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Abstract 

Background:  In recent years, interest in the consumption of ready-to-eat (RTE) food products has been increased in 
many countries. However, RTE products particularly those prepared by meat may be potential vehicles of antibiotic-
resistance foodborne pathogens. Considering kebab and hamburger are the most popular RTE meat products in 
Iran, this study aimed to investigate the prevalence and antimicrobial resistance of common foodborne pathogens 
(Escherichia coli, Salmonella spp., Staphylococcus aureus, and Listeria monocytogenes) in raw kebab and hamburger 
samples collected from fast-food centers and restaurants. Therefore, total bacterial count (TBC), as well as the preva‑
lence rates and antibiogram patterns of foodborne pathogens in the samples were investigated. Also, the presence of 
antibiotic-resistance genes (blaSHV, blaTEM, blaZ, and mecA) was studied in the isolates by PCR.

Results:  The mean value of TBC in raw kebab and hamburger samples was 6.72 ± 0.68 log CFU/g and 6.64 ± 0.66 
log CFU/g, respectively. E. coli had the highest prevalence rate among the investigated pathogenic bacteria in kebab 
(70%) and hamburger samples (48%). Salmonella spp., L. monocytogenes, and S. aureus were also recovered from 58, 
50, and 36% of kebab samples, respectively. The contamination of hamburger samples was detected to S. aureus 
(22%), L. monocytogenes (22%), and Salmonella spp. (10%). In the antimicrobial susceptibility tests, all isolates exhibited 
high rates of antibiotic resistance, particularly against amoxicillin, penicillin, and cefalexin (79.66–100%). The blaTEM 
was the most common resistant gene in the isolates of E. coli (52.54%) and Salmonella spp. (44.11%). Fourteen isolates 
(23.72%) of E. coli and 10 isolates (29.41%) of Salmonella spp. were positive for blaSHV. Also, 16 isolates (55.17%) of S. 
aureus and 10 isolates (27.27%) of L. monocytogenes were positive for mecA gene.

Conclusions:  The findings of this study showed that raw kebab and hamburger are potential carriers of antibiotic-
resistance pathogenic bacteria, which can be a serious threat to public health.
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Background
Antibiotics are commonly used for the treatment of 
infectious diseases in humans and animals [1–3]. In 
recent years, the excessive and uncontrolled use of anti-
biotics in veterinary medicine has become a major area 
of concern for human health. One of the main conse-
quences of antibiotic residues in foods of animal origin 
is the proliferation of antibiotic-resistant bacteria. The 
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presence of antibiotic-resistant pathogenic bacteria in 
foods may lead to hard-to-treat foodborne infections in 
humans. They can also transfer the resistance genes to 
other microorganisms through the food chain [2–5].

Multidrug resistance has increased globally that is con-
sidered a public health threat. Several previous investi-
gations revealed the emergence of multidrug-resistant 
bacterial pathogens from different origins especially, in 
the food chain that increases the need for proper appli-
cation of the antimicrobial agents in both veterinary and 
health sectors [6–13].

Antibiotic resistance limits the selection of therapeu-
tic agents and increases the potential for treatment fail-
ures and adverse clinical complications. The presence 
of extended-spectrum antibiotic resistance genes (such 
as extended-spectrum beta-lactamases) in bacteria has 
been a major concern for public health [14].

Nowadays, due to the problems caused by industriali-
zation, the interest of people toward the use of ready-to-
eat (RTE) products has been increased [15]. However, 
these products may be prepared at low hygienic condi-
tions by food handlers [16–18]. Therefore, RTE foods, 
particularly those prepared by meat, have been consid-
ered as potential vehicles of bacterial foodborne patho-
gens [17]. Meat is known as a rich source of high-quality 
animal proteins, vitamins B, and most of the trace min-
erals which are essential in human nutrition [19]. Due 
to the nutrient contents of meat, it provides an ideal 
medium for the growth of microorganisms [20].

Food products of animal origin such as meat and meat 
products are the main vehicles for the transmission of 
food-borne zoonotic bacterial pathogens. Escherichia coli 
(E. coli), Staphylococcus aureus (S. aureus), Salmonella 
spp. and Listeria monocytogenes (L. monocytogenes) have 
been known as the major zoonotic bacterial pathogens 
which are associated with many cases of foodborne ill-
ness and death in humans following the consumption of 
contaminated food in the world [21–26].

Meat and meat products may be an important vehi-
cle for the dissemination of antibiotic-resistant patho-
genic bacteria [1–3, 27]. Several studies in recent years 
have been reported the presence of antibiotic-resistance 
bacteria in meat and meat products [27–31]. There-
fore, monitoring the prevalence of antibiotic-resistance 
microorganisms not only is necessary to provide enough 
knowledge about the magnitude of this problem but also 
help governmental authorities to evaluate the effective-
ness of control measures [2–4].

Due to the lack of proper surveillance systems in devel-
oping countries such as Iran, there are little scientific data 
available regarding the prevalence of foodborne patho-
gens in RTE meat products in these countries. Moreo-
ver, the antimicrobial resistance of foodborne pathogens 

in kebab and hamburgers were rarely investigated. To 
date, there is little knowledge about the relationship that 
may exist between antibiotic resistance phenotypes and 
resistance genes in pathogenic organisms isolated from 
RTE meat products.

Kebab and hamburger are the most commonly used 
RTE meat products in Iran. Therefore, the current study 
was aimed to evaluate the prevalence, and the phenotypic 
and genotypic profile of antibiotic-resistance E. coli, Sal-
monella spp., S. aureus, and L. monocytogenes isolated 
from raw kebab and hamburger samples which was col-
lected from fast-food centers and restaurants in the 
northwest of Iran. Also, the presence of antibiotic resist-
ance genes of blaTEM, blaSHV, blaZ, and mecA were inves-
tigated in the isolates.

Results
Total bacterial count (TBC)
The mean total colony forming unit per gram (CFU/g) of 
raw kebab (n = 50) and hamburger samples (n = 50) was 
6.72 ± 0.68 log CFU/g and 6.64 ± 0.66 log CFU/g, respec-
tively. However, the difference between the mean values 
of TBC in kebab and hamburger samples was not statisti-
cally significant (p > 0.05).

