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1. Introduction
Salmonella spp. is an important pathogen of the family 
Enterobacteriaceae and causes foodborne infections. 
Among different contaminated foods, poultry meat 
and eggs are important sources of transmission of 
Salmonella to humans [1,2]. Salmonella spp. are gram-
negative, facultative anaerobic bacteria that are typically 
0.7–1.5 × 2.0–5.0 μm in diameter, rod-shaped, catalase-
positive, oxidase-negative, generally motile by means of 
peritrichous flagella, nonspore-forming, and found in the 
intestines of animals. They grow at temperatures of 5–45 
°C with an optimum temperature of 35–37 °C, and at aw 
values of 0.95 or greater [3-6].

The resistance to basic antibiotics is increasing in 
Salmonella infections, which has become a major health 
threat worldwide. This can limit the treatment options 
for people with severe infections. The appropriate use of 
antibiotics is among the most important ways of slowing the 
growing rates of resistance to antibiotics. The appropriate 

use of antibiotics in humans and animals, especially their 
timely use and use as specified, can help prevent antibiotic 
resistance and the spread of resistant bacteria [7,8].

The factors such as the excessive and inappropriate 
use of antimicrobial agents in the production of food 
animals, the misuse of antibiotics, irregular antibiotic 
sales, inappropriate antibiotic prescriptions, the presence 
of mobile genetic elements (plasmid DNA, transposons, 
and integrons) lead to the exacerbation of antimicrobial 
resistance and its spread among Salmonella species [9-11].

This study aims to detect the presence of Salmonella 
spp. in chicken meats that are sold in the Van market, 
identify the isolates, and determine their antimicrobial 
resistance. 

2. Materials and methods
2.1. Sample collection
The material of the research was determined by selecting a 
total of 100 chicken meat samples, 25 breast (skin) and 25 
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thigh (skin), 25 breast (skinless), and 25 thigh (skinless). 
In order to increase the diversity of the samples, taking 
into account the product information packed using foam 
board and stretch film were taken at different times (2 for 
each) from 50 different sales points consisting of markets, 
butchers, and delicatessens. Samples were collected under 
aseptic conditions between February and April, 2021, 
brought to the laboratory in refrigerated thermos boxes 
set to +4 ℃, and analyzed immediately.
2.2. Bacterial strains
Reference Salmonella enterica  serovar Typhimurium 
(S. Typhimurium)  ATCC 14028 and Salmonella 
enterica  serovar Enteritidis (S. Enteritidis) ATCC 13076 
that were obtained from the Food Hygiene and Technology 
Department of the Veterinary Faculty of Van Yüzüncü 
Yıl University were used as positive control for cultural 
cultivation and PCR analyses.
2.3. The isolation and identification of Salmonella spp.
The TS EN ISO 6579-1 [12] and EN ISO 6579-1:2017/
A1 [13] standards were referred to for the detection of 
Salmonella spp. The purity of the suspicious colonies was 
examined using Gram staining. Additionally isolates were 
identified by certain biochemical assays (oxidase, urease, 
sulfur, indole, glucose, lactose, sucrose fermentation, 
and lysin decarboxylase) and agglutination test using 
polyvalent Salmonella antiserum (Microgen Salmonella 
Latex M42, England) as Salmonella spp. [14]. The 
agglutination-positive colonies were kept at –20 °C until 
PCR analysis.
2.4. The confirmation of the presence of Salmonella spp. 
using PCR
A commercial kit (GeneAll, South Korea) was used for 
the DNA extraction of the Salmonella spp. colonies that 
were isolated from the chicken meats. Following the 
instructions of the manufacturer, the pure genomic DNA 
samples were kept at –20 ± 1 °C until analyses. The specific 
primer pair (5’-AAACGTTGAAAAACTGAGGA-3’, 
5’-TCGTCATTCCATTACCTACC-3’) that was developed 
by Hoorfar et al. [15] for the Styinva-JHO-2 gene region 
was used for the PCR confirmation of the Salmonella spp. 
isolates. For the preparation of the PCR mixture, 12.5 µL 
of mastermix (A.B.T™, Türkiye), 1.5 µL of (10 µM) primer, 
and 5 µL of genomic DNA were added and the total volume 
was brought to 25 µL using PCR water. After keeping the 
mixture at 95 °C for 5 min for predenaturation, a 35-cycle 
amplification procedure was employed comprising 
denaturation at 94 °C for 60 s, annealing at 50 °C for 90 
s, extension at 72 °C for 60 s, and final extension at 72 °C 
for 10 min. The gel electrophoresis of the amplicons was 
carried out using 1.5% agarose gel (Bioshop, Canada) 
1 European Committee on Antimicrobial Susceptibility Testing (EUCAST) (2021). Breakpoint Tables for Interpretation of Mıcs and Zone Diameters 
Version 11.0 [online]. Website https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_11.0_Breakpoint_Tables.pdf 
[accessed 15 October 2021].

