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INTRODUCTION

ABSTRACT. This study aimed to investigate the antibiotic resistance profiles, biofilm-forming
capacities, and virulence characteristics of bacteria isolated from 86 animal-based food products,
including 25 raw milk, 25 cheese, and 36 raw chicken samples. A total of 40 isolates were identified,
comprising 14 Macrococcus caseolyticus, 10 Staphylococcus aureus, 9 Hafnia alvei, and 7 Salmonella
spp. isolates. The results demonstrated that slime production was detected in all isolates, while
moderate to strong biofilm formation was observed in 90% of the isolates. Among Gram-negative
bacteria, resistance to ampicillin was detected in 85.7% of Salmonella spp. and 45.5% of H. alvei
isolates. However, all Gram-negative isolates were susceptible to chloramphenicol, ciprofloxacin,
and streptomycin (100%). Regarding Gram-positive bacteria, S. aureus isolates exhibited 20%
resistance to tetracycline and erythromycin, whereas M. caseolyticus isolates showed notably higher
erythromycin resistance (57.1%). In contrast, all Gram-positive isolates were susceptible to gentamicin
and chloramphenicol (100%). Virulence gene analysis revealed that among the S. aureus isolates
tested, 30% were positive for icad and 70% carried These posts must be removed.. Furthermore,
among the seven Salmonella spp. isolates analyzed, 85.7% were positive for the mgtC gene, while
all isolates (100%) harbored the sopB gene. In conclusion, the detection of S. aureus and Salmonella
spp. in animal-based food products, particularly isolates exhibiting strong slime production, biofilm-
forming ability, and antibiotic resistance, represents a significant public health concern. These findings
emphasize the critical importance of maintaining strict hygiene and sanitation practices throughout
the production, processing, storage, and distribution stages under appropriate cold chain conditions.
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Salmonella is recognized as one of the most significant
foodborne pathogens worldwide, causing an estimated

Foodborne diseases constitute a major global public health
concern, causing significant morbidity and mortality across all
age groups and posing substantial challenges to socioeconomic
development. According to the World Health Organization,
approximately 600 million cases of foodborne illness occur
annually due to contaminated food [1, 2]. These diseases
generally arise from contamination during food production,
processing, transportation, and storage by various pathogenic
microorganisms, including bacteria, viruses, parasites, and fungi,
as well as their associated mycotoxins, in addition to host-related
factors. Among these agents, bacterial pathogens are recognized
as the leading causes of foodborne illnesses worldwide. The
most significant bacterial pathogens associated with foodborne
outbreaks include Salmonella spp., Vibrio parahaemolyticus,
Listeria monocytogenes, Staphylococcus aureus, and several
other clinically important microorganisms [3, 4].
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200 million to 1 billion infections annually, including
approximately 93 million cases of gastroenteritis and
155,000 deaths, with nearly 85% of infections associated
with foodborne transmission [5,6]. As one of the leading
etiological agents of foodborne diseases, Salmonella is
predominantly associated with foods of animal origin,
particularly raw poultry, raw meat, eggs, and related products
[7,8,9]. Furthermore, cross-contamination occurring during
food production and processing facilitates the transfer of
bacterial pathogens to these products [10]. Epidemiological
data from these sources are essential for developing
effective global monitoring and control strategies across
the food chain [11,12]. The virulence of Salmonella species
is largely associated with surface antigens, including the
Vi antigen, as well as porins and siderophores. These
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virulence determinants contribute to the severity of infection
symptoms, such as diarrhea, fever, and abdominal cramps,
and may lead to severe complications, including septicemia
and death. Moreover, contamination occurring during the
production, processing, storage, and distribution stages of
animal-based food products, particularly under inadequate
cold chain conditions, significantly increases the risk of
Salmonella transmission and proliferation [13,14].

S. aureus is recognized worldwide as an important cause of
food poisoning due to the consumption of raw, undercooked,
or improperly processed foods. In the food industry, S. aureus
may contaminate meat and dairy products during production,
processing, or storage, leading to food intoxication by
producing enzymes and toxins. [15]. Staphylococcal food
poisoning is associated with the consumption of foods
containing sufficient amounts of one or more preformed
enterotoxins [16]. The high incidence of staphylococcal food
poisoning is due to inadequate pasteurization/decontamination
ofthe originally contaminated product source or contamination
during preparation and processing by persons who are carriers
of the organism [17,18]. Staphylococcal poisoning usually
occurs in raw retail meat and meat products, poultry and egg
products, milk and milk products, salads, bakery products,
especially cream-filled pastries, cakes, and sandwich fillings
[19,20].

