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Table 1. PCR reaction conditions used for nuc gene amplification to identify Staphylococcus aureus isolates.

Step Temperature (°C) Time (min) Cycle No.
Initial denaturation 94 5

Denaturation 94 45

Annealing 58 45 35
Extension 72 48

Final extension 72 5

Table 2. Different volumes of ingredients used in nuc gene PCR to identify Staphylococcus aureus isolates

Ingredients Initial concentration ~ Volume (ul)
DNA template - 2
Upstream primer 10 Pmol/ul 1
Downstream primer 10 Pmol/ul 1
PCR master mix 2X 12.5
Double distilled water - 8.5

- - 25
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Table 3. The antibiotic discs used for antimicrobial susceptibility of Staphylococcus aureus isolates

Antibiotic disc

Abbreviation

Antibiotic concentration

(n9)
Gentamicin GM 10
Oxacillin OX 1
Tetracycline TE 30
Clindamycin cC 2
Chloramphenicol C 30
Trimethoprim TMP 5
Erythromycin E 15
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Table 4. Characteristics of specific primers used in PCR reaction

Target gene PCR product length (bp)

Oligonucleotide sequence (5-3")

nuc 279
sea 127
seb 477
sec 451
sed 278
see 209

GCGATTGATGGTGATACGGTT
AGCCAAGCCTTGACGAACTAAAGC
CCTTTGGAAACGGTTAAAACG
TCTGAACCTTCCCATCAAAAAC
TCGCATCAAACTGACAAACG
AGGTACTCTATAAGTGCCTGCCT
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Table 5. Different volumes of ingredients used in the amplification of enterotoxin genes in Staphylococcus aureus

isolates

Ingredients Initial concentration Volume (ul)
DNA template - 2
Upstream primer 10 Pmol/ul 1
Downstream primer 10 Pmol/ul 1
PCR master mix 2X 125
Double distilled water - 8.5

- - 25

Table 6. PCR reaction conditions used for sea, seb, sec and sed and see genes amplification to identify
Staphylococcus aureus isolates.

Sea gene
Step Temperature (°C) Time (min) Cycle No.
Initial 94 4
denaturation 35
Denaturation 94 1
Annealing 53 1
Extension 72 1
Final extension 72 10

Sebgene
Step Temperature (°C) Time (min) Cycle No.
Initial 94 4
denaturation 35
Denaturation 94 1
Annealing 55 1
Extension 72 1
Final extension 72 5

Secgene
Step Temperature (°C) Time (min) Cycle No.
Initial 94 4
denaturation 35
Denaturation 94 1
Annealing 51 1
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Extension 72 1
Final extension 72 5
sed and see genes

Step Temperature (°C) Time (min) Cycle No.
Initial 94 4

denaturation 35
Denaturation 94 1

Annealing 50 1

Extension 72 2

Final extension 72 10
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Figure 1. Staphylococcus aureus colonies on nutrient (a) and Baird-Parker (b) agar culture medium and gram
staining of one of the isolates of Staphylococcus aureus (gram-positive, magnification x 100) (c).
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positive result (a12), In the deoxyribonuclease (DNase) test, if Staphylococcus aureus produce DNase enzymes,
in sufficient quantity to hydrolyse the DNA, then clear zones are seen around the colonies (b1,2), The coagulase
test distinguishes Staphylococcus aureus from other staphylococci, ¢1: The slide test, ¢cz: The tube test and On
mannitol salt agar (MSA), only pathogenic Staphylococcus aureus produces small colonies surrounded by yellow
zones, while other coagulase-negative staphylococci produce small pink or red colonies with no colour change to
the medium (ds2).
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Table 7. The results of counting Staphylococcus aureus colonies

Colony No. Isolate No.
1+ 5
2+ 6
3+ 44
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Table 8. Quantitative estimation of DNA concentration by Nanodrop Spectrophotometer
Position 260 (nm, 280 (nm, raw) 320 (nm, raw) 260 (nm) 280 (hm) 260/280  pg/pL

raw)
A3 0.58 0.055 0.047 0.002 0.003 0.594 0.002
B2 0.067 0.055 0.045 0.013 0.006 2.339 0.013
B3 0.073 0.065 0.055 0.010 0.005 1.827 0.010
C2 0.091 0.078 0.062 0.020 0.011 1.789 0.020
C3 0.079 0.070 0.055 0.014 0.010 1.469 0.014
D2 0.132 0.111 0.087 0.036 0.019 1.900 0.036
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Figure 3. Agarose gel electrophoresis of PCR product using primers for detection of the
nuc gene of Staphylococcus aureus. L: Ladder, C*: Positive control, C™: Negative control
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Table 9. Results of the antibiotic resistance in Staphylococcus aureus isolates by the disk diffusion method

