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Staphylococcus aureus can cause foodborne poisoning and can form biofilms, reducing enterotoxin 

production and the penetration rate of antibiotics. Therefore, infections and poisonings caused by 

S. aureus can be difficult to treat. The aim of this study was to investigate the antibiotic resistance 

levels of S. aureus isolates obtained from raw milk and the presence of biofilm and mecA gene and 

to reveal the risk to public health. S. aureus was isolated in 30 (30%) of 100 raw milk samples 

obtained from Van province. A total of 48 S. aureus isolates were obtained from 30 samples. All 

48 isolates (100%) obtained were resistant to penicillin G and cefoxitin, 4 (8.33%) to 

sulfamethoxazole-trimethoprim and chloramphenicol, and 25 (52.08%) to erythromycin. All of the 

isolates (100%) were found to be susceptible to ceftriaxone. In addition, 26 (54.16%) of the obtained 

isolates were found to be resistant to at least 3 antibiotics. The strains found to be resistant to 

penicillin and cefoxitin were also intermediate to at least one of the antibiotics. Biofilm genes were 

detected in 18 of the S. aureus isolates (37.5%). Twelve of the biofilm-forming isolates contain 

icaA (66.6%), 3 contain icaD (16.6%) and the other 3 contain bap genes (16.6%). Three of the 

isolates contain icaA and icaD genes and the other three isolates contain icaA and bap genes 

together. It was determined that only 2 of the isolates contained the mecA gene. The isolates 

containing the mecA gene also contained the icaA and icaD genes. In conclusion, the fact that S. 

aureus isolates had high antibiotic resistance, biofilm-forming genes, and methicillin resistance 

genes showed that raw milk may be a serious public health problem. 
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Introduction 

Staphylococcus aureus is a Gram-positive bacterium 

that emerged from the Staphylococcaceae family as a 

common colonizer of warm-blooded animals and human 

mucocutaneous membranes (Schleifer and Bell, 2009; 

Marker et al., 2013; Quinn et al., 2014). It causes many 

diseases in farm animals, especially mastitis and 

intramammary infections, and poses a serious problem in 

the milk and dairy sector (Marshall and Levy, 2011; 

Montville, 2012).   

Other factors that can affect the risk of food 

contamination with S. aureus include personnel working in 

the food processing department, tools and equipment on 

the production line, livestock, water, milking equipment, 

and the environment. In addition, S. aureus increases in 

inappropriate food storage and storage conditions. For all 

these reasons, food poisoning diseases caused by S. aureus 

pose a public health risk. It is also one of the worldwide 

food-borne economic problems (Bergonier et al., 2003; 

Jørgensen et al., 2005; El-Jakee et al., 2013) 

The pathogenicity of S. aureus is influenced by the fact 

that it is a common inhabitant of a large part of the 

population and has the ability to produce several virulence 

factors under selective pressure with the disease when 

given the appropriate and right opportunity. Virulence 

factors of S. aureus include the enzymes they produce, the 

toxins they secrete, protein A, and biofilm. Biofilm 

formation increases the virulence of bacterial species, 

including S. aureus, and provides protection from host 

defenses (Paharik and Horswill, 2016; Mulcahy and 

McLoughlin, 2016; Gazi, 2021) 

Some surface proteins, extracellular proteins, capsular 

polysaccharides, adhesins, and autolysin encoded by the 

atIE gene play a role in the regulation of biofilm 

production. The ica gene encodes intracellular adhesion 

(ica) and is essential for biofilm production (Vuong et al., 

2003; Ryder et al., 2012). In addition, the bap gene 

increases biofilm formation and renders antibiotic 

treatment ineffective against biofilm-forming bacteria. Co-

expression of the icaA and icaD genes facilitates slime 

http://creativecommons.org/licenses/by-nc/4.0/
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production, and icaC acts as a receptor for polysaccharides. 