Prevalence of different foodborne pathogens
E. coli had the highest prevalence rate (70%) in kebab 
samples between the investigated pathogenic bacteria. 
Salmonella spp., L. monocytogenes, and S. aureus were 
found in 58, 50, and 36% of kebab samples, respectively. 
Also, high rates of contamination to E. coli (48%), S. 
aureus (22%), L. monocytogenes (22%), and Salmonella 
spp. (10%) were detected in hamburger samples (Table 1).

Antibiotic susceptibility patterns of the retrieved bacterial 
pathogens
The resistance pattern of E. coli to the antibiotics studied 
is shown in Table  2 and Fig.  1A. The highest antibiotic 
resistance of E. coli isolated from kebab and hamburger 
samples was to penicillin (100%) followed by cephalexin 
(86.27%) and amoxicillin (80.00%), respectively. The 

Table 1  Prevalence of different foodborne pathogens in raw 
kebab and hamburger samples

Bacteria Kebab (n = 50) Hamburger (n = 50)
No. of positive samples No. of positive samples

S. aureus 18 (36%) 11 (22%)

E. coli 35 (70%) 24 (48%)

Salmonella spp. 29 (58%) 5 (10%)

L. monocytogenes 25 (50%) 11 (22%)
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highest antibiotic susceptibility of the isolates was 
observed to gentamicin (91.11%), ceftriaxone (78.00%), 
and chloramphenicol (67.34%), respectively. Resistance 
to ≥2 antimicrobials was found in all E. coli isolates. 
Three isolates of E. coli from hamburgers were resistant 
to all tested antibiotics (Table 6).

L. monocytogenes isolates had the highest resist-
ance against penicillin (100%), amoxicillin (100%), and 
cephalexin (93.75%) (Table 3) (Fig. 1B). Multidrug resist-
ance to 6 antibiotics was observed in 42.66% of L. mono-
cytogenes isolates including 48.00% of kebab isolates and 
27.27% of hamburger isolates (Table 6).

The highest antibiotic resistance of Salmonella spp. 
isolates were detected to penicillin (97.5%) followed by 
cefalexin (96.77%) and amoxicillin (88.46%), respectively. 
The isolates were highly sensitive to gentamicin (94.11%) 
(Table 4) (Fig. 1C). Multi-drug resistance to more than 4 
antibiotics was found in 91.17% of Salmonella spp. iso-
lates. Two isolates of Salmonella spp. (6.89%) from kebab 
samples were resistant to all tested antibiotics (Table 6).

The highest antibiotic resistance of S. aureus iso-
lates was observed against penicillin, amoxicillin, and 
cephalexin. All of the isolates (100%) were resistant to the 
above antibiotics. The sensitivity of isolates was mostly 
determined to gentamicin (95.45%). Resistance to gen-
tamicin was found only in one isolate (Table 5) (Fig. 1D). 
Multi-drug resistance to 7 antibiotics was found in 4 
(22.22%) isolates from kebab and 2 (18.18%) isolates from 
hamburger. Overall, 86.20% of isolates were resistant to 
≥4 antibiotics, concurrently (Table 6).

Distribution of the antibiotic‑resistance genes 
among the isolated bacterial pathogens
The prevalence rates of resistance genes in the isolates 
are presented in Table  7 based on the results of PCR 

test. The blaTEM was the most common resistant gene 
in the isolates of E. coli (52.54%) and Salmonella spp. 
(44.11%). Fourteen isolates (23.72%) of E. coli and 10 
isolates (29.41%) of Salmonella spp. were positive for 
blaSHV. Also, 55.17% of S. aureus isolates harbored the 
mecA gene. The blaZ was present in two isolates (18.18%) 
of S. aureus from hamburger samples. Also, this gene 
was detected in three isolates (16.66%) from kebab sam-
ples. The mecA was observed in 10 isolates (27.27%) of L. 
monocytogenes.

The electrophoresis pattern of the PCR products of the 
resistance genes in the bacteria is shown in Figures S1, 
S2, S3 and S4.

Discussion
In the present study, the contamination of raw ham-
burger and kebab to the selected pathogenic bacteria was 
investigated. Moreover, the antibiotic resistance pattern 
of the isolates and the presence of the resistance genes 
were studied. The results of this study exhibited the over-
all hygienic status of restaurants and fast food centers. 
Most of the raw kebabs and hamburgers collected from 
these locations did not have the proper bacteriologi-
cal quality and high prevalence rates of contamination 
were observed in the samples to the selected pathogenic 
bacteria. According to the surveillance report for food-
borne disease outbreaks in the United States during 
2009–2015, among outbreaks reporting a single loca-
tion of preparation, restaurants are the most commonly 
reported locations (2880 outbreaks [61%]), followed by 
catering or banquet facilities (636 [14%]) and private 
homes (561 [12%]). Restaurants with sit-down dining 
(2239 [48%]) and fast-food restaurants (369 [8%]) were 
the most commonly reported types of restaurants [37]. 
Many foodborne illnesses may occur by the secondary 

Table 2  Antibiotic resistance profile of Escherichia coli isolates from raw kebab and hamburger samples

a  From CLSI [32]
b  R resistant, I intermediate, S susceptible

Antibiotic class Specific antibiotic tested Concentration Interpretive categories and zone 
diameter breakpoints (nearest 
whole mm)a

No. of isolates/Total isolates

Rb I S R I S

Macrolides Azithromycin 15 μg ≤ 12 – ≥ 13 34/59 – 25/59

Cephalosporins Ceftriaxone 30 μg ≤ 19 20–22 ≥ 23 7/59 6/59 46/59

Cephalexin 30 μg ≤ 14 – ≥ 15 51/59 – 8/59

Penicillins Penicillin 10 IU ≤ 14 – ≥ 15 59/59 – 0/59

Amoxicillin 25 μg ≤ 13 14–16 ≥ 17 47/59 5/59 7/59

Aminoglycosides Gentamicin 10 μg ≤ 12 13–14 ≥ 15 5/59 0/59 54/59

Tetracyclines Tetracycline 30 μg ≤ 11 12–14 ≥ 15 38/59 3/59 18/59

Phenicols Chloramphenicol 30 μg ≤ 12 13–17 ≥ 18 8/59 11/59 40/59
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Fig. 1  Antibiotic susceptibility pattern of E. coli (A), L. monocytogenes (B), Salmonella spp. (C) and S. aureus isolates (D) to the evaluated antibiotics
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Table 3  Antibiotic resistance profile of Listeria monocytogenes isolates from raw kebab and hamburger samples

a  From CLSI [33], Hansen et al. [34], CA-SFM [35]and Soussy et al. [36]
b  R resistant, I intermediate, S susceptible

