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Staphylococcus aureus (S. aureus) is bacterium that threatens public health because 

it causes infections and food intoxication. For this reason, within the scope of this 

study, it was aimed to determine the presence of S. aureus, antibiotic resistance 

profiles, and biofilm formation in ground beef and meatball samples consumed in 

Amasya. In the study, 60 meat samples purchased from Amasya were used as 

material. First, conventional culture technique and PCR testing were used for the 

isolation of S. aureus. Secondly, antibiotic resistance profiles of the S. aureus were 

analyzed by disc diffusion. Finally, biofilm production of the S. aureus was analyzed 

phenotypically by the microtiter plate method and genotypically by PCR. Through 

the study, we identified 58 S. aureus isolates that were confirmed phenotypically and 

genotypically. Disc diffusion results showed that all S. aureus were sensitive to 

imipenem and piperacillin-tazobactam, but resistant to methicillin 43.10% (25/58), 

erythromycin 41.37 % (24/58), penicillin 58.62% (34/58), gentamicin 10.34% 

(6/58), chloramphenicol 17.24% (10/58), tobramycin 6.89% (4/58), and levofloxacin 

1.72% (1/58). Biofilm production was determined as 58.62% (34/58) in the 

microtiter plate. In the PCR analysis, the icaA or icaD gene of a total of 4 (6.89%) 

different isolates was evaluated as positive. As a result, the presence of antibiotic-

resistant S. aureus in ground beef and meatballs and the production of biofilm by the 

bacteria pose a potential risk. Therefore, it is important for human health to take the 

necessary precautions to reduce the risk of S. aureus contamination during the 

processing, and transportation. 

 

1. Introduction 

 

Foodborne diseases, which the World Health 

Organization (WHO) defines as a disease caused 

by infectious pathogens or toxins thought to be 

caused by the consumption of contaminated food 

or water, are an important public health concern 

around the world [1]. Another important public 

health problem is that pathogens that gain 

resistance to antibiotics in foodborne infections 

transfer these resistance genes through horizontal 

gene transfer [2, 3]. Infections caused by 

antibiotic-resistant bacteria through foods spread 

rapidly in society, causing serious economic 

losses, and infections with high morbidity and 

mortality [4, 5]. Antibiotic resistance (AMR) is 

increasing rapidly around the world through 

food. According to the latest data from 

underdeveloped and developed countries, it has 

been determined that approximately 10% of the 

population suffers from foodborne diseases [6-

8].  

 

S. aureus is a pathogen that plays a role in 

foodborne infections and intoxications. 

Staphylococcal food poisoning from food 

contaminated with enterotoxins of S. aureus is a 

common cause of gastroenteritis. Staphylococcal 

foodborne poisoning has a short incubation 

period and is characterized by symptoms such as 

weakness, vomiting, and diarrhea [9-12]. The 

human nose is the largest ecological reservoir of 
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S. aureus, an opportunistic pathogen involved in 

many life-threatening disease processes such as 

skin and soft tissue infections, toxic shock 

syndrome, sepsis, pneumonia, etc. [13, 14]. Most 

of the food contamination from S. aureus is 

through contact with food handlers who are 

carriers. Today, the presence of methicillin-

resistant S. aureus in addition to many antibiotics 

reduces the treatment rate of food-borne 

intoxications. Products such as milk and meat, 

which we frequently consume in terms of health, 

are among the foods most frequently 

contaminated with S. aureus [15]. Contamination 

with raw meat can occur at many stages, from the 

cutting stage to distribution, storage, etc. the 

vegetative form S. aureus can die with proper 

cooking techniques. However, Staphylococcal 

enterotoxins are thermostable and therefore 

cannot be destroyed by thermal processes [16, 

17].  

 

The surface of foods with high protein content 

such as meat are environments where pathogenic 

microorganisms such as S. aureus can come 

together and form a biofilm by surrounding them 

with extracellular polymeric substance (EPS). 

