podkowik et al., 2016) and (Amin,
2015) for chicken and red Shawarma |,
respectively.

This investigation suggest that one of the
most effective reason of meat contamination is
employer, who doesn’t wash his hands
periodically especially after defecation. This
bacterium (Staphylococcus epidermidis), often
pooled in fat, so it may always found in the meat
food, which lead to the meat deterioration.
Isolation of Salmonella bacteria

The results of Salmonella bacterium in both
chicken and red meat Shawarma have the same
percentage (20%) as shown in (Table 1 and
Figure 1). However, in case of comparison these
results with the findings of different previous
authors, it could be seen that the present results
are in agreement with some of them and disagree
with others. Also, the percentages that
mentioned by the review may be less or higher
than the present findings, due to different factors
such as studied region and environment, type of
meat and cleaning of restaurants, which cause
bacterial contamination with different levels.

The present results are in agreement with
those observed by (Mohammed et al., 2009;

Khalafalla et al., 2015; Amin, 2015; Kumar and
Op, 2017) , for chicken meat Shawarma; and
disagreement with that noticed by (Nimri et al.,
2014; Wei-Wei et al.,, 2018) for the same
samples as containing Salmonella bacteria .

Regarding red meat Shawarma, the present
results also are in agreement with the findings
that reported by (Hasan, 2014; Ahmed et al.,
2015; Hassanin et al., 2015; SABER et al.,
2017). Also, the present results are disagreement
with the results that indicated by (Kayisoglu et
al., 2003; Harakeh et al., 2005; Nimri et al.,
2014; Wei-Wei et al., 2018).

Hence, the most probable explanations for the
presence of Salmonellae bacteria and other
foodborne pathogens in the studied Shawarma
samples may be due to the used knives during
carving of meat or the contamination by food
handlers.

Isolation of Shigella ssp. bacteria

The results of percentage of bacteria Shigella
spp., in both chicken and red meat Shawarma are
the same and equal to (24%) as shown in (Table
1 and Figure 1). This percentage is not low and
may affect negatively on the human health.

The present result is similar to the results that
indicated by (Islam et al., 2015; Akusu et al.,
2016; Ogunkoya and Sholotan, 2021), for both
chicken and red meat Shawarma samples, where
the differences between the present results and
the review findings are relatively low. But, the
present results are disagreement with that
reported by (Juan, 2014; Fowoyo and Igbokwe;
2014; Hallag, 2017; Rahimi et al., 2017), where
their findings relatively far than the results of
this study for both Shawarma sandwich types.

The present results suggested that the food
leftovers should not be kept in the fridge too
long time, because it can result in bacterial
overgrowth including Shigella spp bacteria.
Therefore, people should eat food leftovers
minimum available time. If people planned to
mix leftovers with other type of foods, the new
meal should not be stored again as leftovers. On
the other hand, the raw local meat may be held
with such bacteria due to improper storage
which make high contamination risk.

Isolation of Pseudomonas bacteria

The results of percentage of Pseudomonas
bacteria in both chicken and red meat Shawarma
are the same and equal to (2%) as shown in
(Table 1 and Figure 1). As it observe such
percentage is very low compared to other
noticed bacteria percentages in the studied
samples.
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However, this observations are in agreement
with the results that found by (Abbas et al.,
2018; Mohammed, 2010), for both studied types
of Shawarma, where it were similar and close to
each other. On contrary, this results are
disagreement with that reported by (Alsaimary,
2015; Zakki et al.,, 2017; Ogunkoya and
Sholotan, 2021) for both studied types of
Shawarma meat. Moreover, some researchers
stated that Pseudomonas bacteria percentage was
very high in red meat Shawarma sandwich
samples (Odu and Akano, 2012; Qasim, 2019).

Some strains of bacteria can remain to
survive for long periods on surfaces like utensils,
cutting boards, storage containers and food
manufacturing equipment.  Therefore, this
investigation suggested to decrease the bacterial
contamination by properly wash all equipment
using soap and sterilizers if possible.