Antibiotic class Antibiotics Concentration Interpretive categories and zone 
diameter breakpoints (nearest 
whole mm)a

No. of isolates/Total isolates

Rb I S R I S

Macrolides Azithromycin 15 μg < 17 17–21 ≥ 22 24/36 7/36 5/36

Cephalosporins Ceftriaxone 30 μg < 15 15–20 ≥ 21 9/36 5/36 22/36

Cephalexin 30 μg < 12 12–17 ≥ 18 34/36 2/36 0/36

Penicillins Penicillin 10 IU < 8 8–28 ≥ 29 36/36 0/36 0/36

Amoxicillin 25 μg < 14 14–24 ≥ 25 36/36 0/36 0/36

Aminoglycosides Gentamicin 10 μg < 18 18–20 ≥ 21 9/36 27/36 0/36

Tetracyclines Tetracycline 30 μg < 22 22–24 ≥ 25 31/36 5/36 0/36

Phenicols Chloramphenicol 30 μg < 18 18–20 ≥ 21 24/36 11/36 1/36

Table 4  Antibiotic resistance profile of Salmonella spp. isolates from raw kebab and hamburger samples

a From CLSI [32]
b  R resistant, I intermediate, S susceptible

Antibiotic class Specific antibiotic tested Concentration Interpretive categories and zone 
diameter breakpoints (nearest 
whole mm)a

No. of isolates/Total isolates

Rb I S R I S

Macrolides Azithromycin 15 μg ≤ 12 – ≥ 13 22/34 – 12/34

Cephalosporins Ceftriaxone 30 μg ≤ 19 20–22 ≥ 23 9/34 0/34 25/34

Cephalexin 30 μg ≤ 14 – ≥ 15 33/34 – 1/34

Penicillins Penicillin 10 IU ≤ 14 – ≥ 15 33/34 – 1/34

Amoxicillin 25 μg ≤ 13 14–16 ≥ 17 30/34 0/34 4/34

Aminoglycosides Gentamicin 10 μg ≤ 12 13–14 ≥ 15 2/34 0/34 32/34

Tetracyclines Tetracycline 30 μg ≤ 11 12–14 ≥ 15 26/34 1/34 7/34

Phenicols Chloramphenicol 30 μg ≤ 12 13–17 ≥ 18 13/34 5/34 16/34

Table 5  Antibiotic resistance profile of Staphylococcus aureus isolates from raw kebab and hamburger samples

a From CLSI [32], CA-SFM [35]
b  R resistant, I intermediate, S susceptible

Antibiotic class Specific antibiotic tested Concentration Interpretive categories and zone 
diameter breakpoints (nearest 
whole mm)a

No. of isolates/Total isolates

Rb I S R I S

Macrolides Azithromycin 15 μg ≤ 13 14–17 ≥ 18 20/29 2/29 7/29

Cephalosporins Ceftriaxone 30 μg ≤ 13 14–20 ≥ 21 10/29 0/29 19/29

Cephalexin 30 μg ≤ 21 – ≥ 22 29/29 – 0/29

Penicillins Penicillin 10 IU ≤ 28 – ≥ 29 29/29 – 0/29

Amoxicillin 25 μg ≤ 28 – ≥ 29 29/29 – 0/29

Aminoglycosides Gentamicin 10 μg ≤ 12 13–14 ≥ 15 1/29 0/29 28/29

Tetracyclines Tetracycline 30 μg ≤ 14 15–18 ≥ 19 20/29 2/29 7/29

Phenicols Chloramphenicol 30 μg ≤ 12 13–17 ≥ 18 11/29 18/29 0/29
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contamination of food and improper implementation of 
hygienic principles [38]. The results of the present study 
showed that raw kebabs and hamburgers prepared in res-
taurants and fast food centers could be a potential risk 
factor for public health.

Since microbial contamination in large numbers may 
cause rapid alterations in the organoleptic properties 
of the meat products; TBC is used as a common cri-
terion to predict the shelf life of these products. Also, 

TBC is an expression of the hygienic quality level of 
foodstuffs [4]. According to European Union standards, 
the microbiological limit for TBC in meat preparations 
is 6.7 log CFU/g [39]. Also, based on the GMP guide-
lines, it has been recommended that the TBC level 
for raw meat preparations should not exceed 5 (maxi-
mum 7) log CFU/g [40, 41]. In the present study, the 
mean value for TBC in raw kebab samples was higher 
than 6.7 log CFU/g. Also, the mean levels of TBC in all 

Table 6  Prevalence of multi-drug resistance in the selected foodborne pathogens isolated from raw kebab and hamburger samples

Food borne pathogens No. of antibiotics Overall
n = 59 (%)

Kebab
n = 35 (%)

Hamburger
n = 24 (%)

Escherichia coli 1 0 (0.00) 0 (0.00) 0 (0.00)

2 3 (5.08) 2 (5.71) 1 (4.16)

3 16 (27.11) 11 (31.42) 5 (20.83)

4 14 (23.72) 12 (34.28) 2 (8.33)

5 7 (11.86) 7 (20.00) 0 (0.00)

6 9 (15.25) 3 (8.57) 6 (25.00)

7 7 (11.86) 0 (0.00) 7 (29.16)

8 3 (5.08) 0 (0.00) 3 (12.50)

Overall
n = 36 (%)

Kebab
n = 25 (%)

Hamburger
n = 11 (%)

Listeria monocytogenes 1 0 (0.00) 0 (0.00) 0 (0.00)

2 1 (2.77) 0 (0.00) 1 (9.09)

3 4 (11.11) 3 (12.00) 1 (9.09)

4 2 (5.55) 1 (4.00) 1 (9.09)

5 6 (16.66) 5 (20.00) 1 (9.09)

6 15 (42.66) 12 (48.00) 3 (27.27)

