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Abstract

Introduction

Over the past several decades, fast foods have gained a progres-
sive trend of popularity among consumers in all parts of the world, 
both in developed and in developing countries. As a result of vari-
ous changes to lifestyle, the dietary habits of people—mainly teen-
agers and young adults—have shifted toward fast foods (Askari 
Majabadi et al., 2016). On average, young adults and middle-aged 
adults in Tehran eat 161 and 108 g of fast food per week, respectively 
(Bahadoran et al., 2015). For these reasons, the global tendency to eat 
fast foods has been associated with increased concerns (Bahadoran 
et al., 2015) and bacterial contamination by Escherichia coli (E. coli) 
and Staphylococcus aureus (S. aureus) are among the primary con-
cerns (Ananchaipattana et  al., 2012). Instructive schedules can be 
employed, and practical policies can be developed to reclaim the 
quality of the dietary habits in adolescents and young adults (Akbari 
& Azadbakht, 2014). Eating food outdoors can be highly susceptible 
to health risks, especially through bacterial contamination. The first 
approach to prevent and control of foodborne diseases, effectively, 
is monitoring through the identification of pathogenic organisms 
(Harakeh et al., 2005).

Falafel is generally made with fava, chickpeas, or a combination of 
the two, based on the geographical location of its cooking. The dried 

legumes are primarily soaked in water, ground, mixed with spices, 
shaped into small balls, and deep fried (Raviv, 2003). It is a popular 
snack and has become a common meal in the lives of many individu-
als (Ismail & Kucukoner, 2017; Raviv, 2003). It can be found in almost 
every fast-food supermarket and modern fast-food chains. Falafel is 
a quick meal, with quick no-frills meal, which makes it an affordable 
and satisfactory dish. Falafels are prepared, cooked, and consumed 
regularly in falafel stands on the streets of Sistan and Baluchistan 
province, Iran.

Diarrheal diseases are a big cause of acute illness due to foodborne or 
waterborne microbial pathogens, sometimes amounting to cases of 
death in developing countries. The European Food Safety Authority 
(EFSA) report shows that in 2010, 5262 foodborne outbreaks (FBOs) 
were reported in Europe (Bianchi et al., 2013). In addition, the World 
Health Organization estimates the annual burden of foodborne ill-
ness to number 600 million cases globally; of this, diarrheal illness 
accounts for the largest proportion of these cases and results in 
230,000 deaths (WHO, 2015). 

One relevant bacterium is Shiga toxin-producing E. coli (STEC), a 
pathotype of Enterohaemorrhagic E. coli. Shiga toxin-producing 
E.  coli pathotypes are among the strains of E. coli that cause diar-
rhea and stand out distinctly because of their ability to cause severe 
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Information about the putative foodborne bacteria in falafel is scanty, at 
least in Iran. We aimed to evaluate the frequency of Escherichia coli (E. coli) 
and Staphylococcus aureus (S. aureus) and the putative genes responsible 
for toxin-origin food poisoning, including encoding gene of Shiga toxin 
type 1 protein (stx1) and Shiga toxin type 2 protein (stx2) of E. coli and enco-
ding gene of staphylococcal enterotoxin A (sea) of S. aureus in ready-to-fry 
falafel (RTF) collected from the southeast of Iran. The frequency of stx1 and 
stx2 in E. coli and sea in S. aureus isolates were evaluated by polymerase 
chain reaction after the isolation of E. coli and S. aureus using routine pro-
cedures in 65 samples of RTF. The prevalence of contamination by E. coli, S. 

aureus, and both bacteria was 56.9%, 44.6%, and 32.3%, respectively (p > 
.05). The genes stx1, stx2, and both stx1 and stx2 were present in 43.2%, 27%, 
and 13.5% of the falafel containing E. coli, respectively (p > .05). A significant 
statistical correlation was found between the presence of stx1 or stx2 and 
the presence of E. coli (p < .05). The sea gene was remarkably found in 44.8% 
of the falafel containing S. aureus (p < .05). The RTF can host the dangerous 
levels of E. coli and S. aureus, containing stx1, stx2, and sea genes, accentua-
ting an alarming signal for human consumption and public health.
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symptoms of illness (Xing et al., 2014). Shiga toxin-producing E. coli 
is extensively associated with outbreaks of foodborne illness. Shiga 
toxin type 1 (stx1) and type 2 (stx2) are virulence factors encoded 
by stx1 and stx2. Produced by the STEC pathotype, stx1 and stx2 are 
the causes of bloody diarrhea and the hemolytic uremic syndrome 
(Balagué et al., 2006). These toxins can be transmitted to the central 
nervous system (CNS) through the bloodstream, thereby inflicting 
harm on the CNS (Hunt, 2010).

