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HIGHLIGHTS 

 Salmonella enterica serovar Typhimurium was found in 4.44% of the ready-to-eat vegetable salads in Tabriz, Iran. 

 There was no significant difference between contamination rate and various areas. 

 Vegetable salads consumed in Tabriz may have health risk for consumers.   

 

ABSTRACT 

Background: In recent years, food-borne outbreaks have been increased by consumption 

of raw fruits and vegetables contaminated with bacterial pathogens like Salmonella spp. 

in many countries. This study was designed in order to molecular detection of Salmonella 

in Ready-to-Eat Vegetable Salad (REVS) consumed in restaurants of Tabriz, North-West 

of Iran. 

Methods: In this cross-sectional study, 90 REVS samples were randomly collected from 

five different areas of the Tabriz, Iran from February to June 2016. The presence of S. 

enterica serovar Typhimurium isolates was assessed using real-time polymerase chain  

reaction technique. Data analysis was performed using SPSS software version 19.0. 

Results: Out of 90 REVS samples, 4 (4.44%) were found to be positive with S. enterica 

serovar Typhimurium. There was no significant difference between S. enetrica serovar 

Typhimurium prevalence in various areas (p>0.05). 

Conclusion: This survey showed that REVS consumed in restaurants of Tabriz, Iran may 

have public health risk in terms of presence of S. enterica serovar Typhimurium; so, it is 

required to improve the food safety standards in this area. Next investigations should be 

done to find the antimicrobial susceptibility of the identified isolates. 

© 2018, Shahid Sadoughi University of Medical Sciences. This is an open access article 

under the Creative Commons Attribution 4.0 International License. 

 

Introduction 

   In recent years, food-borne outbreaks have been in-

creased by consumption of raw fruits and vegetables 

contaminated with bacterial pathogens like Salmonella 

spp. in many countries (Khalil et al., 2015;  Kochakkhani  
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et al., 2017; Kotzekidou, 2013). To date, more than 2500 

Salmonella serotypes have been identified which half  

of them belongs to Salmonella enterica serovar 

Typhimurium. The main sources of transmission  of  Sal-
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monella spp. are poultry, ready-to-eat products, dairy 

products, fruits, and vegetables (Caponigro et al., 2010; 

Hur et al., 2012; Keithlin et al., 2015). Several Salmonel-

la outbreaks have been reported which are related to the 

consumption of vegetables. For instance, in Brazil from 

2000 to 2011, about 1.33% of outbreaks have been  

reported to be associated with the consumption of leafy 

green vegetables (Brandão et al., 2014). It has also been 

stated that in England and Wales from 1992 to 2006, 4% 

of infectious intestinal diseases outbreaks were related 

with the consumption of prepared salads (Little and  

Gillespie, 2008). 

   Isolation and identification of bacteria by biochemical 

standard methods are laborious and time-consuming. 

However, Polymerase Chain Reaction (PCR)-based  

techniques are high specificity and sensitivity approach 

in order to detection and identification of food- 

borne pathogenic agents (Kochakkhani et al., 2016; 

Kotzekidou, 2013). There is limited information about 

incidence of Salmonella in Ready-to-Eat Vegetable Salad 

(REVS) consumed in Iran especially in Tabriz city. Thus, 

this study was designed in order to molecular detection of 

Salmonella spp. in REVS consumed in restaurants of 

Tabriz, North-West of Iran. 

Materials and methods 

Study area 

   This study was conducted in Tabriz, North-West  

of Iran which is the fifth largest city of the country  

with population of about 1.5 million. The geographical  

location of Tabriz is schematically illustrated in Figure 1.   

Sampling 

   In this cross-sectional study, 90 REVS samples were 

randomly collected from five different areas of the city, 

including North (n=15), South (n=24), West (n=15), East 

(n=21), and Center (n=15) from February to June 2016. 

The samples consisted of mixed salads containing raw 

vegetables such as lettuce, cabbage, tomato, cucumber, 

and carrot. The average weight of each REVS sample 

was about 100 g at the time of purchase. Samples were 

placed in sterile bags and were transported to the Food 

Microbiology Laboratory of Faculty of Veterinary  

Medicine, Tabriz University and stored at 4 °C until next 

analysis. 

