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Abstract
A total of 90 shawarma poultry samples, 30 of each product (chicken,
turkey and

mixed chicken and turkey) were collected from three

governorates of Gaza Strip (North, Mid and South Gaza) was investigated
during a 6 months , (October 2009 until march 2010).

They examined for their bacteriological quality in terms of: aerobic plate
count (APC), total coliform (TC), Staphylococcus aureus, Escherichia
coli, E. coli O157:H7 and Salmonella in shawarma poultry (chicken,
turkey and mixed), before and after exposure to heat grill in Gaza Strip
and study the relationship between microbial growth and quality of
shawarma poultry and study the physical properties (temperature, pH
value and moisture content).

Also, results illustrated that Staphylococcus aureus was not found in
grilled chicken shawarma, but were presented in shawarma grilled turkey
and mixed. While, Salmonella was not found in grilled turkey shawarma,
but were presented in shawarma grilled chicken and mixed. On other
hand, E. coli 0157: H7 was found in shawarma grilled chickens but not
found in shawarma grilled turkey and mixed.

.

Prevalence of E. coli in North Gaza was the highest (36.6%) and the
lowest in Mid Gaza (20%). But, prevalence of Staphylococcus aureus
and E. coli 0157: H7 in North Gaza was the highest and the lowest in the
South and Mid of Gaza Strip, respectively.

.

The average temperature, pH value and moisture content of chicken,
turkey and mixed shawarma samples before exposure to heat grilling was
14.5 C° , 5.88 and 65% respectively while, after exposure to heat grilling
it was became 45.5 C° ,5.83 and 34% respectively.

Results indicated that there were significant differences between the
averages number of bacteria (APC), coliform and Staphylococcus aureus
after exposure to heat grilled in the sense of heat which had a major
reduction in the numbers of bacteria. While, no statistically significant
differences between the average number of Salmonella , E. coli and E.
coli 0157: H7 after exposure to heat grilled in the sense of heat that did
not affect enough in reducing the presence of, Salmonella , E. coli and
E. coli 0157: H7.

.

1.Introduction
Gaza Strip depends mainly on consumption of poultry meat, fresh,
frozen and refrigerated especially in restaurants and hotels. Gaza Strip
imported 5779 tons, including fresh, frozen chickens and turkeys from
which 84.5 tons of chicken was from West Bank and 4785 tons from other
countries, while, 78 tons of turkeys were imported from West Bank and
831.5 from other countries (Palestine, MOA, 2009). Poultry and beef meat
are a basic protein sources, yet they implicated in many food poisoning
outbreak all over the world (Aljarosha, 2001) also, he reported that meat is
an excellent source of high quality protein because of it delicious, nutrition
and easily digested nature.
Poultry meat is combination of muscle tissue, attached skin,
connective tissue, and edible organs of avian species commonly used for
food. Chicken and turkey were the major types of poultry meat. Which are
comprised about the two-thirds of total production in the world (ICMSF,
1998; Mead, 2000).
.
Mulder (1999), stated that poultry meat is one of the most popular
food products worldwide, several nutritional factors such as high level of
protein and low fat content and favorable content of unsaturated fatty
acids are contribute to the popularity of poultry meat, of which sensory,
dietary and economic factors are important. Poultry meat is easy to prepare
at home and widely used in restaurants and fast-food establishments also,
he reported, that, there is no primary religious restriction on the
consumption of poultry meat.

1

Both poultry muscle as water activity (aw) of poultry was about 0.98 to
0.99, PH of chicken breast muscle was 5.7 to 5.9, while that of leg muscle
was 6.4 to 6.7 and skin were excellent substrates for a wide
variety of micro-organisms (ICMSF, 1998).

.

Thermal inactivation of Salmonella in poultry commented that
deep-frying of chicken at room temperature or frozen was an effective
means of destroying the pathogen while roasting in a conventional or
convection microwave oven, or slow cooker produced Salmonella-free
products. However, microwave cooking did not reliably destroy
Salmonella

inoculated

into

chickens

or

turkeys,

even

though

recommended internal temperatures that may have been reached (Doyle
and Mazzotta, 2000).

.

Shawarma (sometimes known by other names, such as gyro, donair,
dona kebab, and chawarma) is a traditional Middle East meat product
(Todd et al. 1986 and Kilic, 2003).
Shawarma is made from intact muscle or ground muscle meat pieces
or ground meat shaped into a cone and impaled with shawarma stick. Fat
and salt content of shawarma was ranged between 20 and 40 g/100 g and
1–2 g/100 g, respectively and the weight of shawarma was usually
between 10 and 15 kg (Vazgecer et al. 2003) .While, Kayaardı et al.
(2005 ), stated that the use of chicken and turkey breast meat in shawarma
production has become very popular, because poultry meat is cheaper than
red meat and digested easily.
.

2

Synnott et al. (1993), proved that an outbreak of Salmonella
mikawasima associated with shawarma was noted, the researchers
indicated, that more widespread problems could occur with shawarma.
While, Kruger et al. (1993), reported that 42% of samples had 5.3–6.2 log
cfu/g Staphylococci and no Salmonella spp. were detected in 40 shawarma
samples.
Digrak et al. (1995), determined an average of 2.6 - 103 cfu/g of
Clostridium perfingens and also 26.6% of samples were contained
Salmonella spp., the authors stated, that hygienic quality of shawarma
which sold in Elazig/ Turkey was unsatisfactory.

.

Avens and Morton (1999), stated that in an outbreak of
Salmonella enteritidis in 2003 at least 340 people were affected in the
outbreak of Salmonella enteritidis, with 19% of individuals hospitalised.
While, in the second outbreak in 2005 due to Salmonella enteritidis, 195
people were affected and 4% of whom were hospitalized, this indicated,
that cross contamination risks were due to poor hygiene during food
handling and preparation within these premises was of importance.
.

.
Seeger et al. (1986),

reported, that 80% of raw and cooked

shawarma had less than 35.30% fat and more than 12.20% protein
respectively, while water content was varied between37.9–68.1% for raw
and 14.5–63.8% for cooked shawarma.

.

Todd et al. (1986), stated that growth of some pathogens like S.
aureus, Clostridium perfringens could resulted in heat resistant toxins being
produced or some strains of Salmonella which required few organisms for
an infectious may remained alive in shawarma due to their distinct
3

production method.

.

Staphylococcus aureus is one of the most important food borne
pathogens which was found in ready-to- eat products and intoxication could
resulted

in

debilitating

illness

(Jablonski

and

Boach,

1997).

Staphylococcal enterotoxins were highly resistant to heat (ICMSF, 1996).
Bergdoll (1990), proved that the growth of S. aureus is critical because
normal temperatures that used in cooking will not destroy the toxins, and
foods containing Staphylococcai enterotoxin usually look and taste normal.
Escherichia coli O157 is an important foodborne pathogen; it is
a member of the so-called entero-haemorrhagic or verocytotoxigenic
E. coli since the early 1980. E. coli O157 had caused a number of
human infections (outbreaks or sporadic cases) via foods of animal origin,
particularly those originating from cattle e.g. minced/comminuted beef
(Keene et al. 1997).

Collis et al. (2004), reported that cross-contamination with E. coli
O157 takes place before dressing of slaughtered cattle i.e. during the
lairage to stunning phase, through animal–animal and/or animal
environment-animal contact. While, (Lahti et al. 2003), proved that
contamination of carcass meat with E. coli O157:H7 can occur during
dressing; primarily during the skinning but also during the evisceration
phase. E. coli O157:H7 was occurred on beef carcasses vary widely, from
1.1% to 43.4%.

.

4

Aim of the study
This study was carried out through the following points of investigations:1- Prevalence of Staphylococcus aureus, Salmonella ,

E. coli and

E. coli 0157: H7 in shawarma of poultry ( chicken , turkey and mixed)
before and after exposure to heat grill in governorates of Gaza Strip
(North, Gaza Strip, Mid and South).

.

2- To explain the a relationship between microbial growth and types of
poultry meat shawarma in governorates of Gaza Strip.

.

3- To investigate the significant differences in Prevalence of APC,
Coliform, Staphylococcus aureus, Salmonella , E. coli and E. coli
0157: H7

of

shawarma poultry after exposure to heat

governorates of Gaza Strip.

grill in
.

4- To determine the physical, chemical and bacteriological analysis in
shawarma poultry (chicken, turkey and mixed) before and after exposure
to heat in governorates of Gaza Strip.

.

5- Appling some standards (Palestine, Egypt, and Turkey) for the
bacteriological quality of samples.

.

5

3. Literature review

3.1. Physical properties of poultry shawarma
Temperature :
Alet (2000) found, that before exposure samples shawarma poultry to
heat grilling it was found that the temperature between (2.7-3C°) with an
average 16.85 C° while, after exposure samples shawarma poultry to a heat
of grilling it was between (24.3-65 C°) with an average of 44.65C°.
.
Hadad, (1991) and Jay, (1986) did not found Salmonella and S. aureus
when exposed grilled chicken shawarma to a temperature of 60C° for 3060 minutes , where occurrences of Salmonella and S. aureus in grilled
chicken shawarma and may be the degree of heat before and after grilling
did not had any significant effect (P > 0.5) on Salmonella and S. aureus , or
may be due to a failure to follow up sanitary practices in restaurants ,
workers

and cleaner place.

.

PH value:

.

Kayisoglu et al. (2002), conducted on samples of raw chicken shawarma
(before exposure to heat grilling) and pH in the shawarma crude average
5.86. This Consistent with the present study and samples were grilled
shawarma pH had an average of 5.83, either shawarma beef raw meat
which had an average of 5.87 and pH shawarma grilled meat had an
average of 5.99.

.

6

Vazgecer et al. (2003), examined samples of shawarma chicken where
the pH value was ranged between (5.44-6.28) with an average of 5.86 and
was similar with results that obtained in this study. While, (Todd et al.,
(1986), found that pH value in chicken samples was (4.5- 5.1) with an
average of 4.8.
Alet (2000), conducted in a similar study on samples shawarma chicken
because of different values of pH during the stage of preparation and add
spice to the chicken and after grilling, the average of PH was 6 (stage
thawing chicken), 5.5 (add spices), and after grilling (5.7). While, Todd et
al. (1986), reported that the average pH of the samples after grilling chicken
shawarma was 5.9. Among the factors that affect the pH was a spice and
vinegar which used in the process of soaking, temperature and storage
period of shawarma.
Moisture content:
Kayisoglu et al. (2002), found that moisture content on samples
shawarma raw poultry and cooked was 61.28% and 51.67%, respectively.
While in the beef shawarma crude the average moisture was 61.16%, and in
grilled shawarma the average moisture content was 48.96%. While Kruger
et al, (1993), found that in samples shawarma chicken the moisture content
was ranged between (32.3% -51%). Also, it was similar with study of
Seeger et al. (1986), that conducted on samples of raw and cooked

shawarma and found that the range was (37.9% - 68.1%) and in shawarma
cooked was between (14.5% - 63.8%) while average moisture content of
grilled samples shawarma was 39.15 %.

7

Vazgecer et al. (2003), found in samples raw chicken shawarma the
moisture content was ranged between (38.47% - 52.4%) with an average of
47.27%.

.

3.2. Food microorganisms as human pathogens

.

.

3.2.1. Salmonella
3.2.1.1. Characteristics and Incidence of Salmonella

Salmonella is a Gram negative bacteria, facultative aerobic rods, and is
a member of the Enterobacteriacea family. The organisms are
motile produce gas and acid from fermenting carbohydrates but not
lactose and produce H2S. The optimal growth temperature is 35-37C0.
.

(Buchanan and Gilbbons, 1974).

A survey of Salmonella in frozen chicken meat and ready to eat
Thailand food during 1993-1996 showed S. enteritidis and S. Anatum,
respectively, that most frequently was isolated (Boonmar et al. 1998a).
Sakai and Chalermchaikit (1996), reported that there had been a
similar increasing trend in the incidence of human salmonellosis caused by
S. enteritidis and the isolation of bacteria in chicken meat.

.

.
Wagner (2001), stated that the gastrointestinal tracts of animals
including birds and man are common sources of Salmonella. High protein
foods such as meat, poultry, fish and eggs are most commonly associated
with Salmonella. However any food that became contaminated and is then
held at improper temperature can cause salmonellosis.

8

.

Cooper (1994), reported that contaminated chicken meat may
represent the greatest potential hazard of human gastroenteritis caused by
Salmonella. While, Sarımehmetoglu et al. (1997), determined the presence
of Salmonella spp. in scalding tank inlet and outlet water, post feathering,
chilling inlet, outlet water and packaged chicken carcasses. The isolation
and identification results showed a serotype distribution of 30 % S. Java,
23 % S. enteritidis, 13 % S. infantis, 11 % S. agona, 7 % S. typhimurium
and 3 % S. bredeney.
Hafez et al. (1997), stated that different Salmonella serotypes had been
isolated from turkey flocks in many countries. While, Lammerding et al.
(1988), showed that investigations on turkey carcasses had revealed high
contamination rates with Salmonella, (around 70%). Also, Synnott et al.
(1998), reported that implicating turkey meat as source of food-borne
salmonellosis in humans and they added that outbreaks of salmonellosis are
often due to inadequate cooking or recontamination of poultry after cooking
during processing, carcass becomes contaminated, and to some degree,
Salmonella spp. are spread from carcass to carcass by equipment, tools and
workers.

3.2.1.2.

.

Prevalence of Salmonella

.

Wadi (2007), showed that the contamination rate of Salmonella was
(11.1%) and (12%) in chicken and turkey, respectively. While, Uyttendaele
et al. (1998) and Wilson (2002), found that levels of contaminations of raw
chicken with Salmonella were 11%. In Gaza strip, Aljarosha (2001),
examined 30 sample of fresh poultry meat, he found that 10% was positive
for Salmonella in Gaza strip. While, Sakai and Chalermchaikit (1996)
9

examined, 110 samples of raw chicken, he found that 20% was positive for
.

Salmonella.

Dominguez et al. (2002), isolated Salmonella from 71 of 198 samples,
represented (35.83%) processed and the occurrence of Salmonella was
similar to that reported by other authors (Arumugaswamy et al. (1995),
which isolated Salmonella from chicken meat samples from 30 out of 461
(6.5%) between 1996 to 1998. While, Angkititrakul1 et al. (2005), showed
that the same rate of result ranging from 5.1% to 8%.

.

Contamination was found more frequent in chicken meat than in pork
(75% and65%) he concluded that, the prevalence in chicken meat was close
to the rate that reported in a study of 1997 in which 72% of chicken meat in
the capital city of Thailand contained Salmonella (Boonmar et al. 1998b).
Zhao et al. (2001), found that Salmonella in raw chicken and agree
with, Campbell and Gilbert (1995), which

was conducted on 137

samples of non-frozen chicken as they contain 23 samples on Salmonella
and the rate was 17% but, in Spain, Carraminana et al. (1997), studied the
prevalence of Salmonella in poultry carcasses during processing in
poultry slaughterhouse and they found that the levels of contamination
were ranged from 20% to 70%, and the average value was about 35%. The
serotypes isolated include S. enteritidis, S. virchow, and S. Heidelberg.
Casarin et al. (2009), found that frozen poultry meat, which stored at
180c for 28 days was contained Salmonella (0.27log10 cfu/g). On the other
hand, Kayisoglu et al. (2002), found a Salmonella in raw chicken
shawarma and

beef meat grilled .While, Alet (2000),

Salmonella in shawarma

did not found

raw chicken frozen and grilled samples and
10

negative during preparation, processing, flanging and add spices. Also,
Vazgecer et al. (2003), found that Salmonella was negative in (72) samples
shawarma chicken.