The role of icaB has not been fully elucidated (Cucarella et 

al., 2001; Atshan et al., 2012) 

Factors that increase antibiotic resistance in 

microorganisms include selective pressure for 

antimicrobial use, increased and unconscious use of 

antibiotics, microbial characteristics, host susceptibility, 

and errors in infection control programs. In addition, 

biofilm formation in S. aureus may also lead to an increase 

in antibiotic resistance. The emergence of antibiotic-

resistant bacterial pathogens poses a public health threat 

(Asadi et al., 2014; Bhattacharya et al., 2015; Osman et al., 

2017). 

S. aureus shows high resistance to antibiotics such as 

tetracycline, methicillin, kanamycin, gentamicin, and 

streptomycin. This indicates that S. aureus has a high 

potential to develop resistance to antimicrobial agents 

(Jamali et al., 2015). Methicillin-resistant S. aureus 

(MRSA) is one of the most common pathogens, especially 

in hospitals and community infections. MRSA strains are 

divided into "community-acquired MRSA" strains 

acquired from community settings and "nosocomial 

strains", which are resistant to many antibiotics and 

originate from nosocomial infections. In addition, 

foodstuffs are recognized as a source of MRSA strains and 

are reported to be frequently encountered in foodborne 

disease outbreaks (Yamamoto et al., 2013; Zhang et al., 

2020). 

The aim of this study was to associate biofilm, 

antimicrobial resistance, and genes in S. aureus isolates 

obtained from raw milk sold in Van province and to reveal 

the public health risk. 

 

Material and Methods  

 

Bacterial Strains 

S. aureus (ATCC® 25923) were procured from the 

Food Hygiene and Technology Department of the 

Veterinary Faculty of Van Yüzüncü Yıl University were 

used as the reference strains.  

 

Sample Collection 

A total of 100 raw milk samples were used as the study 

material. The samples were obtained from the sales points 

under aseptic conditions, placed in sterile sample 

containers of at least 500 ml, brought to the laboratory at 

+4°C, and analyzed immediately. 

 

Isolation and Identification of S. Aureus Isolates 

The isolation of S. aureus strains from raw milk was 

performed according to TS EN ISO 6888-1. Typical and 

atypical colonies on Baird-Parker Agar (Oxoid CM275) 

were subcultured and identified by gram staining, catalase 

test, coagulase test, DNase activity, and mannitol 

fermentation (Bennett et al., 2013; TS, 2021) The isolates 

that were identified to be S. aureus were confirmed using 

PCR. 

A commercial kit (GeneAll, ExgeneTM Cell SV, South 

Korea) and master mix (Abm® 2X PCR Taq Plus 

Mastermix, G014, Canada) was used for DNA extraction 

of the S. aureus colonies that were isolated from the raw 

milk samples. The specific primer pair (5’-

GGACGACATTAGACGAATCA-3’; 5’-

CGGGCACCTATTTTCTATCT-3’, 1318 bp) that was 

developed by Riffon et al. (2001) used for the PCR 

confirmation of the S. aureus isolates. For the preparation 

of the PCR mixture, 10 µL of master mix, 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. 

After keeping the mixture at 94°C for 10 min for 

predenaturation, a 35-cycle amplification procedure was 

employed comprising denaturation at 94°C for 60 s, 

annealing at 51°C for 60 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) in a horizontal tank (Major Science, 

multiSUB Midi, England) at 70-V electric current for 120 

min. 

 

Antibiotic Susceptibility Testing 

Antibiotic Resistance tests were tested by the standard 

disk diffusion method of Kirby-Bauer (Bauer et al., 1966) 

on Mueller Hinton Agar (Oxoid CM0337, UK). Penicillin 

G (P, 10 U, Liofilchem®, Italy), cefoxitin (FOX, 30 µg, 

Liofilchem®, Italy), trimethoprim-sulfamethoxazole (SXT, 

25 µg, Liofilchem®, Italy), ceftriaxone (CRO, 30 µg, 

Liofilchem®, Italy), erythromycin (E, 15 µg, Liofilchem®, 

Italy), chloramphenicol (C, 30 µg, Liofilchem®, Italy) were 

used to determine the antibiotic resistance of the S. aureus 

isolates. The results were evaluated according to the disk 

diffusion method recommended by the Clinical and 

Laboratory Standards Institute (CLSI, 2020). 