Sample preparation  

   From each REVS sample, 50 g of representative sec-

tion was transferred into a sterile plastic pouch, contain-

ing 450 µl of  0.1% sterile  peptone  water  homogenized 

for 60 s using a pulsifier (Microgen, UK) at room  

temperature. The solution was centrifuged for 5 min at 

8000 rpm in sterile tube. After that, the pellet was 

washed three times with 0.1% sterile peptone water and 

the centrifugation was repeated. Peptone water was then 

added to the precipitate in the last stage and stored at  

-20 °C until used for DNA extraction (Kochakkhani et 

al., 2016). 

DNA extraction 

   DNA extraction was carried out using Accuprep  

Genomic DNA Kit (Bioneer No.k-3032, Daejeon, South 

Korea) according to the manufacturer's instruction with 

some modifications. Briefly, 500 µl of each REVS sam-

ple was mixed by 200 µl of tissue lysis buffer in a sterile 

microtube. Then, 30 µl proteinase K solution (20 mg/ml; 

Thermo Fisher Scientific, USA) was added, mixed, and 

incubated at 60 °C for 1 h. Then, 200 µl binding buffer 

was added, mixed, and incubated at 60 °C for 10 min, 

and then 100 µl isopropanol was added. The solution was 

transferred into a new sterile 1.5 ml microtube containing 

silica filter. Centrifuge was done at 12000 rpm for 2 min 

and the flow through was discarded. Each sample was 

washed two times with ethanol 70 and 95%, respectively. 

Each microtube was air dried by centrifugation at 13000 

rpm for 2 min. Binded DNA was eluted by 100 µl Tris-

EDTA buffer. All extracted DNA were stored at -20 °C 

until next step. The quality and quantity of the extracted 

DNA were analyzed by agarose gel electrophoresis 

(Akhtarian, Iran) and Bio photometer (Eppendrof, 

Biophotometer plus, Germany), respectively. 

SYBR Green I real-time PCR assay 

   SYBR Green I real-time PCR was performed using 

Rotor GeneQ- 5 PLEX, (QIAGEN, USA). Each reaction 

was performed in a final volume of 10 µl contained 5 µl 

of 2x SYBR Green I master mix (Bioneer, South Korea), 

0.5 µl of each primer (end concentration of 200 nM), 1 µl 

template DNA (100 ng/µl) and 3 µl ddH2O. The genus 

specific primer pair named sefA was used in order to 

detection of S. enterica serovar Typhimurium (Table 1). 

The real-time PCR procedure was carried out under the 

following conditions: initial denaturation at 95 °C for  

5 min, followed by 40 cycles of denaturation at 95 °C for 

40 s, annealing at 58 °C for 40 s, and elongation at 72 °C 

for 40 s; and also the final extension at 72 °C for about 

10 min. 

   Genomic DNA of S. enterica serovar Typhimurium as 

control sample was used for preparation of standard 

curve (Elizaquível et al., 2011). Liquid culture of S. 

enterica serovar Typhimurium SA2380, ATCC35987 

was used for DNA extraction and spiking steps. DNA 

was   extracted  from   a   dilution   series   with   concen-
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tration ranging from 10
2
 to 10

5
 CFU/ml in 10 fold  

dilutions of bacterial suspension, grown in tryptic soy 

broth. A non-spiked sample was used as negative control 

(Figure 2). Real-time PCR and analysis were performed 

as reported by Elizaquível et al (2011). 

Statistical analysis 

   The analysis of Chi square test was used to determine 

the statistical differences between the areas of S. enterica 

serovar Typhimurium vegetable salads samples using 

SPSS Inc., Chicago, IL (v. 19.0).  A  probability  level  of 

p<0.05 was considered as statistically significant. 

Results  

   Out of 90 REVS samples, 4 (4.44%) were found to  

be positive with S. enterica serovar Typhimurium. As 

shown in Table 2, there was no significant difference 

between S. enterica serovar Typhimurium prevalence in 

various areas (p>0.05). Based on the results of quantita-

tive PCR, bacterial loads in contaminated samples ranges 

from 6.4×10
2
 to 9.17×10

4
 (Table 3).  