.

El-samkary (1998), showed that Salmonella was not found in the
stages of processing of frozen chicken for flavoring. While, Cohen et al.
(2007), examined, 96 samples of chicken meat and 96 samples of meat of
turkeys. He found, that Salmonella was positive in one sample of turkey
with rate of 1% and was presented in two samples of chicken with rate of
2.1%.
Anonymous (1999a), found that 10% of 20 samples of chicken meat
were contaminated with Salmonella. Also, Angkititrakull et al. (2005)
told, that Salmonella was positive in 75% of 30 samples of meat chicken.
While, Dominguez and Zumalacarregui (2002), illustrated that Salmonella
was positive in 71 samples from 198 samples chicken meat by rate of
35.8% and it was similar to that which found by (Arumugaswamy et al.
1995) .

.

.

.

Scott (1996), concluded that contamination of poultry products with
Salmonella is a fact and the importance of many basic instructions
regarding storage temperature, cooking and preservation of contamination
and cross contamination is not appreciated by many consumers. All
poultry products had been cooked before consumption, risks to the
consumer were considered minimal but in cases of unsafe food handling
practices during preparation of poultry (Uyttendaele et al. 1998).
Salmonella is considered to be major food borne pathogen and raw
poultry was considered to be an important source of this bacterium
(Jorgensen et al. 2002).
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Logue et al. (2003), mentioned that isolation rates were depended
upon the country where the study was carried out, sampling plan and the
detection limit of the methodology. And he, recorded that the overall
incidence of Salmonella of freshly process poultry turkey was
approximately 16.7 with a greater incidence of the pathogen observed in
pre-chill than post-chill carcasses. Safwat et al. (1985), isolated,
Salmonella in rate of (9.050%) in chicken meat and 3.4% in turkey meat.
While, Tokumaru et al. (1991), reported that Salmonella spp.

were

detected in 69 of 286 chicken meat samples represented (24.1%).
.
Hangombe et al. (1999), recorded that 18 of 382 of carcasses chicken
samples, were contaminated with Salmonella enteritidis that represented
(4.7%). While, Sackey et al. (2001), isolated Salmonella from 7 of live
poultry (7.2%) contents of 97 samples and 13 (6.8%) carcasses of 87.
Wilson (2002), found that the contamination rate of poultry with
Salmonella was about 7% and it was considerably lower than in Great
Brition. While, Dubbter (1988), concluded that poultry was contaminated
in process of slaughtering; and in this case it is important to observe the
conditions of food cooking.
Erol et al. (2005), showed that Salmonella contamination with of
traditional method 88.4% and 86.9% of IMS-PCR method and predominant
serotypes were reported as S. Enteritidis, S. subsp. and S.Java.

12

.

3.2.2. E. coli
3.2.2.1. Characteristics and incidence of E. coli
E. coli is facultative anaerobic Gram-negative bacteria. It was found in
the

intestinal

tracts

of

nearly

all

human

sand

warm-blooded

animals, where in the former they constitute approximately 106–109
colony forming units per gram of stool (Thielman and Guerrant, 1999).
Most E. coli are normal components of the intestinal flora, but
certain pathogenic strains are an important cause of disease. Pathogenic
strains

differ

from

commensals

in

that

they express virulence

factors- molecules directly involved in pathogenesis but ancillary to
normal metabolic functions Burgess et al. (2005).

.

E. coli was detected on 4% of external meat packaging at levels of 40
to 105 CFU, providing evidence for possible cross-contamination of
pathogens within various meat products. Consequently, it is necessary to
effectively prevent this cross-contamination by educating employees,
retailers and consumers on the appropriate handling and storage of meat.
(Donnenberg and Whittam, 2001).
3.2.2.2. Prevalence of E. coli
Kegode et al., (2008) isolated, E. coli from 68% of samples of chicken,
he found there are differences in the levels of pollution from the
geographical characteristics and sources of meat. While, Zhao et al. (2001)
isolated E. coli from samples of chicken meat by 38.7% .
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.

Vazgecer et al. (2003), illustrated that E. coli in prepared samples
shawarma chicken was (31/ 72) with rate of 43% ranged from 2.0x105.0x102 g-1 .

.

Lee et al. (2009), examined samples of poultry meat, he isolated E.
coli from samples (41/900) (4.6%) . Wadi (2007), showed that E. coli was
positive on poultry meat samples of chicken and turkeys (21/126) in Gaza
Strip, with rate of 5.25%.

.

Astorga et al. (2002), examined 149 samples of chicken meat, he
isolated E. coli from 45 samples with rate of 30.2%. Also, he showed
that, the average number of E. coli bacteria in poultry meat in the legs and
wings and entrails were 2.60, 3.68, 4.33 log10 cfu/ g, respectively.
Chaudhari et al. (2007), examined samples of smoked meat, he found
E. coli positive in (9.0%). In contrast, previous studies in United States had
demonstrated that the incidence of E. coli was higher than that we observed.
Zhao et al. (2001), reported that prevalence of E. coli in retail meats was
38.7% in chicken, 19.0% in beef, and 16.3% in pork (total 21.7%). In
addition, surveillance studies on fresh ground beef samples which obtained
from retail stores in seven states, including areas of New York and San
Francisco, identified a 25.2% prevalence of generic E. coli (Zhao et al.
2002).

.

.
Phillips et al. (2008), isolated E. coli from 17.8% of ground beef
(mean population: 1.5 log CFU/g) and 16.7% of diced lamb(mean
population: 1.7 log CFU/g) samples in Australia .While, Kegode et al.
(2008), revealed in an investigation much higher rates of E. coli in beef,
14

chicken and pork as follows : 69%, 68% and 70% respectively.

.

.
3.2.3. E. coli O157:H7
3.2.3.1. History and Incidence of E. coli O157:H7

.

E. coli O157:H7 was recognized as a human pathogen in 1982, when
described in an HC outbreak associated with the consumption of burgers in
different fast food restaurants belonging to the same chain. Since then,
numerous outbreaks were reported in different countries, including those
that occurred in fast food restaurants (Mead and Griffin, 1998).
Doyle (1991), revealed that Escherichia coli O157:H7 was
conclusively identified as a pathogen in 1982 following its association with
two food-related outbreaks. Geographically, the focus of attention for
addressing E. coli O157:H7 had been largely in North America. However,
recent reports reveal a considerable contribution of E. coli O157:H7 to
human diseases in other areas of the world. The infectious dose of E. coli
O157:H7 is very low, thus the organism can be transmitted anciently not
only via contaminated foods but also from person to person. While, Riley et
al. (1983), mentioned that E. coli O157:H7 was conclusive ling identified
as pathogens in 1982 following it is association with two food- related
outbreaks of unusual gastrointestinal ills. Also, Alan et al. (1995),
concluded that enterohaemorrahgic E. coli O157:H7 was the first strain
identified as food borne.
Escherichia coli O157:H7 is recognized as a food-borne pathogen of
primary concern. The organism is a common human pathogen, which
causes hemorrhagic colitis, hemolytic uremic syndrome and thrombotic
thrombocytopenic purpura (Carter et al. 1987 and Tarr et al. 1999).
15

The etiology of these diseases commonly involves consumption of
undercooked beef which that contaminated with E. coli O157:H7 (Riley,
1987 and Doyle, 1991).
E. coli O157:H7 is an organism difficult to identify if testing is not
done during early onset of infection. Individuals with mild cases of illness
may not consult a physician, and therefore the goes were unreported
(FSIS, 1998).
.
3.2.3.2. Prevalence of E. coli O157:H7
Wadi (2007), examined samples of chicken and turkeys, where
positive E. coli O157:H7 in poultry meat up 3.12 log10 cfu /g , in chicken
3.177 log10 cfu /g while, in turkeys fresh is 3.07 log10 cfu /g. In another
study presence of E. coli O157:H7 in samples of chicken meat is found in 3
samples, represented of 2%. While, Dolye (1991), recorded that raw
poultry was revealed E. coli O157:H7 in 1.5 to 3.5%.
(Naimi et al. (2001), examined samples of raw chicken, where
contained E. coli O157:H7 was positive in samples with rate of 0.0% and
rate of 0.17% (Coia et al. 2001), 0.0 % (Tarr et al. 1999). These bacteria
did not exist in samples of poultry and beef meat (Lee et al., 2009) was
consistent with that (Fantelli and Stephan, 2001). While, Doyle and
Schoeni (1987), isolated E. coli O157:H7 from 4 of 263 poultry (1.5%).
Alakomi et al. (2000), reported that lactic acid was more electives in
inhibiting E. coli O157:H7 compared to acetic acid at same concentrations.
However, Dickson and Siragusa (1994), observed otherwise when beef
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tissue was washed with 1% acetic acid and 1% lactic acid.

.

.

.
Coia et al. (2001), reported that E. coli O157:H7 frequently
implicated in infection through the consumption of contaminated ground
beef. Also, they investigated that there is variable isolation rates of this
strain. While, (Fantelli and Stephan, 2001), stated that E. coli O157:H7
was not detected in agreement with earlier reports. But it had usually ranged
from 0.3% to 7.6% when isolated from beef (2.1%) and pork (2.5%)
(Sarimehmetoglu et al. 2009).
Jeon et al. (2006), proved that the majority of food borne illnesses had
been linked to E. coli O157, a number of non-O157 serotypes such as O26
and O111 are emerging as important causes of human infections in Europe
and Korea . While, Doyle (1991), found that each of these factors totally
prevents growth of pathogens such as E. coli O157 in final product (e.g. pH
4–4.5 and aw 0.82). Nevertheless, even if not growing, E. coli O157 has a
potential to survive in non-heated fermented sausages if initially present in
raw materials. This was the case in recent Norwegian food-borne outbreak
caused via fermented sausages (Anonymous, 1997).

.

.
3.2.4. Staphylococcus aureus
3.2.4.1. Characteristics of Staphylococcus aureus
Genigeorgis (1989), stated that Staphylococcus aureus is one of the
most important foodborne pathogens which found in ready-to-eat products
and S. aureus intoxication can result in debilitating illness. The organisms
may be present in the nasal passages, throat, hair, and skin of healthy
people, and are abundant in cuts, pustules, and abscesses (Bergdoll, 1990).
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Staphylococci grow in temperature range of 7–48 C0 and produce
enterotoxin from 10 to 48 C0, with optimum enterotoxin prduction at
40–45 C0 (ICMSF, 1996).

.

Staphylococcus aureus is the most important pathogen related to food
poisoning (Scherrer et al. 2004). Also, the primary habitat of S. aureus is
the mucous membranes of the human nasopharynx and animal skin
(Genigeorgis, 1989).

.

S. aureus is also present in soil, water sources, dust and air,
the presence of S. aureus in foods is often related to improper handling by
personnel, who are frequently contaminated with these micro-organisms
(Hatakka et al. 2000). Staphylococcus aureus is an important cause of food
poisoning, pneumonia, wound infections and nosocomial bacteraemia.
Methicillinresistant S. aureus is an increasing cause of hospital-acquired
infection worldwide (Tiemersma et al. 2003).

.

Most animals may be colonized with S. aureus, but only recently
MRSA strains were isolated from several food animal products including
pigs, cattle, chicken and other animals (Neeling et al. 2007). MRSA strains
have been detected in different foods, including bovine, meat products (Van
et al., 2007), and raw chicken meat (Kitai et al. 2005 and Kwon et al.
2006).
Staphylococci were commonly found on skin of a wide variety of
mammals and birds and on environmental surfaces. Humans are thought to
be the primary source of strains that associated with food matrix
staphylococcal intoxication (Dalet et al. 1997). While, the isolation of the
same strain in the same period of time from a food and from acertain
18

personel, or during the investigation of an outbreak, strongly suggests that
food handler may be the source of contamination. (Scherrer et al. 2004),
proved that S. aureus can be transmitted by different foods, including milk,
ice cream, beef and chicken. While, (Astorga et al. 2002), indicated that
S. aureus can be transmitted antibiotic resistant by different foods,
including milk and retail chicken products.

.

Jay (1986), mentioned that the presence of S. aureus in foods which
commonly indicates contamination that may be directly introduced into the
food by workers who have skin lesions containing S. aureus, or by sneezing
or coughing. While, Arbuthnott (1990), proved that 50% of the human
population carry S. aureus as commensals. Other contamination sources of
S. aureus are soil, water, dust and air.

.

Staphylococci grow in range temperature of 7-48 0C and produce
enterotoxin from 10 to 48 0C, with optimum enterotoxin production at 4045 0C (ICMSF, 1996). Therefore, measures to prevent the growth of
S. aureus are critical because normal temperatures that used in cooking will
not

destroy

the

toxins,

and

foods

containing

staphylococcal

enterotoxin usually look and taste normal (Bergdoll, 1990). Although
growth usually is constrained by the presence of competing organisms,
staphylococci thrive in environments relatively free of competition from
other bacteria, such as foods with high concentrations of salt and sugar that
impede the growth of other organisms. Staphylococcal enterotoxins are
highly resistant to heat (ICMSF, 1996).

.

Grosso et al. (2000), showed that S. aureus extracts were increased
from 2.1% in 1975 to 35% in 1991 .While, Panlilio et al. (1992), found
that it was greater than in community S. aureus isolates. While, Monnet
19

(2000), showed that S. aureus, was resistant to some of the
antibiotics normally used in clinical therapy and he found particularly to
methicillin and vancomycin.

.

3.2.4.2. Prevalence of Staphylococcus aureus

.
Aarestrup et al. (2000), found that the occurrence of erythromycin
resistance among poultry S. aureus was 24% and suggested that was found
in

most

erythromycin

resistant

Staphylococci

from

poultry

in

Denmark.
Aaestrup et al. (1998), showed that the occurrence of erythromycin
resistance among poultry S. aureus was significantly higher than observed
among S. aureus of human or bovine. While, Da Silva et al. (2004),
reported that 86% of S. aureus strains which isolated from goat mastitis
were susceptible to erythromycin.

.

.
Alet (2000), examined samples of frozen raw chicken shawarma
(before exposure to heat grilling), he found it contain bacteria, with an
average of 1.64 cfu/ g but, negative in samples of chicken shawarma
grilled. While, Wadi (2007), examined samples of fresh poultry meat in
Gaza Strip (chicken and turkeys), where it contains S. aureus and found
that

the average in the counts of poultry meat

(chicken 2.780 cfu/g , turkeys 2.725 cfu/g.

was 2.725log10 cfu/g
.

.
Purai, and Joshi ( 2010), isolated S.aureus from 22 samples from
110 examined samples of raw chicken with an average rate of 20% . While,
Kruger et al. (1993), found that 92% of samples shawarma was as a result
of non-application of hygiene practices by workers. It accordance with
20

Todd et al. (1986), found that 34 samples of shawarma were contained
S. aureus .
Aburuwaida et al. (1994), found that samples of frozen chicken
samples had a bacteria that sensitive enough to heat kill easily when
exposed to a temperature of 60 for a period 30-60 minutes.

.