stained by Biotium brand gel red in horizontal tank at 
70-V electric current for 90 min.
2.5. The identification of S. Enteritidis and S. 
Typhimurium using PCR
The specific primer pairs for Sdf-ENT 
(5 ’ -AAATGTGT T T TATCTGATGCAAGAGG-3’, 
5’-GTTCGTTCTTCTGGTACTTACGATGAC-3’, 299 
bp) and TYPH (5’-TTGTTCACTTTTTACCCCTGAA-3’, 
5’-CCCTGACAGCCGTTAGATATT-3’, 401 bp) for S. 
Enteritidis [16] and S. Typhimurium [17] were used, 
respectively, for the PCR-confirmation of the isolates. For 
the preparation of the PCR mixture, 12.5 µL mastermix 
(A.B.T™, Türkiye), 1.5 µL (10 µM) of each primer, and 5 
µL genomic DNA were added and the total volume was 
brought to 25 µL using PCR water. For S. Enteritidis, 
after predenaturation at 94 °C for 5 min, a 35-cycle 
amplification procedure comprising denaturation at 94 °C 
for 60 s, annealing at 57 °C for 90 s, extension at 72 °C for 
60 s, and final extension at 72 °C for 5 min was employed 
while the same procedure except for the temperature and 
duration of annealing, which was set to 52 °C for 60 s, was 
employed for S. Typhimurium. Next, gel electrophorese of 
the amplicons was carried out as mentioned above.
2.6. The determination of antibiotic resistance
The antibiotic resistance of the isolates was examined using 
the disk diffusion method that was proposed by European 
Committee on Antimicrobial Susceptibility Testing 
(EUCAST)1 and Clinical & Laboratory Standards Institute 
(CLSI) [18]. The amoxicillin/clavulanic acid (AUG), 
ampicillin (AMP), gentamicin (CN), chloramphenicol (C), 
cefotaxime (CTX), ceftriaxone (CRO), streptomycin (S), 
tetracycline (TE), and trimethoprim-sulfamethoxazole 
(SXT) antibiotic disks were used in the study. As a result of 
the test, the zone diameters were measured and compared 
with the values specified in the EUCAST and CLSI to 
determine the resistance profiles of the isolates (Table 1).
2.7. The genotypic characterization of antibiotic 
resistance
The presence of the ampicillin, gentamicin, tetracycline, 
and sulfamethoxazole resistance genes in the Salmonella 
spp. isolates, which were determined to be phenotypically 
resistant using the disk diffusion method, was examined. 
For this purpose, the specific primer pairs that were 
developed by Bacci et al. [19] for ampicillin, gentamicin, and 
tetracycline and by Zishiri et al. [20] for sulfamethoxazole 
were used (Table 2). For the preparation of the PCR 
mixture, 10 µL of mastermix (A.B.T™, Türkiye), 1.5 µL (10 
µM) of each primer, and 5 µL of genomic DNA were added 
and the total volume was brought to 25 µL using PCR water. 
Table 2 shows the primer pairs used in the PCR analyses. 
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The protocol initiated a predenaturation process at 94 °C 
for 5 min, followed by a 35-cycle amplification procedure 
comprising denaturation at 94 °C for 60 s, annealing at the 
appropriate temperatures for each gene (Table 2) for 60 s, 
extension at 72 °C for 60 s, and final extension at 72 °C 
for 5 min. The presence of antibiotic resistance genes was 
determined by the detection of gene-specific bands (Table 
2) in the electrophoresis gel.
2.8. Statistical analysis
In the study, SPSS 13.0 package program [21] was used to 
calculate the analysis results as a percentage.

3. Results
3.1. Results for the isolation and identification of 
Salmonella spp. 
Salmonella spp. was isolated from 17 samples (17%) 
among the 100 samples with or without skin that were 
procured from the markets, grocery stores, and butchers 
in Van, Türkiye. S. Enteritidis and S. Typhimurium were 
not identified in any sample. Among the samples, four 
drumstick samples with skin (16%), five drumstick and 
breast samples without skin (20%), and three breast 
samples with skin (12%) tested positive for Salmonella spp. 

Table 1. Antibiotic discs and evaluation measures used in the study.

Zone diameter breakpoint (mm)

Antimicrobial agent Disk 
content (µg) S I R

Amoxicillin/Clavulanic acid (AUG)* 20–10 ≥19 -*** <19
Ampicillin (AMP) * 10 ≥14 -*** <14
Gentamicin (CN)* 10 ≥17 -*** <17
Chloramphenicol (C)* 30 ≥17 -*** <17
Cefotaxime (CTX)* 5 ≥20 -*** <17
Ceftriaxone (CRO)* 30 ≥25 -*** <22
Streptomycin (S)** 10 ≥15 12–14 ≤11
Tetracycline (TE)** 30 ≥15 12–14 ≤11
Trimethoprim-sulfamethoxazole (SXT)* 1.25–23.75 ≥14 -*** <11

* Evaluated according to EUCAST, 2021.
** Evaluated according to CLSI, [18].
*** According to EUCAST, 2021 there is no intermediate level.
R: resistant, I: intermediate, S: susceptible

Table 2. The oligonucleotide sequences used in the identification of antibiotic resistance genes using PCR.

Antibiotics Gene Oligonucleotide (5’-3’) bp Annealing Reference

Ampicillin pse-1 CGCTTCCCGTTAACAAGTAC
CTGGTTCATTTCAGATAGCG 419 51 °C

[20]
Gentamicin ant(3”)-la GTGGATGGCGGCCTGAAGCC

ATTGCCCAGTCGGCAGCG 526 58 °C

Tetracycline
tetA GCTACATCCTGCTTGCCTTC

CATAGATCGCCGTGAAGAGG 210 59 °C

tetB TTGGTTAGGGGCAAGTTTTG
GTAATGGGCCAATAACACCG 659 56 °C

Sulfamethoxazole
sul1 GCGCGG CGTGGGCTACCT

GATTTCCGCGACACCGAGACAA 350 64 °C
[21]

sul2 CGGCATCGTCAACATAACC 
GTGTGCGGATGAAGTCAG 720 57 °C
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Figure 1 shows the PCR results for the positive strains. In 
the study, a total of 33 Salmonella colonies were isolated 
from 17 chicken meat samples that were detected as 
Salmonella spp.-positive. 
3.2. The antibiotic resistance of the Salmonella spp. 
isolates
Table 3 shows the antibiotic resistance and susceptibility of 
the 33 Salmonella spp. isolates that were obtained from 17 
chicken meat samples.

