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A B S T A R A C T

Background: Staphylococcus aureus is one of the major causes of food poisoning. Since
milk is a nutritious source of proteins and vitamins, it could provide the optimal
conditions for the growth of several bacterial pathogens, such as S. aureus. The present
study aimed to assess the frequency of Staphylococcus aureus classical enterotoxin genes
in raw milk samples in Zanjan, Iran.
Methods: In total, 82 bovine, unpasteurized milk samples were collected from the dairy
farms in various rural areas in Zanjan, Iran. The isolation and identification of S. aureus
were performed using the Baird-Parker agar, routine biochemical tests, and polymerase
chain reaction (PCR) targeting the S. aureus-specific femA gene. In addition,
staphylococcal enterotoxin genes (e.g., sea, seb, sec, sed, and see) were assessed using
PCR.
Results: Following the appearance of yellow colonies with yellow zones on Mannitol salt
agar, 21 S. aureus isolates (25.6%) were detected. In total, 80.9% of the isolates were
positive for the presence of SE genes, and the most frequent SE gene was sea (88.2%),
followed by see (58.8%), and seb (52.9%). Furthermore, 76.5% of the isolates had two or
more SE genes simultaneously.
Conclusion: According to the results, the presence of enterotoxigenic S. aureus in the
studied raw milk samples confirmed the possible risk posed on the public health.
Therefore, it is recommended that the quality of dairy product quality programs be
optimized in order to intensify the sanitary inspection of these products.

1. Introduction
Staphylococcus aureus is a gram-positive, non-sporeforming, immotile coccus belonging to the family
Micrococcaceae, which is considered to be a leading cause
of bacterial food poisoning outbreaks [1-3]. Staphylococcal
food poisoning (SFP) is caused by the consumption of
contaminated
foods
containing
enterotoxins.
Approximately 20-30% of human populations are consistent
carriers of this bacterium, while 60% are the transient
carriers of S. aureus. Therefore, the insufficient
pasteurization and decontamination of food products or
their contamination during preparation, processing, and

distribution by the carriers of S. aureus are the common risk
factors for the outbreaks of staphylococcal food poisoning
[3-6].
Some of the food products that are often involved in the
transmission of staphylococcal poisoning include meat and
its products, poultry and egg products, milk and dairy
products, salads, bakery products (especially cream-filled
pastries and cakes), and sandwich fillings [7-11]. The most
common symptoms of staphylococcal food poisoning are
nausea and vomiting, diarrhea, and abdominal cramps,
which occur within 2-6 hours after the consumption of
enterotoxin-containing foods. Occasionally, SFP may be
more severe or even fatal, especially in infants, the elderly
or immunocompromised patients [11, 12].
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Staphylococcal enterotoxins (e.g., SEs, SEA-SEE, SEG-SEI,
and SER-SET) and staphylococcal enterotoxin-like toxins
(e.g., SEls) have been reported to be involved in food
poisoning; such examples are SElK-SElQ and SElU-SElX. SEs
and SEls are single-chain proteins with the size range of 2229 KDa and encoded by various genetic elements, such as
plasmids, bacteriophages, pathogenicity islands, vSA
genomic islands, and staphylococcal cassette chromosome
[12-15]. Extremely low amounts of SE (approximately 20
ng-1 μg) in food products are required to develop food
poisoning [7, 16, 17]. Due to the stability of SEs at high
temperatures and low pH, these toxins are not completely
destroyed by the mild cooking or digestion of food in the
stomach [18], thereby posing significant risks to the health
of the consumers after using unpasteurized milk. During
2011-2014, 4,211 foodborne disease outbreaks were
reported in China, in which S. aureus was recognized as one
of the most prominent cause of the disease in 3,269 of the
cases [7, 19].
The consumption of homemade dairy products, such as
raw milk, is associated with severe public health hazards
[12]. Despite the governmental surveillance of milk
pasteurization and sanitation in dairy processing plants for
several years, the direct sale of unpasteurized milk and
dairy products is rather common in many regions in Iran,
such as Zanjan province. Therefore, it is essential to
obtained adequate data on the microbial risk factors
associated with the production of raw milk. Risk assessment
and microbial monitoring also play a pivotal role in the
quality assurance of milk and its products [12]. To the best
of our knowledge, data is scarce regarding the frequency of
S. aureus and enterotoxin genes in raw milk samples in Iran .
The present study aimed to investigate the frequency of
S. aureus and classical enterotoxin genes in the bacterial
strains isolated from the raw milk samples collected from
the dairy herds in Zanjan, Iran. This is the first report on the
frequency of enterotoxigenic S. aureus in raw milk samples
in Zanjan, Iran.