This leads to cross-contamination, reduced shelf 

life of foods and the potential for foodborne 

illness. Bacterial biofilms cause problems in food 

sanitation because they are resistant to 

environmental stresses. In addition, biofilms that 

will form in various equipment used in the food 

industry cause surface corrosion and financial 

problems. Therefore, elucidating the structure for 

the removal and inhibition of S. aureus biofilms 

is an area of public health interest [18].  

 

As a result of the literature review, the focus was 

on determining the antibiotic resistance profile 

and biofilm production of S. aureus isolates, 

which are mostly responsible for hospital-

acquired infections [19-21]. In foods, there are 

studies to determine the prevalence and antibiotic 

resistance of S. aureus, which is generally 

isolated from dairy products, especially 

traditional cheese [22-24]. However, studies 

conducted to determine the prevalence and 

antibiotic resistance of S. aureus in meat samples 

in Turkey are limited. Among these, no studies 

were found to determine the biofilm production 

genotypically [15, 25]. For this reason, it is 

important to carry out studies on these issues to 

prevent food infections caused by S. aureus. In 

the present study, the aim of this study is to 

determine the antibiotic resistance profiles of S. 

aureus isolates isolated from ground beef and 

meatball samples and to analyze their biofilm 

production phenotypically and genotypically. 

 

2. Materials and Methods 

 

2.1.Food samples 

 

In this study, a total of 60 samples (30 ground 

beef, and 30 meatballs) were purchased from 

different butchers and supermarkets in Amasya 

between February and July 2022. The samples 

were brought to the biological activity laboratory 

of Amasya University by keeping the cold chain 

in line with aseptic techniques. 

 

2.2.Isolation of S. aureus 

 

The methods used in the isolation of S. aureus in 

the samples previously for the isolation of 

bacteria from foods were taken as reference [15, 

26]. For this purpose, firstly, decimal dilutions 

(10-1, 10-2, 10-3) of the samples were made with 

buffered peptone water (0.1%, Biolife, Milano, 

Italya-4122592), and then spread on Baird Parker 

Agar (BPA, Biolife, Milano, Italya-NL6209) 

containing with 5% egg yolk tellurite (Merck, 

Darmstadt, Germany-K95798185) using the 

spread plating technique. The plates incubated at 

37 °C for 24-48 hours. Then, three or five 

colonies were selected from lecithinase positive, 

black, and bright colonies and inoculated on 

tryptic soy agar (TSA, Merck, Darmstadt, 

Germany-105458) for phenotypic (Gram stain, 

catalase test, growth on mannitol salt agar, and 

coagulase test) and genotypic identification. 

 

2.3.Genotypic identification of isolates and 

PCR analysis of biofilm-encoding genes 

 

DNA was isolated by boiling from overnight 

cultures formed by inoculating phenotypically 

confirmed isolates as S. aureus on TSA agar. A 

colony growing on TSA was taken and 

homogenized in 500 µl sterile distilled water. 

Then it was kept in a dry block heater at 95 °C 

for 15 minutes. Finally, it was centrifuged at 

10,000 g for 5 minutes and the supernatant 

containing genomic DNA was taken into a clean 
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tube and kept at -20 °C for further studies [27]. 

For genotypic validation of isolated isolates, 

PCR was performed using primers of the genus 

specific (Staphylococcus spp.) 16S rRNA gene 

(756F:5′ AACTCTGTTATTAGGGAAGAACA3′ 

and 756R:5′ CCACCTTCCTCCGGTTTGTCACC 

3′) and the nuc gene (F: 5′ 

GCGATTGATGGTGATACGGTT3′ and R: 5′ 

AGC CAA GCC TTG ACG AAC TAA AGC3′) 

encoding the S. aureus specific thermonuclease 

enzyme [28, 29].  The icaA (F: 5′ 

CCTAACTAACGAAAGGTAG3′ and R: 5′ 

AAGATATAGCGATAAGTGC3′) and icaD (F: 

5′AAACGTAAGAGAGGTGG3′ and R: 5′ 

GGCAATATGATCAAGATAC3′) genes 

responsible for biofilm production of isolates, 

was determined by PCR [30]. After PCR, 

Amplicons were separated by molecular size by 

electrophoresis using 1% Agarose (biomax). 