In the study, a total of 33 Salmonella spp. isolates 
were obtained from 17 chicken meat samples. Of these 
isolates, 11 were resistant to amoxicillin/clavulanic 
acid and streptomycin (33.33%), 12 to ampicillin 
(36.36%), 8 to gentamicin and ceftriaxone (24.24%), 14 
to chloramphenicol (42.42%), 4 to cefotaxime (12.12%), 
10 to tetracycline (30.30%), and 27 to trimethoprim/
sulfamethoxazole (81.82%). Of the isolates, 22 were 
susceptible to amoxicillin/clavulanic acid (66.67%), 21 
to ampicillin (63.64%), 25 to gentamicin (75.76%), 19 to 
chloramphenicol (57.58%), 29 to cefotaxime (87.88%), 
24 to ceftriaxone (72.73%), 11 to streptomycin (33.33%), 
14 to tetracycline (42.42%), and 5 to trimethoprim-
sulfamethoxazole (15.15%). It was observed that 
intermediate to streptomycin (18.18%) and tetracycline 
(9.09%) developed. It was also determined that 16 of the 30 
isolates (53.33%) obtained were phenotypically resistant to 
two or more antibiotics.
3.3. The presence of the antibiotic resistance genes in the 
Salmonella spp. isolates 
Table 3 shows the resistance genes and their distribution 
in 33 Salmonella spp. isolates with respect to the 
antibiograms. Table 4 shows the profile of the antibiotic 
resistance genes in the antibiotic-resistant Salmonella spp. 
isolates. In addition, Figure 2 shows the agarose gel image 
of the antibiotic-resistant Salmonella spp. isolates that 
were identified using PCR.

According to the antibiogram results of 33 Salmonella 
spp. isolates obtained in the study; The pse-1 gene was 
detected in 8 of the 12 isolates (66.67%) resistant to 
ampicillin, the ant(3”)-la gene was detected in all of 
the 8 isolates (100%) resistant to gentamicin, the tetA 
gene was detected in 2 of the 10 isolates (20%) resistant 
to tetracycline, and the tetB gene was detected in one 
(10%). It was determined that of 27 isolates resistant 
to trimethoprim-sulfamethoxazole, 21 of them carried 
the sul1 gene (77.78%) and 17 of them sul2 (62.96%). It 
was observed that the isolates containing tetA and tetB 
genes were different from each other, and 16 of the 27 
trimethoprim-sulfamethoxazole-resistant isolates carried 
both sul1 and sul2 genes (59.26%).

4. Discussion and conclusion
The Salmonella serotypes are regarded as important causes 
of foodborne diseases worldwide. The infection is usually 
transmitted through the consumption of contaminated 
waters and foods of animal origin. Fruits and vegetables 
that are contaminated with human and animal feces can 
also cause Salmonella outbreaks [22]. The salmonellosis 
cases in Europe were reported to be the second most 
common zoonosis in humans in 2018 [23].

A total of 100 chicken meat samples (breasts and 
drumsticks with and without skin with 25 samples for 
each) that were procured from the markets, groceries, and 
butchers in Van were examined, which revealed that 17 of 
the samples (17%) contained Salmonella spp. This value 
was lower than those reported by Domínguez et al. [24], 
Yang et al. [25], Fearnley et al. [26], Süzme [27], Yıldırım et 
al. [28], Thung et al. [29], Aydın [30], Asal-Ulus [31], and 
Çadırcı et al. [32] and higher than those reported by Beli et 
al. [33], Telli [34], and Acaröz et al. [35]. Although it is not 
in the scope of this study, the differences in the prevalence 
of Salmonella spp. may be attributed to various factors 

 

 
Figure 1. The agarose gel image of the amplicons that were identified in the Salmonella spp. isolates using PCR (119bp) 
(M: 100 bp DNA marker; PK: Salmonella Enteritidis ATCC® 13076; 1-7: Salmonella spp. isolates; NK: Negative control).



TELSAÇ and TUNCAY / Turk J Vet Anim Sci

712

such as sample size, applications during production, the 
hygiene of the personnel, tools in the sales outlets, and 
seasonal differences. 

According to the Turkish Food Codex Regulation 
on Microbiological Criteria2, 25-g raw chicken meat 
and chicken meat preparations should not contain S. 
Typhimurium and S. Enteritidis. S. Enteritidis and S. 
Typhimurium were not identified in any of the 17 Salmonella 
spp. isolates, thus complying with the regulation. 