Hadad (1991), explained the absence of bacteria in shawarma grilled
exposed to heat more than 70 C0 . This was in The line with
(Hassell and Randal 1987), found the bacteria in grilled chicken and
consistent with the present study where negative S. aureus

in baked

.

chicken shawarma.

Kawano et al. (2008), examined samples of meat, beef and chicken, as
he isolated S. aureus from that in samples of chicken (33/36) it was
represented 91.7% and in the meat of
represented of 77.8%.

the

samples (28/36), it was
.

kozacinski et al. (2006), isolated S. aureus from samples of chicken
breasts at a percentage of 46.15% and the average prepared 2.74 log 10 cfu/
g and samples of chickens with the skin was the average percentage of
28.75% and 2.98 log 10 cfu/ g .While, kreyenschmid et al. (2002), revealed
that samples of chicken fragmented and stored on the 100c, were positive
for S. aureus by 103/g .
.

Astorga et al. (2002), found that

S. aureus in samples of chicken

meat, where the number in the meat of chicken wings 3.48 cfu log10/g.
FSIS (1998), revealed that S. aureus was positive in 85 samples of raw
chicken with rate of 95% and the average preparation 130 cfu/g. While,
Tiemersma et al. (2003), isolated

S. aureus from samples of chicken
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meat by 23.3% and Erol and Usca (1996), proved that S. aureus

was

positive in 33/50 samples of frozen chicken with a rate of 66% and the
average prepared was 1.3 x103 cfu/g .
Aburuwaida (1994), noted the existence of S. aureus in the samples
of chicken meat and number of 4.1 was consistent with that where bacteria
that presented in the samples frozen chicken and number 5.4cfu/g . while,
Patricia et al.

(2010), told that the growth of Staphylococcus aureus

inoculated onto poultry meat was investigated under different incubation
periods and temperature patterns.
3.2.4. Aerobic Plate Count (APC) and Total Coliform (TC)
Alet (2000), found that APC in samples shawarma chicken during
preparation, processing, flanging and adding spice was an average of 2.975.37 cfu / g and after exposure to heat grilling it had became of average
3.62-4.47 cfu /g.
.
Kayisoglu (2002), found that APC in samples shawarma before
exposure to the heat of cooking

was in average of 5.68 cfu/ g , but after

exposure to heat of cooking the number was dropped to 4.9 cfu / g and
these results were positive comparison with results of

(Digrak et al.,

1995).
Vazgecer et al. (2003), revealed that APC in samples of chicken
shawarma was 105 -106/ g-1. While, EL. Samkary (1998), proved that APC
in frozen chicken samples it was 3.9CFU/g.
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Vazgecer et al. (2003), found that coliform containing an average of
less than 102/g-1 in samples of chicken shawarma and the cause of low
coliform bacteria was due to heat grilling, which were exposed slices
chicken shawarma to 70C0 . Frazear (1982), proved that coliform bacteria
was decreased in number by adding spices during the preparation sliced
chicken, which had affected the center of the media. While, Bryan et al.
(1992), revealed that a freezing of chicken shawarma had contributed to
reduce the number of bacteria coliform.
Alet (2000), examined on samples of frozen raw chicken shawarma
before exposure to heat grilling and he proved that positive were bacteria,
with an average of 1.64 cfu/g .While, Wadi (2007), proved that samples of
fresh poultry meat in Gaza Strip (chicken and turkeys), contained S. aureus
with an average of 2.725log10 cfu/g in poultry meat and 2.780 cfu/g in
chicken meat.
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4. Materials and Methods
4.1. Materials:
4.1.1. Samples:
Thirty samples of each of the following products were collected
randomly from different locations of Gaza Strip (Fig.1).

Number of
samples

Chicken
shawarma

Turkey
shawarma

Mixed chicken and
turkey shawarma

30

30

30

4.1.2. Collection of sample:
Samples were collected from border line randomly according to the
plan of sampling to avoid bias.
The samples were collected from different location of Gaza Strip:
1- North Gaza (Beit Hanun, Beit lahyah, Jabalyah and Gaza City).
2- Mid Gaza (Nuzairat, EL- Bureije, EL-Magazi, and Der EL-Balah).
3- South Gaza (khan Youins and Rafah ).
These areas were illustrated in (Fig. 1). the study was carried out over
periods of 6 months (October 2009 unitl March 2010). All testes were
carried out in Ministry of National Economy Lab (MNE) Gaza- Palestine.
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Figure (1): Map of Gaza Strip
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4.2.Methods:
4.2.1.Physical analysis:
Physical assessment like Temperature, PH value and Moisture:
Temperature: The temperature of the meat samples was determined by an
electronic thermometer immersed into the sample for 3-5 minutes and the
temperature was recorded.
PH value: The PH of the samples was measured by pH meter and the
results were recorded.
Moisture: The moisture content of ground meat samples were determined
by drying in an oven at 105Co until constant weight (AOAC, 1990).

4.2.2. Bacteriological analysis:
4.2.2.1. Samples preparation:
Each sample was placed in a separate clean sterile plastic bag. Samples
were transported to the lab. Immediately after collection one hour in an ice
box and tested upon arrival. Samples were prepared according to the
technique that recommended

by

the international Commission on

microbiology specification of food (ICMSF, 1978) as follows : Twenty
five grams of each samples were taken aseptically by scaly excision and
placed in sterile stomacher bag containing 225 ml of peptone water (1%),
the samples were homogenized at high speed with peptone water for 2-3
minutes, to provide a 10-1 dilute homogenate. Higher (up to 10-5) decimal
dilutions were prepared from this homogenate for the bacteriological
examination.
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4.2.2.2. Media:
All the media used in the present investigation were prepared as described
in the manual (Difco, 1994; Oxiod, 1995) as follows:
Media Used for Aerobic Plate Count (APC)
Plate Count Agar (PCA,Difco,1994):Approximate Formula g/L

Pancreatic Digest of Casein

5.0

Yeast Extract

2.5

Dextrose

1.0

Agar

15.0

This media was sterilized by autoclaving at 121Co for 15 minutes. The final PH
was adjusted to 7.4 ± 0.2 at 25Co. This media was used for determination of
total bacteria count.
Media Used for buffered peptone water (Difco,1994):
Approximate Formula g/L

Peptone (Enzymatic Digest of Animal Tissue

10.0

Sodium Chloride

5.0

Disodium Phosphate

3.5

Monopotassium Phosphate

1.5

Twenty gm of powder was suspended in one liter purified water, then
boiled, avoid overheating then autoclaved at 121 Co for 15 minutes. The
final PH was adjusted to 7.2 ± 0.2 at 25 Co. This medium were used for
pre-enriching injured Salmonella species from food specimens to increase
recovery.

.
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Media Used for isolation of Salmonella
- Selenite Broth (Difco, 1994):
Approximate Formula g/L

Pancreatic Digest of Casein

5.0

Lactose

4.0

Sodium Selenite

4.0

Sodium Phosphate

10.0

Twenty three gm of powder was suspend in one liter purified water then
boiled, avoid overheating, without autoclaved. The final PH was adjusted
7.0 ± 0.2 at 25 Co. This medium was used as an enrichment for isolation of
Salmonella.
- Lysine Xylose Desoxycholate Agar (XLD, Difco,1994): Approximate Formular g/L

Xylose

3.75

L-Lysine

5.0

Lactose

7.5

Saccharose

7.5

Sodium Chloride

5.0

Yeast Extract

3.0

Phenol Red

0.08

Sodium Desoxycholate

2.5

Sodium Thiosulfate

6.8

Ferric Ammonium Citrate

0.8

Agar

15.0

Seven gm of powder was suspended in one liter purified water then heated
autoclaving .The final PH was adjusted to 7.0 ± 0.2 at 25Co. This media
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was used s a selective medium for isolation and identification of
Escherichia coli and Salmonella .
Media Used for isolation of E. coil
- Eosin Methylene Blue Agar (EMB):Approximate Formula g/L
Pancreatic Digest of Gelatin

10.0 g

Lactose

10.0 g

Dipotassium Phosphate

2.0 g

Eosin Y

0.4 g

Methylene Blue

0.056

Agar

15.0 g

Thirty seven and half gm of powder were suspended in one liter purified
water then boiled to completely dissolving, sterilized by autoclaving at
121Co for 15 minutes. The final PH was adjusted to 7.1 ± 0.2 at 25 Co . This
media was used for isolation of Escherichia coli.
- MacConkey Agars (Difco, 1994):
Approximate Formula g/L

Peptone

17.0

Proteose Peptone

3.0

Lactose

10.0

Bile Salts No. 3

1.5

Sodium Chloride

5.0

Agar

13.5

Neutral Red

0.03

Crystal Violet

0.001

29

Fifty gm of powder were suspended in one liter purified water then boiled
to completely dissolving, sterilized by autoclaving at 121Co for 15
minutes. The final PH was adjusted to 7.1 ± 0.2 at 25 Co. This media was
used for isolation of Escherichia coli and Salmonella.
.

.

.

Media Used for isolation of E. coli O157:H7
Sorbitol MacConkey Agars (Difco,1994):
Approximate Formula g/L

Peptone

20.0

Proteose Peptone

3.0

Sorbitol

10.0

Bile Salts No. 3

1.50

Sodium Chloride

5.0

Agar

15.0

Neutral Red

0.03

Crystal Violet

0.001

Fifty one and half gm of powder were suspended in one liter purified water
and boiled to completely dissolving, sterilized by autoclaving at 121Co for
15 minutes. The final PH was adjusted to 7.0 ± 0.1 at 25 Co. This media was
used for identification of Escherichia coli O157:H7.
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Media Used for isolation of Staphylococcus aureus
Baird-Parker Agar Base (Difco,1994):
Approximate Formula g/L

Pancreatic Digest of Casein

10.0 g

Beef Extract

5.0 g

Yeast Extract

1.0 g

Glycine

12.0 g

Sodium Pyruvate

10.0 g

Lithium Chloride

5.0 g

Agar

20.0 g

Sixty three gm of powder was suspended in 950 mL of purified water, then
boiled to completely dissolving, sterilized by autoclaving at 121Co for 15
minutes then cooling to 45-50 Co then adding aseptically 50 mL of Egg
Yolk Telluride Enrichment and mixed with the prepared base The final PH
was adjusted to 7.0 ± 0.1 at 25 Co . This media was used as a selective
medium for isolation and identification of S .aureus.
.
4.2.3. Bacteriological Procedures:
4.2.3.1. Determination of Aerobic Plate count (APC):
Standard plate count agar plates were prepared in triplicates, 100 micro liter
from the sample dilutions was delivered on the surface by an automatic
micropipette. The inoculated plates were left at room temperature for a few
minutes to dry then incubated at 37c for 24h.The viable count was
calculated as colony forming unit C.F.U/g sample.
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4.2.3.2. Isolation and identification of

S.aureus

( ISO, 1999):

This was carried out by using Baird-Parker Agar medium and incubation
continued for 24-48 h at 37 Co. Colonies of S. aureus appeared as black
shining with convex white margin 1-1.5 mm in diameter and wide clear
area.

.

4.2.3.3. Isolation and identification of Salmonella ( ISO, 1993):
4.2.3. 3.1. Pre- enrichment and enrichment of Salmonella:

25g sample was suspended in 255 ml of buffered peptone water. The
contents were homogenized in the stomacher. The homogenate was
incubated at 37 Co for 24 h. Ten ml of pre- enrichment homogenate was
incubated into 100 ml of enrichment broth.

.

4.2.3.3.2. Identification (FAD, 2001):

Enrichment broth was used to streak on xylose

lysine desoxy cholats

(XLD) agar, . Plates was incubated for 24 ± 2h at 35 Co , then examined for
presence of colonies that may be Salmonella. Typical Salmonella isolates
which will appear on selective media was as follows: XLD (pink colonies
with or without black center).
4.2.3.3.3. Confirmation test (FAD, 2001):

:

Triple suger iron agar (TSI) and lysine Iron agar (LIA) were incubated
for 24 ± 2h at 35 Co . Salmonella in culture typical produces alkaline (red)
and acid (yellow), with production of H2S (balck of ager) in TSI. In (LIA),
Salmonella in typical produces alkaline (purple) and acid negative reaction.
.
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4.2.3.4. Isolation of E. coli (FAD, 2001):

:

Eosin methylene blue (EMP) agar were incubated for 18-24h at 37C0. The
plates were examined for suspicious E. coli colonies greenish metallic with
dark Purple center. Further identifications by biochemical test (Gramstrain, as well as Indole, Methyl-red, Vogues- Proskour and Citrate
utilization.

.

4.2.3.5. Isolation of E. coli O157:H7 ( FAD, 1995):

:

Sorbitol - MacConkey agar (SMAC) were incubated at 35 Co for 18h .
Suspected colonies of E. coli O157:H7aappear pink.
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4.2.4. Reagents
4.2.4.1. Methyl Red (ICMSF, 1978):
Methyl red 0.1 g,

Ethyl alcohol 300ml,

Distilled water 500ml

Method of preparation: Methyl red was dissolved in 300 ml ethyl alcohol

then distilled water was added . Five drops of above reagent were used
for each test. (Distinct red color is positive test. Yellow color is negative
reaction).
4.2.4.2. Indole Test (FDA, 2001):
Tryptone broth tubes were inoculated by suspected colonies, incubated for
24 ± 2 hr at 35 C°, then 0.2 – 0.3 ml of Kovacs reagents were added. ( A red
colour indicates a positive reaction).
4.2.4.3. Vogues-Proskour Reagents (FDA, 2001):
Naphthol solution ( 0.6 Alpha – naphthol ) , KOH ( 40%) (0.2 ml)

broth tubes were

Inoculated by

suspected colonies, incubated for 48 ± 2 hr at 35 C°,

then 0.6 ml L-

Method of preparation:

(VP )

naphthol solution and 0.2 ml 40% KOH (potassium hydroxide) solutions
were added then mixed well. Eosin pink color is considered positive.

.