2. Materials and Methods
2.1. Collection of Milk Samples
During March-June 2017, 82 bovine, unpasteurized milk
samples (one sample per animal) were collected from the
traditional dairy farms in various rural areas in Zanjan, Iran.
The animals from which the milk samples were obtained for
the study were clinically healthy, and the milk samples
showed physicochemical consistency in terms of color, pH,
and density. The milk samples were collected in 50milliliter sterile centrifuge tubes (SPL Life Sciences,
Gyeonggi-do, Korea) and immediately transferred to the
laboratory of food microbiology in a chilled box for further
analysis within one hour.

2.2. Reference Strains
The reference strains used as the positive controls in the
present study included S. aureus ATCC 13565 (SEA), S.
aureus ATCC 14458 (SEB), S. aureus ATCC 19095 (SEC), S.
aureus ATCC 23235 (SED), and S. aureus ATCC 27664 (SEE).
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2.3. Isolation and Identification of S. aureus
The milk samples were centrifuged at 5,000 rpm for five
minutes, and bacterial pellets were streaked onto the BairdParker agar (Merck, Darmstadt, Germany) and incubated in
aerobic conditions at the temperature of 37 °C for 24 hours.
Afterwards, the grey-black colonies were sub-cultured onto
the Mannitol salt agar (Merck, Darmstadt, Germany) and
incubated at the temperature of 37°C for 24 hours. In
addition, the suspected S. aureus colonies were identified
using routine biochemical tests, including gram staining,
catalase, coagulase, oxidase, lipase, DNase tests, and PCR
targeting the S. aureus-specific femA gene (specific to the S.
aureus species. The primer sequence in this experiment is
presented in Table 1 [20].

2.4. Genomic DNA Extraction
A colony of S. aureus was collected from the nutrient agar
and inoculated into two milliliters of Luria Bertani broth
(Merck, Darmstadt, Germany) until achieving the
exponential phase with 2 McFarland turbidity
(6×10 8 CFU/ml) and shaking at 120 rpm and the
temperature of 37 °C. The extraction of genomic DNA was
performed in accordance with the protocol of GeneAll
Exgene Genomic DNA Micro (GeneAll Biotechnology, Seoul,
Korea).

2.5. Detection of sea and see Enterotoxins Using PCR
Staphylococcal enterotoxin genes (sea, seb, sec, sed, and
see) were assessed using the primers shown in Table 1.
Simplex PCR was performed using DreamTaq PCR Master
Mix (Ampliqon, Denmark), which contained Taq
polymerase, dNTPs, MgCl2, and an appropriate buffer. In
addition, each PCR tube contained 25 microliters of the
reaction mixture, which was composed of 12.5 microliters
of the master mix, one microliter of each forward and
reverse primer solution (final concentration: 200 nM), one
microliter of DNA (concentration: 100 ng/μl), and nucleasefree water to achieve the final volume.
At this stage, PCR was performed using the Gene Atlas 322
system (ASTEC) with the same cycling conditions for the
sea-see genes. Amplification involved initial denaturation at
the temperature of 94 °C for five minutes, followed by 30
cycles of denaturation (94°C, 1.5 minutes), annealing (55 °C,
1.5 minutes), extension (72 °C, 1.5 minutes), and final
extension (72 °C, 8 minutes). Following that, the amplified
DNA was separated via submarine gel electrophoresis on
1.5% agarose, stained with ethidium bromide, and
visualized using a UV transilluminator.
Table 1: Primers used in this study
Target
Primer sequence (5ʹ→3ʹ)
femA

sea
seb
sec
sed
see

AAAAAAGCACATAACAAGCG
AAAAAAGCACATAACAAGCG
CCTTTGGAAACGGTTAAAACG
TCTGAACCTTCCCATCAAAAAC
TCGCATCAAACTGACAAACG
GCAGGTACTCTATAAGTGCC
CTCAAGAACTAGACATAAAAGCTAGG
TCAAAATCGGATTAACATTATCC
CTAGTTTGGTAATATCTCCTTTAAACG
TTAATGCTATATCTTATAGGGTAAACATC
CAGTACCTATAGATAAAGTTAAAACAAGC
TAACTTACCGTGGACCCTTC

Amplicon
size (bp)
132

Ref.
[20]

127

[30]

477

[30]

271

[30]

319

[30]

178

[30]