In another study from Türkiye, S. Enteritidis and S. 
Typhimurium were not identified on chicken meat [36], 
chicken meat/internal organs [37], and packaged organic 
chicken meat [31], which is in agreement with our results. 
Beli et al. [33] reported S. Enteritidis as the most common 
serotype but they also reported identifying S. Senftenberg, 
S. Newport, S. Abony, S. Agona, S. Banana, S. Brancaster, 
S. Infantis, and S. Oslo. Domínguez et al. [24] found S. 
Enteritidis, S. Hadar, and serotype 4,12:b:-(II) to be the 
most common serotypes in chicken meat samples; they 
also detected S. Mbandaka, S. Derby, S. Virchow, and S. 
Paratyphi B. Fearnley et al. [26] reported that S. Infantis 
and S. Typhimurium phage type 135a were the most 
common Salmonella serotypes in chicken meats. Agbaje et 
al. [38] found S. Haifa to be the most common serotype 
in chicken meats, followed by S. Chomedey, S. Saintpaul, 
S. Kainji, S. Derby, and S. Blockley. The differences 
2 Turkish Food Codex Regulation on Microbiological Criteria (2018) ek-1 Gıda Güvenilirliği Kriterleri Ek: RG-9/10/2018-30560 [online]. Website 
https://www.mevzuat.gov.tr/mevzuat?MevzuatNo=15690&MevzuatTur=7&MevzuatTertip=5e [accessed 26 Agust 2021].
3 Turkish Ministry of Health for the National Salmonella Control Program (2018). National Salmonella Control Program [online]. Website https://
tuyekad.org.tr/wp-content/uploads/2018/09/ULUSAL_SALMONELLA_KONTROL_PROGRAMI__.pdf [accessed 8 November 2021]. 
4 Centers for Disease Control and Prevention (CDC) (2019). Antibiotic Resistance Threats In the United States [online]. Website https://www.cdc.gov/
drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf [accessed 5 August 2021].

between the present study and others are attributable to 
the differences in the prevalence of the S. Enteritidis and 
S. Typhimurium serotypes, region, the number and type 
of samples, and methods used in bacterial isolation and 
identification.

According to the report of the Turkish Ministry of 
Health for the National Salmonella Control Program3, 
S. Enteritidis was the most isolated Salmonella species 
from human clinical samples between 2012 and 2016, 
followed by S. Typhimurium, S. Infantis, S. Paratyphi 
B, and S. Kentucky. Moreover, the three most dominant 
serovars in the poultry slaughterhouse samples (chicken 
carcasses) were reported to be S. Infantis, S. Kentucky, 
and S. Enteritidis, respectively. Similarly, S. Infantis was 
reported to be the most common serovar in chicken and 
chicken meats by the European Food Safety Authority 
(EFSA) and European Centre for Disease Prevention and 
Control (ECDC) [23].

Antimicrobials either kill infectious microorganisms 
or inhibit their growth. Antibiotics such as ciprofloxacin, 
azithromycin, and ceftriaxone may be needed for the 
treatment of the severe infections of Salmonella spp.4

The excessive and inappropriate use of antimicrobials in 
medicinal and veterinary practices can cause antimicrobial 
resistance, which is an important public health issue. 
Furthermore, the resistance mechanisms of bacteria are 

Table 3. The antibiotic resistance, susceptibility of the Salmonella spp. isolates that were obtained from the chicken meat 
samples and the distribution of the antibiotic resistance genes.

Antibiotics Resistant
n (%)

Intermediate
n (%)

Susceptible
n (%) Genes n of genes (%)

Amoxicillin/clavulanic acid 11 (33.33) - 22 (66.67) - -
Ampicillin 12 (36.36) - 21 (63.64) pse-1 8 (66.67)
Gentamicin 8 (24.24) - 25 (75.76) ant(3”)-la 8 (100)
Chloramphenicol 14 (42.42) - 19 (57.58) - -
Cefotaxime 4 (12.12) - 29 (87.88) - -
Ceftriaxone 8 (24.24) - 24 (72.73) - -
Streptomycin 11 (33.33) 6 (18.18) 11 (33.33) - -
Tetracycline 10 (30.30) 3 (9.09) 14 (42.42) tetA 2 (20)

tetB 1 (10)

Trimethoprim-sulfamethoxazole 27 (81.82) - 5 (15.15)
sul1 21 (77.78)
sul2 17 (62.96)

n: number of positive isolates 

https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf
https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf
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quite important in the development of antimicrobial 
resistance [22, 39]. For example, the genomic element 
in S. Typhimurium that causes resistance to ampicillin, 
chloramphenicol, streptomycin, sulfonamide, and 
tetracycline can horizontally spread among other serotypes 
and gain additional resistance-determining qualities [22].

In the present study, the positive Salmonella isolates 
were resistant to trimethoprim-sulfamethoxazole 
(81.82%), chloramphenicol (42.42%), ampicillin (36.36%), 
amoxicillin-clavulanic acid and streptomycin (33.33%), 
5 Turkish Ministry of Health for the National Salmonella Control Program (2018). National Salmonella Control Program [online]. Website https://
tuyekad.org.tr/wp-content/uploads/2018/09/ULUSAL_SALMONELLA_KONTROL_PROGRAMI__.pdf [accessed 8 November 2021].

tetracycline (30.30%), gentamicin and ceftriaxone 
(24.24%), and cefotaxime (12.12%), respectively.

According to the report published by the National 
Salmonella Control Program5, among the Salmonella isolates 
from broiler houses, 18.5% were resistant to ampicillin, 
4.8% were resistant to gentamicin, 7.7% were resistant to 
chloramphenicol, 0.9% were resistant to cefotaxime, 33.5% 
were resistant to streptomycin, 29.4% were resistant to 
tetracycline, 32.2% were resistant to trimethoprim, and 
93.1% were resistant to sulfamethoxazole. 

Table 4. The profile of the antibiotic resistance genes in the antibiotic-resistant Salmonella spp. isolates (AMP/
CN/TE/SXT).
 