The relationship between bacteria strains

The relationship between studied strains of
bacteria that found in studied samples of
Shawarma, was investigated by using Spearman
correlation coefficients, due to unmorally
distributed data of bacteria, some samples had
null number or percentage and some others
involved huge numbers (count) of the same
bacteria. Tables (5 & 6), present the correlation
coefficients between numbers (count) of
different studied strains of bacteria in chicken’s

count and total coliform in chicken’s Shawarma
is insignificant (p>0.05) and the same trend is
true for the relationship between total viable
count and Staphylococcus epidermidis bacteria
count, while the correlation coefficient between
total viable count and Staphylococcus aureus is
significant (p<0.05) and equal to (0.320), this
mean that when total viable count increase it
make the Staphylococcus aureus increases, the
same trend could be noticed for the correlation
coefficient between Total coliform and
Staphylococcus aureus which is significant
(p<0.05) and equal to (0.321), this mean also
that when total viable count increase it make the
Staphylococcus aureus increases. However, the
correlation coefficient between Total coliform
and Staphylococcus epidermidis is highly
significant (p<0.01) and equal to (0.486), this
mean that when total viable count increase it
make the Staphylococcus epidermidis tightly
increases. Also, the correlation coefficient
between Staphylococcus aureus and
Staphylococcus epidermidis count is highly
significant (p<0.01) and equal to (0.762), this
also mean that when Staphylococcus aureus
count increase in chicken’s Shawarma samples it
made the Staphylococcus epidermidis count
tightly increases; this last result is very
important, that is mean both Staphylococcus
strains have association in its presence, then it

and red meat Shawarma, respectively. may make high dangerous for human.
It could be observed from the Table 5, that
the correlation coefficient between total viable
Table (5): Spearman correlation coefficients between the studied strains of bacteria
in chicken’s Shawarma.
Total viable count Total coliform Staphylococcus aureus Staphylococcus
epidermidis
Total viable count 1
Total coliform 0.177
Staphylococcus 0.320* 0.321* 1
aureus
Staphylococcus 0.213 0.480** 0.762** 1
epidermidis

* Correlation is significant at (p<0.05)

Moreover, for red meat Shawarma, it could
be observed from Table 6, that the correlation
coefficients between Total viable count and
Staphylococcus aureus count is  highly
significant (p<0.01) and negative (-0.408), this
mean that when Total viable count is increased

** Correlation is significant at (p<0.01)

the count of Staphylococcus aureus is decreased,
which indicate that the percentage of the last
bacteria may remain low compared to other
strains.

Also, the same coefficient is in the same
significant level (p<0.1) but positive for the
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relationship  between both  Staphylococcus
strains (aureus & epidermidis) and equal to
(0.689), this mean that both strains are relatively

related to each other as presence on the red meat
of Shawarma. All other correlation coefficients
between studied items are insignificant (p>0.05).

Table 6: Spearman correlation coefficients between the studied strains of bacteria
in red meat Shawarma

Total viable count Total coliform Staphylococcus aureus Staphylococcus
epidermidis
Total viable count 1
Total coliform 0.219 1
Staphylococcus aureus - 0.408** -0.187 1
Staphylococcus epidermidis -0.240 -0.134 0.689** 1

** Correlation is significant at (p<0.01)
CONCLUSION

It could be concluded from the present study,
that:

High microbial loads of (Staphylococcus,
Coliform, Salmonella, Shigella and
Pseudomonas) were noticed in both studied
types of Shawarma. This study found some other
dangerous types of Coliforms for the first time in
Shawarma samples (Raoulttella ornithinolytica,
Enterobacter hormaechei, and Aeromonas
salmonicida). Spearman correlation coefficients
between most of the studied bacteria in
chicken’s Shawarma were significantly positive.
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