33
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3. Results and Discussion
Food safety is considered to be a major global health
concern with international trade and public health
implications. S. aureus is the most common cause of food
poisoning and a major public health concern in developing
countries [21, 22]. Staphylococcal food poisoning due to the
consumption of raw milk has been reported in various
studies [20, 22-24]. In the current research, 82 bovine raw
milk samples were assessed in terms of the presence of S.
aureus. Following the appearance of yellow colonies with
yellow zones on the Mannitol salt agar, 21 S. aureus isolates
(25.6 %) were detected. Furthermore, the biochemical tests
and molecular analysis of the femA gene in the coagulasepositive staphylococci confirmed the presence of these
isolates. Similar to our findings, Rahbar Saadat et al. (2014)
detected S. aureus in 27% of milk and cheese samples [25].
To the best of our knowledge, there is inadequate data
regarding the frequency of S. aureus and enterotoxin genes
in the raw milk samples in Iran. This is first report on the
frequency of enterotoxigenic S. aureus in the raw milk
samples in Zanjan province. Most of the studies in this
regard have been focused on enterotoxigenic S. aureus in
specific geographical areas, while a nationwide surveillance
system has not been established yet.
According to the study by Hassani et al. (2014) in Iran, 43%
of dairy samples were contaminated with S. aureus, with
22% of the bacterium detected in the milk samples and 18%
detected in the cheese samples [23]. Inconsistent with the
results of the present study, higher frequency of S. aureus
was reported in domestic dairy products in a previous study
conducted in Iran. According to the mentioned study, 32% of
the dairy products were contaminated with S. aureus
(cream: 18%, cheese: 10%, milk: 4%) [24]. Although the
health regulations in Iran have not established any limits for
the permitted level of S. aureus in milk, it is known that the
enterotoxins produced by these isolates could reach
sufficient levels to cause food poisoning symptoms of the S.
aureus concentrations exceeded 105 CFU/ml [26]. The
frequency of raw milk contamination with S. aureus has
been reported to be lower (7.3%) in São Paulo state, Brazil
(2010). According to the results of the mentioned study, S.
aureus strains were detected in 14 cow milk samples (6.7%)
and four bulk tank milk samples (10.8%) [27]. The variation
in the frequency of S. aureus in dairy products may be due
to the differences in the geographical region, number of
samples, season of sampling, post-harvest practices, the
hygienic standards that are applied during the handling,
transport, and storage of dairy products, and methods used
for the isolation and identification of S. aureus [11].
According to the findings of the current research, 80.9% of
the isolates (n = 17/21) were positive for the presence of at
least one or more SE genes. The most prevalent SE gene
among the isolates detected in the raw milk samples was
sea (n = 15/17, 88.2%), followed by see (n = 10/17, 58.8%) and
seb (n = 9/17, 52.9%). Moreover, the frequency of the sec and
sed genes was estimated at 23.5% and 17.6%, respectively.
Consistent with the results of the present study, SEA has
been reported to be the most common cause of food
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poisoning in Korea and Japan [28].
The previous studies in this regard have also indicated
that sea and sed are the most common enterotoxin genes in
the staphylococci isolated from food products [29].
However, the frequency of sed (17.6%) was observed to be
lower in the isolates of the raw milk samples in the current
research. In contrast, seb has been observed to be a
prevalent gene in patients with food poisoning in Taiwan
and Japan, while sec has been reported to be a major SE gene
in the isolates found in the bulk milk samples in Switzerland
and Korea [28].
In current research, multiple SE genes were present with
various combinations in the studied isolates (Table 2).
Among 17 S. aureus isolates carrying enterotoxin genes, 13
cases (76.5%) contained two or more SE genes
simultaneously. In this regard, the most frequent
combination of SE genes was sea+see (23.5%), followed by
sea+seb+see (17.6%). Furthermore, one isolate (5.8%) carried
the sea, seb, sec, and see genes simultaneously.
One of the limitations of the present study was the small
sample size. Furthermore, due to the lack of funding, it was
not possible to investigate the frequency of S. aureus in
other dairy products, such as cheese, cream, butter, yoghurt,
and Kashk.
Table 2: SE combinations among 17 S. aureus isolates carrying
enterotoxin genes.
SE combinations
No. (%) of isolates
sea+sed
1 (5.8)
sea+seb
2 (11.7)
sea+see
4 (23.5)
sec+sed
1 (5.8)
sea+seb+see
3 (17.6)
sea+sec+see
1 (5.8)
sea+seb+sec+see
1 (5.8)

4. Conclusion
Raw milk is widely available in the marketplace in Zanjan,
Iran. Therefore, it is essential to collect adequate data
regarding the microbial risk factors and health hazards
associated with the production of raw milk. Critical control
point management programs should be developed for milk
production farms individually based on risk assessment and
total quality management. Moreover, critical control point
principles (e.g., pasteurization and sanitary treatment of
milk) are essential to obtaining safe and healthy milk for
processing and consumption.
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