4.2.4.4. Kovacs, (ICMSF,1978):

Para dimethyl amino benzaldehyde 5.0 g , Isoamyl or (normal amyl) alcohol
75.0 ml Hydrochloric acid (cone.) 25.0 ml
Method of preparation: Benzaldehyde was dissolved in isoamyl alcohol
then HCL conc. was added slowly, 0.5 ml of above mixture was used for
each indole test.
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4.2.4.5. Gram stain reagents:-

- Crystal Violet:
Crystal Violet 2.0 g, Ethanol 95% Vol/Vol 2.0 g, Ammonium oxalate
0.8 g, dist. water 80 ml.
Iodine crystals 1.0g , Potassium iodide 2.0 g , Dist. water 200ml.
-Decolorizer:
Ethanol 95% Vol./Vol.
-Safranin: The stain may be prepared both in water as well as in 90%
alcohol depending on the requirement. It is a synthetic dye which gives pink
or red colour to the object stained.
Safranin powder 1 gm , Distilled water 100ml
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4.2.5. Biochemical

Tests

4.2.5.1. Indole test:
Five ml of culture in peptone water was incubated at 37C° for 24-48h.
Indole production was tested by adding 0.5 ml of Kovac,s reagent.
Appearance of distinct rosy colour in upper layer is appositive test.
4.2.5.2. Methyl Red test:
Five ml of culture in MR-VP broth was incubated at 37C° for 24-48h. Five
drops of methyl red solution were added to each tube. Distinct red colour is
a positive test while a yellow colour is a negative test.
4.2.5.3. Vogues- proskour test:
MR-VP broth was incubated at 37C° for 24-48h. Few drops of reagent
alpha-napthol solution and 0.2ml 40% KOH were added and mixed, pink
colour development is considered positive.
4.2.5.4. Citrate utilization:
Suspected colonies were streaked into Simmon,s citrate agar plate and
incubated at 37C° for 48h . The development of blue coloration indicated
a positive test.
4.2.5.5. Hydrogen sulfide production on Triple Suger Iron (TSI):
The suspected colonies were inoculated into slant tubes containing triple
sugar iron media by stabbing into the butt and slant. The incubated at 37C°
for 24h. Appearance of black colour indicated a positive test.
4.2.5.6. Oxidase test:
few drops of the (indicator 1% para amino dimethyl alanine) were added to
the culture and incubated at 37C° for 24h.Appearance of red or pink colour
indicated positive reaction.
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5. Results
5.1. Description of the samples:
This study was conducted on 90 samples of shawarma poultry (chicken,
turkeys and mixed of chicken and turkey) before and after exposure to heat
grill, samples were taken from 45 restaurants in Gaza Strip and were
distributed 15 restaurant for each region (North Gaza, Mid and South).
Samples of shawarma chicken, turkey and mixed from chicken and turkey
showed the same proportion of the total sample which was 33.3% each as
illustrated in (Fig. 2).

Figure (2): Type of samples.

37

5.2. Physical analysis of poultry shawarma samples in Gaza Strip.
5.2.1. Temperature :
Results in table (1), obtained that shawarma samples before exposure to
heat grilling was represented 24.4% of the total sample between (5 - 10 Co )
, 28.9% between (10 - 15 Co) , 28.9% between (15 - 20 Co ) and 17.8%
between ( 20 - 24 Co ) (Fig. 3). While after exposure to heat grilling it was
represented 31.3% between (43 - 40 Co), 28.9% between (43 - 46 Co) ,
22.2% between (46 - 49 Co) and 17.8 % between (49 - 51 Co ) (Fig. 4).

Table (1); Distribution of temperature in poultry shawarma before and after exposure
to heat in Gaza Strip.

Distribution of temperature " before and after exposure to heat"
"Before exposure to heat"

"After exposure to heat"

Valid

Frequency

Percent

Cumulative
Percent

Valid Frequency

Percent

Cumulative
Percent

5 - 10

11

24.4

24.4

40 <

14

31.1

31.1

10 - 15

13

28.9

53.3 40 - 43

13

28.9

60.0

15 - 20

13

28.9

82.2 43 - 46

10

22.2

82.2

20 - 24

8

17.8

100.0 49 - 51

8

17.8

100.0

45

100.0

45

100.0
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Temperature
Figure (3): Distribution of temperature in poultry shawarma
before exposure to heat in Gaza Strip

Temperature
Figure (4): Distribution of temperature in poultry shawarma
after exposure to heat in Gaza Strip
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Results in table (2) showed that the lower temperature was 5 Co before
exposure shawarma samples to heat grilling and the highest was 24 Co but
the lower heat was 40 Co and the highest heat was 51 Co with after
exposure to heat grilling.

.

Table (2) : Descriptive statistics of temperature
before and after exposure to heat " in Gaza Strip.

in poultry meat shawarma

Descriptive Statistics

Temperature
N

Minimum Maximum

Mean

"Before Exposure to Heat"

45

5 Co

24 Co

14.5

"After Exposure to Heat"

45

40 Co

51 Co

45.55

.

5.2.2. PH value:
Results in table (3), show that PH value was represented 24.4% of the total
sample, between (5.53 - 5.71 ) , 26.7% between (5.71 - 5.89) , 17.8%
between (5.89 - 6.07 ) and 31.1% between ( 6.07 - 6.24 ) before exposure to
heat grilling (Fig. 5) .While it was represented 17.8% between(5.45 - 5.65) ,
40% between (5.56 - 5.85) , 13.3% between (5.85 - 6.05) and 28.9% between
(6.05 - 6.24) after exposure to heat grilling (Fig. 6).
.
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Table (3): Distribution of PH value in poultry shawarma before and after exposure to
heat in Gaza Strip.

Distribution of PH value " before and after exposure to heat"
"Before Exposure to Heat"
Valid Frequency

Percent

5.53 - 5.71

11

24.4

5.71 - 5.89

12

5.89 - 6.07
6.07 - 6.24

"After Exposure to Heat"
Frequency

Percent

Cumulative
Percent

24.4 5.45 - 5.65

8

17.8

17.8

26.7

51.1 5.56 - 5.85

18

40.0

57.8

8

17.8

68.9 5.85 - 6.05

6

13.3

71.1

14

31.1

100.0 6.05 - 6.24

13

28.9

100.0

45

100.0

45

100.0

Cumulative
Percent

Valid

PH value
Figure (5): Distribution of PH value in poultry shawarma
before exposure to heat in Gaza Strip

41

PH value
Figure (6): Distribution of PH value in poultry shawarma
" after exposure to heat" in Gaza Strip

Results in Table (4), illustrated that the lower PH value of shawarma
samples before exposure to heat grilling was 5.53 while the highest was
6.23. While the lower PH value after exposure to grilling was 5.45 and the
highest was 6.22.

Table (4) ; Descriptive statistics of PH value in poultry meat shawarma
before and after exposure to heat in Gaza Strip.
Descriptive Statistics
PH value

N

"Before Exposure to Heat"

45

5.53

6.23

5.88

"After Exposure to Heat"

45

5.45

6.22

5.83

Minimum Maximum

Mean

.
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5.2.3. Moisture content :
Table (5): showed that the moisture content before exposure to heat
grilling was represented 22.2% of the total sample in between
(60.3 - 62.6 ) , 35.6% between the (62.6 - 64.9)

, 22.2% between

(64.9 - 67.2 ) and 20% between ( 67.2 - 69.5 ) Fig.(7) .While after exposure
to heat grilling, it was represented 17.8% between (25.3 - 29.7) , 24.4%
between (29.7 - 34.1) , 37.8% between (31.1 - 38.4) and 20% between(38.4
– 42.8) ( Fig. 8) .

Table (5) ; Distribution of moisture content in poultry shawarm before and after
exposure to heat in Gaza Strip.

Distribution of Moisture content " before and after exposure to heat"
"Before Exposure to Heat"

"After Exposure to Heat"

Valid Frequency

Percent

Cumulative
Percent

60.3 - 62.6

10

22.2

22.2 25.3 - 29.7

8

17.8

17.8

62.6 - 64.9

16

35.6

57.8 29.7 - 34.1

11

24.4

42.2

64.9 - 67.2

10

22.2

80.0 31.1 - 38.4

17

37.8

80.0

67.2- 69.5

9

20.0

100.0 38.4 - 42.8

9

20.0

100.0

45

100.0

45

100.0

43

Valid Frequency

Percent Cumulative
Percent

Moisture content
Figure (7): Distribution of moisture content in poultry shawarma
before exposure to heat in Gaza Strip

Moisture content
Figure (8): Distribution of moisture content in poultry shawarma
after exposure to heat in Gaza Strip
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Table (6): The moisture content before exposure to heat grilling was 60.3%

and 69.5% at lower and highest content, While after exposure to heat
grilling the lower moisture was 25.30% and the highest was 42.60 % .
Table (6): Descriptive statistics of

moisture content in poultry meat
shawarma "before and after exposure to heat " in Gaza Strip.
Descriptive Statistics
Moisture

N

"Before Exposure to Heat"

45

60.30 %

69.50 %

65 %

"After Exposure to Heat"

45

25.30 %

42.60 %

34 %

Minimum Maximum

45

Mean

5.3. Bacteriological analysis of poultry shawarma
5.3.1. Isolation of bacteria from different governorates of Gaza Strip.
Salmonella was positive in Ten samples from 90 represented (11.2%)
of the total samples, while E. coli was positive in 25 sample, represented
(27.7%) from which E. coli 0157: H7 was positive in 6 samples,
represented (6.6 %) and Staphylococcus aureus was isolated from 11
samples represented (12.2%) of the total samples. Salmonella was isolated
in the same proportion in south and north Gaza represented (13.3%) in
each. While in mid Gaza Salmonella represented (6.6%). E. coli was
positive in 8 samples, represented (26.6%) in south Gaza and mid Gaza
(20%) and (36.6%) in north Gaza. E. coli0157: H7 was the highest in north
Gaza (10%) and was decreased in south and mid Gaza (6.6%), (3.3%),
respectively, while Staphylococcus aureus was the highest rate in north
Gaza (16.6%) and less in the south and mid Gaza, showed in table (7).
Table (7): Results of bacteria analysis in different governorates of Gaza Strip.
Governorate

Number
of
sample

E. coli
0157:H7 (c)

Staphylococcus
aureus (d)

Salmonella (a)

E. coli (b)

No (%)

No (%)

No

(%)

No (%)

11 (36.6)

3

(10)

5

(20)

1

(3.3)

3

(26.6)

2

(6.6)

3 (10)

25 ( 27.7)

6

(6.6)

11 (12.2)

(13.3)

4

North Gaza

30

Mid Gaza

30

2

(6.6)

South Gaza

30

4

(13.3)

Total

90

10 (11.2)

6
8

(a) Positive if Salmonella ≥ one colonies / g
(b) Positive if E. coli ≥ 1cfu/g
(c) Positive if E. coli O157:H7 ≥ one colonies / g
(d) Positive if S.aureus ≥ 103 cfu/g

46

(16.6)
(10)

5.3.2. Isolation of bacteria from poultry shawarma
5.3.2.1. Isolation of bacteria from shawarma chicken
The distribution of samples shawarma chicken before and after exposure to
heat and the relationship of microbial growth. Table (8), showed that
Results showed that Salmonella was positive in two samples of shawarma
chicken equally before and after exposure to heat grilled represented (13.3
%) in each. E. coli was positive in 6 samples of shawarma chicken before
exposure to heat represented, (40%) and in (4) samples after to heat grilled
represented, (26.7%). E. coli 0157: H7 was positive in 2 samples of
shawarma chicken before exposure to heat represented, (13.3%) and in one
sample after exposure to heat grilled, represented, (6.7%). While
Staphylococcus aureus was positive 3 samples shawarma chicken before
exposure to heat represented (20%) and it was negative after exposure to
heat grilled (Fig. 9,10).

Table (8); Isolation of bacteria from shawarma chicken before and after exposure to
heat.
( Before exposure to heat )

Salmonella

S. aureus

E. coli

E. coli 0157:H7

N. Valid

15

15

15

15

Negative

13 (86.6)

12 (80)

9 (60)

13 (86.6)

Positive

2

3 (20)

6 (40)

2

0.414

0.507

(13.3)
0.351

Std. Deviation

(13.3)
0.351

( After exposure to heat)
N. Valid

15

15

15

15

Negative

13 (86.6)

15 (100)

11 (73.3)

14 (93.3)

Positive

2

0.0

4 (26.7)

1 (6.7)

0.00

0.457

0.258

Std. Deviation

(13.3)
0.351
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Figure (9): Isolation of bacteria from shawarma chicken
"before exposure to heat"

Figure (10): Isolation of bacteria from shawarma chicken
"after exposure to heat"
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5.3.2.2. Isolation of bacteria from shawarma turkey:
Table (9): showed, the distribution of shawarma chicken samples before
and after exposure to heat. Results showed, that Salmonella was positive in
2 samples shawarma turkey before exposure to heat represented, (13.3 %)
and after exposure to heat grilled it was negative. E. coli was positive in 5
sample shawarma turkey before exposure to heat represented, (33.3%) and
after exposure to heat grilled it was positive in (2) samples represented,
(13.3%). On the other hand, the E. coli 0157: H7 was positive in 3
samples shawarma turkey before exposure to heat represented, (20%) and
after to heat grilled it was negative sample .While, Staphylococcus aureus
was in positive 4 samples shawarma turkey before exposure to heat
represented, (26.6%) and after to heat grilled it was positive in one sample
.
represented, (6.7% ) Fig. (11, 12).

Table (9); Isolation of bacteria from shawarma turkey "before and after exposure to
heat" in Gaza Strip.
( Before exposure to heat )

Salmonella

S. aureus

E. coli

E. coli 0157:H7

N. Valid

15

15

15

15

Negative

13 (86.6)

11 (73.3)

10 (66.7)

12 (80)

Positive

2

4 (26.6)

5 (33.3)

3 (20)

0.414

0.487

0.414

Std. Deviation

(13.3)
0.351

( After exposure to heat)
N. Valid

15

15

15

15

Negative

15 (100)

14 (93.3)

13 (86.6)

15 (100)

Positive

0.0

1 (6.7)

Std. Deviation

0.00

0.258
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2

(13.3)
0.351

0.0
0.00

Figure (11): Isolation of bacteria from shawarma turkey
"before exposure to heat"

Figure (12): Isolation of bacteria from shawarma turkey
"after exposure to heat"
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5.3.2.3. Isolation of bacteria from shawarma mixed (Turkey and
Chicken):
Table (10): showed, the distribution of samples shawarma mixed Turkey
and Chicken before and after exposure to heat . Results illustrated that
Salmonella was positive in 1 samples shawarma mixed Turkey and
Chicken before exposure to heat represented, (6.7 %) and after exposure to
heat grilled it was positive in 3 sample, represented (20%). Also, of E. coli
was positive in 5 samples before exposure to heat represented, (33.3%) and
after exposure to heat grilled it was positive in (3) sample, represented
(20%).On the other hand, E. coli 0157: H7 was negative in samples of
mixed shawarma turkey and chicken before and after exposure to heat
grilled . While Staphylococcus aureus was positive in 2 samples before
exposure to heat represented, (13.3%) and after exposure to heat grilled it
was positive in one sample, represented (6.7%).
.

Table (10); Isolation of bacteria from shawarma mixed (turkey and chicken) "before
and after exposure to heat" in Gaza Strip.

.