Isolates Antibiotic resistance pse-1 ant(3”)-la tetA tetB sul1 sul2

Isolate 1 TE/SXT - - - + - -
Isolate 2 SXT - - - - + +
Isolate 3 AMP/CN/TE/SXT + + + - + +
Isolate 4 AMP/CN/TE/SXT + + - - + +
Isolate 5 SXT - - - - - -
Isolate 7 AMP/SXT + - - - + +
Isolate 8 AMP/CN/SXT - + - - + -
Isolate 11 SXT - - - - + -
Isolate 12 CN/SXT - + - - + -
Isolate 13 TE/SXT - - - - - -
Isolate 14 TE - - - - - -
Isolate 15 AMP/TE/SXT + - + - + +
Isolate 16 AMP/TE/SXT - - - - - -
Isolate 17 SXT - - - - + +
Isolate 18 SXT - - - - + +
Isolate 19 AMP/CN/TE - + - - - -
Isolate 20 SXT - - - - + +
Isolate 21 SXT - - - - + +
Isolate 22 SXT - - - - + +
Isolate 23 SXT - - - - + +
Isolate 24 SXT - - - - + +
Isolate 25 AMP/TE - - - - - -
Isolate 26 SXT - - - - + +
Isolate 27 AMP/SXT + - - - - +
Isolate 28 SXT - - - - - -
Isolate 29 SXT - - - - + -
Isolate 30 AMP/SXT + - - - + +
Isolate 31 CN/SXT - + - - + +
Isolate 32 AMP/CN/TE/SXT + + - - + -
Isolate 33 AMP/CN/SXT + + - - + +
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In the present study, 11 Salmonella spp. isolates (33.33%) 
were determined to be resistant to amoxicillin-clavulanic 
acid. This is higher than the value reported by Yan et al. 
[40] (10.5%) but lower than that reported by Yang et al. 
[25] (36%). In their studies, Chaisatit et al. [41] and Acar 
[36] did not find any amoxicillin-clavulanic acid-resistant 
isolates. In the present study, 12 Salmonella spp. isolates 
(36.36%) were determined to be resistant to ampicillin 
(%36.36). This is higher than the values reported in some 
studies [36, 38, 42, 43] but lower than those reported in 
others [32, 40, 41, 44]. Among the examined Salmonella 
spp. isolates, eight were resistant to gentamicin (24.24%) 
in the present study, which differs from the numbers 
reported in other studies [32, 38, 40-43]. In the present 
study, 14 Salmonella spp. isolates (42.42%) were resistant 
to chloramphenicol, which is higher than some values 
reported by other researchers [36, 38, 42, 43, 45], close 
to those reported by Yan et al. [40] (42.1%) and Çadırcı 
et al. [32] (40.78%), and lower than the value reported 
by Miranda et al. [44] (80.5%). In the present study, four 
isolates (12.12%) were resistant to cefotaxime. Elkenany et 
al. [46] reported that 13.13% of the isolates from broiler 
chicken farms and wholesale points were resistant to 
cefotaxime while Çadırcı et al. [32] reported the value 
to be 14.47%. Miranda et al. [44] found no isolates that 
were resistant to cefotaxime. Eight of the Salmonella spp. 
isolates were resistant to ceftriaxone (24.24%) while Yang 
et al. [25] and Sırıken et al. [43] found this value to be 
19% and 1.19%, respectively. Yan et al. [40] and Asal-Ulus 
6 World Health Organization (WHO) (2020). Food Safety [online]. Website  https://www.who.int/news-room/fact-sheets/detail/food-safety [accessed 
24 January 2021].

[31] found no isolates that were resistant to ceftriaxone. 
In the present study, 11 Salmonella spp. isolates (33.33%) 
were resistant to streptomycin, which is close to the values 
reported in some studies [38] and different from those in 
other studies6 [32, 33, 38, 42, 44]. Ten of the Salmonella 
spp. isolates (30.30%) were resistant to tetracycline, which 
is higher than those reported by Chaisatit et al. [41] 
(21.4%) and Çadırcı et al. [32] (18.42%) and lower than 
those reported by Van et al. [42] (38.9%), Miranda et al. 
[44] (78%), Yan et al. [40], Sırıken et al. [43] (91.66%), 
Babacan and Karadeniz [45] (82.85%), and Agbaje et al. 
[38] (89.3%). In the present study, 27 Salmonella spp. 
isolates (81.82%) were determined to be resistant to 
trimethoprim-sulfamethoxazole, which is higher than 
those reported in some studies [32, 36, 40, 41, 43-45]. 

The analyses revealed that 8 of the 12 ampicillin-
resistant isolates (66.67%) harbored the pse-1 gen, all 
8 gentamicin-resistant isolates (100%) harbored the 
ant(3”%)-la gen, 2 of the 10 tetracycline-resistant isolates 
(20.00%) harbored the tetA gene while 1 tetracycline-
resistant isolate (10.00%) harbored the tetB gen, and 21 of 
the 27 trimethoprim-sulfamethoxazole-resistant isolates 
(77.78%) harbored the sul1 gene while 17 (62.96%) 
harbored the sul2 gene. In other studies, Bacci et al. [19] 
reported the presence of the pse-1, ant(3”)-la, tetA, tetB, 
and sul1 genes in 2%, 12%, 34%, and 16% of the isolates. 
Agbaje et al. [38] reported the presence of the tetA gene in 
all isolates (100%), the presence of the sul1 gene in 78.9% 
of the isolates, and the presence of the sul2 gene in 10.5% 

 

 
Figure 2. The agarose gel image of the antibiotic-resistant Salmonella spp. isolates that were identified using PCR M: 
100 bp DNA marker; 1-3: sul1 gene (350 bp); 4-7: sul2 gene (720bp); 7-9: pse-1 gene (419 bp); 10-12: the ant(3”)-la gene 
(526 bp); 13: the tetA gene (210 bp); 14: tetB gene (659 bp).

 https://www.who.int/news-room/fact-sheets/detail/food-safety 
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of the isolates. Acar [36] found that 9% of the isolates 
harbored the tetA gene while 81% harbored the sul1 gene. 
Cortes-Vélez et al. [47] reported that 42.5% of the isolates 
harbored the tetB gene while 57.4% harbored the sul2 
gene. However, Acar [36] did not identify the tetB and sul2 
genes in the isolates. 