 

PCR Detection of Biofilm and Antimicrobial 

Resistance Genes 

The primer pairs and their properties used in the 

determination of biofilm (icaA, icaD, bap) and methicillin 

resistance genes (mecA) in S. aureus isolates confirmed by 

PCR method are given in Table 1. For the PCR mix of each 

gene, 10 µl of master mix, 5 µl of genomic DNA, and 1.5 

µl (10 µM) of each primer were added and the total volume 

was completed to 25 µl with PCR water. After keeping the 

mixture at 94°C for 10 min for predenaturation, a 35-cycle 

amplification procedure was employed comprising 

denaturation at 94°C for 30 s, annealing temperatures given 

in table 1 for 45 s, extension at 72°C for 30 s, and final 

extension at 72°C for 7 min. Amplicons obtained as a result 

of PCR were electrophoresed as described previously and 

positive bands were observed. 

 

Statistical Analysis 

In the study, SPSS 13.0 package program was used to 

calculate the analysis results as a percentage (SPSS, 2006). 

 

Results 

 

Isolation of S. Aureus 

S. aureus was isolated in 30 (30%) of 100 raw milk 

samples obtained from Van province. A total of 48 S. 

aureus isolates were obtained from 30 samples. 

 

Biofilm and mecA Genes in S. Aureus Isolates 

Biofilm and mecA gene presence in S. aureus isolates 

are given in Table 2. (Figure 1). 
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Figure 1. Agragose gel image (1.5%) [M:100 bp Marker; 1,2: S. aureus amplicons (1318 bp); 3,4: icaA amplicons 

(1315 bp); 5,6: icaD amplicons (381 bp); 7,8: bap amplicons (971 bp); 9: mecA amplicons (314 bp)] 

 

Table 1. Biofilm and antimicrobial resistance genes used in S. aureus isolates 

Genes Oligonucleotide bp Annealing ℃ Reference 

Biofilm 

icaA 
F: CCTAACTAACGAAAGGTAG 

R: AAGATATAGCGATAAGTGC 
1315 50 

Darwish and Asfour, 2013 

icaD 
F: AAACGTAAGAGAGGTGG 

R: GGCAATATGATCAAGATAC 
381 50 

bap 
F: CCCTATATCGAAGGTGTAGAATTGCAC 

R: GCTGTTGAAGTTAATACTGTACCTGC 
971 60 Cucarella et al., 2004 

Methicillin mecA-1 mecA-2 
5’-CCTAGTAAAGCTCCGGAA-3’ 

5’-CTAGTCCATTCGGTCCA-3’ 
314 48 Choi et al., 2003 

 

Table 2. Distribution of biofilm and mecA genes in S.aureus isolates 

İzolat icaA icaD Bap mecA İzolat icaA icaD Bap mecA 

3 +    27 +    

4 + +   30 +  +  

19 + +  + 32 +    

20 + +  + 37 +    

22 +  +  42 +    

23 +  +  45 +    

 

Table 3. Resistance status in S. aureus isolates 

 P FOX SXT E C  P FOX STX E C  P FOX STX E C P FOX STX E C  

1 R R I I I 13 R R I R I 25 R R I S S 37 R R I I I 

2 R R I I I 14 R R R R S 26 R R I I I 38 R R I R S 

3 R R I I I 15 R R I S S 27 R R I R S 39 R R I R I 

4 R R I R I 16 R R I R R 28 R R I R S 40 R R I R R 

5 R R I S S 17 R R R R I 29 R R I S I 41 R R I R I 

6 R R I S S 18 R R I R I 30 R R I S I 42 R R I I R 

7 R R I R I 19 R R I R S 31 R R I S I 43 R R I S I 

8 R R S R I 20 R R I S I 32 R R I I S 44 R R I S S 

9 R R I S S 21 R R I S I 33 R R I R I 45 R R R R S 

10 R R I R I 22 R R I R S 34 R R I R I 46 R R S S S 

11 R R I R R 23 R R I I S 35 R R I I I 47 R R S R S 

12 R R I R I 24 R R S I I 36 R R I R S 48 R R R R S 
P: Penicillin, FOX: Cefoxitin, SXT: Trimethoprim-sulfamethoxazole, E: Erythromycin, C: Chloramphenicol, R: Resistance, I: Intermediate, S: 