After electrophoresis, it was visualized with a 

UV transilluminator. 

 

2.4.Disc diffusion testing 

 

The antibiotic resistance profile of isolates was 

performed by disc diffusion test according to 

CLSI criteria [31]. Overnight cultures of S. 

aureus isolates were set to 0.5 McFarland in 

sterile 0.9% NaCl and cultured on a Mueller-

Hinton agar (MHA, Biolife, Milano, Italy- 

4017402500) surface. Commercially purchased 

antibiotic discs [levofloxacin (LEV; 5 µg, 

ASD04800), tobramycin (TOB; 10 µg, 

ASD09201), gentamicin (CN; 10 µg, 

ASD04405), imipenem (IPM; 10 µg, 

ASD04500), piperacillin-tazobactam (PTZ; 

100/10) µg, ASD07620), penicillin (P; 10 µg, 

ASD07400), methicillin (ME, 5 µg, ASD05430), 

erythromycin (E; 15 µg, ASD03700) Bioanalyse 

Ltd., Turkey] were placed on MHA medium with 

a sterile forceps at appropriate intervals and 

incubated at 35 °C for 18 hours. The results were 

evaluated as susceptible, intermediate, and 

resistant. S. aureus ATCC 25923 was used as a 

reference. 

 

2.5.Quantification of the biofilm production 

test 

 

Biofilm production of isolates was determined 

quantitatively by the flat bottomed 96-well 

microtiter plate method. For this purpose, 

overnight S. aureus cultures were brought to 0.5 

McFarland in sterile 0.9% NaCl solution and 

diluted 1/50 rate. 150 µl of the prepared bacterial 

suspensions were inoculated into the wells of 96-

well microtiter plates and incubated at 37°C for 

24 hours. At the end of the incubation time, the 

broth was drained from the wells and washed 

three times with phosphate buffer. For fixation 

purposes, 99% methanol was added to the wells 

and kept at 25 °C for 15 minutes.  

 

After this time, methanol was drained from the 

wells and dried. To stain the bacterial growth in 

the biofilm, 150 µL of 0.1% crystal violet was 

added to the wells and kept at 25 °C for 15 

minutes. After incubation, the dye was drained 

from the wells and washed three times with 

distilled water so that the biofilm layer was not 

damaged. The wells were dried by inverting the 

plate. To dissolve the formed biofilm layer, 150 

µL of ethanol-acetone (80:20) was added to the 

wells and allowed to stand for 15 minutes. 

Measurement was made in the microplate reader 

by adjusting the wavelength to 570 nm [22, 32].  

 

3. Result  

 

A total of 60 meat samples (30 meatballs, 30 

ground beef) were analyzed in the study. 

Approximately 4 or 5 colonies with typical 

Staphylococcus sp. morphology (2-3 mm in 

diameter, black or gray in color, mostly opaque 

in appearance, convex, lecithinase positive) were 

selected on the agar.  

 

From the isolates examined, 297 Staphylococcus 

spp. were isolated and 58 (19.52%, 32 meatball, 

26 ground beef) of these isolates were 

determined to be S. aureus phenotypically (Gram 

staining, catalase, growth on mannitol salt agar, 

and coagulase test) and genotypically (16S 

rRNA, nuc genes). Photographs of the data from 

the phenotypic tests are shown in Figure 1. 

Lecithinase positive, black and shiny colonies 

were selected on Baird Parker agar, and as a 

result of phenotypic tests, Gram positive, 

coagulase and catalase positive, yellow colonies 

on mannitol salt agar were identified as S. 

aureus. 
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Figure 1. Phentotypic test results of S. aureus 

 

From genotypic tests, the presence of the genus-

specific 16S rRNA gene region and the species-

specific nuc gene encoding the thermonuclease 

enzyme specific to these isolates was determined 

in 58 isolates. S. aureus strain was detected in all 

58 isolates examined (Figure 2). 