Biofilms are structured microbial communities attached to
surfaces and embedded in an extracellular polymeric matrix.
By secreting extracellular polymeric substances, bacteria
facilitate colonization and attachment to surfaces by binding
water within the biofilm. This helps to protect bacteria against
toxic compounds, phage contamination, osmotic stress,
disinfectants, and antibiotics [21]. Biofilm is very important
both medically and industrially as it causes contamination
in medical instruments and implants, industrial water pipes,
food production machines and packaging surfaces, and water
systems. The types of microorganisms that form biofilms in
food processing environments vary according to production
area, usage patterns, and the materials from which equipment
is made. Biofilm formations caused by Staphylococcus
spp., Enterobacter spp., Listeria spp., Lactobacillus spp.,
Streptococcus spp. in the milk and dairy products industry, L.
monocytogenes, Salmonella spp., Vibrio parahaemolyticus,
Campylobacter spp., E. coli O157:H7 microorganisms in
the meat and poultry products industry pose a great danger
to human health. Among these biofilm-forming pathogenic
bacteria, S. aureus and Salmonella spp. species, which are the
subject of our study, interact with food surfaces, causing food
spoilage, the emergence of animal-based foodborne diseases,
shortening the shelf life of foods, and, as a result, economic
losses [22].

Antibiotic resistance is defined as the inability of bacteria
to be affected by one or more antibiotics or the transformation
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of an antibiotic-sensitive bacterial strain into a resistant one
through one of several resistance mechanisms. Antibiotic
resistance in bacteria is gradually increasing due to factors
such as the frequent use of antibiotics in society and their use
in the food industry [23]. In the development of antibiotic
resistance, oxygen concentration in the biofilm, pH, and the
ease of transfer of antibiotic resistance genes play important
roles. In studies, the lower growth rate of biofilm-forming
bacteria compared to planktonic bacteria is a reason for
decreased antibiotic susceptibility [24].

Although S. aureus has many virulence factors, biofilm
formation and hemolysin enzymes are very important.
Although many bacterial and external factors affect adhesion
and accumulation, the production of an extracellular
polysaccharide adhesin known as intercellular polysaccharide
adhesin (PIA) or polymeric N-acetyl-glucosamine (PNAG),
synthesized by enzymes encoded by the icad operon, is the
best understood biofilm mechanism of Staphylococcus [25].
S. aureus produces many exoproteins that cause disease
by colonization of the host cell. The main function of these
exoproteins is to prepare host tissues for microbial growth.
S. aureus produces hemolysins, which are divided into four
groups (alpha, beta, delta, and gamma) and many cytotoxic
molecules such as Panton-Valentin leukocidin (PV-leukocidin).
Gamma hemolysin is encoded by &lgA, higB, and higC genes
in the chromosomal 4lg locus [26].

Adhesion of Salmonella spp. to the epithelium of the
digestive canal is formed by flagella and fimbriae on the cell
surface. When it adheres to the intestinal epithelium, it forms
T3SS (Type 3 secretion system), a complex multiprotein
structure that increases endothelial adhesion and invasion.
T3SSs are needle-like protrusions on the bacterial cell wall
that inject bacterial proteins into eukaryotic cells. The T3SS
mechanism encodes virulence genes that mediate attachment,
invasion, and toxicity in Salmonella. sopB, one of the effector
proteins located in the T3SS, has an important role in causing
inflammation by activation of the secretory pathway (attack
of neutrophils to the infection site) and, as a result, it causes
increased fluid flow to the digestive tract by changing the
ion balance in the cells, resulting in diarrhea in humans and
cattle [27].

This study aimed to determine the presence of pathogenic
bacteria isolated from animal-based food products and
to evaluate their antibiotic resistance, biofilm formation,
slime production, and virulence characteristics. Although
previous studies have investigated these properties separately,
comprehensive data evaluating them simultaneously in isolates
recovered from different animal-based foods remain limited.
In addition to major foodborne pathogens such as S. aureus
and Salmonella spp., this study also included M. caseolyticus
and H. alvei to provide further insight into emerging food-
associated bacteria and their potential public health risks.



MATERIALS AND METHODS

Between September 2018 and May 2019, a total of 86 animal-
based food samples, including 25 raw milk, 25 cheese, and
36 raw chicken samples, were collected from various markets,
street vendors, and bazaars in Ankara to evaluate the presence
of foodborne pathogenic bacteria and their potential public
health risks. The samples were transported to the laboratory
under cold chain conditions in sterile containers and analyzed
on the same day.

Isolation of S. aureus and Salmonella spp.