Antibiotic Isolate No. (%)
Susceptibility (S) Moderate susceptibility (MS) Resistance (R)

Gentamicin 52 (94.5) 1(1.8) 2(3.6)
Oxacillin 18 (33) 0 37(57)
Tetracycline 15 (27.2) 0 40 (72)
Clindamycin 14 (25.4) 1(1.8) 40 (72)
Chloramphenicol 37 (67.2) 0 18 (32.8)
Trimethoprim 36 (65.4) 6 (10.9) 13 (23.7)
Erythromycin 14 (25.4) 2 (3.6) 39 (70.9)
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Figure 4. Antibiogram test results of some Staphylococcus aureus isolates
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Figure 4. Agarose gel electrophoresis  of

PCR productusing primers for detection of the

nuc gene of Staphylococcus aureus by direct extraction. L: Ladder, C*: Positive control, C™: Negative control
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Figure 5. Agarose gel electrophoresis of PCR product using primers for detection of the sea (a), sec (b) and see
(c) genes of Staphylococcus aureus. L: Ladder, C*: Positive control, C™: Negative control
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Table 10. Sequence of SEA-A4 and SEA-D4 isolates

CCATAATAAGCACCATACAAGTCTACTTTTTTCCCTTTATATTTATCAACAA

Sequence TATCCTTTGAATCAAAATCTACTAATAAATCGTTATACCACGGATGACCTG
SEA-A4
TGAAAAA
C%%%E;gg:l CCATAATAAGCACCATACAAGTCTACTTTTTTCCCTTTATATTTATCAACAA

staphylococcal
enterotoxin type A

TATCCTTTGAATCAAAATCTACTAATAAATCGTTATACCACGAATGATCTG
TAAAAAA

TGATAACCATAATAAGCACCATACAAGTCTACTTTTTTCCCTTTATATTTAT

SSESX?”DT CAACAATATCCTTTGAATCAAAATCTACTAATAAATCGTTATACCACGGAT
GACCTGTGAAAA
c%%lgggg:1 TGATAACCATAATAAGCACCATACAAGTCTACTTTTTTCCCTTTATATTTAT

staphylococcal
enterotoxin type A

CAACAATATCCTTTGAATCAAAATCTACTAATAAATCGTTATACCACGAAT
GATCTGTAAAAA

S 2 e dleas Ll S8l 10 4 5ei (Loy5 1Y)
558D oS U sladss  Lialeslssge i ladsei
sla LT 51 edeleonsa = mes (3l s 5 sed
Slls b I35 &S 3505 jaseie SEA-R 5 SEA-F sl
wdleas Lsg Sligan ol b pllad Ao s A 51
NCBI protein blast ;5 55, J 5 5l edelcwsa =
Sl oS ol Ol el woys Ve L Clldl (gams
D3l @ onl oo oy A S Ssl 4 by e
Sldsnl 3l b S b jasie ol S

Sy GBS il plp 53 sl sSsSslilind

172

& S o=t
i sS Sen,sl B VO 31 aS sls lil sl saxllas @Lﬁ
G5 VY (Ao V) S a4 5ad YA ol iales]
V) G S ped s 105 (s V) wed S
DSNUC O3 i3 gy sl o) e o555 slhdlin] 4y 03 1 (Ao 5
S0 VY (S e Gages YA) &:w“,}f o35l ,5 00
Lo 3 YV/0 IS 53 5 s S pan (8503 10 5 aad) CLS
S laesysl b 3l s £0 s s plulis (lad sal
Sashil S8R 05 b o (Ao MAY) el iales]

Vo (Ao, YV E 53 ol Sassee 5SeC slag) A esls


http://dx.doi.org/10.22034/FSCT.21.157.157
https://fsct.modares.ac.ir/article-7-74153-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-01-05 ]

[ DOI: 10.22034/FSCT.21.157.157 ]

VEOY daal YN 0,03 VOV o Lt

D|j_‘ &l.'\.b c‘w;f}\&d;u

Sl o8l Sl oo G Olgeas sl oS 555 73

Sydan S by Slieslse el

[11Jassim, S. A. and Kandala, N. J. (2021). Molecular

detection of enterotoxin genes of multiresistant
Staphylococcus aureus isolates from different sources
of food. Iraqgi Journal of Science, 30: 61-74.