 

 

 

 

 

 

Table 1: Primers used for the detection of Salmonella enterica serovar Typhimurium 

Target gene Length (bp) Primer sequence (5′–3′) Product size (bp) Reference 
 

sefA 
20 

20 

GCAGCGGTTACTATTGCAGC      

TTATGTGGACCAGTAGCAGT  

 

131 
 

This Study 

 

 

 

 

 

 

 

Table 2: Prevalence of Salmonella enterica serovar Typhimurium in vegetable salads sampled from various areas of Tabriz, Iran 

Sampling area No. of samples No. of positive samples (%) 

North 15 2 (13.33) 

West 15 0 (0.00) 

Central 15 0 (0.00) 

East   21 1 (4.76) 

South 24 1 (4.16) 

Total     90 4 (4.44) 

 

 

 

 

 

 

Table 3: Ct values and bacterial load measurements for spiked-control samples (SCS) and some REVS samples 

Spiked-control samples 

 and REVS samples  

Ct Bacterial load  

(CFU/ml) 

SCS1 19.69 10
5
 

SCS2 23.25 10
4
 

SCS3 26.58 10
3
 

SCS4 29.26 10
2
 

REVS1 23.59 9.17×10
4
 

REVS2 26.48 10.13×10
3
 

REVS3 27.70 6.51×10
2
 

REVS4 27.83 6.40×10
2
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Figure 1: Geographical location of Tabriz city in schematic map of Iran 

 

 

 

 

 

 
Figure 2: Standard curve for the SYBR green I real-time PCR amplification of S. enterica serovar Typhimurium DNA. A plot of Ct value against 

different concentrations of extracted DNA from spiked-control samples (circles) and REVS samples (squares) are indicated
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Discussion 

   This is the first report on contamination of REVS with 

S. enterica serovar Typhimurium in Tabriz city of Iran. 

According to the Iran national standards, Salmonella 

must not be detected in 25 g of REVS in order to be  

acceptable for human consumption (ISIRI, 2009; 2014). 

This study showed that some of REVS served in  

restaurants located in Tabriz had unsatisfactory health 

conditions due to the presence of S. enterica serovar 

Typhimurium. Since REVS receives minimal processing 

and it is often eaten raw, bacterial contamination can 

represent serious health risk. Vegetables used in salads 

could be contaminated with pathogenic bacteria during 

the production, processing, packaging, and distribution. 

This contamination can arise from environmental, ani-

mal, or human sources (Akoachere et al., 2018; De Giusti 

et al., 2010; Klingbeil et al., 2016). The contamination 

rate of S. enterica serovar Typhimurium found in this 

study was similar to the same bacterial contamination in 

raw vegetable salads obtained from Abidjan, Côte  

d'Ivoire as 2.6% (Toe et al., 2017). Low contamination 

rate in raw vegetables have previously been reported in 

the Czech Republic (0.3%) by Vojkovska et al. (2017) 

and in Italy (0.75%) by De Giusti et al. (2010). However, 

Abakari et al. (2018) showed 73.3% contamination rate 

of Salmonella spp. in REVS samples vended in Ghana 

which was too higher than what we found in our re-

search. Such differences can be due to variation of sani-

tary conditions during cultivation, harvesting, packaging, 

distribution, and preparation of the vegetables in the stud-

ied regions. It has shown that different hygienic practices 

may affect the prevalence rate of bacterial contamination 

in the vegetable samples such as food vendors and also 

the sources of cultivation (Abakari et al., 2018; Gurler et 

al., 2015; León et al., 2013). However, we found no sig-

nificant relation with the Salmonella contamination rate 

and the area from which our vegetables were obtained. 

   Contamination of REVS by S. enterica serovar 

Typhimurium is of major concern for public health,  

because this bacterium leads annually millions cases of 

enteric diseases worldwide (Dunkley et al., 2009).  

Salmonella is mainly originated from mammalian feces; 

so, it is assumed that untreated waste water may be used 

in irrigation of cultivating farms in our studied area.  

Similar inference has been announced by Muinde and 

Kuria (2005), who stated that bacterial contamination of 

vegetables is mostly due to using grey water generated 

from kitchen, bathroom, and laundry during cultivation. 

However, to prove this hypothesis, it is necessary to do 

further researches in order to determine the presence  

of Escherichia coli, as a fecal indicator, in the raw  

vegetables vended in Tabriz.   

   It is known that the presence of Salmonella spp. in food 

stuff is mainly related to cross-contamination during 

handling process. Bacterial contamination of the vegeta-

bles can be controlled by appropriate hygienic measures 

such as prevention of cross-contamination. Proper  

implementation of the Hazard Analysis and Critical  

Control Point (HACCP) system in the restaurants can 

help to prevent cross-contamination (Abakari et al., 

2018). The presence of Salmonella spp. found in the  

current survey may be attributed to poor hygiene practic-

es in the personnels who work in the restaurants of  

Tabriz. In this regard, direct bacterial culture sampling 

from workers hands is recommended in future to find the 

precise origin of the contamination in REVS.  