 

Figure 2. PCR results to confirm genotypic 

identification of S. aureus isolates. 16S rRNA (756 

bp), nuc gene (279 bp), M: Marker (100 bp) C: 

Control, S. aureus ATCC 25923 

 

As a result of the disc diffusion test, it was 

determined that at least one of the 58 isolates was 

resistant to the others except imipenem and 

piperacillin tazobactam antibiotics. Additionally, 

of the isolates, 34 (58.62%), 25 (43.10%), 24 

(41.37%), 10 (17.24%), 6 (10.34%), 4 (6.89%), 

and 1 (1.72%) showed resistance (intermediate 

resistance or resistance) to penicillin, methicillin, 

erythromycin, chloramphenicol, gentamicin, 

tobramycin, and levofloxacin, respectively 

(Table 1). 

 

Biofilm production of a total of 58 isolates was 

determined by 2 different methods. It was 

determined that 34 (58.62%) and 4 (6.89%) 

isolates formed biofilm using microtiter plate and 

genotypic (determination of icaA and icaD 

genes) methods, respectively. The biofilm 

production value of the isolate used as a reference 

in the microtiter plate test was read with a 

multiplate reader and the OD 0.7593 value was 

obtained. Afterwards, the OD values of the 

isolates were analyzed and the biofilm 

production of 34 (58.62%) isolates with a value 

higher than the positive control (>0.7593) was 

accepted as positive (Figure 3). 

 

 
Figure 3. Biofilm formation of S. aureus in 

microtitration plate. It was repeated at least three 

times for each isolate. 

 

Genotypically, it was determined that 2 isolates 

had the icaA gene and 3 isolates had the icaD 

gene. It was determined that there are 4 (6.89%) 

different isolates with at least one gene (icaA or 

icaD) (Figure 4). 
 

Figure 4. Biofilm production tests of S. aureus 

isolates. icaD gene (381 bp), icaA gene (1315 

bp), M: Marker (100 bp) 
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Table 1. Antibiotic resistance profiles of S. 

aureus isolates 

 S. aureus isolates (N=58) 

R I S 

n % n % n % 

C 10 17.24 -  48 82.75 

CN 5 8.62 1 1.72 52 89.65 

E 21 36.20 3 5.17 34 58.62 

IPM - - - - 100 100 

LEV 1 1.72 - - 57 98.27 

ME 3 5.17 22 37.93 33 56.89 

P 34 58.62 - - 24 41.37 

TPZ - - - - 100 100 

TOB 3 5.17 1 1.72 54 93.10 
C: Chloramphenicol, CN: Gentamicin, E: 

Erythromycin, IPM: Imipenem, LEV: Levofloxacin, 

ME: Methicillin, P: Penicillin, TOB: Tobramycin, 

TPZ: Piperacillin-Tazobactam R: Resistant, I: 

Intermediate resistant, S: Sensitive. 

 

4. Discussion 

 

Meat, consumed throughout the world, is a rich 

source of many nutrients, especially protein and 

fat, which are essential for the human body [33]. 

However, its rich protein content provides a 

culture medium for the growth of 

microorganisms. Microbial contamination in 

meat can occur not only due to poor production 

practices, but also from food-producing animals, 

as well as food handlers who are carriers [34, 35]. 

Pathogens such as Bacillus spp., Escherichia 

coli, and S. aureus can cause contamination of 

meat. Among these pathogens, S. aureus is one 

of the pathogens that play a particularly 

important role in food-borne poisoning. 

However, its prevalence varies among different 

foods, animals, and countries [26, 35, 36].   

 

In this study, 58/297 (19.52%) of the bacteria 

isolated from the ground beef and meatball 

samples examined bacteriologically were 

determined to be phenotypically and 

genotypically S. aureus. Previous studies 

conducted in different countries reported the 

percentage of positive S. aureus isolates in 

ground beef in Greece to be 26.31% [37], 36% in 

Iran [38], 26.22% in Iran [26], 16% in Egypt [7], 

33.08% in Africa [35] 12.5% in Turkey [39], 

21.23% in the Turkey [15]. Interestingly, in 

another study conducted in Turkey, they 

determined the prevalence of S. aureus obtained 

from meat and meatball to be as high as 96.2% 

and 89.1%, respectively [40]. When the study 

results obtained from different countries or the 

same countries are examined, differences in the 

prevalence of S. aureus may be caused by people 

working in the food industry being carriers, not 

paying attention to hygiene rules during meat 

slaughter, and contamination during the 

transportation and storage of meat [35].  