Staphylococcus aureus is a widespread cause of malign infections 
and continues to be a significant pathogenic species of bacteria 
(Demirci et  al., 2017). If taken into the gastrointestinal tract, it can 
lead to painful symptoms such as abdominal cramps, vomiting, 
nausea, and diarrhea (Demirci et  al., 2017). Contamination of food 
is frequently the result of contamination with pathogenic bacteria, 
some of which can cause illness through the production of entero-
toxins. These foodborne diseases often present with self-limiting 
gastroenteritis symptoms, i.e., nausea, vomiting, diarrhea, abdomi-
nal cramps, and fever, but severe complications can also arise, such 
as kidney and liver failure, brain and neural disorders, and paraly-
sis, which can have fatal consequences (Walker-York-Moore et  al., 
2017). Various strains of S. aureus can produce one or more toxins, 
including staphylococcal enterotoxins (SE), exfoliative toxins, toxic 
shock syndrome toxin-1, the SE-like proteins, and leukocidin. The 
EFSA report shows that in 2010, SE were responsible for 274 FBOs 
in Europe (Bianchi et al., 2013). The SE are heat-stable enterotoxins 
comprised of various classes such as SEA to SEE, SEG to SEI, and SEK 
to SET, of which SEA, SEB, SEC, SED, and SEE are considered classical 
SE (Argudín et al., 2010; Walker-York-Moore et al., 2017). According 
to previous researches, classical SE usually causes about 95% of the 
outbreaks in relation to staphylococcal food poisoning (Le et  al., 
2021). The class SEA, encoded by sea, is known to cause food poi-
soning frequently (Pinchuk et al., 2010). sea was found in 14.3% of 
S. aureus isolates of sheep and goat dairy products in southern Italy 
(Basanisi et al., 2016). The sea gene was found in 10% of S. aureus iso-
lates recovered from cow’s milk originated from cows with positive 
California Mastitis Test and subclinical mastitis in Iran (Khoramrooz 
et al., 2016). Respectively, genes encoding sea was detected in 45.2% 
(95/206) and 47.6% (30/63) of the S. aureus isolates of fishery prod-
ucts in Iran (Arfatahery et  al., 2016) and shrimp samples in China, 
respectively (Dai et al., 2023). Ertas Onmaz et al. (2015) investigated 
the presence of sea gene using multiplex polymerase chain reaction 
(PCR) in 100 fish samples, and none of the S. aureus isolates had sea 
gene. This research was performed in Sistan, a district that is situ-
ated in the south of Sistan and Baluchistan province in southern Iran 
(Latitude: 31°01’50″ N; Longitude: 61°29’41″ E). It has a population of 
nearly 329,317 individuals, among whom the falafel is a popular fast 
food. Falafel stands are a frequent site on outdoor markets where 
foodstuffs are sold by individual vendors. Falafels are generally avail-
able on falafel stands where pieces of paper are used for wrapping 
them up at ambient temperatures. In general, other fast foods may 
also be sold by the same vendors owning falafel stands. These small 
businesses and their food are prone to microbial contamination. 
However, there have been little details on the prevalence of food-
borne pathogens in falafels that are sold by these vendors.

Information about the specifications of contamination in falafel, in 
particular bacterial contamination, is scanty, at least in Iran. A rel-
evant study carried out tests against microbial contamination in 
ready-to-fry Samboosa and ready-to-fry falafel in Hamedan, West 
Iran (Kahledian et al., 2020). A previous study in Ahvaz, Southwest 

Iran, aimed at screening Samboosa for the contamination rate of 
S. aureus. The samples were collected in various seasons and from 
different part of Ahvaz (Fazlara et al., 2005). So far, there have been 
little amounts of data with reference to the molecular delineation of 
pathogenic bacterial strains in falafel (in both forms of ready-to-fry 
and ready-to-eat). One study in Hamedan investigated the preva-
lence of sea in S. aureus isolates of falafel alone or in combination 
with other enterotoxin-encoding genes (Kahledian et  al., 2020), 
while no study was found to investigate the prevalence of stx1 and 
stx2 in bacterial isolates of falafel.

The objective was to assess the prevalence of E. coli and S. aureus in 
ready-to-fry falafels and then determine the presence of stx1 and stx2 
in E. coli and the presence of sea in S. aureus. 

Materials and Methods

It is a descriptive, cross-sectional investigation. Ethical approval and/
or consent form has not been obtained because this research does 
not involve animals/human participants.

Sample Size Estimation and Sample Collection
The sample size was calculated based on the assumption that the 
prevalence of E. coli, the prevalence of S. aureus, the prevalence of 
sea in S. aureus, the prevalence of stx1 in E. coli, and the prevalence of 
stx2 in E. coli have standard deviations of 50%, separately. The sam-
ple size was determined using margins of error (i.e. 15%), paralleled 
with a CI of 95%. The minimum sample size had to be 45 (Charan 
& Biswas, 2013). Randomly, 65 ready-to-fry falafels were collected 
from falafel stands in various parts of Sistan (31°0’N −61°2’E), Sistan 
and Baluchistan Province, southeast Iran, from November 2017 
to March 2018. Random numbers of samples were taken in each 
falafel stands. Beside ice, the samples were immediately transferred 
to the Laboratory of Microbiology, Faculty of Veterinary Medicine, 
University of Zabol, Zabol, Iran, for relevant analyses.

Bacterial Isolation
According to previous methods (Quinn et  al., 2002; International 
Organization for Standardization (ISO), 2015, 2021), homogeniz-
ing a 25 g sample was assisted by 225 mL of sterile peptone water 
broth (Merck, München, Germany). After incubation of the mixtures 
(37°C for 24 hours), as for the isolation of E. coli and S. aureus, one 
loopful of broth was streaked onto Eosin methylene blue (EMB) and 
Baired Parker agars (Merck), respectively, and incubated. The E. coli 
colonies in EMB agar were confirmed by Triple Sugar Iron (TSI) and 
Indole, Methyl Red, Voges-Proskauer, and Citrate (IMViC) tests. As for 
S. aureus, the colonies formed on Baired Parker agar supplemented 
with egg yolk tellurite emulsion (Ibersco, Iran) were confirmed by 
catalase, coagulase, and gram staining tests, besides the mannitol 
salt agar (Ibersco, Iran) test. The confirmed isolates were stored at 
−80°C for molecular analysis.

Molecular Analysis
In this study, the main enterotoxin gene of S. aureus (i.e., sea) was tar-
geted in S. aureus isolates. The evaluation involved the use of primers 
and certain programs through PCR (Table 1). In addition, a duplex-
PCR was run to test the prevalence of stx1 and stx2 genes in E. coli 
isolates (Table 1).