7 5 (13.88) 3 (12.00) 2 (18.18)

8 3 (8.33) 1 (4.00) 2 (18.18)

Overall
n = 34 (%)

Kebab
n = 29 (%)

Hamburger
n = 5 (%)

Salmonella spp. 1 1 (2.94) 1 (3.44) 0 (0.00)

2 1 (2.94) 1 (3.44) 0 (0.00)

3 1 (2.94) 1 (3.44) 0 (0.00)

4 9 (26.47) 7 (24.13) 2 (40.00)

5 8 (23.52) 5 (17.24) 3 (60.00)

6 10 (29.41) 10 (34.48) 0 (0.00)

7 2 (5.88) 2 (6.89) 0 (0.00)

8 2 (5.88) 2 (6.89) 0 (0.00)

No. of antibiotics Overall
n = 29 (%)

Kebab
n = 18 (%)

Hamburger
n = 11 (%)

Staphylococcus aureus 1 0 (0.00) 0 (0.00) 0 (0.00)

2 0 (0.00) 0 (0.00) 0 (0.00)

3 4 (13.79) 1 (5.55) 3 (27.27)

4 7 (24.13) 5 (27.77) 2 (18.18)

5 4 (13.79) 3 (16.66) 1 (9.09)

6 8 (27.58) 5 (6.25) 3 (27.27)

7 6 (20.68) 4 (22.22) 2 (18.18)

8 0 (0.00) 0 (0.00) 0 (0.00)
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samples exceed 5 log CFU/g. The high levels of TBC in 
this study are in agreement with the results of previous 
studies [4, 42, 43]. The high levels of microbial con-
tamination in meat products may occur as the result 
of high contamination levels of raw materials and inap-
propriate processing conditions. Besides the microbial 
contamination of meat, the used spices, and other addi-
tives, the hygienic conditions of the processing environ-
ment, equipment, and handlers have significant effects 
on the TBC levels of meat products [4].

Since E. coli is known as a fecal indicator of RTE 
products [44], contamination of hamburger and kebab 
samples to this bacterium may cause foodborne disease 
in consumers.

In comparison with the results of the present 
study, lower contamination levels to E. coli have been 
reported in hamburger samples in Portugal (20%) [17] 
and beef samples in Saudi Arabia (22.22%) [45] and 
Ethiopia (6%) [46]. However, other authors reported the 
rates of 88.0% in beef samples in Ghana [1] and 100% of 
Beef preparations (meatballs, minced meat, hamburg-
ers, white sausages, and red sausages) in the northwest 
of Spain [4]. Regarding the results of the present study, 
high levels of contamination to E. coli in RTE meat 
products may be due to the high contamination of the 

raw materials or preparation of products in an unhy-
gienic condition.

In the present study, all hemolytic isolates and all iso-
lates that were positive for stx1, stx2, or eae genes were 
considered as potential pathogenic E. coli. In kebab sam-
ples, 6 potential pathogenic E. coli isolates were detected 
(prevalence 12.0%). Of these 6 isolates, four isolates were 
categorized as Shiga toxin-producing strain (STEC) 
(8.0%). In hamburger samples, 4 potential pathogenic E. 
coli could be identified (prevalence 8.0%); of these, one 
was classified as STEC (2.0%).

E. coli is one of the most important pathogenic bac-
teria in nosocomial infections. It is known as the most 
important cause of endemic and epidemic diarrhea in the 
world [24, 25, 47–49]. Although the human gut flora is 
composed of a large number of bacterial species, E. coli 
exhibits greater antibiotic resistance than other Entero-
bacteriaceae, and this problem has been increased in 
both developed and developing countries [50]. The anti-
biotic-resistance strains of E. coli can be transmitted 
between animals and humans through the food chain. 
They can also transfer their resistance genes to other 
pathogens [51].

In agreement with the results of the present study, 
Hemeg [45] found that E. coli isolates from beef meat 

Table 7  Prevalence of antibiotic-resistance genes in the selected foodborne bacterial isolated from kebab and hamburger samples

a Not detected

Pathogenic bacteria No. of positive samples for target genes

blaSHV blaZ blaTEM mecA

E. coli Overall
n = 59

14 (23.72%) - a 31 (52.54%) –

Kebab
n = 35

7 (20.00%) – 18 (51.42%) –

Hamburger
n = 24

7 (29.16%) – 13 (54.16%) –

Salmonella spp. Overall
n = 34

10 (29.41%) – 15 (44.11%) –

Kebab
n = 29

8 (27.58%) – 12 (41.37%) –

Hamburger
n = 5

2 (40.00%) – 3 (60.00%) –

L. monocytogenes Overall
n = 36

– – – 10 (27.27%)

Kebab
n = 25

– – – 8 (32.00%)

Hamburger
n = 11

– – – 2 (18.18%)

S. aureus Overall
n = 29

– 5 (17.24%) – 16 (55.17%)

Kebab
n = 18

– 3 (16.66%) – 10 (55.55%)

Hamburger
n = 11

– 2 (18.18%) – 6 (54.54%)
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samples were highly resistant to penicillin (100%) and 
amoxicillin-clavulanic acid (100%). All amoxicillin-cla-
vulanic acid-resistant E. coli isolates were positive for 
the blaTEM gene. Moreover, blaSHV resistant gene was 
detected in 60.52% of isolate. Also, Alegría et al. [52] in 
a study about the presence of β-lactam-resistant E. coli in 
food samples, reported that 80 and 20% of isolates car-
ried blaTEM and blaSHV genes, respectively. Similar to the 
results of the present study, Ramadan et al. [53] reported 
that the highest resistance of E. coli isolates from dif-
ferent resources including retail ground beef in Man-
soura, Egypt was to ampicillin. A high rate of resistance 
to amoxicillin and penicillin in the present study may be 
associated with the role of blaSHV and blaTEM genes in the 
antibiotic resistance of E. coli. It has been reported that 
TEM and SHV extended-spectrum beta-lactamases are 
responsible for the resistance against ampicillin, carbeni-
cillin, cephalothin, and extended-spectrum cephalospor-
ins [54].