 

Today, the intensive and unconscious use of 

antibiotics has become a worldwide problem. 

Intensive use of antibiotics, especially on 

animals, causes antibiotic residues to form in 

animal foods and the proliferation of resistant 

bacteria. Antibiotic resistance genes found in 

antibiotic-resistant bacteria in foods can be 

transferred through the food chain. The spread of 

antibiotic-resistant bacteria causes foodborne 

infections that are difficult to treat [38, 41].  

 

Intensive use of the antibiotic methicillin, 

especially in infections caused by S. aureus, has 

led to an increase in the number of methicillin-

resistant S. aureus. This could lead to an 

antibiotic resistance crisis that could cause fatal 

infections worldwide. The presence of livestock-

associated MRSA is a concern in cases of 

staphylococcal food poisoning [36]. Therefore, it 

is important to investigate the prevalence of S. 

aureus in foods and determine antibiotic 

resistance profiles to prevent foodborne 

infections. Studies in the literature have focused 

on certain groups of antibiotics to determine the 

antibiotic resistance of S. aureus isolates [36, 42, 

43].  

 

Unlike studies in the literature, in this study, the 

resistance profile of S. aureus against 9 different 

antibiotics (chloramphenicol, gentamicin, 

erythromycin, imipenem, levofloxacin, 

methicillin, penicillin, tobramycin, piperacillin-

tazobactam) was determined. In this study, all S. 

aureus were sensitive to imipenem, a 

carbapenem antibiotic, and piperacillin 

tazobactam, a combination beta-lactamase 

inhibitor. In contrast, it was determined that the 

isolates showed the highest resistance (resistant 

or moderately resistant) to erythromycin, 

methicillin, and penicillin among the antibiotics 

used. High penicillin G resistance in S. aureus 

isolates isolated from meat samples has been 

reported in other studies conducted in Turkey as 

well as in studies conducted in countries around 
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the world such as Greece, Nigeria, Iran, China, 

and Italy [15, 25, 36-38, 44, 45]. A high rate of 

resistance has recently been detected in S. aureus 

isolates against macrolide group antibiotics [46]. 

In this study, erythromycin, a macrolide group 

antibiotic, was used and 24 of the isolates 

(41.37%) were found to be resistant. Hasanpour 

et al. determined that S. aureus isolates obtained 

from beef in Iran were 37.50% resistant to 

erythromycin.  

 

Additionally, in the same study, it was reported 

that the isolates were resistant to 12 different 

antibiotics (ampicillin, ceftriaxone, amoxicillin–

clavulanic acid, tetracycline, azithromycin, 

oxacillin, and penicillin) [47]. Another study 

conducted in Nigeria reported that S. aureus 

isolates had a 15.70% resistance rate to 

erythromycin [48]. According to CLSI criteria, 

cefoxitin antibiotic is preferred over oxacillin 

antibiotic in determining methicillin resistance 

due to more reproducible results. In our study, 

MRSA resistance of S. aureus isolates was not 

detected. However, the resistance profile of S. 

aureus isolates against the antibiotic methicillin 

was determined [49]. In this study, S. aureus 

isolates were found to be highly resistant to 25 

(43.10% resistant or moderately resistant) 

methicillin antibiotics. The main reason for the 

difference observed between studies in the 

literature may be the difference in antibiotic 

groups used in the treatment of infections caused 

by S. aureus, especially in food-producing 

animals, in different geographical regions. 

 

The ability of S. aureus to cause infection is 

increased by the ability of the bacterium to form 

biofilm, which is the extracellular matrix layer, 

an important virulence factor [50]. In the food 

industry, data on biofilm production of S. aureus 

isolates are limited. It is known that S. aureus 

isolates can form biofilms by spreading on foods 

of animal origin and equipment in the food 

slaughtering environment, such as 

slaughterhouses. It is known that after biofilm 

production, its resistance to various disinfectants 

and antibiotics increases and creates a basis for 

cross contamination [51].  