Extracting the DNA from the isolate was performed according to the 
boiling method (Reischl et al., 2000). Further procedures involved a 
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gradient Eppendorf’s Master Cycler® Pro (Eppendorf, Germany) for 
carrying out the amplifications. Then, the PCR products were run 
with 1.5% (wt/vol) agarose gel through electrophoresis in 1x Tris-
borate EDTA buffer. The ultraviolet trans-illuminator (Cambridge, 
USA) facilitated the visualization of the resultant products.

Control strains harboring genes were from archived bacteria 
of Laboratory of Microbiology, Faculty of Veterinary Medicine, 
University of Zabol, Zabol, Iran. 

Statistical Analysis
The chi-square (one dimensional) test was used to reveal the statisti-
cally significant differences among the prevalence of contamination 
by E. coli, S. aureus, and both bacteria in ready-to-fry falafel. In addi-
tion, the correlation between the presence of either stx1 or stx2 genes 
and E. coli isolates of falafel and correlation between the presence 
of sea gene and S. aureus isolates of falafel were statistically tested 
using chi square test (two dimensional). Also, one dimensional chi 

square test was used for evaluating how different the samples were 
in terms of the presence of genes (i. e., stx1 vs. stx2) in E. coli isolates 
of ready-to-fry falafel. Each difference was considered as statistically 
significant if the p-value became <.05. The 95% CI for the contamina-
tion rates were estimated by the bootstrap method. 

Results

As can be seen in Table 2, out of the total 65 samples of the ready-to-
fry falafel, 37 samples (56.9%) were identified with E. coli, 29 samples 
(44.6%) were with S. aureus, and 21 samples (32.3%) had both bac-
teria. Statistical analyses showed no significant differences among 
the prevalence of contamination by E. coli, S. aureus, or both bacte-
ria (pB = .065), although the concurrent occurrence of both bacteria 
was more prevalent. The sea gene was remarkably found in 44.8% 
(13/29) of the falafel containing S. aureus. This result showed a cor-
relation between the presence of sea gene and S. aureus isolates of 
falafel (pS = .046). Respectively, stx1, stx2, and both stx1 and stx2 were 

Table 1.
Oligonucleotide Primers and Protocols Used in Polymerase Chain Reaction to Identify sea in Staphylococcus aureus and in Duplex Polymerase Chain Reaction to 
Identify stx1 and stx2 in Escherichia coli Isolated from Falafel

Gene  
(Product Size) Oligonucleotide Primers (5’–3’) PCR (µL) PCR Program (35 Cycles)a Reference

sea (102 bp) Forward: GGTTATCAATGTGCGGGTGG 13 µL 2× master mix-red (Pishgam, Iran); 1 
µL forward primer (10 pmol, Pishgam, Iran); 
1 µL reverse primer (10 pmol, Pishgam, 
Iran); 3 µL DNA template; 7 µL DDW

94°C, 120 seconds; 57°C, 35 
seconds; 72°C, 35 seconds

(Mehrotra et al., 2000, 
Sharma et al., 2017)Reverse: CGGCACTTTTTTCTCTTCGG

stx1 (180 bp) Forward: ATAAA TCGCC ATTCG TTGAC TAC 12.5 µL 2× master mix-red (Pishgam, Iran); 
1 µL of each forward primer (10 pmol, 
Pishgam, Iran); 1 µL of each reverse primer 
(10 pmol, Pishgam, Iran); 5.5 µL DNA 
template; 5 µL DDW

94°C, 60 seconds; 55°C, 30 
seconds; 72°C, 60 seconds

(Paton & Paton, 1998)

Reverse: AGAACGCCCACTGAGATCATC

stx2 (255 bp) Forward: GGCACTGTCTGAAACTGCTCC

Reverse: TCGCCAGTTATCTGACATTCTG
aPCR amplification was carried out by an initial denaturation at 94°C for 5 minutes and a final extension step of 72°C for 10 minutes. DNA, deoxyribonucleic acid; 
DDW, Double Distilled Water; PCR, polymerase chain reaction; stx1, encoding gene for shiga toxin type 1 protein; stx2, encoding gene for shiga toxin type 2 protein.

Table 2.
Frequency (%) of Bacterial Species and Genes Investigated in Falafel Samples (n = 65)

Bacterial Species Frequency Genes Frequency Statistical Analysis

Escherichia coli+ 37/65 (56.9%) stx1
+ 16/37 (43.2%) χ2 = 16.062; df = 1; p1 = .000

stx2+ 10/37 (27%) χ2 = 8.943; df = 1; p2 = .002

stx1
+ and stx2

+ 5/37 (13.5%) χ2 = 4.099; df = 1; p1&2 = .053

χ2 = 4.104; df = 1; pst = 0.057

Staphylococcus aureus+ 29/65 (44.6%) sea+ 13/29 (44.8%) χ2 = 3.985; df = 1; ps = .046

Escherichia coli+ and Staphylococcus aureus+ 21/65 (32.3%)

Statistical analysis χ2 = 3.097; df = 1; pB = .065

p1, p2, and p1&2 show the statistical result testing hypothetical correlation between the presence of Escherichia coli and the presence of stx1, stx2, and stx1 + stx2, 
respectively.
pst shows the statistical result testing hypothetical difference among the presence of stx1, stx2, and stx1 + stx2 in E. coli isolates recovered from falafel.
ps shows the statistical result testing hypothetical correlation between the presence of Staphylococcus aureus and the presence of sea in S. aureus isolates 
recovered from falafel.
pB shows the statistical result testing hypothetical difference between the prevalence of E. coli, S. aureus, and both bacteria isolated from falafel.
stx1, encoding gene for shiga toxin type 1 protein; stx2, encoding gene for shiga toxin type 2 protein.
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present in 43.2% (16/37), 27% (10/37), and 13.5% (5/37) of the falafel 
containing E. coli. Our findings show a correlation between the pres-
ence of either stx1 or stx2 genes and E. coli isolates of falafel (p1 = .000; 
p2 = .002). In addition, albeit stx1 was more prevalent; the difference 
between the prevalence of stx1, stx2, and stx1 + stx2 was not statisti-
cally significant (pst = .057).