[2] Sanlibaba, P. (2022). Prevalence, antibiotic

resistance, and enterotoxin  production  of
Staphylococcus aureus isolated from retail raw beef,
sheep, and lamb meat in Turkey. International
Journal of Food Microbiology, 361, 109461.

[3] Sundararaj, N., Kalagatur, N. K., Mudili, V.,

Krishna, K., & Antonysamy, M. (2019). Isolation and
identification of enterotoxigenic Staphylococcus
aureus isolates from Indian food samples: evaluation
of in-house developed aptamer linked sandwich
ELISA (ALISA) method. Journal of Food Science
and Technology, 56, 1016-1026

[41Haghi, F., Zeighami, H., Hajiloo, Z., Torabi, N., &

Derakhshan, S. (2021). High frequency of enterotoxin
encoding genes of Staphylococcus aureus isolated
from food and clinical samples. Journal of Health,
Population and Nutrition, 40(1), 1-6.

[51 Komodromos, D., Kotzamanidis, C., Giantzi, V.,

Pappa, S., Papa, A., Zdragas, A., ... & Sergelidis, D.
(2022). Prevalence, infectious characteristics and
genetic diversity of Staphylococcus aureus and
methicillin-resistant Staphylococcus aureus (MRSA)
in two raw-meat processing establishments in
Northern Greece. Pathogens, 11(11), 1370.

[6] Mohamed, E., Ramadan, H., Abd-Elghany, S., &

Mahros, M. (2021). Isolation and characterization of
enterotoxigenic coagulase-positive and methicillin-
resistant Staphylococcus aureus contaminating beef
burger and hot dog sandwiches retailed in Mansoura
city. Mansoura Veterinary Medical Journal, 22(1),
20-24.

[71 Savariraj, W. R., Ravindran, N. B., Kannan, P., &

Rao, V. A. (2021). Occurrence and enterotoxin gene
profiles of Staphylococcus aureus isolated from retail
chicken meat. Food Science and Technology
International, 27(7), 619-625.

[8]1 Abolghait, S. K., Fathi, A. G., Youssef, F. M., &

Algammal, A. M. (2020). Methicillin-resistant
Staphylococcus aureus (MRSA) isolated from
chicken meat and giblets often produces

173

S 4 @L"' ©ax g bl ol il Caglie eslinad
b i) osSaSalilin] §pi= CiS Ol o ool

S5 Julse

3 Dol a eslie LSS Wg
cLA -0

staphylococcal enterotoxin B (SEB) in non-
refrigerated raw chicken livers. International Journal
of Food Microbiology, 328, 108669.

[9] Dhengesu, D., Lemma, H., Asefa, L., & Tilahun,

D. (2022). Antimicrobial resistance profile of
enterobacteriaceae and drinking water quality among
households in Bule Hora Town, South Ethiopia. Risk
Management and Healthcare Policy, 1569-1580.

(101 Ghaffar, N., Javad, S., Farrukh, M. A., Shah, A.

A., Gatasheh, M. K., Al-Mungedhi, B. M., &
Chaudhry, O. (2022). Metal nanoparticles assisted
revival  of  Streptomycin  against MDRS
Staphylococcus aureus. PLoS One, 17(3), e0264588.

(117 Iranian National Standard Test Method, No.

2304. (1991). Frozen raw hamburger, test
characteristics and methods. Institute of Standards
and Industrial Research of Iran.

[12] Bano, S. A., Hayat, M., Samreen, T., Asif, M.,

Habiba, U., & Uzair, B. (2020). Detection of
pathogenic bacteria Staphylococcus aureus and
Salmonella sp. from raw milk samples of different
cities of Pakistan. Natural Science, 12(05), 295.

137 Dimitrakopoulou, M. E., Stavrou, V., Kotsalou,

C., & Vantarakis, A. (2020). Boiling extraction
method vs commercial kits for bacterial DNA
isolation from food samples. Journal of Food Science
and Nutrition Research, 3(4), 311-319.

[141Bruijns, B., Hoekema, T., Oomens, L., Tiggelaar,

R., & Gardeniers, H. (2022). Performance of
spectrophotometric  and  fluorometric  DNA
guantification methods. Analytica, 3(3), 371-384.

(151 Hassan, M. A., Amin, R. A., Eleiwa, N. Z., &

Gaafar, H. W. (2018). Detection of Staphylococcus
aureus in some meat products using PCR
technique. Benha Veterinary Medical Journal, 34(1),
392-403.