Conclusion 

   This survey showed that REVS consumed in restau-

rants of Tabriz, Iran may have public health risk in terms 

of presence of S. entreica serovar Typhimurium; so, it is 

required to improve the food safety standards in this  

area. Next investigations should be done to find the  

antimicrobial susceptibility of the identified isolates.  

Author contributions 

   P.D. and M.H.M. designed the study; H.K. conducted 

the experimental work; H.K. and P.D. analyzed the data; 

K.H., P.D., and M.H.M. wrote the manuscript. All  

authors revised and approved the final manuscript. 

Conflicts of interest 

   The authors declare no conflict of interest. 

Acknowledgements 

   This research was financially supported (code No. 

44/A/T) by Nutrition Faculty and the Vice Chancellor of 

Research of Tabriz University of Medical Sciences,  

Tabriz, Iran. This research was ethically approved by the 

local institutional review board. 

References 

Abakari G., Cobbina S.J., Yeleliere E. (2018). Microbial quality of 

ready-to-eat vegetable salads vended in the central business 

district of Tamale, Ghana. International Journal of Food  

Contamination. 5: 3. 

Akoachere J.F.T.K., Tatsinkou B.F., Nkengfack J.M. (2018). Bacte-

rial and parasitic contaminants of salad vegetables sold in 

markets in Fako Division, Cameroon and evaluation of  

hygiene  and   handling  practices  of  vendors.  BMC Research

  

 

 

         

 [
 D

O
I:

 1
0.

29
25

2/
jf

qh
c.

5.
4.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jf

qh
c.

ss
u.

ac
.ir

 o
n 

20
26

-0
4-

28
 ]

 

                               5 / 6

http://dx.doi.org/10.29252/jfqhc.5.4.5
https://jfqhc.ssu.ac.ir/article-1-484-en.html


Kochakkhani et al.: Salmonella enterica Serovar Typhimurium in Vegetable Salads 

 

145 
Journal website: http://www.jfqhc.com 

 

 

          Notes. 11: 100. 

Brandão M.L.L., Almeida D.O., Bispo F.C.P., Bricio S.M.L., Marin 

V.A., Miagostovich M.P. (2014). Assessment of microbiologi-

cal contamination of fresh, minimally processed, and ready-to-

eat lettuces (Lactuca sativa), Rio de Janeiro State, Brazil. 

Journal of Food Science. 79: 961-966.  

Caponigro V., Ventura M., Chiancone I., Amato L., Parente E., Piro 

F. (2010). Variation of microbial load and visual quality of 

ready-to-eat salads by vegetable type, season, processor and 

retailer. Food Microbiology. 27: 1071-1077.  

De Giusti M., Aurigemma C., Marinelli L., Tufi D., De Medici D., 

Di Pasquale S., De Vito C., Boccia A. (2010). The evaluation 

of the microbial safety of fresh ready‐to‐eat vegetables  

produced by different technologies in Italy. Journal of Applied 

Microbiology. 109: 996-1006. 

Dunkley K.D., Callaway T.R., Chalova V.I., McReynolds J.L., 

Hume M.E., Dunkley C.S., Kubena L.F., Nisbet D.J., Ricke 

S.C. (2009). Foodborne Salmonella ecology in the avian  

gastrointestinal tract. Anaerobe.15: 26-35.  

Elizaquível P., Gabaldón J.A., Aznar R. (2011). Quantification of 

Salmonella spp., Listeria monocytogenes and Escherichia coli 

O157:H7 in non-spiked food products and evaluation of  

real-time PCR as a diagnostic tool in routine food analysis. 

Food Control. 22: 158-164.  

Gurler Z., Pamuk S., Yildirim Y., Ertas N. (2015). The microbiolog-

ical quality of ready-to-eat salads in Turkey: a focus on  

Salmonella spp. and Listeria monocytogenes. International 

Journal of Food Microbiology. 196: 79-83.  

Hur J., Jawale C., Lee J.H. (2012). Antimicrobial resistance  

of Salmonella isolated from food animals: a review. Food  

Research International. 45: 819-830. 

Institute of Standards and Industrial Research of Iran (ISIRI). 

(2009). Food microbiology– Detection of Salmonella by Pol-

ymerase Chain Reaction (PCR). National Standard No. 12638. 

URL: ttp://standard.isiri.gov.ir/StandardView.aspx?Id=11908. 

Accessed 5 Mar 2017. 

Institute of Standards and Industrial Research of Iran (ISIRI). 