Discussion

Different kinds of food can serve as suitable media for the growth 
of bacteria (Ananchaipattana et  al., 2012). Kahledian et  al. (2020) 
reported that out of the 121 samboosa and falafel samples in 
Hamedan, West Iran, 57 samples (47.5%) were contaminated 
with S. aureus. Compared to the present work in which 44.6% of 
the samples were contaminated with S. aureus, falafel is likely to 
stage a higher prevalence of S. aureus due to the higher number 
of positive samples of falafel in the present research. What is obvi-
ous, however, is that the similarity between the composition of 
samboosa and falafel correspond with the appropriateness of sub-
stances necessary for the growth of S. aureus (Ismail & Kucukoner, 
2017; Raviv, 2003). The contamination of samboosa with S. aureus 
reportedly by Fazlara et  al. (2005) stood at 13.7%, which is quite 
less than the corresponding result reported herein (44.6%). The dif-
ference could be explained by the possible variations in the com-
position of falafel in comparison with that of Samboosa. In other 
words, falafel may have more nutritious substances for the growth 
of S. aureus (Kahledian et al., 2020). Discovering the details of such 
differences would require deeper evaluations. Nonetheless, one 
definite reason behind this difference is the various conditions in 
which food hygiene is procured or otherwise neglected. We can-
not find any legal regulation in Iran, regarding S. aureus and its 
enterotoxin in falafel. However, based on our literature review, the 
Food and Environmental Hygiene Department, China, established 
that the acceptable level of S. aureus in ready-to-eat food should 
be below 103 colony-forming units per gram (cfu/g) of food. If the 
amount of bacteria is greater than 104 cfu/g, the food is unsatisfac-
tory and potentially hazardous for health and/or unfit for human 
consumption (Center for Food Safety (CFS), 2014b). Ingestion of 
nanogram to a microgram of staphylococcal enterotoxin con-
taminated food can cause serious illness ranging from minor skin 
infection to life-threatening diseases (Center for Food Safety (CFS), 
2014b; Tsehayneh et al., 2021). The abovementioned limits could be 
a suggestion to test for next-step research, in particular for the pres-
ent study area (i.e., Sistan) and study population (i.e., falafel). Many 
reports have emphasized the significant role of food handlers in dis-
tributing contamination. Poor personal hygiene is a leading cause 
by which bacterial diseases can spread (Dai et al., 2023; Nasrolahei 
et al., 2017; Onlen et al., 2017; Tsehayneh et al., 2021; Walker-York-
Moore et al., 2017). A set of findings in Sudan revealed that nasal 
S. aureus is the most common pathogen being detected on nasal 
swabs and stool specimens collected from food handlers (Saeed & 
Hamid, 2010). The high prevalence of S. aureus, especially in the cur-
rent research (44.6%), is based on the fact that this bacterial spe-
cies resides naturally on the skin or may origin from nasal region 
to colonize on the skin of food handlers. Accordingly, the bacteria 
could be carried by healthy individuals too and be the cause of pre-
liminary problems by going through the anterior nostrils of their 
noses (Quinn et al., 2002). A straight way of making the food con-
taminated with S. aureus happens when food handlers or vendors 
sneeze or cough on the edible material during food preparation. 

Matters become worse when the hands are not washed properly 
after touching the nose or when handling unclean money, either 
in the form of coins or notes, when customers pay for the price of 
food and the food handler has to handle the food together with the 
money for it (Nasrolahei et al., 2017). Regarding the Center for Food 
Safety (CFS) (2014a), E. coli amount greater than 102 cfu/g is harm-
ful for human health. Although the colony count is necessary for 
more precise decision-making, the present research revealed that 
ready-to-fry falafels can be dangerously contaminated with E. coli, 
which renders the food unsuitable for human consumption (Center 
for Food Safety (CFS) 2014a). Previous data suggested that the fin-
gernail samples of food handlers were colonized with S. aureus, fol-
lowed by E. coli (Nasrolahei et al., 2017). The presence of a high rate 
of contamination by both S. aureus and E. coli (32.3%) in the present 
study can be seen in close connection with the previous report on 
food handlers’ fingernails. Moreover, based on our results, the prev-
alence of contamination by E. coli (56.9%) was observed to be more 
than that of S. aureus (44.6%). It should be noted that the higher 
prevalence of E. coli than S. aureus, but not statistically significant, as 
obtained by the present study, might have been influenced by vari-
ations in the recipe of ready-to-fry falafel, the season of sampling, 
the ingredients of fast food (Ismail & Kucukoner, 2017; Nasrolahei 
et al., 2017), the state of sanitation inside the falafel stands, and the 
likelihood of contamination during the course of food preparation 
(Fazlara et al., 2005; Kahledian et al., 2020; Nasrolahei et al., 2017).