The blaTEM gene was the most common resistance gene 
in E. coli isolates in this study. However, only 77.41% of 
the resistance isolates to both amoxicillin and penicil-
lin harbored this resistance gene. Also, 57.14% of iso-
lates positive for blaSHV showed resistance to cephalexin, 
penicillin, and amoxicillin in phenotypic experiments. It 
has been reported that the E. coli strains that are pheno-
typically positive for ESBL production but genotypically 
negative for ESBL genes can also be regarded as ESBL 
producers. Because most of the phenotypically-positive 
isolates do not harbor all existing resistance genes [55].

Listeria monocytogenes is a foodborne pathogen that is 
responsible for a disease in humans and animals, called 
listeriosis. In healthy people, it can cause febrile gastro-
enteritis with influenza-like symptoms. However, an 
acute disease may occur with the symptoms of encepha-
litis, meningitis, and septicemia in newborns, pregnant 
women, and immunocompromised and elderly people 
with a high rate of mortality (20–30%). This organism 
can be transmitted to human through the consump-
tion of meat, dairy, poultry, fish, and vegetable products 
[26, 28, 56]. The results of the present study showed 
that 22.0% of the raw hamburger samples were contami-
nated with L. monocytogenes. Similar prevalence rates 
have been reported in retail raw meat products in other 
countries. In a study conducted in Italy, L. monocytogenes 
was detected in 23.6% of raw meat samples [57]. How-
ever, lower prevalence rates have been reported by some 
authors. In Turkey, Doğruer et  al. [28] found that 1.25, 
7.5, and 5% of meat pieces, minced meat, and hamburger 
samples were positive for L. monocytogenes. Ozbey et al. 
[58] in a study on raw hamburger meatballs and chicken 
burgers obtained from different fast food and markets in 
eastern Turkey found that 5.7% of hamburger meatballs 

were positive for L. monocytogenes. However, this organ-
ism was isolated from 13.9% of chicken burgers. The 
prevalence of L. monocytogenes in RTE meat products 
collected from seven regions in China was detected only 
0.64% [59].

In agreement with the results of the present study, 
Nemati et al. [60] in a study on retail RTE meat products 
in Gorgan province, Iran, reported that most isolates of 
L. monocytogenes were resistant to penicillin and ampi-
cillin. Wan et al. [61] found that the resistant rates of L. 
monocytogenes strains in China to tetracycline and chlo-
ramphenicol were 50.25 and 0.49%, respectively. How-
ever, in the present study, higher rates of resistance were 
observed to tetracycline (86.11%) and chloramphenicol 
(66.66%) in L. monocytogenes isolates.

Different results have been reported about the presence 
of the mecA gene in L. monocytogenes isolates by other 
authors. In a study on antibiotic resistance profiles of L. 
monocytogenes isolated from chicken meat in Fukuoka 
(Japan) in 2017, 94.7% of isolates were positive for mecA 
[56]. However, Wang et al. [61] reported that all experi-
mental strains of foodborne listeria were negative for this 
gene. The mecA gene encodes a penicillin-binding pro-
tein [56], which is probably involved in the high resist-
ance of all L. monocytogenes isolates to penicillin in this 
study. However, only 25.00% of them harbored the mecA 
gene. This result indicates that other genes may also be 
involved in the resistance of isolates to penicillin.

Salmonella spp. is known as the most important 
zoonotic foodborne pathogens after the campylobac-
ter. Chicken, turkey, pork, beef, and other meats as well 
as eggs are the most important sources of this patho-
gen [62]. The intact tissues of healthy animals are ster-
ile. However, after the slaughtering of these animals, 
the surface of the meat can be contaminated with these 
bacteria by the animal skin, the contents of the lumen, 
or handling. Therefore, observation of the hygienic prin-
ciples is necessary during the slaughter of livestock and 
the preparation of the meat product [63, 64]. Salmonella 
spp. are sensitive organisms to heating processes. So, 
enough heat can kill this bacterium during food cook-
ing. Meat can be a potential source of salmonellosis for 
the consumers, if it has primary contamination or is sec-
ondarily contaminated during the preparation or the use 
of additives, and it is not given enough heat during the 
cooking process [63]. Since kebab and hamburger can be 
prepared by hands from red meat, the cooking heat is not 
possibly enough to eliminate the primary or secondary 
contamination.

Taghizadeh et  al. [65] reported that the prevalence of 
Salmonella spp. in hamburger samples in Mazandaran 
province (Iran) was 48.18%. In another study in Mexico, 
Salmonella spp. was determined in ground beef (56.7%). 
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However, in the present study, Salmonella spp. was 
detected in 10% of hamburger samples. The probable rea-
son for lower contamination levels of hamburger samples 
than kebabs could be related to the fact that raw ham-
burgers are usually kept in freezers in restaurants and 
fast-food centers, while raw kebab samples were stored in 
the refrigerator.

Antibiotics are necessary to treat Salmonella-induced 
enteritis particularly when there is a risk of acute infec-
tion (e.g. for infants, elderly and immunocompromised 
individuals) [66].

Nowadays, due to increased antibiotic resistance of Sal-
monella strains, fluoroquinolones and third-generation 
cephalosporins are usually used in the treatment of Sal-
monella infections. Other Antibiotics such as ampicillin, 
chloramphenicol, and cotrimoxazole, which were once 
the most widely used in the treatment of these infec-
tions, are less commonly used in recent years [67, 68]. 
In the present study, Salmonella spp. isolates had high 
resistance rates to penicillin, cephalexin, amoxicillin, and 
tetracycline. Also, six isolates (17.64%) with multidrug 
resistance to penicillin, amoxicillin, and cephalexin in 
the phenotypic study, harbored both blaTEM and blaSHV 
genes.