The examination of antibiotic resistance revealed that 
30 of the Salmonella spp. isolates (90.90%) were resistant 
to two or more antibiotics and 20 isolates (66.66%) 
carried two or more antibiotic resistance genes. Van et al. 
[42] found that 88.9% of the chicken meat isolates were 
resistant to at least one antibiotic; Yan et al. [40] reported 
that 89.47% of the chicken meat isolates were resistant to 
multiple antibiotics; and Sırıken et al. [43] determined 
that 92.85% of the isolates were resistant to at least 4 
different antibiotics. Bacci et al. [19] found that 52.0% of 
the 50 Salmonella spp. isolates were resistant to multiple 
antibiotics and 22% of the isolates had multiple resistance 
genes. In their study in which 166 Salmonella spp. isolates 
were obtained from chicken meats and offal, Abd-Elghany 
et al. [48] found that 95.18% of the isolates were resistant 
to multiple antibiotics. Elkenany et al. [46] reported that 
all 120 isolates (100%) that were obtained from broiler 
chicken farms and wholesale points were resistant to 
multiple antibiotics. 

The differences in the values reported in the present 
study and in other studies are attributable to serotype 

differences, regional and environmental differences, 
and the use of uncontrolled and inappropriate doses of 
antibiotics. Moreover, the lack of antibiotic resistance 
genes in bacteria that are phenotypically resistant to the 
same antibiotic indicated possibly different mechanisms of 
resistance to ampicillin, tetracycline, and sulfamethoxazole 
(such as integron, plasmid, and transposon).

In conclusion, although the analyses revealed that 
the Salmonella spp. isolates from the chicken meats 
in the market did not contain S. Typhimurium or S. 
Enteritidis, thus conforming to the Turkish Food Codex, 
the presence of Salmonella spp. indicated poor hygienic 
quality. Furthermore, the high antimicrobial resistance of 
the isolates and the presence of resistance genes in some 
isolates can cause the transmission of resistant species to 
humans and complicate treatment, which can lead to a 
great public health issue.

Acknowledgments
This study was summarized from a part of the master’s 
thesis of the first author titled “Presence of Salmonella spp. 
in chicken meat and antimicrobial resistance profiles”. This 
study was supported by Research Fund of Van Yüzüncü 
Yıl University with the project number of TYL-2021-9429.

Conflict of interest 
The authors declare that they have no conflicts of interest.

References

1. Crum-Cianflone NF. Salmonellosis and the gastrointestinal 
tract: more than just peanut butter. Current Gastroenterology 
Reports 2008; 10 (4): 424-431. doi: 10.1007/s11894-008-0079-7

2. Li H, Wang H, D’Aoust JY, Maurer J. Salmonella species. 
In: Doyle MP, Buchanan RL (editors). Food Microbiology: 
Fundamentals and Frontiers. 4th ed. ASM Press, Washington, 
DC; 2013. pp. 223-261.

3. Ryser ET. Public health concerns. In: Marth EH, Steele JL 
(editors). Applied Dairy Microbiology. 2nd ed. Marcel Dekker, 
Inc, New York; 2001. pp. 397-545.

4. Adams MR, Moss MO. Bacterial agents of Foodborne 
illness-Salmonella. 3th ed. Cambridge, UK: Royal Society of 
Chemistry Publishing; 2008. 

5. Fung DYC. Microbial hazards in foods: food-borne infections 
and intoxications. In: Toldrá F (editor). Handbook of Meat 
Processing. 1st ed. USA: Blackwell Publishing; 2010. pp. 481-
500. 

6. Popoff MY, Le Minor L. Salmonella. In: Bergey’s Manual of 
Systematics of Archaea and Bacteria. John Wiley & Sons; 2015. 
doi: 10.1002/9781118960608.gbm01166

7. Singh R, Yadav AS, Tripathi V, Singh RP. Antimicrobial 
resistance profile of Salmonella present in poultry and poultry 
environment in North India. Food Control 2013; 33 (2): 545-
548. doi: 10.1016/j.foodcont.2013.03.041

8. Centers for Disease Control and Prevention (CDC). 
Salmonella. Atlanta, Georgia: U.S. Department of Health and 
Human Services; Atlanta, Georgia, 2019.

9. Threlfall EJ. Antimicrobial drug resistance in Salmonella: 
problems and perspectives in food and water-borne infection. 
FEMS Microbiology Reviews 2002; 26 (2): 141-148. doi: 
10.1111/j.1574-6976.2002.tb00606.x

10. Antunes P, Mourão J, Campos J, Peixe L. Salmonellosis: the role 
of poultry meat. Clinical Microbiology and Infection 2016; 22 
(2): 110-121. doi: 10.1016/j.cmi.2015.12.004

11. Akinyemi KO, Ajoseh SO. Factors contributing to the 
emergence and spread of antibiotics resistance in Salmonella 
species. In: Mares M (editor). Current Topics in Salmonella 
and Salmonellosis. 4th ed, Rijeka, Croatia, Intech; 2017. pp. 97 
doi: 10.5772/63008



TELSAÇ and TUNCAY / Turk J Vet Anim Sci

716

12. Türk Standardı (TS). Microbiology of the food chain - 
Horizontal method for the detection, enumeration and 
serotyping of Salmonella - Part 1: Detection of Salmonella spp., 
ISO 6579-1:2017, TS EN ISO 6579-1, 2017.