(2014). Microbiology of food and animal feeding stuffs-  

Horizontal method for the detection of Salmonella spp.  

National Standard No. 1810. URL: http://standard.isiri.gov.ir/ 

StandardView.aspx?Id=41860. Accessed 5 Mar 2017. 

Keithlin J., Sargeant J.M., Thomas M.K., Fazil A. (2015). Systemat-

ic review and meta-analysis of the proportion of non-typhoidal 

Salmonella cases that develop chronic sequelae. Epidemiology 

and Infection. 143: 1333-1351.  

Khalil R.K., Gomaa M.A., Khalil M.I. (2015). Detection of shiga-

toxin producing E. coli (STEC) in leafy greens sold at local  

retail markets in Alexandria, Egypt. International Journal of 

Food Microbiology. 197:58-64.  

Klingbeil D.F., Todd E.C.D., Kuri V. (2016). Microbiological quali-

ty of ready-to-eat fresh vegetables and their link to food safety 

environment and handling practices in restaurants. LWT-Food 

Science and Technology. 74: 224-233.  

Kochakkhani H., Dehghan P., Mousavi M.H., Sarmadi B. (2016). 

Occurrence, molecular detection and antibiotic resistance  

profile of Escherichia coli O157:H7 isolated from ready-to-eat 

vegetable salads in Iran. Pharmaceutical Sciences. 22: 195-

202.  

Kochakkhani H., Moosavy M.H., Dehghan P. (2017). Isolation and 

identification of Clostridium difficile from ready-to-eat  

vegetable salads in restaurants of Tabriz by real-time PCR  

and determination of the antibiotic resistance pattern.  

Scientific Journal of Kurdistan University of Medical  

Sciences. 22: 102-112. 

Kotzekidou P. (2013). Survey of Listeria monocytogenes, Salmonel-

la spp. and Escherichia coli O157:H7 in raw ingredients and 

ready-to-eat products by commercial real-time PCR kits. Food 

Microbiology. 35: 86-91. 

León B.D., Gomez-Aldapa C.A., Rangel-Vargas E., Vazquez-

Barrios E., Castro-Rosas J. (2013). Frequency of indicator 

bacteria, Salmonella and diarrhoeagenic Escherichia coli 

pathotypes on ready-to-eat cooked vegetable salads from Mex-

ican restaurants. Letters in Applied Microbiology. 56: 414-420. 

Little C.L., Gillespie I.A. (2008). Prepared salads and public health. 

Journal of Applied Microbiology. 105: 1729-1743.  

Muinde O.K., Kuria E. (2005). Hygienic and sanitary practices  

of vendors of street foods in Nairobi, Kenya. African  

Journal of Food, Agriculture, Nutrition and Development. 5: 

1-14. 

Toe E., Dadié A., Dako E., Loukou G. (2017). Bacteriological 

quality and risk factors for contamination of raw mixed  

vegetable salads served in collective catering in Abidjan (Ivo-

ry Coast). Advances in Microbiology. 7: 405-419. 

Vojkovska H., Myskova P., Gelbícova T., Skockova A., Kolackova 

I., Karpískova R. (2017). Occurrence and characterization of 

food-borne pathogens isolated from fruit, vegetables and 

sprouts retailed in the Czech Republic. Food Microbiology. 

63: 147-152. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 [
 D

O
I:

 1
0.

29
25

2/
jf

qh
c.

5.
4.

5 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jf

qh
c.

ss
u.

ac
.ir

 o
n 

20
26

-0
4-

28
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               6 / 6

http://www.sciencedirect.com/science/article/pii/S0740002010001863
http://www.sciencedirect.com/science/article/pii/S0740002010001863
http://www.sciencedirect.com/science/article/pii/S0740002010001863
http://scholar.google.com/citations?user=W3-yzeIAAAAJ&hl=en&oi=sra
http://www.sciencedirect.com/science/article/pii/S1075996408000735
http://www.sciencedirect.com/science/article/pii/S1075996408000735
http://www.sciencedirect.com/science/article/pii/S1075996408000735
http://www.sciencedirect.com/science/article/pii/S1075996408000735
http://www.sciencedirect.com/science/article/pii/S1075996408000735
http://scholar.google.com/citations?user=-DwzSw8AAAAJ&hl=en&oi=sra
http://dx.doi.org/10.29252/jfqhc.5.4.5
https://jfqhc.ssu.ac.ir/article-1-484-en.html
http://www.tcpdf.org