 

Various phenotypic and genotypic methods are 

used to detect biofilm production, such as 

standard tube, Congo Red Agar, microtiter plate 

methods and molecular validations [52, 53]. In 

this study, biofilm production was detected by 

the microtiter plate method, which is a 

phenotypic test, and the genotypic method. 

According to the OD values obtained according 

to the microtiter method, we found that 34 of 58 

S. aureus isolates (58.62%) formed biofilms. In 

studies conducted in the literature, it was 

determined that biofilm production according to 

the microtiter method was 50%, 60% and 95.5% 

in S. aureus isolates originating from milk [54], 

chicken meat [55] and ground beef [37], 

respectively. Poly-N acetyl β16 glucosamine 

(PNAG) surface polysaccharide, which is 

involved in intercellular adhesion of the biofilm 

layer and synthesized by proteins encoded by the 

intercellular adhesion operon (icaADBC genes), 

is an important structure. In this study, biofilm 

production of S. aureus isolates was analyzed by 

PCR targeting icaA and icaD. In PCR analysis, 

the presence of the icaA gene was detected in 

only 2 isolates and the icaD gene was detected in 

3 isolates.  

 

Various studies have stated that biofilm 

production is associated with the presence of 

icaA and icaD genes, especially for S. aureus 

isolates responsible for hospital-acquired 

infections or for S. aureus isolates isolated from 

daily milk and dairy products. There are very few 

studies on whether S. aureus isolates of meat 

origin genotypically produce biofilm. Therefore, 

the relationship between biofilm production and 

ica genes examined in the study can be evaluated 

in the light of data obtained from isolates other 

than ground beef and meatballs [30, 53, 56]. This 

is necessary because there is little data on these 

parameters for isolates originating from ground 

meat and meatballs. The results in this study were 

in contrast to Prenafeta et al. who reported that 

the icaA and icaD genes were positive in all 

isolates [54].  

 

Vasudevan et al isolated 35 S. aureus from 

bovine mastitis. They reported that although a 

total of 24 of these isolates produced slime 

phenotypically, all of them had the ica locus [30]. 

Abbasi et al. determined that S. aureus isolates 

contained 65.38%, 57.69%, 50% and 42.30% of 

icaD, icaA, icaB and icaC genes, respectively 

[26]. Similar to our study, Avila-Novoa et al. 

reported that while biofilm production was 
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detected at a rate of 90.4% according to the 

microtiter plate method, the rate of isolates with 

icaA and icaD genes was much lower (4, 5.1%) 

[57]. These results show that S. aureus strains 

may have biofilm-forming capacities at different 

rates depending on the source from which they 

are isolated (human or food). In addition, other 

gene regions (icaB and icaC) need to be analyzed 

in order to obtain a clear result regarding 

genotypic biofilm production. 

 

5. Conclusion 

 

According to the findings of the current study, 

ground beef and meatball samples consumed in 

Amasya province of Turkey were found to be 

highly contaminated with S. aureus. As a result 

of the disc diffusion test, it was seen that some 

isolates were resistant to antibiotics. The 

possibility of other bacteria becoming resistant 

through mobile genetic elements as a result of 

widespread horizontal gene transfers between 

bacteria may be a concern for health and food 

safety.  

 

The fact that more S. aureus isolates were 

obtained in meatball samples than in ground meat 

samples in the study reveals that hygiene rules 

are not taken into consideration, especially 

during the processing of food, and the possibility 

of contamination by carrier food handlers. 

Contamination caused by S. aureus can be 

reduced, especially by improving hygiene 

conditions. In addition, biofilm production of S. 

aureus isolates is a source of risk for the food 

industry. Therefore, in terms of public health, 

animal food samples should be examined at 

regular intervals for antibiotic resistance, and it is 

important to take the necessary sanitation and 

hygienic measures. 
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