( Before exposure to heat )

Salmonella

S. aureus

E. coli

E. coli 0157:H7

N. Valid

15

15

15

15

Negative

14 (93.3)

13 (86.6)

10 (66.7)

15 (100)

Positive

1 (6.7)

2

5 (33.3)

0.0

Std. Deviation

0.258

0.487

0.00

(13.3)
0.351

( After exposure to heat)
N. Valid

15

15

15

15

Negative

12 (80)

14 (93.3)

12 (80)

15 (100)

Positive

3 (20)

1 (6.7)

3 (20)

0.0

Std. Deviation

0.414

0.258

0.414

0.00
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Figure (13): Isolation of bacteria from shawarma
mixed chicken and turkey "before exposure to heat"

Figure (14): Isolation of bacteria from shawarma
mixed chicken and turkey "after exposure to heat"
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5.3.2.4. Total isolation of bacteria from chicken , turkey and mixed
shawarma (before and after exposure to heat):
Table (11): showed, that there was no effect on Salmonella before and

after exposure to heat, while of total samples before exposure to heat was
(11.1%) and not it is changed after exposure to heat. The counts of E. coli
had been affected significantly before exposure to heat and it was (35.5) of
total samples and after exposure it was over (20%). The counts of E. coli
O157: H7 before exposure to heat an average rate was (11.1%) of total
samples and after exposure to heat it became (2.2%).On the other hand the
counts of Staphylococcus aureus had been affected significantly before
exposure to heat with an average rate (20%) of total samples and after
exposure to heat it was became (4.4 %) and it was noted that the total
samples which containing microbes before exposure to heat was in (34)
samples and after exposure to heat it became in (17) samples.
.
Table (11); Isolation of bacteria from shawarma poultry " before and after exposure
to heat".
( Before exposure to heat )

Salmonella

S. aureus

E. coli

E. coli 0157:H7

N. Valid

45

45

45

45

Negative

40 (88.8)

36 (80)

29 (64.4)

40 (88.8)

Positive

5 (11.1)

9

16 (35.5)

5 (11.1)

(20)

( After exposure to heat )
N. Valid

45

45

45

45

Negative

40 (88.8)

43 (95.5)

36 (80)

44 (97.7)

Positive

5 (11.1)

2 (4.4)

9 (20)

1 (2.2)
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Figure (15): Isolation of bacteria from shawarma poultry
before and after exposure to heat.
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5.3.3. Prevalence of bacteria in poultry meat shawarma in different
governorate of Gaza Strip:5.3.3.1. Aerobic Plate Count (APC) in poultry shawarma:
Results in tables (12) and (13) showed, that the effect of heat on (APC) on
shawarma poultry (chiken, turkey and mixed) before and after exposure to
heat in the cities of Gaza Strip (North, Mid and South Gaza). The results
showed that the affect on the counts of APC was large (5X104 CFU / g) and
ranged between 4x104-5x105 CFU / g which represented (17.8%) of the
total samples and after exposure to heat grilling it was (0.0%).
Aerobic plate count before exposure to heat grilling ranged between 3x104 4x104 CFU / g that represented, (17.8%) and after exposure to heat grilling
it lowered to (4.4%).Also, (APC) which ranged between 2x104- 3x104 CFU
/ g was represented (17.8%) and after exposure to heat grilling, the rate%).
was lowered to (2.2%).On the other hands, the count of (APC) which
ranging 1x104 - 2x104 CFU / g was represented (4.4%) and after exposure
to heat grilling it lowered to (2.2%). The count of (APC) in samples which
were less than 103 CFU / g was represented (42.2%) and after exposure to
heat of grilling it became up to (91.1%) of the total sample.
The extents of APC between 4x104 -5x104 CFU / g were equal in south
and north Gaza and represented, (13.3%), while

in mid Gaza, the

preparation of bacteria was (26.7%) (Fig. 16). After exposure to shawarma
poultry samples to heat grilling. A significant reduction in bacteria number
was found where the maximum number of microbial kidney was 3x104 4x104 cfu / g. shawarma samples in north Gaza were contained only
microbial counts of less than 103 cfu /g with percentage of (100%) either in
mid and south Gaza, which the number was less than 103 cfu /g with
percentage of (86.7%) for each (Fig. 17) .
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Table (12); Prevalence of Aerobic Plate Count (APC) in poultry meat shawarma before
exposure to heat in Gaza Strip.

" Before Exposure to Heat "
3

Governorate

0  ــ10

4

10  ــ2

3

x10

2 x 10  ــ3 x

4

4

3 x 10  ــ4 x

4

4

4 x 10  ــ5 x

4

10

4

10

10

No.

%

No.

%

No.

%

No.

%

No.

%

North Gaza

7

46.7

0

0.0

2

13.3

4

26.7

2

13.3

Mid Gaza

5

33.3

1

6.7

3

20

2

13.3

4

26.7

South Gaza

7

46.7

1

6.7

3

20

2

13.3

2

13.3

Total

19

42.2

2

4.4

8

17.8

8

17.8

8

17.8

Table (13); Prevalence of Aerobic Plate Count (APC) in poultry meat shawarma after
exposure to heat in Gaza Strip.

" After Exposure to Heat "

0  ــ10

Governorate

3

3

10  ــ2 x10

4

4

2 x 10  ــ3 x 10

4

4

4

3 x 10  ــ4 x 10

No.

%

No.

%

No.

%

No.

%

North Gaza

15

100

0

0.0

0

0.0

0

0.0

Mid Gaza

13

86.7

0

0.0

0

0.0

2

13.3

South Gaza

13

86.7

1

6.7

1

6.7

0

0.0

Total

41

91.1

1

2.2

1

2.2

2

4.4
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Governorate
Figure (16): Prevalence of Aerobic Plate Count in poultry meat
shawarma "before exposure to heat" in Gaza Strip.

Governorate
Figure (17): Prevalence of Aerobic Plate Count in poultry meat
shawarma "after exposure to heat" in Gaza Strip.
.
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Descriptive statistics of (APC) in poultry meat shawarma before and after
exposure to heat in Gaza Strip:

Results in table (14), showed that the counts of APC before heat grilling
was ranged from 4.2x102 – 4.8x104 CFU /g which an average of 1.9 x 104
CFU /g and standard error for the mean (SEM) was 2.4x103 cfu/g .The
preparation of APC after heat grilling was ranged from 1.2x102 – 3.8x104
CFU /g with an average number of 3.8 x 103 CFU /g and standard error
for the mean (SEM) was 1.2x103 CFU/g.
Table (14); Descriptive statistics of (APC) in poultry meat shawarma before and
after exposure to heat in Gaza Strip.
N

Range

APC "Before exposure
to heat"

45

4.7x104

4.2x102

APC "After exposure
to Heat"

45

3.7x104

1.2x102

Mean

Std. Error
"S.E.M"

4.8x104

1.9x104

2.4x103

3.8x104

3.8x103

1.2x103

Minimum Maximum

Acceptable if APC < 2.5x105 CFU/g ( Palestine standard)

.
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5.3.3.2. Coliform Counts in poultry shawarma:
Table (15): It was noticed from the above table that the effect of heat on
coliform bacteria

in shawarma poultry (chicken ,turkey and mixed)

samples before and after exposure to heat grilling was affected on the
counts of coliform bacteria which was in a large heat that in up to 2.4X104
CFU / g in the sample. Coliform bacteria was resided in the same sample
between 1.6x104- 2.4x104 CFU / g and represented (2.2%) of the total
sample. While after exposure to heat grilling the number was became
(0.0%). The counts of coliform bacteria which were < 8x103 CFU / g had
became after exposure to heat grilling at 100%.
Table (15); Prevalence of Coliform Counts in poultry meat shawarma before and
after exposure to heat in Gaza Strip.

Coliform Counts " Exposure to Heat "
Before Exposure to Heat

After Exposure to Heat

Governorate
< 8 x103

< 8 x103

1.6 x104 - 2.4x104

No.

%

No.

%

No.

%

North Gaza

14

31.1

1

2.2

15

33.3

Mid Gaza

15

33.3

0

0.0

15

33.3

South Gaza

15

33.3

0

0.0

15

33.3

44

97.8

1

2.2

45

100
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Results in (Fig. 18) noted also that shawarma samples before exposure to
heat grilling was confined to the preparation of coliform bacteria in the
south and mid Gaza, in the range of less than 8x103 cfu/ g either north Gaza
Strip was limited presence of bacteria in the range of between to 8x103 1.6x104- 2.4x104 cfu / g and then subjected the samples to heat grilling
confined last coliform bacteria in the range of less than 8x103, where the
heat was decreased the number of bacteria in shawarma samples (Fig. 19).

Governorate
Figure (18): Prevalence of Coliform counts in poultry
shawarma " before exposure to heat " in Gaza Strip .

.
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Governorate
Figure (19): Prevalence of coliform counts in poultry
shawarma " after exposure to heat " in Gaza Strip.

Descriptive Statistics of Coliform bacteria in poultry meat shawarma before
and after exposure to heat in Gaza Strip:
Table (16): It was noticed from the table that the counts of coliform

bacteria before heat grilling was ranged between 1.1x102 – 2.4x104 cfu/g
and the average number was 2 x 103 CFU /g , while the counts of coliform
bacteria after heat grilling was ranged from 3.4x103 cfu/g with the average
number of 3.9 x 102 CFU /g .
Table (16); Descriptive Statistics of Coliform bacteria in poultry meat shawarma
before and after exposure to heat in Gaza Strip.
N

Minimum Maximum

Mean

Std. Error

Coliform counts "Before
Exposure to Heat"

45

1.1x102

2.4x104

2x103

5.2x102

Coliform counts "After
Exposure to Heat"

45

0.00

3.4x103

3.9x102

1.1x102

Acceptable if TC > 1x104 CFU/g ( Palestine standard)
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5.3.3.3. Salmonella counts in poultry shawarma:
Results in table (17): showed that the prevalence bacteria Salmonella in
shawarma poultry samples before exposure to heat was 11.1% of the total
sample, while it was remained presence as 11.1% after exposure to heat
grilling. Also it noted that the number of samples which contaminated with
bacteria Salmonella in north Gaza was (2) samples with rate of (13.3%) of
the total sample and after subjected sample to heat grilling, the ratio was
remained as it was (Fig.20). On the other hands, samples of shawarma in
mid Gaza were free of bacteria Salmonella, but after exposure to heat
grilling it was increased to became in (2) samples and with rate of (13.3%)
of total sample, while samples in south Gaza were stranded in (3) sample
with the rate of( 20%) of total sample, but after exposure to heat grilling,
the numbers were decreased of where exist in one sample with rate of
(6.7%) (Fig. 21).

.

Table (17); Prevalence of Salmonella Counts in poultry meat shawarma before and
after exposure to heat in Gaza Strip .

Salmonella " Exposure to Heat "

Governorate

After Exposure to Heat

Before Exposure to Heat

-ve

+ve

-ve

+v

No.

%

No.

%

No.

%

No.

%

North Gaza

13

86.6

2

13.3

13

86.6

2

13.3

Mid Gaza

15

100

0

0.0

13

86.6

2

13.3

South Gaza

12

80

3

20

14

93.3

1

6.7

40

88.9

5

11.1

40

88.9

5

11.1
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.

Governorate
Figure (20): Prevalence of Salmonella counts in poultry
shawarma "before exposure to heat" in Gaza Strip.
.

Governorate
Figure (21): Prevalence of Salmonella counts in poultry
shawarma " after exposure to heat " in Gaza Strip.
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5.3.3.4. E. coli counts in poultry shawarma:
It was noted from table (18), that the rate of E. coli bacteria in shawarma
poultry samples before exposure to heat grilling was (35.6%) of total sample
and it became (20%) after exposure to heat. E. coli was positive in 6 samples
in north Gaza, with rate of (40%) and after exposure to heat grilling it was
positive in 5 samples with rate of (33.3%) (Fig. 22).On the other hand, E.
coli was positive in 5 samples in mid and south Gaza, with rate of 33.3% for
each. While, E. coli was positive in one sample in mid Gaza, with rate of
6.7%, while in samples of south Gaza, it was found that E. coli was positive
in 3 samples with rate of 20 % (Fig. 23).

Table (18); Prevalence of E. coli Counts in poultry meat shawarma before and after
exposure to heat in Gaza Strip .

E. coli " Exposure to Heat "
After Exposure to Heat

Before Exposure to Heat
Governorate

-ve

+ve

-ve

+ve

No.

%

No.

%

No.

%

No.

%

North Gaza

9

60

6

40

10

66.7

5

33.3

Mid Gaza

10

66.7

5

33.3

14

93.3

1

6.7

South Gaza

10

66.7

5

33.3

12

80

3

20

29

64.4

16

35.6

36

80.0

9

20

64

Governorate
Figure (22): Prevalence of E. coli counts in poultry
shawarma before exposure to heat in Gaza Strip.
.

Governorate
Figure (23): Prevalence of E. coli counts in poultry
shawarma after exposure to heat in Gaza Strip.
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5.3.3.5. E. coli 015:H7 counts in poultry shawarma:
Results in table (19), show that E. coli O157:H7 was positive in 2 samples
with rate of 13.3% in north Gaza, . But E. coli O157:H7 was positive in one
samples, with rate of 6.7% in mid Gaza, while it was positive in 2 samples,
with rate of (13.3%) in south Gaza (Fig. 24). But after exposure to heat
grilling, it was positive in one samples with rate of 6.7% in north Gaza and
E.coli O157:H7 not found in samples mid and south Gaza (Fig. 25).

Table (19); Prevalence of E. coli 0157: H7 counts in poultry meat shawarma
before and after exposure to heat in Gaza Strip .

E. coli 0157: H7 " Exposure to Heat "
After Exposure to Heat

Before Exposure to Heat
Governorate

-ve

+ve

-ve

+ve

No.

%

No.

%

No.

%

No.

%

North Gaza

13

86.6

2

13.3

14

93.3

1

6.7

Mid Gaza

14

93.3

1

6.7

15

100

0

0.0

South Gaza

13

86.6

2

13.3

15

100

0

0.0

40

88.9

5

11.1

44

97.8

1

2.2

.
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Governorate
Figure (24): Prevalence of E. coli O157:H7 counts in poultry
shawarma " before exposure to heat " in Gaza Strip.

Governorate
Figure (25): Prevalence of E. coli O157:H7 counts in poultry
shawarma " after exposure to heat " in Gaza Strip.
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5.3.3.6. Staphylococcus aureus counts in poultry shawarma:
Results in table (20), showed that Staphylococcus aureus was positive in
9 samples in poultry shawarma before exposure to heat grilled represented,
(20%) and after exposure to heat grilled it was positive in 2 sample,
represented (4.4%). It means that shawarma sample in north Gaza before
exposure to heat grilled was presented to prepare Staphylococcus aureus
by (26.7%) and after exposure to heat grilled it was became (6.7%). On the
other hand, bacteria samples of mid and south Gaza, were presented before
at rates equal (13.3%) for each (Fig. 26) and after exposure shawarma
sample to heat grilled it was without the presence of bacteria in samples in
mid Gaza Strip, but it was existed in the south Gaza by (6.7% (Fig. 27).
Table (20); Prevalence of Staphylococcus aureus counts in poultry meat
shawarma before and after exposure to heat in Gaza Strip .

S. aureus " Exposure to Heat "
After Exposure to Heat

Before Exposure to Heat
Governorate

-ve

+ve

-ve

+ve

NO.

%

NO.

%

NO.

%

NO.

%

North Gaza

11

73.3

4

26.7

14

93.3

1

6.7

Mid Gaza

13

86.7

2

13.3

15

100

0

0.0

South Gaza

13

86.7

3

13.3

14

93.3

1

6.7

36

80

9

20

43

95.6

2

4.4
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Governorate
Figure (26): Prevalence of S. aureus counts in poultry
shawarma " beforer exposure to heat " in Gaza Strip

.

.

Governorate
Figure (27): Prevalence of S. aureus counts in poultry
shawarma " after exposure to heat " in Gaza Strip.
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5.3.4. Differences in bacterial counts (APC, TC, Salmonella, S.aureus , E.
coli and E. coli O157:H7 ) in poultry shawarma after exposure to heat
grilling.

Table (21), showed that of there were no statically significant differences at
(P>0.05) in Salmonella, E. coli and E. coli O157:H7 in poultry shawarma
after exposure to heat grilling. This indicated that there were no significant
differences between the mediators numbers of bacteria after exposure to
heat, also it indicated that heat was not affected significantly by reducing
the number of bacteria. While there were statically significant differences in
APC, TC and S. aureus at (P<0.05). Test Wilcoxon Signed Rank was used
because the data did not follow a normal distribution.