13. Türk Standardı (TS). Microbiology of the food chain - 
Horizontal method for the detection, enumeration and 
serotyping of Salmonella - Part 1: Detection of Salmonella spp. 
ISO 6579-1:2017/A1:2020, TS EN ISO 6579-1:2017/A1, 2020

14. Flowers RS, D’aoust JY, Andrews WH, Bailey JS. Salmonella. 
In: Vanderzant C, Splittstoesser DF (editors). Compendium of 
Methods for the Microbiological Examination of Foods. 3th 
ed. Washington, DC: American Public Health Association; 
1992.

15. Hoorfar J, Ahrens P, Rådström P. Automated 5′ nuclease PCR 
assay for identification of Salmonella enterica. Journal of 
Clinical Microbiology 2000; 38 (9): 3429-3435. doi: 10.1128/
JCM.38.9.3429-3435.2000

16. O’Regan E, Mccabe E, Burgess C, Mcguinness S, Barry T et 
al. Development of a real-time multiplex PCR assay for the 
detection of multiple Salmonella serotypes in chicken samples. 
BMC Microbiology 2008; 8: 156. doi: 10.1186/1471-2180-8-
156

17. Alvarez J, Sota M, Vivanco AB, Perales I, Cisterna R et al. 
Development of a multiplex PCR technique for detection 
and epidemiological typing of Salmonella in human clinical 
samples Journal of Clinical Microbiology 2004; 42 (4): 1734-
1738. doi: 10.1128/JCM.42.4.1734-1738.2004

18. Clinical and Laboratory Standards Institute (CLSI). 
Performance Standards for Antimicrobial Disk and Dilution 
Susceptibility Testing, M100. 30th ed. USA: Clinical and 
Laboratory Standards Institute; 2020. pp. 32-41.

19. Bacci C, Boni E, Alpigiani I, Lanzoni E, Bonardi S et al. 
Phenotypic and genotypic features of antibiotic resistance in 
Salmonella enterica isolated from chicken meat and chicken 
and quail carcasses. International Journal of Food Microbiology 
2012; 160 (1): 16-23. doi: 10.1016/j.ijfoodmicro.2012.09.014

20. Zishiri OT, Mkhize N, Mukaratirwa S. Prevalence of virulence 
and antimicrobial resistance genes in Salmonella spp. isolated 
from commercial chickens and human clinical isolates from 
South Africa and Brazil. Onderstepoort Journal of Veterinary 
Research 2016; 83 (1): 1-11. doi: 10.4102/ojvr.v83i1.1067

21. SPSS. IBM SPSS statistics version 13.0 for Windows. New York: 
IBM; 2006.

22. World Health Organization (WHO). Antimicrobial resistance: 
global report on surveillance. France: WHO Library 
Cataloguing; 2014.

23. European Food Safety Authority and European Centre for 
Disease Prevention and Control (EFSA and ECDC). The 
European Union one health 2018 zoonoses report. EFSA 
Journal 2019; 17 (12): 5926.

24. Domínguez C, Gómez I, Zumalacárregui J. Prevalence of 
Salmonella and Campylobacter in retail chicken meat in Spain. 
International Journal of Food Microbiology 2002; 72 (1-2):165-
168. doi: 10.1016/S0168-1605(01)00638-9

25. Yang B, Qu D, Zhang X, Shen J, Cui S et al. Prevalence and 
characterization of Salmonella serovars in retail meats of 
marketplace in Shaanxi, China. International Journal of 
Food Microbiology 2010; 141 (1-2): 63-72. doi: 10.1016/j.
ijfoodmicro.2010.04.015

26. Fearnley E, Raupach J, Lagala F, Cameron S. Salmonella in 
chicken meat, eggs and humans; Adelaide, South Australia, 
2008.  International Journal of Food Microbiology 2011; 146 
(3): 219-227. doi: 10.1016/j.ijfoodmicro.2011.02.004

27. Süzme K. Microbiological evaluation of raw chicken meat 
served for consumption in Edirne. MSc, Namık Kemal 
Universty, Edirne, Türkiye, 2012.

28. Yıldırım Z, Ceylan Ş, Öncül N. Microbiological Quality of 
Chicken Breast and Thigh Samples Sold in Tokat, Türkiye. 
Akademik Gıda 2015; 13 (4): 304-316.

29. Thung TY, Mahyudin NA, Basri DF, Wan Mohamed Radzi 
CWM, Nakaguchi Y et al. Prevalence and antibiotic resistance 
of Salmonella Enteritidis and Salmonella Typhimurium in raw 
chicken meat at retail markets in Malaysia. Poultry Science 
Journal 2016; 95 (8): 1888-1893. doi: 10.3382/ps/pew144

30. Aydın M. Determinaton of Salmonella spp. prevalence by a 
recently developed biotinyl-tyramide signal amplification from 
retailed poultry meat in Adıyaman province. Harran Tarım ve 
Gıda Bilimleri Dergisi 2017; 21 (4): 412-419. doi: 10.29050/
harranziraat.289167

31. Asal-Ulus C. Determination of Salmonella serotypes in organic 
chicken meat and antibiotic resistance profile of serotypes. 
PhD, Ondokuz Mayıs University, Samsun, Türkiye, 2019.