Susceptible 
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Antibiotic Susceptibility Testing 

The antibiotic resistance of S. aureus isolates is given 

in Table 3. All isolates (100%) were susceptible to 

ceftriaxone. 

 

Discussion and Conclusion 

 

S. aureus is an important pathogen causing foodborne 

illness and poisoning in humans and animals. S. aureus is 

one of the main causes of eczema, especially from food. In 

addition, if a food contains S. aureus, the consumption of 

that food can cause serious gastrointestinal diseases. 

Staphylococcal food poisoning is caused by the ingestion 

of sufficient amounts of staphylococcal enterotoxins 

present in contaminated food. S. aureus, a leading cause of 

foodborne illness worldwide, colonization in dairy cattle, 

and subsequent contamination of raw milk by pathogenic 

S. aureus remains a major problem for both dairy producers 

and public health (Cosgrove, 2006; Argudín et al., 2010; 

Spanu et al., 2012; Robinson et al., 2016; Tsilochristou et 

al., 2019). 

In the study, S. aureus was detected in 30 (30%) out of 

100 raw milk samples. The findings of this study were 

higher than the findings of Jamali et al. (2015) (15.7%), 

Girardini et al., (2016) (12.8%), Liu et al., (2017) (27.7%), 

and Johler et al., (2018) (19%), lower than the findings of 

Ateba et al., (2010) (100%), Aydin et al. (2011) (41.6%), 

Akindolire et al. (2015) (75%), Duyuk, (2015) (52.08%), 

Keyvan (2019) (51.6%), and Kou et al. (2021) (43.1%), 

and similar to the study of Bissong and Ateba, (2020) 

(32.8%). These differences between the studies are thought 

to be due to the differences in hygienic measures taken 

during milking, storage, and sale. 

The potential pathogenicity of S. aureus is based on its 

ability to produce various virulence factors. The biggest 

factor that increases the virulence of S. aureus is its ability 

to form biofilms (Cosgrove, 2006; Neopane et al., 2018). 

The presence of potentially biofilm-producing and 

antibiotic-resistant S. aureus in milk intended for human 

consumption can lead to serious health problems (Corrente 

et al., 2007). Biofilm-forming S. aureus strains are resistant 

to antibiotics, disinfectants, and environmental factors (de 

la Fuente-Nú˜nez et al., 2013; Wang et al., 2018; Chang et 

al., 2019; Sedarat and Taylor-Robinson, 2022). 

In this study, a total of 48 S. aureus isolates were 

obtained from 30 samples. S. aureus isolates were 

investigated for genes involved in biofilm formation (icaA, 

icaD, bap) and biofilm genes were detected in 18 isolates 

(37.5%). Among the detected genes, the most common 

icaA gene was detected in 66.6% of the isolates, while 

icaD and bap genes were detected in 16.66%. In some 

studies, biofilm genes were examined in mastitis milk, raw 

milk, and S. aureus obtained from various foods and 

animals. Darwish and Asfour (2013) found icaA in 15%, 

icaD in 62.5% and bap gene in 25% of the isolates, 

Khoramrooz et al. (2016) found icaA in 56.25%, icaD in 

87.5% and bap gene in 5%, Salimena et al. (2016) found 

icaA+D in all isolates and bap gene in 95.6%. 