Table (21); Statically significant differences at (0.05) in (APC, TC, Salmonella,
S.aureus , E. coli and E. coli O157:H7 ) in poultry shawarma after exposure to heat
grilling.

Bacteria counts

z

P value

APC

- 4.667a

< 0.01

TC

- 4.634a

< 0.01

Salmonella

0.000a

> 0.05

S.aureus

-1.897a

< 0.05

E.coli

-1.414a

> 0.05

E.coli O157:H7

-1.633a

> 0.05

a. Lilliefors Significance Correction
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6. Discussion
Temperature in poultry shawarma :
Before exposure of samples shawarma chicken to heat grilling it was
found that the lowest temperature was 5C° and the highest temperature was
24C° with an average temperature of 14.5C° table (2), while after exposure
samples shawarma poultry to a temperature of grilling , the lowest
temperature was 40C° and the highest was 51C° with an average
temperature of 45.5 C° table, (2) .
.
These results were similar with study of Alet (2000), who found that
before exposure samples shawarma poultry to heat grilling it was found that
the

temperature

between

(2.7-3C°)

with

an

average

16.85

C° while, after exposure samples shawarma poultry to a heat of grilling it
was between (24.3-65 C°) with an average of 44.65C° and it was higher
than results

which obtained from the presented study that showed

Salmonella negative when you add spices to the chicken meat

but,

Salmonella and S. aureus positive when the average temperature was
14.5C°.

.

Hadad, (1991) and Jay, (1986) did not found Salmonella and S.
aureus when exposed grilled chicken shawarma to a temperature of 60C°
for 30-60 minutes ,These results were varied with the present study, where
occurrences of Salmonella and S. aureus in grilled chicken shawarma and
may be the degree of heat before and after grilling did not had any
significant effect (P > 0.5) on Salmonella and S. aureus , or may be due to a
failure to follow up sanitary practices in restaurants , workers and cleaner
place.

.
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PH Value in poultry shawarma :
Results showed that PH value of samples shawarma poultry before
exposure to heat grilling was between (5.3 - 6.23) with an average 5.88
table (4), while after exposure to heat grilling it had became between (5.45
- 6.22) and an average of 5.83 table, (4).

.

.

.
Also, results showed that PH in sample of shawarma poultry was
ranged from (5.53 -6.18) with an average 5.89 and after exposure to heat
grilling it had became with an average of 5.86 . These results were similar
with study of Kayisoglu et al. (2002), that conducted on samples of raw
chicken shawarma (before exposure to heat grilling) and pH in the
shawarma crude average 5.86. This Consistent with the present study and
samples were grilled shawarma pH had an average of 5.83, either shawarma
beef raw meat which had an average of 5.87 and pH shawarma grilled
meat had an average of 5.99.
The Institute of Turk Standards (1995b), recommends that pH of
raw shawarma should be 6.20, but there is no any informations about
cooked shawarma . But pH of raw shawarma poultry in present study was
between (5.3 - 6.23) and the average was 5.88.
Alet (2000), conducted in a similar study on samples shawarma
chicken because of different values of pH during the stage of preparation
and add spice to the chicken and after grilling, the average of PH was 6
(stage thawing chicken), 5.5 (add spices), and after grilling (5.7). This was
consistent with the present study, where the average pH samples of grilled
shawarma was 5.86. This was in line with Todd et al. (1986), where the
average pH of the samples after grilling chicken shawarma was 5.9. Among
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the factors that affect the pH was a spice and vinegar which used in the
process of soaking, temperature and storage period of shawarma .
.
Vazgecer et al. (2003), examined samples of shawarma chicken
where the pH value was ranged between (5.44-6.28) with an average of
5.86 and was similar with results that obtained in this study. While, (Todd
et al. (1986), found that pH value in chicken samples was (4.5- 5.1) with
an average of 4.8 and less than with that indicated in present study.
Moisture content in poultry shawarma :
Moisture content lower content found in samples shawarma poultry
before exposure to a heat grilling was 60.3% and the higher content was
69.5% with an average of 64.9 % ,while after exposure samples shawarma
poultry to a heat of grilling, the with lower moisture content was 25.3% and
the higher was 42.6% and the average is 34%. table, (6).

.

These results were similar to that obtained by Kayisoglu et al. (2002),
found that moisture content on samples shawarma raw poultry and cooked
was 61.28% and 51.67%, respectively. While in the beef shawarma crude
the average moisture was 61.16%, and in grilled shawarma the average
moisture content was 48.96%. While Kruger et al. (1993), found that in
samples shawarma chicken the moisture content was ranged between
(32.3% -51%). Also, it was similar with study of Seeger et al. (1986), that
conducted on samples of raw and cooked shawarma and found that the
range was (37.9% - 68.1%) and in shawarma cooked was between (14.5% 63.8%) while average moisture content of grilled samples shawarma was
39.15 %.
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Also, results showed that moisture content was ranged from (61.2% 69.20%) in samples of chicken shawarma with an average of 65.64% and
after exposure to heat grilling it had became with an average of 35.74% .
While, Vazgecer et al. (2003), that found in samples raw

chicken

shawarma the moisture content was ranged between (38.47% - 52.4%) with
an average of 47.27% .These results were varied with the present study.

Aerobic Plate Count in Shawarma Poultry:
The average of Aerobic Plate Count (APC) in samples of shawarma
poultry (chicken and turkeys) before exposure to heat grilling was 1.9X104
CFU/g but after exposure to heat grilling it was became 3.8 x 103 cfu/g
table, (14) . This indicated that there was effect of heat grilling in
decreasing number of (APC) (P value < 0.05) table, (21).

.

According to the Palestinian Microbiological Standard for poultry , the
maximum allowed contamination level for aerobic plate count (APC) is
2.5x105 CFU/g so, all samples of poultry (chicken , turkey and mixed)
were less than these numbers and the average rate was 1.9X104 CFU/g
.

(table, 14).

These results were agree with the study of kose et al. (2004), which
was conducted on samples of shawarma poultry before and after exposure
to heat grilling, that preparing an average of 7.44 cfu / g, also, the study
of Alet (2000), proved that (APC) of shawarma chicken samples during
preparation, processing , Flanging and adding spice, the average rate was
2.97-5.37 cfu / g and after exposure to heat grilling it was became 3.624.47 cfu /g.
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Kayisoglu et al. (2002), found that the average rate of APC was 5.68
cfu/ g in samples of shawarma before exposure to heat cooking and after
exposure to heat cooking it was dropped to 4.9 cfu / g and these results
proved that there was positive comparison with the results that reached by
Digrak et al. (1995), Kupali (1996) and EL-Samkary (1998), who found
that in samples frozen chicken the average rate of APC was 3.9CFU /g.
Total Coliform in shawarma poultry :
The average rate of total coliform count (TC) in samples of shawarma
poultry (chicken and turkeys) was 2X103 CFU/g before exposure to heat
grilling and after exposure to heat it was became 3.9 x 102 cfu/g (table, 16)
, it indicates that there was an effect of heat grilling in decreasing number
of coliform bacteria at (P value < 0.05 ) table, (21).
.

.

According to the Palestinian Microbiological Standard for poultry , the

maximum allowed contamination level for total coliform (TC) is 1x104
CFU/g, so, all samples of poultry (chicken , turkey and mixed) were less
than these numbers and the average rate was 2X103CFU/g (table, 16 ) .
.

.

.

This agreed with the study of Alet (2000), agree that explained that
85% of the samples of frozen chicken shawarma contained coliform
bacteria with an average rate of 1.72 cfu/g and after exposure to heat
grilling, the counts of bacteria in samples of shawarma grilled 1.25 cfu/g.
Kayisoglu et al. (2002), was consistent with that to raw chicken shawarma
samples which contained coliform bacteria with an average rate of 4.79
cfu/g and then when the samples were subjected to heat it was decreased
to 2.88 cfu/g.

.

75

Result of Vazgecer et al. (2003), greed with the study of Frazear
(1982), which conducted on samples of chicken shawarma that containing
coliform with an average rate of less than 102/g-1 . The cause of low
coliform bacteria numbers due to heat grilling, which were exposed slices
of chicken shawarma to 70 C0 and explained the decreasing

of coliform

bacteria number may be due to adding spices to the sliced chicken during
the preparation phase, which had affected the center of the media. Bryan et
al. (1992).
S.aureus bacteria in shawarma poultry :
The incidence rates of S. aureus in samples of shawarma poultry
(chicken, turkeys and mixed) before exposure to heat was 20% (chicken
6.6%, turkey 8.8 % and mixed 4.4%) table, (11), Fig (15) .While, after
exposure to heat grilling it had became 4.4% (chicken 0.0%, turkey2.2 %
and mixed 2.2%) table (11). This indicates that there was an effect of heat
grilling in decreasing number of S. aureus bacteria in the samples at
(P value > 0.05) table, (21).
Alet (2000), showed that samples of frozen raw chicken shawarma
before exposure to heat grilling showed that it contained bacteria, with an
average rate of 1.64 cfu/ g , but he disgree with the present study which
revealed that bacteria was negative in samples of chicken shawarma
grilled, In a similar study Wadi (2007), proved that samples of fresh
poultry meat in Gaza strip (chicken and turkeys), was positive for S.
aureus in an average rate of 2.725log10 cfu/g (chicken 2.780 cfu/g and in
turkeys it was 2.725 cfu/g.
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.
Results in table (8) showed that S. aureus was positive in 3 samples
of shawarma chickens with an average rate of (20%) while, shawarma of
turkey was positive in 4 samples, represented (26.6%), table (9) . Theses
results were similar from those obtained by Purai and Joshi (2010),
whom examined 110 samples of raw chicken and isolated
S. aureus from 22 samples with an average rate of 20%.

.

.
Krueger et al., (1993), found that 92% of samples of shawarma was
positive for S. aureus as a result of non-application of hygiene practices
by workers. It was agreed with the study of Todd et al., (1986), whom
found that 34 samples of shawarma were positive for S. aureus . While,
Aburuwaida (1996) found that bacteria sensitive enough to kill easily
when was exposed to a temperature of 60 Co for 30-60 minutes. But,
(Hadad , 1991), explained the absence of bacteria in shawarma grilled
which exposed to heat more than 70 Co and this was in line with ( Hassell
and Randal, 1987) where found bacteria in grilled chicken and consistent
with the present study where no found, S. aureus in baked chicken
.

shawarma.

Kawano et al. (2008), examined samples of meat, beef and chicken as
raw they proved that S. aureus was positive in samples of chicken (33/36)
which represented 91.7% and in meat samples (28/36) with an average rate
of 77.8%. While, Kozacinski et al. (2006), revealed that S. aureus was
positive in samples of chicken breasts at a percentage of 46.15% with 2.74
log

10

cfu/ g and samples of chickens with the skin was in percentage of

28.75% and 2.98 log

10

cfu/ g . In another study kreyenschmid et al.

(2002), included that samples of chicken fragmented and stored on 10 Co
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positive for S. aureus with an average rate of 103/g .

.

Astorga et al. (2002), found that S. aureus was positive in samples of
chicken meat, where the number in meat of chicken wings was 3.48 cfu
log10/g. But, FSIS (1998), isolated S. aureus from 85 samples of raw
chicken with an average rate of 95% and the average of preparation was
130 cfu/g and this percentage was higher than obtained from the present
study.
Altay et al. (2003), proved that S. aureus was positive in samples of
chicken meat by 23.3% and this was higher than of obtained results. While,
Erol and Usca (1996), isolated S. aureus

from 33/50 samples of frozen

chicken with an average rate of 66% and average prepared 1.3 x103 cfu/g.
Also, Aburuwaida et al. (1994), found that S. aureus was positive in
samples of chicken meat with number of 4.1 was consistent with that
bacteria was presented in the samples of frozen chicken with number of
5.4cfu/g.
Salmonella in shawarma poultry :
The incidence rates of Salmonella in samples shawarma poultry
(chicken, turkeys and mixed) were 11.1% (chicken 4.4 %, turkey 4.4 %and
mixed 2.2%) and it had become 11.1% (chicken 4.4%, turkey 0.0 % and
mixed 6.6%) before and after exposure to heat grilling, respectively table,
(11), Fig (15). It indicates that there was no effect of heat grilling in
decreasing number of

which had existed in samples at

Salmonella

(P value > 0.05) table, (21).
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Results in tables (8) , (9) showed that Salmonella was positive in
13.3% in chicken and turkey shawarma . These results were similar from
those obtained

by Wadi (2007) . Also, the contamination rate of

Salmonella was (11.1%) and (12%) in chicken and turkey samples,
respectively and these results were similar from those obtained by
Uyttendale et al. (1998) .While, Wilson, (2002) showed that the level of
contaminations of raw chicken with Salmonella was 11%. In Gaza strip,
Aljarosha (2001), found that Salmonella was positive in (3 / 30) samples
of fresh poultry meat with an average rate of (10%).
Purai and Joshi (2010), found that Salmonella was positive in (22 /
110) samples of raw chickens with an average rate of (20%) so it was
agreed with Zhao et al. (2001),

and

who found that

FSIS (1996),

Salmonella was positive in 285 samples of raw chicken with an average rate
of (44.6%).While, Campbell and Gilbert (1995), examined, 137 samples
of fresh chicken and found that 23 samples were positive for Salmonella
that represented 16.7%.
.
Theses results were similar with the study of
(2006),

Kozacinski et al.

whom found that Salmonella was positive in 10.6% of chicken

meat in 66 samples as existed Salmonella with percentage of 15.39% in the
segments of chicken breast and 9.25% in samples of meat chicken breast
with the skin at a rate of 10.35% in samples of chicken meat frozen and this
result was consistent from results of the present study.

.

Wadi (2007), found that Salmonella was positive in samples of fresh
poultry by 13%, chicken 11%, and turkeys, 15% . While, Salmonella in
samples of turkeys were in rates (10%, 6%, 26%) in legs , wing and breast,
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respectively. While, in chicken legs, chest, and wing, the rates were ( 4%,
24%, 6%), respectively.

.

kayisoglu et al. (2002), found that 80% of the raw chicken shawarma
and grilled samples were positive for Salmonella and it was much higher
than the results of the current study which proved that 40% of samples
shawarma beef meat was positive for Salmonella and in accordance with a
study of Digrak et al. (1995), which conducted on cooked shawarma in
Turkey.

.

The present study was disagreed with the study of Alet (2000), who,
proved that Salmonella was negative in samples of shawarma raw chicken
frozen and grilled, also, it was negative during preparation, processing ,
flanging and add spices. The study of Vazgecer et al. (2003), was similar
with the study of Alet (2000), who examined 72 samples of shawarma
chicken, and proved that Salmonella was negative in all samples shawarma
chicken.
.
El-samkary (1998), mentioned that Salmonella was negative during
the stages of processing of frozen chicken for flavoring and were Consistent
with the current study. Cohen et al. (2007), studied on 96 samples of
chicken meat and 96 samples of meat of turkeys and found Salmonella was
positive in 1 turkey sample with an average rate of 1% while, it was
positive in 2 samples at chicken with an average rate of 2.1% and these
results were less than current findings .
Anonymous (1999), found that Salmonella
samples of

was positive in

20

raw chicken meat with rate of 40% and it was the highest
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comparing with results of present study . While, Angkitirakull et al.
(2005), found that 40 samples of meat chickens was positive for Salmonella
which were presented in 30 samples with an average rate 75 % . On the
other hand, Beli et al. (2001), examined 461 samples of chicken meat as
they contained 30 samples on Salmonella by 75% which was higher than
results which obtained in present study. Dominguez et al. (2002), examined
198 samples of chicken meat and found that Salmonella was positive in 71
samples with an average rate of 35.8% and it was similar to that study by
(Arumgasawamy et al. (1995) .