Our findings demonstrated that 44.8% of the isolates were con-
firmed to have borne the sea gene. As it occurred, the high presence 
of stx1 in the isolates of E. coli (43.2%), compared to the presence of 
stx2 in the same isolates (27%), would deepen public health con-
cerns over food poisoning. Based on the literature review, the pres-
ent work has the first record of stx1 and stx2 in falafel. Nonetheless, 
these findings cannot be compared comprehensively with previous 
reports on other foods due to the particularized differences between 
the various kinds of experimental research. However, the preva-
lence of stx1 is reportedly higher than that of stx2 in E.coli (Behzadian 
Nezhad et al., 2011; Dastmalchi & Ayremlou, 2012; Tahamtan et al., 
2010), which comes in line with our data herein. Tahamtan et  al. 
(2010) collected 420 samples consisting of recto-anal mucosal swabs 
from cattle to check for the presence of the stx1 and stx2 gene using 
multiplex-PCR every 1 week over a 1-year period (2007–2008). Out 
of total 146 strains of E. coli, 66, 129, and 51 strains contained the 
stx1, stx2 and stx1 + stx2 genes. Behzadian Nezhad et al. (2011) evalu-
ated the prevalence of stx1 and stx2 virulence genes in non-O157 E. 
coli isolated from cattle stool samples. Out of total 39 non-O157 E. 
coli, 10 samples were found positive for stx1 or stx2 genes. Dastmalchi 
and Ayremlou (2012) screened a total of 124 E. coli isolates from clini-
cally healthy and diarrheal calves belonging to six different farms 
located in West Azerbaijan province, Iran. Their PCR results showed 
that 6 (23.1%) isolates carried stx1 gene, 7 (26.92%) possessed stx2 
gene, while 13 isolates (50%) gave positive amplicon both for stx1 
and stx2 genes. Despite the fact that stx2 is a more important viru-
lence factor than stx1, which is associated with human diseases and/
or animal studies (Onlen et al., 2017), notably, some studies, except 
Onlen et al., (2017), have reported that the frequency of stx1 is more 
than stx2 in food-origin E. coli, which seems to be consistent with our 
results (Binandeh et al., 2020; Pavithra & Ghosh, 2013). Pavithra and 
Ghosh examined a total of 215 samples collected from fast foods, 
swabs from meat shops and fish markets, and nine (25%) E. coli pos-
sessed stx11. Binandeh et  al. (2020) identified that in non-O157:H7 
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E. coli isolated from meat samples (beef and mutton), five (27.8%) 
isolates possessed stx1 in Hamedan between 2015 and 2016. Onlen 
et al., (2017) examined a total of 327 salad samples for the frequency 
of stx1 and stx1 of foodborne E. coli O157:H7 in Hatay province, Turkey. 
Incidence of stx1, stx2, and both stx1 and stx2 in E.coli O157:H7 isolates 
were 6.3%, 15.6%, and 3.1%, respectively. Regarding sea investiga-
tion, the production of SE is seen to occur profoundly in foods that 
are high in protein and starch (Demirci et al., 2017). Our results are 
indicative of the increased likelihood that food poisoning appears 
commonly among the consumers of ready-to-eat falafel. Notably, 
only PCR of a toxin-producing gene does not clarify the toxin pro-
duction; in vitro toxin analysis by enzyme-linked immunosorbent 
assay is necessary (Ge et al., 2002). The texture of ready-to-fry falafel 
may indicate the prevalence of the sea gene among the isolates. In 
this research, there was a higher prevalence of sea in the isolates of S. 
aureus in ready-to-fry falafels of the studied area compared to similar 
cases reported by Kahledian et al. (2020) where the prevalence of sea 
was 15% in raw falafel samples collected from licensed food vendors 
in Hamedan, Iran, and Xing et al. (2014) where the prevalence of sea 
was 7.8% in ready-to-eat foods collected from Shaanxi, China, indi-
cating the horizontal gene transfer among isolates. Furthermore, this 
could be vindicated by the fact that bacterial colony numbers are 
reduced after frying the cooking foods. The potential health implica-
tions of consuming ready-to-fry falafel contaminated with toxin-pro-
ducing bacteria (i.e., S. aureus) is highlighted when the capacity of S. 
aureus to grow at relatively low water activity (aw = 0.86) is consid-
ered. As a result, since ready-to-eat falafel is a salted fast food and in 
turn provides a low water medium compared to ready-to-fry falafel, 
staphylococcal intoxication of the falafel with S. aureus originated 
from ready-to-fry falafel may be hypothetically increased (Argudín 
et  al., 2010; Walker-York-Moore et  al., 2017). Moreover, heat-stable 
enterotoxin (i.e., SEA) may resist after frying, emphasizing the poten-
tial health implications of consuming ready-to-fry falafel (Walker-
York-Moore et al., 2017).

Variables that cause differences in the degree of bacterial infestation 
include the educational level of individuals, their different working 
classes, continued training and guidance on well-being, the vendors’ 
knowledge on food safety, the availability of water to wash cook-
ing utensils and hands, the accessibility to proper toilet facilities, and 
adequate levels of hygiene in the workplace (Nasrolahei et al., 2017). 
Individuals who come from lower socio-economic classes (and 
whose income is relatively low) are the people who become vendors 
at falafel stands in the studied area. When taken together with the 
absence of safe water supplies, poor environmental sanitation, and 
bad personal hygiene, an overall unawareness of health issues exac-
erbates the occurrence of pathogens in food. The prolonged, com-
pact connection between vendors and consumers contributes to the 
high prevalence of the bacteria tested herein.

This is the case in Sistan where it is difficult to trace the source of 
infection of people affected and even more dif$cult to trace the 
source of contamination of the foods involved, partly due to limited 
capacity at district and provincial levels and the vast geographical 
areas that national food safety institutions have to cover. In such 
cases, studies such as the present one will provide the much-needed 
qualitative and quantitative data to aid strain monitoring and guide 
preventative measures for future possible outbreaks. Our findings 
provide necessary information to better understand and monitor S. 
aureus associated with food poisoning in Sistan.