Similar to the findings of this study, high rates of anti-
biotic resistance in Salmonella spp. isolates to penicillins, 
tetracyclines, and cephalosporins have been reported by 
other authors. Altaf Hussain et al. [20] found that Salmo-
nella isolates from retail raw beef in Karachi city, Pakistan 
were highly resistant to ampicillin (90.5%), amoxicillin 
(81.1%), and tetracycline (76%). Fortuna et al. [69] found 
that the Salmonella spp. isolated from beef and chicken 
hamburgers, were resistant to cefotaxime (88.89%), 
ampicillin (71.11%), cephalothin (68.89%), ceftriaxone 
(53.33%), cefoxitin (48.89%), and ceftazidime (42.22%). In 
the other study about chicken and beef meat samples as 
well as internal organs in northern Egypt, the resistance 
of Salmonella enterica serovars to ampicillin, cefotaxime, 
cefpodoxime, and tetracycline were 86.7, 80.0, 60.0, and 
40.0%, respectively [70]. The results of previous studies 
were in agreement with the findings of the present work 
about the presence of blaTEM and blaSHV in Salmonella 
spp. isolates. Moawad et al. [70] detected blaTEM in 73.3% 
of Salmonella isolates from chicken and beef meat sam-
ples in northern Egypt. The presence of blaTEM was also 
reported in 17% of Salmonella isolates from retail meats 
in Alberta, Canada, while blaSHV was not detected in the 
isolates [71]. In a study on retail raw beef in Karachi city, 
Pakistan, it was reported that blaTEM were the dominant 
resistant genes in SalmonellaEnteritidis (S. Enteritidis) 
(24.0%) and SalmonellaTyphimurium (S. Typhimurium) 
(14.5%) followed by Salmonella Pullorum (S. Pullorum) 
(2%) whereas blaSHV was the least detected β-lactamase 

gene in isolates of S. Enteritidis (2.6%), S. Typhimurium 
(5%) and S. Pullorum (2%) [20].

Due to the wide use of raw meat in the preparation of 
hamburgers and kebab as well as the increasing inter-
est in the use of RTE foods, there is a possibility for the 
contamination of these products with S. aureus resulting 
in foodborne intoxication in the consumers. Contamina-
tion of RTE foods to S. aureus may be due to a variety 
of reasons, including a lack of proper hygiene during the 
preparation [72]. Aycicek et  al. [73] reported that food 
handlers play a major role in S. aureus contamination of 
ready-to-eat products.

The results of previous studies about the contamina-
tion of hamburger and meat products with S. aureus are 
in agreement with the finding of the present study. The 
prevalence rates of S. aureus in hamburger samples have 
been reported to be 25% in Tehran (Iran) [74] and 20% 
in Poland [75]. In a meta-analysis study in Ethiopia, the 
prevalence rates of Staphylococcus spp. in beef and other 
animal meats were 21 and 22%, respectively [46]. Arafa 
et al. [76] in a study in Cairo (Egypt) found that 30% of 
minced beef meat samples and 10% of beef burger sam-
ples were positive for S. aureus.

Many authors have reported the high resistance level of 
S. aureus isolates to penicillins and tetracyclines that are 
in agreement with the results of the antimicrobial suscep-
tibility test in the present study. Çetinkaya and Elal Mus 
[77] reported that the S. aureus isolates from different 
foodstuffs including raw meatballs in Turkey were resist-
ant to penicillin (62.9%) and ampicillin (59.3%). Resistant 
of S. aureus isolates (57.14%) from the beef burger and 
beef minced meat to penicillin and methicillin has also 
been reported in Cairo, Egypt [76]. In a similar study on 
raw retail meat samples collected from Isfahan province, 
Iran, S. aureus isolates exhibited the highest resistance 
to tetracycline (79.16%), penicillin (72.91%), and doxycy-
cline (41.66%) [78].

The mecA and blaZ genes are common genes involved 
in antibiotic resistance of S. aureus strains. In the study of 
Shahraz et al. [74] and Chajęcka-Wierzchowska et al. [75] 
on hamburgers samples, the mecA gene was detected 
in 100% of the Methicillin-resistant S. aureus isolates. 
Arafa et al. [76] also reported the presence of the mecA 
and blaZ gene in 85.7% of S. aureus isolates from minced 
beef meat and burger samples, while all of the isolates 
(100%) were positive for the blaZ gene. In the study of 
Baghbaderani et  al. [78], the blaZ gene was detected 
in 58.33% of the isolates from raw retail meat samples. 
In the present study, these genes were detected in the 
S. aureus isolates from hamburger and kebab samples. 
Notably, all of the resistance isolates to penicillin, amoxi-
cillin, and cephalexin in the phenotypic tests, harbored 
both mecA and blaZ genes. Penicillin is usually used as 
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the drug of choice for the treatment of infections caused 
by S. aureus. However, it has been recently reported 
that approximately 90% of human S. aureus are resistant 
to penicillin. The blaZ gene has been suggested as the 
main mechanism responsible for penicillin resistance in 
Staphylococci. Also, the blaZ gene can transfer between 
coagulase-negative Staphylococci (as the resistance gene 
reservoir) and S. aureus. Moreover, the production of 
penicillin-binding protein, PBP2a, encoded by mecA is 
proposed as the second primary mechanism for penicil-
lin resistance particularly in the human isolates [79].

In this study, it was observed that the phenotypic 
resistance pattern was different from the presence of 
associated resistance genes in the isolates. For exam-
ple, resistance to penicillins in the phenotypic study 
was more prevalent than the related resistance genes 
in the isolates. These results indicate that possession of 
a certain phenotypic resistance pattern does not always 
accurately correlate with a resistance gene. While the 
antibiotic resistance genes may be mutated or not 
expressed, other mechanisms of resistance such as multi-
drug efflux pumps, mutations in outer membrane porins, 
or other unknown resistance genes may be effective in 
the phenotypic resistance pattern [80, 81].

In the present study, high resistance levels and mul-
tidrug resistances against up to eight antibiotics were 
observed in the isolates, with a high proportion for 
β-lactams. Since beta-lactams are the most commonly 
used antibiotics in human and veterinary medicine, the 
emergence of β-lactam-resistant pathogenic bacteria can 
be a big challenge for public health [82].

Conclusion
The findings of this study showed that kebab and ham-
burger, as the widely consumed RTE meat products, 
have a high prevalence of important foodborne patho-
gens showing multi-resistance to most commonly used 
antibiotics of therapeutic importance in human medi-
cine. Although kebab and hamburger are usually not 
consumed in raw form, consumption of improperly 
cooked products and possible cross-contamination to 
other foodstuffs can pose a major potential risk to public 
health. The discrepancies between the phenotypic resist-
ances and associated resistance genes in the isolates indi-
cated that possession of a certain phenotypic resistance 
pattern may be related to other resistance mechanisms.