[16] Ozdemir, F. (2022). Antimicrobial resistance,

multilocus  sequence, and spa typing of
Staphylococcus aureus isolated from retail raw meat
products. BioMed Research International.

(171 Mahfoozi, A., Shirzad-Aski, H., Kaboosi, H., &

Ghaemi, E. A. (2019). Identification of the classical
enterotoxin genes of Staphylococcus aureus in


http://dx.doi.org/10.22034/FSCT.21.157.157
https://fsct.modares.ac.ir/article-7-74153-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-01-05 ]

[ DOI: 10.22034/FSCT.21.157.157 ]

roorsS Skl gad sl Sl )

various foods by multiplex PCR assay. Iranian
Journal of Veterinary Research, 20(3), 209.

(181 Iranian Institute of Standards and Industrial

Research, No. 6806-1. (2005). Microbiology of food
and animal feed, counting of coagulase-positive
Staphylococci (Staphylococcus aureus and other
species) test method, Part 1: Method of using board

174

culture medium, parker agar. Iranian National
Standard.

[19] Abdulmanea, A. A., Alharbi, N. S., Somily, A.

M., Khaled, J. M., & Algahtani, F. H. (2023). The
prevalence of the virulence genes of Staphylococcus
aureus in sickle cell disease patients at KSUMC,
Riyadh, Saudi Arabia. Antibiotics, 12(7), 1221.


http://dx.doi.org/10.22034/FSCT.21.157.157
https://fsct.modares.ac.ir/article-7-74153-fa.html

JEST No. 157, Vol. 21, March2025 ABSTRACT

Journal of Food Science and Technology (Iran)

Homepage:www.fsct.modares.ir

[ Downloaded from fsct.modares.ac.ir on 2025-01-05 ]

[ DOI: 10.22034/FSCT.21.157.157 ]

Scientific Research

Investigation of the prevalence of enterotoxigenic Staphylococcus aureus
isolates in hamburgers and kebabs in Mashhad and the SE gene profile of

the isolates

Shabnam Soltan Ahmady?, Mahboobeh Nakhaei Moghaddam?®®, Maryam Tehranipour®

1- Department of Biology, Faculty of Science, Mashhad Branch, Islamic Azad University, Mashhad, Iran.

ARTICLE INFO

ABSTRACT

Article History:
Received:2024/3/5
Accepted:2024/4/15

Keywords:

Staphylococcus aureus,
Enterotoxin,

Antibiotic Resistance,
Kebab,

Hamburger.

10.22034/FSCT.21.157.157.

*Corresponding Author E-
Mahboobe_nak@yahoo.com

The study aimed to investigate the frequency of enterotoxin-
producing Staphylococcus aureus isolates in hamburgers and meat
bites in Mashhad and the frequency of the gene. In this practical
descriptive research, the number of 175 meat samples including 70
hamburger samples, 70 kebab bite samples, and 35 handmade
hamburger samples in a non-repetitive and cluster sampling method,
from the brand various commercial products were collected from the
supply centers in Mashhad from April to June 2023. After culturing
the samples in a specific medium and isolating the isolates suspected
of Staphylococcus aureus, the bacteria were identified using
morphological and biochemical characteristics. Then they were
confirmed by using a specific primer and polymerase chain reaction
(PCR). Using PCR, the frequency of enterotoxin-producing genes
was detected and the antibiotic resistance of Staphylococcus aureus
isolates was checked by disc diffusion method in food samples.
Among the 175 meat products tested, 28 hamburger samples (16%),
12 kebab samples (7%), and 15 handmade hamburger samples (about
9%) were pathogenic bacteria. were infected with Staphylococcus
aureus. Compared to kebab samples, hamburger samples showed
higher contamination, and more of them were reported as
Staphylococcus aureus positive. nuc gene was detected in all bacteria
identified by biochemical method. The presence of the sea gene was
detected in 45 samples of tested meat products (25.71% of all
samples). sec and see genes were found in 4 (2.28%) and 6 (4.08%)
food samples, respectively. Genes encoding used and sed were not
found in any of the studied samples. In addition, many isolates
showed high resistance to tetracycline, clindamycin, and oxacillin;
some were resistant to more than one antibiotic. In this study, the
results obtained from the SEA-F and SEA-R blast analyses revealed
that the sequences had more than 98% agreement with the overlapping
results.
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