.
.

Jorgensen et al. (2002), mentioned that Salmonella continous to be
major food borne pathogen and raw poultry was considered to be an
important source of this bacterium mentioned that isolation rates were
depended upon the country where the study was carried out, also sampling
plan and detection limit of the methodology , Uyttendaele et al. (1998)
and Capita et al. (2002).

.

Scott (1996), revealed that contamination of poultry products with
Salmonella is a fact and the importance of many basic instructions
regarding storage temperature, cooking and preservation of contamination
and cross contamination is not appreciated by many consumer. While,
(Uyttendaele et al. (1998), proved that all poultry products should be
cooked before consumption, risks to consumer were considered minimal
but in cases of unsafe food handling practices during preparation of poultry
E. coli in shawarma poultry:
The results in this study indicated that before exposure to heat, the
incidence rates of E. coli in samples shawarma poultry (chicken, turkeys
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and mixed) were 35.5% (chicken 13.3 %, turkey 11.1 % and mixed 11.1%)
and after exposure to heat grilling it had became 20% (chicken 8.8%,
turkey 4.4 % and mixed 6.6%) table, (11) and Fig. (15) . This indicated that
there was no effect of heat grilling in decreasing numbers of E. coli which
had found in samples (P value > 0.05) table, (21).

.

Table (9), showed that E. coli was positive in 5 samples of shawarma
turkey with an average rate of 33.3% and in shawarma chickens was
positive in 6 samples with an average rate of 40% Table (8), and was
consistent with the study of Cohen et al., (2007), which examined 192
samples of poultry meat, 92 samples of chicken , 92 samples of turkey and
showed that E. coli was positive in 93 samples with an average rate of
48.4% ,total samples which positive for E. coli were 51 samples of turkey
with an average rate of 51% and 42 samples of chicken with an average rate
of 43 %.

.

Kegode et al., (2008), examined samples of chicken, E. coli was
positive in 68%, it was higher than current findings. This explained that it
can be affected by differences in levels of pollution from the geographical
characteristics and sources of meat and processed. On the other hands,
Zhao et al., (2001), isolated E. coli from samples of chicken meat by
38.7% and these results were consistent with the present study. While,
Vazgecer et al., (2003), isolated E. coli from samples shawarma chicken
(31/ 72), with an average rate 43% were prepared, ranging from 2.0x105.0x102 g-1 and these results were consistent with present study.

.

Table (11), and Fig. (15), showed that E. coli was positive in
(16/45) samples of poultry shawarma with an average rate of 35.3%, these
results were varied with Lee et al., (2009 ), study which examined samples
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of poultry meat, where occurrences of E. coli in samples (41/900) with an
average rate 4.6%. While, Wadi (2007), examined poultry meat (chicken
and turkeys) in Gaza Strip and E. coli was positive in samples (21/126)
with an average rate of 5.25%, which was lower than results were obtained
in present study.

.

Astorga et al. (2002), found that, the average number of E. coli in
poultry meat in legs, wings and entrails were 2.60,3.68 and 4.33 log10 cfu/ g,
respectively and E. coli numbers were similar to those announced in other
studies that E. coli numbers was 3.6log10 cfu/ g Aburuwaida et al. (1994) .
.

.

.

E. coli O157:H7 in shawarma poultry :
Results showed that the incidence rates of E. coli O157:H7 in
samples of shawarma poultry (chicken, turkeys and mixed) were 11%
(chicken 4.4 %, turkey 6.6 % and mixed 0.00%) and after exposure to heat
grilling it had became 2.2% (chicken 2.2%, turkey 0.0 %, and mixed 0.0%)
table, (11) and Fig. (15) . It was indicated that there was no effect of heat
grilling in decreasing numbers of E. coli O157:H7 bacteria which had
existed in samples (P value > 0.05) table, (21) .

.

Also, results in table (9) shawed that E. coli O157:H7 was found in
(3 /15) samples in shawarma turkeys with an average rate of 20% and
shawarma chickens were presented in (2 / 15) samples with rate of 13.3%
table (8). These results were similar with study of Wadi (2007), which
conducted on samples of chicken and turkeys she found E. coli O157:H7
in poultry meat up to 3.12 log10 cfu /g , in chicken 3.177 and turkeys fresh
3.07. Also, existed E. coli O157:H7 in samples of chicken meat it was
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found in 3 samples of 2%.While, Dolye (1991), recorded that raw poultry
was revealed E. coli O157:H7 in 1.5 to 3.5%.
Results in table (8), showed that E. coli O157:H7 was positive in
(2 /15) samples in shawarma chickens before exposure to heat with an
average rate of (13.3%) and after exposure to heat grilling it was 6.7% .
According to Lsabel et al. (2009), isolated E. coli O157:H7 from (6 / 79)
samples with an average rate of 7.6%, while after exposure to heat
grilling counts of E. coli O157:H7 in cooked chicken was became (2 / 50)
that represented 4 % . These results were varied with study of Naimi et
al. (2001), and Tarr et al. (1999) they revealed that E. coli O157:H7 was
negative in poultry meat. But, Coia et al. (2001), found that the rate was
0.17, 0.0 %. These bacteria was negative in the samples of poultry and
beef meat lee et al., ( 2009), that consistent with that ( Fantell and
Stephan , 2001) .

.
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7. Conclusion
1- Results of this study suggested that poultry shawarma ( chicken, turkey
and mixed) may be an important

source of Staphylococcus aureus,

Salmonella , E. coli and E. coli 0157: H7 infections.
.

.
.

2- Results indicated that there were statistically significant differences
between the average number of bacteria APC , Coliform and S. aureus
after exposure to heat it had a major reduction in number of the same
bacteria.
3- No Statistically significant differences between the average number of
bacteria Salmonella , E. coli and E. coli 0157: H7 after exposure to heat
there was no enough affect in reducing the presence of the same bacteria.
.
4-There were more contamination with E. coli and Salmonella and less
with Staphylococcus aureus and E. coli 0157: H7 in samples of turkey
and chicken shawarma.

.

5- The highest and the lowest prevalence of E. coli was in North and Mid of
.

GazaStrip, respectively.

6- Staphylococcus aureus negative in the grilled chicken shawarma, but
was presented in shawarma grilled turkey and mixed. While, Salmonella
was not found in grilled turkey shawarma, but was presented in shawarma
grilled chicken and mixed. But, E. coli 0157: H7 was found in shawarma
grilled chicken and did not found in shawarma grilled turkey and mixed.
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7- The average moisture content in samples of chicken, turkey and mixed
shawarma before exposure to heat grilling was 65%. While, after exposure
to heat grilling it became 34%.

.

8- The average PH value on samples of chicken, turkey and mixed
shawarma before exposure to heat grilling was 5.88 While, after exposure
to heat grilling it became 5.83.
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8. Recommendations
1 - To reduce bacteriological risks during the stages of preparation of
poultry shawarma it must follow that:
- The methods of health upon thawing frozen poultry in restaurants.

- Application of health conditions by workers such as care for their
personal

hygiene and cleanliness of tools used in perpetration of

shawarma
- Attention to the refrigerator temperatures when storing poultry meat in
restaurants.
- Must buy chicken and turkeys from reliable sources.

- Reducing the duration of preparation of shawarma and amortized over the
shortest period possible so as not to exceed per day to avoid risk
bacteriological.

- Reducing the sizes of blocks shawarma in terms of weight and height so
that an exposure time of the grill is low and not to cause deterioration of
the quality shawarma.

2- Preferably put a flame additional bottom Circular plate, which placed
shawarma grilled slices after cutting of the cluster in order to ensure
exposure of all parts of slices shawarma to the temperature in order to
eliminate pathogenic microbes .
3- Further studies should be carried out including applying system of
HACCP on stages of preparing shawarma to reduce the risks
bacteriological.
4- Further studies should be carried out including isolation of
Campylobacter in poultry shawarma because it has become danger of the
studies carried out on poultry meat.
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9. Summary

In this study, the prevalence of Salmonella, E. coli, E. coli O157:H7
and S. aureus shawarma poultry (chicken, turkey and mixed), before and
after exposure to heat grill in Gaza Strip was investigated during a 6 months
, (October 2009 until march 2010). A total of 90 shawarma poultry samples,
30 of each product (chicken, turkey and mixed chicken and turkey) were
collacted from three governorates of Gaza Strip (North, Mid and South
Gaza). They examined for their bacteriological quality in terms of: aerobic
plate count (APC), total coliform (TC), Staphylococcus aureus, Escherichia
coli, E. coli O157:H7 and Salmonella.
The incidence of Staphylococcus aureus, Escherichia coli, E. coli
O157:H7 and Salmonella were 17.7%, 35.5%, 11.1% and 11.1% before
exposure to heat grilled in shawarma poultry samples, respectively. 20%
,40%, 13.3% and 13.3% in samples of chicken shawarma, respectively.
20%, 33.3%, 20% and 13.3% in turkey shawarma, respectively. 13.3%,
33.3%, 0.0% and 6.7% in mixed chicken and turkey shawarma,
respectively.
Samples after exposure to heat grilled became 4.4%, 20%, 2.2% and
11.1% in shawarma poultry samples, respectively, 0.0%, 26.7%, 6.7% and
13.3% in samples chicken shawarma, 6.7%, 13.3%, 0.0% and 0.0% in
turkey shawarma, 6.7%, 203%, 0.0% and 20% in mixed chicken and turkey
shawarma, respectively. Also, results illustrated that Staphylococcus aureus
was not found in grilled chicken shawarma, but were presented in
shawarma grilled turkey and mixed. While, Salmonella was not found in
grilled turkey shawarma but, were presented in shawarma grilled chicken
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and mixed. On other hand, E. coli 0157: H7 was found in shawarma
grilled chickens but not found in shawarma grilled turkey and mixed.

.

.
Results indicated that there were statistically significant differences
between the averages number of bacteria (APC) , coliform and
Staphylococcus after exposure to heat grilled in the sense of heat which had
a major reduction in the number of bacteria APC, coliform. While, no
statistically significant differences between the average number of
Salmonella , E. coli and E. coli 0157: H7 after exposure to heat grilled in
the sense of heat that did not affect enough in reducing the presence of
Staphylococcus aureus, Salmonella , E. coli and E. coli 0157: H7.

.

.
Samples of turkey and chicken shawarma were more contaminated
with E. coli and Salmonella and less with Staphylococcus aureus and
E. coli 0157: H7. Prevalence of E. coli in North Gaza was the highest and
the lowest in Mid Gaza Strip. But, prevalence of Staphylococcus aureus
and E. coli 0157: H7 in North Gaza was the highest and the lowest in the
South and Mid of Gaza Strip, respectively.
The average moisture of chicken, turkey and mixed shawarma samples
before exposure to heat grilling was 65% while, after exposure to heat
grilling it was became 34%. The average of pH value of chicken, turkey and
mixed shawarma samples before exposure to heat grilling was 5.88 While,
after exposure to heat grilling it was became 5.83.
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11. Annex

1. Samples of chicken shawarma
(1.1) Isolated bacteria from samples of chicken shawarma
( before exposure to heat) in the different governorates of Gaza Strip.

Sample
No.

1
2
3
4
5
1
2
3
4
5
1
2
3
4
5

Governorate

South
Gaza

Mid
Gaza

North
Gaza

S. aureus
Counts

Salmonella

E. coli

E. coli 0157:H7

Negative

Negative

Negative

Negative

Negative

Negative

positive

Positive

positive

positive

Negative

Negative

Negative

Negative

positive

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

positive

Negative

Negative

Negative

positive

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

positive

positive

Negative

positive

Negative

Negative

Negative

positive

Negative

Negative

Negative

Negative

Negative

positive

positive
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(1.2) Isolated bacteria from samples of chicken shawarma (after exposure to
heat) in the different governorates of Gaza Strip.
Sample
No

1
2
3
4
5
1
2
3
4
5
1
2
3
4
5

Governorate

South
Gaza

Mid
Gaza

North
Gaza

S. aureus
Counts

Salmonella

E. coli

E. coli 0157:H7

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

positive

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

positive

Negative

Negative

Negative

Negative

Negative

Negative

positive

Negative

Negative

Negative

positive

positive

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

positive

positive

Negative

Negative

Negative

Negative
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(1.3) Counts of different bacterial groups (cfu/g) in chickens shawarma
(before and after exposure to heat) and in the different governorates
of Gaza Strip .

Sample
No.

1
2
3
4
5
1
2
3
4
5
1
2
3
4
5

Governorate

South
Gaza

Mid
Gaza

North
Gaza

before exposure to heat

after exposure to heat

APC

TC

APC

TC

3.1xlO4

7 xlO2

1.2 xlO2

Negative

2.1xlO3

1.5 xlO3

1.8 xlO3

1.2 xlO3

2.4 xlO4

1.3 xlO3

1.3 xlO2

3.4 xlO3

1.2 xlO4

1.1 xlO3

2.4 xlO3

Negative

2.3 xlO4

4 xlO2

2.8xlO4

2 xlO3

3.3xlO4

1.2 xlO2

2.2 xlO2

Negative

3.2xlO3

1.5 xlO3

1.6 xlO2

Negative

4

3

3

2.2 xlO

1.6 xlO

1.5 xlO

2.1 xlO3

2.4 xlO4

3.1 xlO3

3.8xlO4

Negative

1.6 xlO4

2.8 xlO2

2.6 xlO3

2 xlO3

4.2xlO2

2.2 xlO3

3.8 xlO3

2.9 xlO2

3.9xlO4

2.4 xlO4

1.6 xlO2

Negative

3.4 xlO4

3.2 xlO3

1.4 xlO2

Negative

4

3

3

2.2 xlO3
Negative

4.1 xlO

3.9 xlO

3.6xlO

2.6 xlO4

1.8 xlO3

2.4 xlO3
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2. Samples of turkey shawarma

(2.1) Isolated bacteria from samples of turkey shawarma (before exposure to
heat) in the different governorates of Gaza Strip.
Sample
No.

1
2
3
4
5
1
2
3
4
5
1
2
3
4
5

Governorate

South
Gaza

Mid
Gaza

North
Gaza

S. aureus
Counts

Salmonella

E. coli

E. coli 0157:H7

Negative

Negative

Negative

Negative

Negative

Negative

positive

positive

positive

Negative

Negative

Negative

Negative

positive

Negative

Negative

positive

Negative

Negative

Negative

Negative

Negative

positive

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

positive

Negative

Negative

Negative

Negative

Negative

positive

positive

Negative

Negative

positive

positive

Negative

Negative

Negative

Negative

positive

positive

positive

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative
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(2.2) Isolated bacteria from samples of turkey shawarma (after exposure to
heat) in the different governorates of Gaza Strip

Sample
No.