The present study highlights the urgent need for pre-
cise observation of hygienic principles by food han-
dlers, appropriate authority supervision, and regulatory 
monitoring to ensure that safe RTE meat products are 
prepared for the consumers. To better understand the 
epidemiology of antibiotic resistance in foodborne path-
ogens, further studies should be focused on other RTE 

foods and their potential risk for transmission of multi-
drug resistance pathogens. Also, it is suggested that in 
future studies, serotyping assays be performed on the iso-
lates to identify the common serovars of pathogenic bac-
teria with antibiotic resistant in RTE meat products.

Methods
Sampling
A total of 100 samples of kebab and hamburger (50 sam-
ples, each) were collected from restaurants and fast food 
centers in Tabriz city, Iran from May 2018 to September 
2019. The samples were transported immediately to the 
laboratory and kept under refrigeration (4 ± 1 °C). The 
study was conducted in the laboratory of Food microbiol-
ogy in the Faculty of Veterinary Medicine, University of 
Tabriz.

Total bacterial count
Briefly, 25 g of the kebab or hamburger samples were 
placed in a sterile Pulsifer bag containing 225 mL of 0.1% 
sterile peptone water [83]. The contents of the bags were 
homogenized for 2 min using the Pulsifier (Microgen 
Bioproducts, Surrey, UK). Decimal dilutions of homoge-
nate samples were prepared in test tubes containing 9 ml 
of 0.1% peptone water. One (1) ml of each dilution was 
pour plated on plate count agar (Merck, Darmstadt, Ger-
many). The plates were incubated at 37 °C for 48 h, and 
the colony counts were calculated [84].

Isolation and identification of pathogenic bacteria
Escherichia coli
Isolation of E. coli was performed according to the FDA 
method [85] and Ombarak et al. [86]. Briefly, E. coli was 
identified in the samples using Lauryl tryptose (LST) 
broth (Merck, Germany) containing Durham tube. After 
incubation at 37 °C for 48 h, 1 ml of the bacterial suspen-
sion from positive tubes (determined by turbidity and gas 
production) was transferred to the brilliant green bile 
lactose broth (BGLB) (Merck, Germany) and incubated 
at 37 °C for 48 h. Aliquot of suspension (0.1 ml) from 
positive tubes were streaked on the Eosin Methylene Blue 
(EMB) agar plates and incubated at 37 °C for 24 h. The 
presumptive colonies (dark centered and flat colonies 
with metallic green sheen) were was picked and streaked 
on tryptic soy agar (TSA) (Merck, Germany), and incu-
bated at 37 °C for 24 h. The colonies were cultured on 
the slants of nutrient agar at 37 °C for 16 h and used for 
biochemical analysis. The isolates were confirmed by 
Gram staining, growth on MacConkey Agar (Merck, 
Darmstadt, Germany), growth in brilliant green bile 
lactose broth (Merck, Darmstadt, Germany), and bio-
chemical tests such as IMViC, oxidase, catalase, motil-
ity tests, sugar fermentation and nitrate reduction (Table 
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S1) [1, 87]. Finally, the isolates of pathogenic E. coli were 
detected after hemolysis test on enterohemolysin agar 
(Oxoid, Germany) as well as PCR test for the presence 
of stx1 (primers forward: 5′-GTG​GTT​GCG​AAG​GAA​
TTT​ACC-3′; reverse: 5′-ACT​GAT​CCC​TGC​AAC​ACG​
CTG-3′), stx2 (forward: 5′-ATC​CTA​TTC​CCG​GGA​GTT​
TACG; reverse: 5′-GCG​TCA​TCG​TAT​ACA​CAG​GAGC-
3′) and eae (intimin) (forward: 5′-ATG​CCC​GGA​CCC​
GGC​ACA​AG-3′; reverse: 5′-AAG​AGT​CTC​GCC​AGT​
ATT​CG-3′) genes [88].

Listeria monocytogenes
Isolation and identification of L. monocytogenes were 
carried out using the method of Food and Drug Admin-
istration (FDA) [83]. Briefly, 25 g of each sample was 
mixed with 225 ml of Listeria enrichment broth (Merck, 
Darmstadt, Germany). The cultures were incubated at 
30 °C for 4 h for the enrichment. Then, Listeria-Selective 
Enrichment Supplement (Merck, Darmstadt, Germany) 
was added to the broth and incubated for 44 h. A loop-
ful from the enrichment broth was streaked onto Palcam 
Listeria Selective agar (Merck, Darmstadt, Germany) and 
incubated for 48 h at 35 °C. The grey-green colonies with 
a black center and black halo were subjected to the con-
firmatory tests such as Gram staining, motility in SIM 
Medium and biochemical test (catalase, oxidase, hemoly-
sis on blood agar, urea, nitrate reduction, MR-VP, CAMP 
test, esculin hydrolysis, and fermentation of glucose, 
mannitol, maltose, xylose, and rhamnose) (Table S1) [83].

Salmonella spp.
Isolation of Salmonella spp. was firstly performed by 
pre-enrichment of samples in lactose broth (Merck, 
Darmstadt, Germany) at 37 °C for 24 h. For selective 
enrichment, pre-enriched cultures were transferred into 
Selenite Cystine (SC) broth (Merck, Darmstadt, Ger-
many) and Tetrathionate Brilliant Green bile (TBG) 
broth (Merck, Darmstadt, Germany), and incubated at 
35 °C for 24 h. Then, these cultures were streaked onto 
Bismuth Sulphite agar (BSA) (Oxoid, Basingstoke, UK), 
Xylose Lysine Deoxycholate Agar (XLD) (Oxoid, Basing-
stoke, UK), and Hektoen Enteric agar (HEA) (Oxoid, Bas-
ingstoke, UK) as selective media and incubated at 35 °C 
for 48 h. Typical colonies were cultured on the slants of 
Tryptic soy agar (TSA) (Merck, Darmstadt, Germany) 
and subjected to biochemical tests using Lysine Iron agar 
(LIA) (Merck, Darmstadt, Germany), Triple Sugar Iron 
(TSI) agar (Merck, Darmstadt, Germany), Sulfide-Indole-
Motility (SIM) medium (Merck, Darmstadt, Germany), 
and Christensen’s Urea agar (Merck, Darmstadt, Ger-
many) (Table S1) [89].