Conclusion

Ready-to-fry falafel of study area can host the dangerous levels of 
contamination with E. coli and S. aureus, the two species of putative 
foodborne bacteria, containing sea, stx1, and stx2, the genes respon-
sible for toxin-origin food poisoning. Our results call for strong 
requirements for serious training and education on hygiene for ven-
dors. Several initiatives would need to enable action on behalf of 
microbiologists and food specialists, i.e., their monitoring of hygiene, 
coupled with the reinforcement of necessary requirements to that 
end. This work provides additional proof against the consumption 
of unreliable fast foods, especially falafel, owing to the irrecoverable 
impacts that these could have on public health in the studied region, 
particularly with regard to the increasing burden of microbial con-
tamination and food poisoning in developing nations such as Iran.

Availability of Data and Materials: The data presented in this study 
are openly available in Mendeley at DOI: 10.17632/232c7nbgtx.1.

Ethics Committee Approval: This study does not involve any 
human or animal testing.

Informed Consent: N/A.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – M.R., M.A.E., S.S.; Design – M.R., 
S.S.; Supervision – M.R.; Resources – M.B., S.S.; Materials – M.B., S.S.; 
Data Collection and/or Processing – D.S., M.B.; Analysis and/or 
Interpretation – D.S., S.S.; Literature Search – M.B.; Writing Manuscript 
– M.R., S.S.; Critical Review – M.R., M.A.E., S.S.

Acknowledgements: Authors are grateful to Mr. Saeed Shahriari 
and Mis Sargolzaee for their technical assistance. This study was 
funded by University of Zabol (grant No. IR/UOZ/GR/1180). This 
study was carried out in partial fulfillment of the requirements for 
the MSc degree in food hygiene and quality control science student’s 
thesis (MB).

Declaration of Interests: The authors have no conflict of interest to 
declare.

Funding: This study was funded by University of Zabol (grant No. IR/
UOZ/GR/1180).

References

Akbari, F., & Azadbakht, L. (2014). A systematic review on diet quality among 
Iranian youth: Focusing on reports from Tehran and Isfahan. Archives of 
Iranian Medicine, 17(8), 574–584. [CrossRef]

Ananchaipattana, C., Hosotani, Y., Kawasaki, S., Pongsawat, S., Latiful, B. M., 
Isobe, S., & Inatsu, Y. (2012). Prevalence of foodborne pathogens in 
retailed foods in Thailand. Foodborne Pathogens and Disease, 9(9), 
835–840. [CrossRef]

Arfatahery, N., Davoodabadi, A., & Abedimohtasab, T. (2016). Characterization 
of toxin genes and antimicrobial susceptibility of Staphylococcus aureus 
isolates in fishery products in Iran. Scienti$c Reports, 6, 34216. [CrossRef]

Argudín, M. Á., Mendoza, M. C., & Rodicio, M. R. (2010). Food poisoning and 
Staphylococcus aureus enterotoxins. Toxins, 2(7), 1751–1773. [CrossRef]

Askari Majabadi, H., Solhi, M., Montazeri, A., Shojaeizadeh, D., Nejat, S., Khala-
jabadi Farahani, F., & Djazayeri, A. (2016). Factors influencing fast-food 

https://doi.org/014178/aim.0010
https://doi.org/10.1089/fpd.2012.1169
https://doi.org/10.1038/srep34216
https://doi.org/10.3390/toxins2071751


14

BALOUCHI et al. E. coli and S. aureus in Falafel
Acta Veterinaria Eurasia 2024; 50(1): 9-15

consumption among adolescents in Tehran: A qualitative study. Iranian 
Red Crescent Medical Journal, 18(3), e23890. [CrossRef]

Bahadoran, Z., Mirmiran, P., & Azizi, F. (2015). Fast food pattern and cardio-
metabolic disorders: A review of current studies. Health Promotion Per-
spectives, 5(4), 231–240. [CrossRef]

Balagué, C., Khan, A. A., Fernandez, L., Redolfi, A. L., Aquili, V., Voltattorni, P., 
Hofer, C., Ebner, G., Dueñas, S., & Cerniglia, C. E., Ebner, G., Dueñas, S., & 
Cerniglia, C. E. (2006). Occurrence of non-O157 shiga toxin-producing 
Escherichia coli in ready-to-eat food from supermarkets in Argentina. 
Food Microbiology, 23(3), 307–313. [CrossRef]

Basanisi, M. G., Nobili, G., La Bella, G., Russo, R., Spano, G., Normanno, G., & La 
Salandra, G. (2016). Molecular characterization of Staphylococcus aureus 
isolated from sheep and goat cheeses in southern Italy. Small Ruminant 
Research, 135, 17–19. [CrossRef]

Behzadian Nezhad, G., Zahraei Salehi, T., Mazaheri Nezhad Fard, R., Shams, N., 
& Shirani, D. (2011). Detection of ehxA, stx 1 and stx 2 virulence genes in 
non-O157 Escherichia coli isolated from cattle and determination of anti-
biotic resistance profile of these isolates. Journal of Veterinary Research, 
66(4), 331–335.

Bianchi, D. M., Gallina, S., Macori, G., Bassi, P., Merlo, P., Vencia, W., Hennekinne, 
J. A., & Decastelli, L. (2013). Enterotoxigenic strain of Staphylococcus 
aureus causing food-borne outbreak in a private context. Italian Journal 
of Food Safety, 2(3), e32. [CrossRef] 

Binandeh, F., Pajohi-Alamoti, M. R., Mahmoodi, P., & Ahangari, A. (2020). Evalu-
ation of stx1, stx2, hlyA, and eaeA virulence genes in Escherichia coli 
O157:H7 isolated from meat (beef and mutton) in Hamedan, Iran, Dur-
ing 2015–2016. International Journal of Enteric Pathogens, 8(2), 55–59. 
[CrossRef]

Center for Food Safety (CFS). (2014a). Microbiological Guidelines for Food (for 
ready-to-eat food in general and speci$c food items) (p. 10). Food and 
Environmental Hygiene Department. Queensway Government Offices.