Gowrishankar et al., (2016) detected ica genes in 84.12% 

of the isolates in their study. Felipe et al. (2017) in their 

study conducted in Argentine dairy farms, reported that all 

S. aureus isolates (100%) had the icaA+D gene and 11% 

had the bap gene. Marques et al. (2017) identified icaA, 

icaD, and bap genes in 85%, 95%, and 5% of isolates, 

respectively. Sharma et al. (2017) in northwest India and 

Wang et al. (2018) in Beijing found the icaA/D gene in all 

isolates (100%). Avila-Nova et al. (2018) reported that they 

detected the icaA+D gene in 25% of the S. aureus isolates 

in their study. Bissong and Ateba (2020) reported that they 

detected the icaA gene in 63.6%, the icaD gene in 55.8%, 

and the bap gene in 15.6% of S. aureus isolates from milk 

in South Africa. Biofilm genes detected in our study were 

found to be lower than in other studies. The differences 

between the studies are thought to be due to the sources of 

the isolates (such as mastitis milk, and raw milk), 

geographical differences, and different biofilm-forming 

abilities of the isolates. 

In our study, as in some other studies (Duyuk, 2015; 

Marques et al., 2017; Bissong and Ateba, 2020), the 

incidence of the bap gene was found to be lower than that 

of the ica genes. This is in line with the finding of Bissong 

and Ateba (2020) that although not all genes responsible 

for biofilm formation were tested, the ica-dependent 

mechanism may be primarily responsible for adhesion and 

biofilm formation in these isolates. Furthermore, in 

contrast to our study, Cucarella et al. (2001) reported that 

bap is not only involved in the primary binding step but 

also in cell-to-cell aggregation with PIA and thus in biofilm 

maturation, while Lasa and Penades (2006) reported that 

staphylococcal isolates harboring the bap gene are strong 

biofilm producers even in the absence of the icaADBC 

operon. Salimena et al. (2016) confirmed the importance of 

this gene in biofilm formation by detecting the bap gene in 

95.6% of the isolates. 

In the veterinary field, the use of antibiotics in farm 

animals is increasing and their misuse and/or misuse leads 

to the emergence of resistant strains, resulting in the 

widespread presence of pathogenic resistant organisms in 

food products that pose a potential threat to human health 

(Landers et al., 2012). Therefore, animal foods should be 

screened for antibiotic-resistant pathogens (Bissong and 

Ateba, 2020). 

In this study, the resistance of S. aureus isolated from 

raw milk to seven antibiotics was investigated 

phenotypically and resistance was observed against all 

antibiotics except ceftriaxone. However, the highest 

resistance was detected against penicillin G and cefoxitin. 

Klein (2007) and Şahin (2017), in their study, revealed the 

high level of resistance of S. aureus to B-lactam group 

antibiotics and emphasized the importance of personnel-

borne contamination in the food production process, which 

confirms our study. The widespread use of penicillins in 

the treatment of farm animals and the prevention of 

diseases in Türkiye is effective in the formation of high 

resistance to this drug (Budak, 2008). In addition, a high 

rate of resistance was observed against trimethoprim-

sulfamethoxazole, erythromycin, and chloramphenicol. In 

this study, 83.33% of the isolates were found to be 

intermediate and 8.33% resistant to trimethoprim-

sulfamethoxazole. 79.17% of the isolates were 

intermediate and 8.33% were resistant to chloramphenicol. 

The results of the analysis of high resistance to penicillin 

and ceftriaxone in some previous studies are similar to our 

study (Parisi et al., 2016; Bissong and ateba, 2020). Begum 

et al. (2007) found 82.86% of the isolates obtained from 

mastitis milk were resistant to penicillin. Pereira et al. 



Tuncay and Sancak / Turkish Journal of Agriculture - Food Science and Technology, 11(2): 355-362, 2023 

359 

 

(2009) reported that S. aureus isolates isolated from raw 

milk and various foods were 73% resistant to penicillin, 

60% intermediate and 5% resistant to erythromycin, and 

1% intermediate and 1.4% resistant to chloramphenicol. In 

some studies, penicillin and cefoxitin resistance was found 

to be lower Jamali et al., 2015; Girardini et al., 2016). Peles 

et al. (2007) found that 30.5% of S. aureus isolated from 

cattle milk in Hungary were penicillin-resistant. They 

stated that all of their isolates were sensitive to cefoxitin, 

erythromycin, and trimethoprim-sulfamethoxazole. 