1
2
3
4
5
1
2
3
4
5
1
2
3
4
5

Governorate

South
Gaza

Mid
Gaza

North
Gaza

S. aureus
Counts

Salmonella

E.coli

E. coli
0157:H7

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

positive

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

positive

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

positive

Negative

Negative

Negative

Negative

Negative
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(2.3) Counts of different bacterial groups (cfu/g) in turkeys shawarma
(before and after exposure to heat) and in the different governorates
of Gaza Strip .

Sample
No.

1
2
3
4
5
1
2
3
4
5
1
2
3
4
5

Governorate

South
Gaza

Mid
Gaza

North
Gaza

before exposure to heat

after exposure to heat

APC

TC

APC

TC

4.2xlO4

1.5 xlO3

1.6 xlO3

Negative

3 xlO3

1.1 xlO2

1.6 xlO2

Negative

2 xlO4

2.6 xlO3

2.7 xlO3

Negative

2

4

3

1.7 xlO

1.4 xlO

1.1 xlO

3 xlO2

2.3 xlO3

2 xlO2

3 xlO2

1 xlO2

4.1xlO4

1.8 xlO3

2.6 xlO3

Negative

2.3 xlO3

2.1 xlO2

1.4 xlO2

1.9 xlO2

2.1 xlO4

2.4 xlO3

3.4 xlO4

Negative

2.7 xlO3

1.2 xlO3

1.6 xlO3

Negative

2.4 xlO3

3.6 xlO2

3.2 xlO2

2.4 xlO2

3.1xlO4

1.5 xlO3

2.6 xlO3

Negative

3

2

2

3.3 xlO

2.4 xlO

1.4 xlO

1.2 xlO2

2.4 xlO4

2.3 xlO3

1.3 xlO3

Negative

2.2 xlO3

1.4 xlO3

2.6 xlO3

Negative

3

2

2

2.7 xlO2

3.4 xlO

3.7 xlO
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3.2 xlO

3. Samples of mixed chickens and turkeys shawarma
(3.1) Isolated bacteria from mixed samples of chickens and turkeys shawarma
(before exposure to heat) in the different governorates of Gaza
Sample
No.

Governorate

S. aureus

Salmonella

E.coli

E.coli
0157:H7

Negative

positive

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

positive

Negative

4

Negative

Negative

positive

Negative

5

Negative

Negative

Negative

Negative

1

Negative

Negative

Negative

Negative

2

Negative

Negative

Negative

Negative

Negative

Negative

positive

Negative

4

positive

Negative

Negative

Negative

5

Negative

Negative

Negative

Negative

1

Negative

Negative

Negative

Negative

positive

Negative

Negative

Negative

Negative

Negative

positive

Negative

4

Negative

Negative

positive

Negative

5

Negative

Negative

Negative

Negative

1
2
3

3

2
3

South
Gaza

Mid
Gaza

North
Gaza
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(3.2) Isolated bacteria from mixed samples of chickens and turkeys shawarma
(after exposure to heat) in the different governorates of Gaza

Sample
No.

S. aureus
Counts

Salmonella

E.coli

E.coli 0157:H7

1

Negative

Negative

Negative

Negative

2

Negative

positive

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

positive

Negative

5

positive

Negative

Negative

Negative

1

Negative

Negative

Negative

Negative

2

Negative

Negative

Negative

Negative

Negative

positive

Negative

Negative

Negative

Negative

Negative

Negative

5

Negative

Negative

Negative

Negative

1

Negative

Negative

Negative

Negative

2

Negative

Negative

positive

Negative

Negative

positive

positive

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

3
4

3
4

3
4
5

Governorate

South
Gaza

Mid
Gaza

North
Gaza
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(3.3) Counts of different bacterial groups (cfu/g) in mixed samples of chickens
and turkeys shawarma (before and after exposure to heat) and in the different
governorates of Gaza Strip.

Sample
No.

1
2
3
4
5
1
2
3
4
5
1
2
3
4
5

Governorate

South
Gaza

Mid
Gaza

North
Gaza

before exposure to heat

after exposure to heat

APC

TC

APC

TC

4.1xlO3

2.3 xlO3

2.3 xlO3

1.4 xlO2

3.2 xlO3

2.2 xlO2

1.9 xlO2

1.4 xlO2

3.5 xlO4

3.2 xlO3

2.6 xlO3

2.8 xlO2

3.2xlO3

2.1 xlO3

2.2 xlO3

2.5 xlO2

4.7xlO4

2.5 xlO3

3.9 xlO3

1.4 xlO2

4.8xlO4

1.9 xlO3

2.3 xlO3

1.3 xlO2

2.2 xlO3

2.9 xlO2

1.9 xlO2

1.2 xlO2

4.1 xlO4

2.2 xlO3

2.4 xlO3

2.3 xlO2

3.8xlO4

2.9 xlO2

2.5 xlO3

2.1 xlO2

4.6xlO4

2.9 xlO3

3.9 xlO3

2.6 xlO2

4.2xlO3

3.9 xlO3

2.2 xlO2

1.3 xlO2

2.5 xlO3

2.4 xlO2

1.9 xlO2

1. 3 xlO2

4.1 xlO4

3.5 xlO3

2.3 xlO3

2.7 xlO2

3.8xlO4

2.3 xlO3

2.4 xlO3

2.2 xlO2

3.1xlO3

2.9 xlO2

3.9 xlO2

2.6 xlO2
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الملخص العربي

ف\\ي ھ\\ذه الدراس\\ة ت\\م فح\\ص  90عين\\ه م\\ن ش\\اورما ال\\دواجن ) 30ال\\دجاج  30 ,الح\\بش  30 ,المخل\\وط م\\ن
الدجاج والح\بش( قب\ل وبع\د التع\رض لح\رارة ال\شو وق\د ت\م جم\ع العين\ات ع\شوائيا م\ن المط\اعم ف\ي جمي\ع
محافظات غزة )جنوب غزة  ,وسط غزة  ,شمال غزة ( بحيث تم فحص  30عينه من كل محافظه وق\د تم\ت
الدراسة من أكت\وبر  2009إل\ى م\ارس .2010
.

.

.
:

وكانت األھداف العامة من ھذه الدراسة :

 -1مدى انتشار السالمونيال واالستافيلوكوكس اوريس واالشيريشيا كوالى واالشيريشيا كوالى
) (O157:H7في شاورما الدواجن قبل وبعد تعرضھا لحرارة الشو في مطاعم قطاع غزة.
 -2دراسة الخواص الفيزيائيه ) الح\رارة ,درج\ه الحموض\ة  ,الرطوب\ة( لعين\ات ش\اورما ال\دواجن قب\ل وبع\د
التعرض لحرارة الشو.
 -3التع\\رف عل\\ى ج\\وده ش\\اورما ال\\دواجن ف\\ي مط\\اعم قط\\اع غ\\زة م\\ن خ\\الل ع\\دد البكتري\\ا الكل\\ى )(APC
وبكتريا القولون ).(TC
 -4دراسة العالقة بين النمو الميكروبي ونوعي\ه ش\اورما ال\دواجن )ال\دجاج والح\بش والمخل\وط م\ن ال\دجاج
والحبش(.
أظھرت الدراسة النتائج التالية -:
تواجدت بكتريا

S. aureus

Salmonella, E. coli O157: H7 , E. coli,

بنسبه

) (%11.1,%11.1,%35.5,%20على التوالي قبل تعرض عينات شاورما الدواجن لحرارة الشو وكانت
في شاورما الدجاج بنسب ) (%13.3,%13.3,%40,%20وكانت في شاورما الحبش بنسب
)(%13.3,%20,%33.3,%26.6

وفى

الشاورما

المخلوطة

من

الدجاج

والحبش

كانت

) (%6.7,%0.0,%33.3,%13.3على التوالي .أما عينات الشاورما الدواجن بعد تعرضھا لحرارة الشو
أصبحت ) (%11.1,%2.2,%20,%4.4وفي شاورما الدجاج ) (%13.3,%6.7,%26.7,%0.0وفي شاورما
الحبش )(%0.0,%0.0%13.3,%6.7

وفى الشاورما المخلوطة ).(%20,%0.0, 20%,%6.7

.
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.

وكانت متوسط اإلعداد البكترية ) (APCلشاورما الدواجن قبل التعرض لحرارة الشو  1.9x104وبعد
التعرض انخفضت بصوره ملحوظة وأصبح  3.8x103أما بكتريا القولون ) (TCفكان متوسط إعدادھا
.2x103قبل التعرض للشو وبعد التعرض أصبحت  3.9x102ولم تتواجد السالمونيال في شاورما الحبش
المشو وتواجدت في شاورما الدجاج والمخلوطة المشوية ,إما االشيريشيا كوالى ) (O157:H7فقد تواجدت

في شاورما الدجاج المشو ولم تتواجد في شاورما الحبش والمخلوطة المشوية.

.

.
وقد تواجدت بكتريا االشيريشيا كوالى في شاورما الدواجن بنسبه عاليه في شمال غزه ) ( %36.6قبل
وبعد التعرض لحرارة الشو وبنسبه اقل في وسط غزه )  , (%20أما االستافيلوكوكس اوريس واالشيريشيا
كوالى ) (O157:H7فتواجدت بنسبه عاليه في شمال غزة وبنسبه اقل في ووسط جنوب غزة على
التوالي .بينما بكتريا السالمونيال فقد تواجدت بنسب متساوية في محافظتي جنوب وشمال غزة )( %13.3
.

وبنسبه اقل في وسط غزة ).(%6.6

تأثير درجه حرارة الشو على النمو الميكروبي لشاروما الدواجن-:
أظھ\\رت النت\\ائج المتح\\صل عليھ\\ا ان\\ه توج\\د فروق\\ات ذات دالل\\ه إح\\صائية ب\\ين متوس\\ط األع\\داد البكتري\\ة
لالستافيلوكوكس اوريس وبكتريا القولون و) (APCبعد التعرض لحرراه الشو وھذا يعنى ان لح\رارة ال\شو
تأثير كبير في تقليل األعداد البكترية  ,بينما لم تواجد اى فروقات ذات دالل\ه إح\صائية ب\ين متوس\ط األع\داد
البكتيرية للسالمونيال واالشيريشيا كوالى واالشيريشيا كوالى ) (O157:H7وھذا يعنى إن ح\رارة ال\شو ل\م
يكن لھا تأثير كبير على تقليل اإلعداد البكترية.
أيضا تم دراسة الخواص الفيزيائيه )الح\رارة والرطوب\ة و درج\ه الحموض\ة( عل\ى العين\ات موض\ع الدراس\ة
وك\ان متوس\\ط الرطوب\\ة ف\\ي عين\ات ش\\اورما ال\\دجاج والح\\بش والمخل\\وط منھم\ا قب\\ل التع\\رض لح\\رارة ال\\شو
 %65وبع\\د التع\\رض لح\\رارة ال\\شو انخف\\ضت ن\\سبه الرطوب\\ة وأص\\بحت  .%34وكان\\ت متوس\\ط درج\\ه
الحموض\\ة ف\\ي ش\\اورما ال\\دجاج والح\\بش والمخل\\وط منھم\\ا قب\\ل التع\\رض لح\\رارة ال\\شو  5.88بينم\\ا بع\\د
التعرض الشاورما لحرارة الشو لم تتغير الحموضة كثيرا وأصبحت . 5.83
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المستخلص

تم دراسة  90عينه من شاورما الدواجن ) 30الدجاج  30 ,الحبش  30 ,المخلوط من الدجاج والحبش( قبل
وبعد التعرض لحرارة الشو وقد تم جمع العينات عشوائيا من المطاعم في جميع محافظات غزة )شمال غزة
 ,وسط غزة  ,جنوب غزة( بحيث تم فحص  30عينه من كل محافظه وقد تمت الدراسة من أكتوبر 2009

.

إلى مارس.2010

وقد أجريت ھذه الدراسة لتحديد مدى انتشار السالمونيال واالستافيلوكوكس اوريس واالشيريشيا كوالى
واالشيريشيا كوالى ) (O157:H7في شاورما الدواجن قبل وبعد تعرضھا لحرارة الشو في مطاعم قطاع
غزة و دراسة العالقة بين النمو الميكروبي ونوعيه شاورما الدواجن )الدجاج والحبش والمخلوط من
الدجاج والحبش( و دراسة الخواص الفيزيائيه ) الحرارة ,درجه الحموضة  ,الرطوبة( لعينات شاورما

.

الدواجن قبل وبعد التعرض لحرارة الشو.

ولم تتواجد االستافيلوكوكس اوريس فى شاورما الدجاج المشو ولكنھا تواجدت فى شاورما الحبش
والمخلوطه المشويه و اما السالمونيال لم تتواجد في شاورما الحبش المشو وتواجدت في شاورما الدجاج
والمخلوطة المشوية إما االشيريشيا كوالى ) (O157:H7فقد تواجدت في شاورما الدجاج المشو ولم تتواجد
في شاورما الحبش والمخلوطة المشوية . .وقد تواجدت بكتريا االشيريشيا كوالى في شاورما الدواجن
بنسبه عاليه في شمال غزة ) ( %36.6وبنسبه اقل في وسط غزة )  , (%20إما االستافيلوكوكس اوريس
واالشيريشيا كوالى ) (O157:H7فتوجدات بنسبه عاليه في شمال غزة وبنسبه اقل في جنوب ووسط غزة
على التوالي .بينما بكتريا السالمونيال

فقد تواجدت بنسب متساوية في محافظتي جنوب وشمال غزة

) ( %13.3وبنسبه اقل في وسط غزة ).(%6.6

و ت\\م دراس\\ة الخ\\واص الفيزيائي\\ه )درج\\ه الح\\رارة ,درج\\ه الحموض\\ة  ,الرطوب\\ة( عل\\ى العين\\ات موض\\ع
الدراسة وكان متوسط الحراره ودرجه الحموضه والرطوبه في عينات شاورما ال\دجاج والح\بش والمخل\وط
منھما قبل التعرض لحرارة الشو ھى 14.8 C°و  5.88و %65عل\ى الت\والى وبع\د التع\رض لح\رارة ال\شو
اصبح المتوسط  45.5 C°و  5.83و %34على التوالى.
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و أظھ\\رت النت\\ائج المتح\\صل عليھ\\ا ان\\ه توج\\د فروق\\ات ذات دالل\\ه إح\\صائية ب\\ين متوس\\ط األع\\داد البكتري\\ة
لالس\\تافيلوكوكس اوري\\س و ) (TCو) (APCبع\\د التع\\رض لح\\رراه ال\\شوى وھ\\ذا يعن\\ى أن لح\\رارة ال\\شو
تأثير كبي\ر ف\ي تقلي\ل ھ\ذه األع\داد البكتري\ة  ,بينم\ا ال تواج\د اى فروق\ات ذات دالل\ه اح\صائية ب\ين متوس\ط
األعداد البكتيرية للسالمونيال واالشيريشيا كوالى واالشيري\شيا ك\والى ) (O157:H7وھ\ذا يعن\ى أن ح\رارة
ال\شو ل\م يك\ن لھ\ا ت\أثير كبي\ر عل\ى تقلي\ل ھ\ذه اإلع\داد البكتري\ة.
.

.

.
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 אدא

א  א

دوאدא و وא   ووسאو سوא   و
)  (O157:H7و وמאدوאن)אد جوאش(ط %מ$ط ع
(ز&.
 -.ول+%د*א    
%وמووو א(0ذ  .
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