Center for Food Safety (CFS). (2014b). Microbiological Guidelines for Food (for 
ready-to-eat food in general and speci$c food items) (p. 12). Food and 
Environmental Hygiene Department. Queensway Government Offices.

Charan, J., & Biswas, T. (2013). How to calculate sample size for different study 
designs in medical research? Indian Journal of Psychological Medicine, 
35(2), 121–126. [CrossRef]

Dai, J., Huang, J., Wu, S., Zhang, F., Li, Y., Rong, D., Zhao, M., Ye, Q., Gu, Q., Zhang, 
Y., Wei, X., Zhang, J., & Wu, Q. (2023). Occurrence, antibiotic susceptibility, 
biofilm formation and molecular characterization of Staphylococcus 
aureus isolated from raw shrimp in China. Foods, 12(14), 2651. [CrossRef]

Dastmalchi, S. H., & Ayremlou, N. (2012). Characterization of Shiga toxin-
producing Escherichia coli (STEC) in feces of healthy and diarrheic calves 
in Urmia region, Iran. Iranian Journal of Microbiology, 4(2), 63–69.

Demirci, M., Tombul, F., Yiğin, A., & Altun, S. K. (2017). Investigation of Staphy-
lococcus aureus enterotoxins A to E via real-time PCR from various food 
samples in Turkey. Pakistan Veterinary Journal, 37(1), 100–104. 

Ertas Onmaz, N., Abay, S., Karadal, F., Hizlisoy, H., Telli, N., & Al, S. (2015). 
Occurence and antimicrobial resistance of Staphylococcus aureus and 
Salmonella spp. in retail fish samples in Turkey. Marine Pollution Bulletin, 
90(1–2), 242–246. [CrossRef]

Fazlara, A., Jamshidian, M., & Taheri, M. (2005). Evaluation of contamination 
of Samboose with Staphylococcus aureus in different seasons and areas 
of Ahvaz. Iranian Veterinary Journal, 9(11), 46–53. [CrossRef]

Ge, B., Zhao, S., Hall, R., & Meng, J. (2002). A PCR-ELISA for detecting Shiga 
toxin-producing Escherichia coli. Microbes and Infection, 4(3), 285–290. 
[CrossRef]

Harakeh, S., Yassine, H., Gharios, M., Barbour, E., Hajjar, S., El-Fadel, M., Toufeili, 
I., & Tannous, R., & Tannous, R. (2005). Isolation, molecular characteriza-
tion and antimicrobial resistance patterns of Salmonella and Escherichia 
coli isolates from meat-based fast food in Lebanon. Science of the Total 
Environment, 341(1–3), 33–44. [CrossRef]

Hunt, J. M. (2010). Shiga toxin-producing Escherichia coli (STEC). Clinics in 
Laboratory Medicine, 30(1), 21–45. [CrossRef]

International Organization for Standardization (ISO). (2015). Microbiology of 
the food chain, horizontal method for the enumeration of beta 

glucuronidase positive Escherichia coli, Part-3: Detection and most proba-
ble number technique using 5-bro mo-4- chlor o-3-i ndol- B-D-g lucur onide  
(ISO Standard No. ISO 16649-3:2015). International Organization for 
Standardization.

International Organization for Standardization (ISO). (2021). Microbiology of 
the food chain — Horizontal method for the enumeration of coagulase-
positive staphylococci (Staphylococcus aureus and other species) — Part 1: 
Method using Baird-Parker agar medium (ISO Standard No. 6888-1:2021). 
International Organization for Standardization.

Ismail, M., & Kucukoner, E. (2017). Falafel: A meal with full nutrition. Food and 
Nutrition Sciences, 8(11), 1022–1027. [CrossRef]

Kahledian, S., Pajohi-Alamoti, M. R., & Mahmoodi, P. (2020). Molecular charac-
terization of methicillin-resistant enterotoxin-producing Staphylococcus 
aureus isolated from samosa and falafel in Iran. International Journal of 
Enteric Pathogens, 8(1), 19–24. [CrossRef]

Khoramrooz, S. S., Mansouri, F., Marashifard, M., Malek Hosseini, S. A., Akbar-
ian Chenarestane-Olia, F., Ganavehei, B., Gharibpour, F., Shahbazi, A., 
Mirzaii, M., & Darban-Sarokhalil, D. (2016). Detection of biofilm related 
genes, classical enterotoxin genes and agr typing among Staphylococ-
cus aureus isolated from bovine with subclinical mastitis in southwest 
of Iran. Microbial Pathogenesis, 97, 45–51. [CrossRef]

Le, H. H. T., Dalsgaard, A., Andersen, P. S., Nguyen, H. M., Ta, Y. T., & Nguyen, T. 
T. (2021). Large-scale Staphylococcus aureus foodborne disease poison-
ing outbreak among primary school children. Microbiology Research, 
12(1), 43–52. [CrossRef]

Mehrotra, M., Wang, G., & Johnson, W. M. (2000). Multiplex PCR for detection 
of genes for Staphylococcus aureus enterotoxins, exfoliative toxins, toxic 
shock syndrome toxin 1, and methicillin resistance. Journal of Clinical 
Microbiology, 38(3), 1032–1035. [CrossRef]

Nasrolahei, M., Mirshafiee, S., Kholdi, S., Salehian, M., & Nasrolahei, M. (2017). 
Bacterial assessment of food handlers in Sari City, Mazandaran Province, 
North of Iran. Journal of Infection and Public Health, 10(2), 171–176. 
[CrossRef]