Sharma et al. (2017) in their study on raw bovine milk in 

North-West India, found that 90% of the isolates were 

penicillin-resistant, 6.66% chloramphenicol-resistant, and 

6.66% intermediate. Wang et al. (2018) reported that 

31.3% of the isolates were resistant to penicillin, 5.2% 

were resistant to erythromycin and 2.1% were 

intermediate, 1% were resistant to chloramphenicol and 

2.1% were intermediate in their study on mastitic milk in 

China. Kou et al. (2021) found 72.6% of S. aureus isolates 

resistant to penicillin, 19.4% to trimethoprim-

sulfamethoxazole, and 32.3% to erythromycin of the S. 

aureus isolates obtained from their study on raw milk of 

various animals. Plasmidic penicillin resistance spreads 

rapidly between strains and is very common in foodborne 

S. aureus (Aydin et al., 2011). The ratio of trimethoprim-

sulfamethoxazole and chloramphenicol varies in some 

studies (Aydin et al., 2011; Parisi et al., 2016). Aydin et al. 

(2011) in their study in Turkey, determined that of the 

isolates obtained from raw milk were 4.67% intermediate 

and 18.75% resistant to trimethoprim-sulfamethoxazole, 

4.67% were intermediate and 10.94% resistant to 

chloramphenicol. Jamali et al. (2015) found all S. aureus 

isolates (100%) susceptible to trimethoprim-

sulfamethoxazole, 3.7% resistant to chloramphenicol, and 

7.9% resistant to erythromycin. Parisi et al. (2016) found 

all isolates resistant to chloramphenicol. Keyvan (2019), in 

his study on raw milk, found that 9.67% of the isolates 

were intermediate and 6.46% resistant to trimethoprim-

sulfamethoxazole, 16.13% resistant to chloramphenicol, 

and 41.93% intermediate and 6.46% resistant to 

erythromycin. Bissong and Ateba (2020) determined that 

14.3% of the isolates were resistant to trimethoprim-

sulfamethoxazole, 20.8% to erythromycin, and 14.3% to 

chloramphenicol. In our study, all isolates (100%) were 

susceptible to ceftriaxone. The rate determined in our study 

is similar to the rate determined in the study by Sharma et 

al. (2017). Bissong and Ateba (2020) found 87% of the 

isolates were resistant to ceftriaxone in their study. In this 

study, 20.83% and 52.08% of the isolates obtained from 

raw milk were found to be intermediate and resistant to 

erythromycin, respectively. The differences between our 

study and other studies may be due to the different S. 

aureus isolates and the use of preferred antibiotics at 

different levels. In addition, S. aureus isolates detected as 

intermediate in the study may develop complete resistance 

to these antibiotics. Therefore, it is important to monitor 

antibiotics that develop intermediate in isolates.  

It has been reported that S. aureus isolates with multiple 

antibiotic-resistant properties adversely affect the 

treatment of staphylococcal infections, especially in 

immunocompromised individuals, the elderly, and young 

children (Ito et al., 2003). 

In our study, 26 of 48 isolates (54.16%) were resistant 

to at least three antibiotics. In addition, strains resistant to 

at least two antibiotics were found to be intermediate to at 

least one antibiotic (Table 3). Normanno et al. (2007) 

reported that 9.6% of S. aureus strains showed resistance 

to three and 4% to four antibiotics. Furthermore, Chao et 

al. (2007) found a high level (79%) of multidrug resistance 

among the isolates. Aydin et al. (2011) reported that 25.3% 

of S. aureus strains showed multidrug resistance against 

penicillin G, erythromycin, and sulfamethoxazole-

trimethoprim. Jamali et al. (2015), in their study on milk 

and dairy products, determined that 46.6% of the isolates 

were resistant to two antibiotics and 12.8% to more than 

two antibiotics. Bissong and Ateba (2020) found resistance 

to at least three antibiotics (32.5%). In their study, Kou et 

al. (2021) found multidrug resistance in 46.8% of isolates. 