32. Çadırcı Ö, Gücükoğlu A, Terzi G, Günaydın E. Determination 
and antibiotic resistance profiles of Salmonella serotypes 
isolated from poultry meat. Fresenius Environmental Bulletin 
2021; 30 (4A): 4251-4261.

33. Beli E, Duraku E, Telo A. Salmonella serotypes isolated 
from chicken meat in Albania. International Journal of Food 
Microbiology 2001; 71 (2-3): 263-66. doi: 10.1016/S0168-
1605(01)00613-4

34. Telli R (2006). Identification of Presence Salmonella spp. in 
chicken carcasses and chicken meat samples with conventional 
culturel technique in Afyon province. MSc, Afyon Kocatepe 
Universty, Afyonkarahisar, Türkiye, 2006.

35. Acaröz U, Gürler Z, Kara R, Arslan-Acaröz D, Zemheri F. 
Presence of Salmonella spp. in chicken meat and giblets 
marketed in Afyonkarahisar province.  Kocatepe Veteriner 
Dergisi 2018; 11 (4): 414-418. doi: 10.30607/kvj.444137

36. Acar S. Phenotypic and genetic characterization of 
antimicrobial resistance in Salmonella isolates from different 
sources in Türkiye. PhD, Middle East Technical University, 
Ankara, Türkiye, 2015.

37. Telli AE, Biçer Y, Kahraman HA, Telli N, Doğruer Y. Presence 
and antibiotic resistance of Salmonella spp. isolated from 
chicken meat and giblets consumed in Konya, Türkiye. 
Eurasian Journal of Veterinary Sciences 2018; 34 (3): 164-170. 
doi: 10.15312/EurasianJVetSci.2018.196



TELSAÇ and TUNCAY / Turk J Vet Anim Sci

717

38. Agbaje M, Lettini AA, Ojo OE, Longo A, Marafin E et al. 
Antimicrobial resistance profiles of Salmonella serovars 
isolated from dressed chicken meat at slaughter in Kaduna, 
Nigeria. Revue D’élevage et de Médecine Vétérinaire Des Pays 
Tropicaux 2019; 72 (4): 173-179. doi: 10.19182/remvt.31484

39. European Food Safety Authority and European Centre for 
Disease Prevention and Control (EFSA and ECDC). EU 
summary report on antimicrobial resistance in zoonotic and 
indicator bacteria from humans, animals and food in 2013. 
EFSA Journal 2015; 13 (2): 4036.

40. Yan H, Li L, Alam MJ, Shinoda S, Miyoshi SI et al. Prevalence 
and antimicrobial resistance of Salmonella in retail foods in 
northern China. International Journal of Food Microbiology 
2010; 143 (3); 230-234. doi: 10.1016/j.ijfoodmicro.2010.07.034

41. Chaisatit C, Tribuddharat C, Pulsrikarn C, Dejsirilert S. 
Molecular characterization of antibiotic-resistant bacteria in 
contaminated chicken meat sold at supermarkets in Bangkok, 
Thailand. Japanese Journal of Infectious Diseases 2012; 65 (6): 
527-534. doi: 10.7883/yoken.65.527

42. Van TTH, Moutafis G, Istivan T, Tran LT, Coloe PJ. Detection 
of Salmonella spp. in retail raw food samples from Vietnam 
and characterization of their antibiotic resistance. Applied and 
Environmental Microbiology 2007; 73 (21): 6885-6890. doi:  
10.1128/AEM.00972-07

43. Sırıken B. Türk H, Yıldırım T, Durupınar B, Erol İ. Prevalence 
and characterization of Salmonella isolated from chicken 
meat in Türkiye. Journal of Food Science 2015; 80 (5): 
M1044-M1050. doi: 10.1111/1750-3841.12829

44. Miranda JM, Mondragón AC, Martinez B, Guarddon M, 
Rodriguez JA. Prevalence and antimicrobial resistance patterns 
of Salmonella from different raw foods in Mexico. Journal of 
Food Protection 2009; 72 (5): 966-971. doi: 10.4315/0362-
028X-72.5.966

45. Babacan O, Karadeniz H. Investigation of antibiotic 
susceptibility of Salmonella spp. strains’ isolated from raw 
chicken meat.  Veteriner Hekimler Derneği Dergisi 2019; 90 
(2): 105-114. doi: 10.33188/vetheder.497569

46. Elkenany R, Elsayed MM, Zakaria AI, El-Sayed SAES, Rizk MA. 
Antimicrobial resistance profiles and virulence genotyping of 
Salmonella enterica serovars recovered from broiler chickens 
and chicken carcasses in Egypt. BMC Veterinary Research 
2019; 15 (1): 124. doi: 10.1186/s12917-019-1867-z

47. Cortes-Vélez D, Rodríguez V, Verjan García N. Phenotypic 
and genotypic antibiotic resistance of Salmonella from chicken 
carcasses marketed at Ibague, Colombia. Brazilian Journal of 
Poultry Science 2017; 19 (2): 347-354. doi: 10.1590/1806-9061-
2016-0405

48. Abd-Elghany SM, Sallam KI, Abd-Elkhalek A, Tamura T. 
Occurrence, genetic characterization and antimicrobial 
resistance of Salmonella isolated from chicken meat and 
giblets. Epidemiology and Infection 2015; 143 (5): 997-1003. 
doi:10.1017/S0950268814001708