Onlen, C., Duran, N., Bayraktar, S., Ay, E., & Ozer, B. (2017). The frequency of 
shiga-like toxin (stx1 and stx2) and EHEC-hlyA in food by multiplex 
PCR. Revista Romana de Medicina de Laborator, 25(4), 317–326. 
[CrossRef]

Paton, A. W., & Paton, J. C. (1998). Detection and characterization of Shiga 
toxigenic Escherichia coli by using multiplex PCR assays for stx1, stx2, 
eaeA, enterohemorrhagic E. coli hlyA, rfbO111, and rfbO157. Journal of 
Clinical Microbiology, 36(2), 598–602. [CrossRef]

Pavithra, M., & Ghosh, A. R. (2013). Shiga-toxigenic E. coli in food. Journal of 
Food Safety, 33(4), 453–460. [CrossRef]

Pinchuk, I. V., Beswick, E. J., & Reyes, V. E. (2010). Staphylococcal enterotoxins. 
Toxins, 2(8), 2177–2197. [CrossRef]

Quinn, P. J., Markey, B. K., Carter, M. E., Donnelly, W. J. C., & Leonar, F. C. (2002). 
Veterinary microbiology and microbial disease. Wiley-Blackwell.

Raviv, Y. (2003). Falafel: A national icon. Gastronomica, 3(3), 20–25. 
[CrossRef]

Reischl, U., Linde, H. J., Metz, M., Leppmeier, B., & Lehn, N. (2000). Rapid iden-
tification of methicillin-resistant Staphylococcus aureus and simultane-
ous species confirmation using real-time fluorescence PCR. Journal of 
Clinical Microbiology, 38(6), 2429–2433. [CrossRef]

Saeed, H. A., & Hamid, H. H. (2010). Bacteriological and parasitological assess-
ment of food handlers in the Omdurman area of Sudan. Journal of Micro-
biology, Immunology, and Infection, 43(1), 70–73. [CrossRef]

Sharma, V., Sharma, S., Dahiya, D. K., Khan, A., Mathur, M., & Sharma, A. (2017). 
Coagulase gene polymorphism, enterotoxigenecity, biofilm production, 
and antibiotic resistance in Staphylococcus aureus isolated from bovine 
raw milk in North West India. Annals of Clinical Microbiology and Antimi-
crobials, 16(1), 65. [CrossRef]

Tahamtan, Y., Hayati, M., & Namavari, M. M. (2010). Prevalence and distribu-
tion of the stx1, stx2 genes in Shiga toxin producing E. coli (STEC) isolates 
from cattle. Iranian Journal of Microbiology, 2(1), 8–13.

Tsehayneh, B., Yayeh, T., & Agmas, B. (2021). Evaluation of bacterial load and 
antibiotic resistance pattern of Staphylococcus aureus from ready-to-eat 

https://doi.org/10.5812/ircmj.23890
https://doi.org/10.15171/hpp.2015.028
https://doi.org/10.1016/j.fm.2005.03.005
https://doi.org/10.1016/j.smallrumres.2015.12.024
https://doi.org/10.4081/ijfs.2013.e32
https://doi.org/10.34172/ijep.2020.12
https://doi.org/10.4103/0253-7176.116232
https://doi.org/10.3390/foods12142651
https://doi.org/10.1016/j.marpolbul.2014.10.046
https://doi.org/10.1016/j.marpolbul.2014.10.046
https://doi.org/10.1016/S1286-4579(02)01540-X
https://doi.org/10.1016/j.scitotenv.2004.09.025
https://doi.org/10.1016/j.cll.2009.11.001
https://doi.org/10.4236/fns.2017.811074
https://doi.org/10.34172/ijep.2020.05
https://doi.org/10.1016/j.micpath.2016.05.022
https://doi.org/10.3390/microbiolres12010005
https://doi.org/10.1128/JCM.38.3.1032-1035.2000
https://doi.org/10.1016/j.jiph.2016.03.006
https://doi.org/10.1515/rrlm-2017-0025
https://doi.org/10.1128/JCM.36.2.598-602.1998
https://doi.org/10.1111/jfs.12076
https://doi.org/10.3390/toxins2082177
https://doi.org/10.1525/gfc.2003.3.3.20
https://doi.org/10.1128/JCM.38.6.2429-2433.2000
https://doi.org/10.1016/S1684-1182(10)60010-2
https://doi.org/10.1186/s12941-017-0242-9


15

BALOUCHI et al. E. coli and S. aureus in Falafel
Acta Veterinaria Eurasia 2024; 50(1): 9-15

raw beef in Bahir Dar City, Ethiopia. International Journal of Microbiology, 
2021, 5560596. [CrossRef]

Walker-York-Moore, L., Moore, S. C., & Fox, E. M. (2017) Characterization of 
Enterotoxigenic Bacillus cereus sensu lato and Staphylococcus aureus 
Isolates and Associated Enterotoxin Production Dynamics in Milk or 
Meat-Based Broth. Toxins, 9(7), 225. [CrossRef]

World Health Organization (WHO). (2015). WHO estimates of the global burden 
of foodborne diseases (p. 268). World Health Organization.

Xing, X., Li, G., Zhang, W., Wang, X., Xia, X., Yang, B., & Meng, J. (2014). Preva-
lence, antimicrobial susceptibility, and enterotoxin gene detection of 
Staphylococcus aureus isolates in ready-to-eat foods in Shaanxi, People’s 
Republic of China. Journal of Food Protection, 77(2), 331–334. [CrossRef]

https://doi.org/10.1155/2021/5560596
https://doi.org/10.3390/toxins9070225
https://doi.org/10.4315/0362-028X.JFP-13-301