The development of multiple antibiotic resistance among 

most of these isolates can be attributed to the acquisition of 

plasmid-mediated resistance (R-factor) (Yamamoto et al., 

2013). Only methicillin-resistant staphylococci have the 

chromosomal mecA gene that provides methicillin 

resistance (Peacock and Paterson, 2015; Lee et al., 2018). 

The most important feature of most MRSA isolates is 

heterotypic or heterogeneous resistance to β-lactams. 

Homogeneous resistance refers to a population of cells in 

which all cells are resistant to high concentrations of 

methicillin (>128 mg/l), whereas heterogeneous resistance 

refers to a population of cells in which only a small 

minority of cells exhibit high levels of methicillin 

resistance. Since the mecA gene is not expressed in 

heterogeneous resistant S. aureus strains, it should be 

resistant in routine susceptibility tests, but detection as 

susceptible leads to incorrect treatment. Therefore, 

investigating the presence of the mecA gene by PCR gives 

the most reliable result. Among the methods for reliable 

identification of MRSA of S. aureus strains, detection of 

the mecA gene is often considered the "gold standard" due 

to its high sensitivity and speed (Corrente et al., 2007; Lee 

et al., 2018; Stapleto and Taylor, 2002; Çiftçi et al., 2019). 

In addition, the absence of the mecA gene in 

phenotypically resistant isolates may be due to 

characteristics such as point mutations, biofilm formation, 

or antibiotic tolerance (Bissong and Ateba (2020). 

The CLSI (2020) standard recommends the use of 

cefoxitin to identify methicillin-resistant S. aureus strains. 

In our study, all isolates were phenotypically resistant to 

cefoxitin. However, the mecA gene was detected in only 

two isolates. This is similar to the situation reported by 

Aydin et al. (2019), Bissong and Ateba (2020), and 

Girardini et al. (2016). Detection of S. aureus strains that 

are phenotypically resistant to methicillin but do not carry 

the mecA gene poses serious health problems and is of 

great clinical importance (Swenson et al., 2007). Parisi et 

al. (2016), in their study, found that the rate of resistant 

isolates of cefoxitin was 2.5%, and they found mecA gene 

presence in all of them. Johler et al. (2018) did not detect 

mecA gene in any of the isolates obtained in their study. 

Omwenga et al. (2021), in their study on various milks, 

detected mecA gene in 38.8% of the isolates. The absence 

of mecA gene in phenotypically resistant isolates in our 

study may be due to characteristics such as point mutations, 

biofilm formation, or antibiotic tolerance. 



Tuncay and Sancak / Turkish Journal of Agriculture - Food Science and Technology, 11(2): 355-362, 2023 

360 

 

According to the statistical results of the study, a 

significant correlation was found between icaA gene and 

icaD and bap at P<0.05, between icaA gene and mecA gene 

at P<0.01, and between icaD and mecA gene at P<0.05 

level. 

As a result, although it showed that the rate of S.aureus 

in raw milk was low, the high antibiotic resistance of the S. 

aureus isolates obtained, biofilm-forming genes, and 

methicillin resistance genes showed that raw milk may be 

a serious problem for public health. In addition, while 

bacteria are phenotypically sensitive to antibiotics, the 

formation of biofilms that make the bacteria resistant to 

antibiotics may pose a risk to public health by causing 

incorrect treatment in cases of food poisoning. As raw milk 

is one of the main sources of complementary nutrition for 

consumers, it is important that it is healthy and safe. 

Therefore, regular inspection and management of milk 

collection, transportation, and sales points are required to 

reduce the risk of S. aureus caused by raw milk. In 

addition, veterinarians and animal breeders should pay 

attention to unnecessary and incorrect use of antibiotics to 

protect the health and safety of consumers, and antibiotic 

use in animals should be strictly controlled. 
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