Staphylococcus aureus
One (1) ml of sample solution was taken to Cooked-
Meat broth (Merck, Germany) containing 10% NaCl and 
incubated at 37 °C for 24 h. Then, a loopful of culture 
was transferred onto Baird-Parker agar (Merck, Darm-
stadt, Germany) supplemented with egg yolk and tel-
lurite emulsion (50 ml/l), and incubated at 37 °C for 24 h. 
Black shiny colonies surrounded by clear halo were con-
firmed by Gram staining and biochemical tests such as 
catalase activity, hemolytic activity on blood agar (Merck, 
Darmstadt, Germany), VP, urease, oxidation activity, 
fermentation of mannitol on Mannitol salt agar (Merck, 
Darmstadt, Germany), production of coagulase, and 
DNase test (Table S1) [74, 78].

Antimicrobial susceptibility test
The antimicrobial susceptibility test was performed by 
the Kirby-Bauer disk diffusion method [90] according 
to the guidelines of clinical laboratory standards Insti-
tute (CLSI) [32]. Based on the interpretive categories and 
zone diameter breakpoints (nearest whole mm) given by 
CLSI, the inhibition zone diameter was measured and 
interpreted as resistant, intermediate, and susceptible. 
Duplicate isolates were excluded from the study based 
on isolation rank (time criterion). Using this criterion, 
the first isolate of a particular species isolated from a sin-
gle sample during the study period was included in the 
analysis [91]. The isolates were tested against azithromy-
cin (15 μg), chloramphenicol (30 μg), amoxicillin (25 μg), 
gentamicin (10 μg), penicillin (10 IU), ceftriaxone (30 μg), 
cephalexin (30 μg), and tetracycline (30 μg) (Patan-Teb 
Company, Iran). The selected antimicrobials were rep-
resentative of the major classes of antimicrobial drugs 
commonly used in veterinary and human medicine. 
The isolates were inoculated in Trypticase Soy Broth 
(TSB) (Merck, Darmstadt, Germany) at 37 °C for 18 h. 
The turbidity of microbial suspension was adjusted to 
0.5 McFarland standard using sterile TSB. The isolates 
were cultured separately on Müller–Hinton agar (Merck, 
Darmstadt, Germany). The antibiotic discs were placed 
on the agar (with intervals of 3 cm) and incubated at 37 °C 
for 24 h. The zones of growth inhibition were measured 
and the results were presented according to the guide-
lines of CLSI [32].

PCR assays
DNA extraction
Firstly, L. monocytogenes and S. aureus isolates were cul-
tured on the blood agar (Merck, Darmstadt, Germany). 
Salmonella spp. and E. coli were grown on MacConkey 
agar. Typical colonies were transferred to the nutri-
ent broth and incubated at 37 °C for 24 h. The bacterial 
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DNA was extracted by the boiling method. Briefly, bac-
teria grown in the broth were suspended in 300 μL of 
deionized water. The suspension was heated at 100 °C for 
10 min in a water bath followed by cooling in an ice bath 
for 5–10 min. Then, it was centrifuged at 13000×g for 
5 min. Finally, the supernatant containing the bacterial 
DNA was transferred to a sterile microtube and used as 
the DNA template. The templates were stored at − 20 °C 
until the next stages of PCR analysis [92].

PCR‑based detection of the antibiotic‑resistance genes 
among the isolated bacterial pathogens
The isolates were tested for antibiotic-resistance genes of 
blaTEM, blaSHV, blaZ, and mecA using the specific primers 
(Table 8). Firstly, 5.5 μL of deionized water was added to 
3 μL of template DNA in a microtube. Then, 1 μL of each 
primer (Forward and Reverse), was added to the solution. 
Finally, 12.5 μL of RED-Extract-N-Amp master mix 2× 
(containing buffer, salts, dNTPs, Taq polymerase, RED-
Taq dye, and JumpStart Taq antibody) (Sigma-Aldrich, 
USA) was added. The mixture was then put in the ther-
mocycler (MWG AC Biotech Thermal Cycler, USA). The 
PCR condition for mecA and blaZ were as follows: initial 
denaturation at 94 °C for 2 min, 30 cycles of denaturation 
at 94 °C for 1 min, annealing at 55 °C for 1 min, the exten-
sion at 72 °C for 2 min and the final extension at 72 °C for 
5 min. The PCR condition for blaTEM and blaSHV were as 
follows: initial denaturation at 94 °C for 5 min, 32 cycles of 
denaturation at 94 °C for 30 s, annealing at 54 °C for 30 s, 
the extension at 72 °C for 1 min and a final extension at 
72 °C for 10 min.

Electrophoresis of PCR products
PCR products were subject to electrophoresis using 
1.5% agarose gel in 0.5X TBE buffer (0.1 M Tris, 0.1 M 
boric acid and 0.002 M NaEDTA). A 100-bp DNA lad-
der (Thermo Scientific, USA) was used as a molecular 

size standard. The gel was stained with 0.1% ethidium 
bromide, allowed to run at 75 V for 90 min. The ampli-
cons were visualized under UV light using a Gel docu-
mentation system (Biorad, USA).

Statistical analysis
All measurements were performed in triplicate. The 
total microbial counts were calculated as log CFU/g 
and presented as the mean ± standard deviation. The 
data were analyzed by the chi-square test and Fisher’s 
exact test using SPSS 16.0 software (SPSS Inc., Chicago, 
IL, USA). The results were considered to be statistically 
different at 95% confidence levels.
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Table 8  The PCR primers used in this study

Target gene Primer sequence (5′ → 3′) Amplicon 
size (bp)

Reference

blaZ F: TGA CCA CTT TTA TCA GCA 
ACC​
R: GCC ATT TCA ACA CCT TCT 
TTC​

700 [93, 94]

mecA F: AAA ATC GAT GGT AAA GGT 
TGG C
R: AGT TCT GCA GTA CCG GAT 
TTG C

532 [95–97]

blaTEM F: ATC AGC AAT AAA CCA GC
R: CCC CGA AGA ACG TTT TC

516 [98–100]

blaSHV F: AGG ATT GAC TGC CTT TTT G
R: ATT TGC TGA TTT CGC TCG​

392 [101–103]
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