S. aureus isolation was performed by the method specified
by the Turkish Standards Institute. 0.1 mL of the dilutions
prepared from food samples using Buffered Peptone Water
(BPW) was added to Egg-Yolk Tellurite-Baird-Parker Agar
(BPA) (Oxoid, England) and incubated at 37°C for 24-48
hours. Phenotypic identification tests (Gram staining, oxidase,
catalase, hemolysis, and coagulase) were performed on the
black-colored, clear, and bright zone colonies formed on
BPA after incubation on blood agar (Oxoid, England) at 37°C
for 24-48 hours. Isolates identified as S. aureus were stored
in Brain Heart Infusion Broth (Oxoid, England) with 30%
glycerin (Merck, Germany) at -20°C. S. aureus ATCC 29213
was used as a reference strain in all experiments [28].

Salmonella spp. were isolated by the method specified
by the Turkish Standards Institute. Dilutions of food samples
in Buffered Peptone Water (BPW) for pre-enrichment were
incubated at 37°C for 24 hours. 1 mL of BPW was transferred into
Rapport Vassiliadis Broth (RVS). After incubation at 41.5°C for
24 hours, 0.1 mL of RVS was taken, and Salmonella suspected
colonies formed after incubation on XLT4 Agar at 37°C for
24-48 hours were cultured on Nutrient Agar. Lactose, glucose,
sucrose, gas, H2S, urea, indole, VP, lysine decarboxylase, and
B-galactosidase tests were performed to identify the culture
biochemically. Salmonella isolates were preserved in Brain
Heart Infusion (BHI) Broth (Oxoid, England) with 30% glycerin
(Merck, Germany) at -20 °C. S. Byphimurium ATCC 14028 was
used as a reference strain in all experiments [29].

Species-level identification of suspected bacterial isolates
was confirmed by MALDI-TOF mass spectrometry at the
National Microbiology Laboratory of the Microbiology
Reference Laboratory and the Biological Products Department
of the Ministry of Health. As a result of our investigations, 14
M. caseolyticus, 10 S. aureus, 9 H. alvei, and 7 Salmonella
spp. isolates were detected in animal-based food samples.
Subsequently, antimicrobial resistance and biofilm-forming
ability were evaluated in all identified Gram-positive and
Gram-negative isolates.

Antibiotic Resistance of Bacterial Isolates

Antibiotic resistance of isolates was determined using the
Kirby-Bauer disc diffusion method, as reported by CLSI (The
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Clinical and Laboratory Standards Institute, 2018). Isolates
were incubated in Nutrient Broth, adjusted to a 0.5 McFarland
(1.5x10* CFU/mL) standard, and inoculated onto Mueller—
Hinton agar. Antibiotic discs were selected according to the
bacterial group and incubated at 37 °C for 18-24 h. S. aureus
and M. caseolyticus isolates were tested with ampicillin (10
ug), erythromycin (15 ug), gentamicin (10 ug), tetracycline (30
ug), vancomycin (10 ug), chloramphenicol (10 g), penicillin
(10 ug), and clindamycin (2 ug). Salmonella spp. and H. alvei
isolates were tested with ampicillin (10 ug), nalidixic acid (30
1g), nitrofurantoin (300 ug), kanamycin (30 ug), tetracycline
(30 ug), chloramphenicol (30 ug), ciprofloxacin (5 ug), and
streptomycin (10 ug). The antibiotic inhibition zone diameters
were evaluated by comparing them with those reported by the
CLSI, 2018 [30].

Biofilm Production of Bacterial Isolates

Biofilm production of Gram-positive and Gram-negative
bacterial isolates was studied using the microtiter plate method
described by Christensen [31]. The 24-hour cultures of isolates
in TSB (Tryptic Soy Broth) supplemented with 0.25% glucose
(GTSB) (200 ul) were incubated in 96-well microtiter plates
(Nunc, Wiesbaden, Germany) at 37°C for 24 hours. The liquid
medium containing planktonic cells was washed twice with
phosphate-buffered saline (PBS), the air-dried wells were
stained with 0.1% crystal violet (200 pl) for 30 minutes, and
the plates were washed with sterile PBS. After re-drying,
200 ul ethanol acetic acid (95:5) was added to the plates,
the stain was dissolved, and optical densities were measured
spectrophotometrically at 570 nm (BioTek Instruments, Inc.,
USA). Biofilm formation was evaluated according to the
absorbance scales shown in Table 1 [32].

Table 1. Evaluation scale of biofilm production

OD value Adhesion value Biofilm
degree

OD Control > OD MB Nonadhere 0

OD Control <OD MB <2 OD Weak Adhere I

Control

2 OD Control <OD MB <4 OD Moderately 1

Control Adhere

4 OD Control < OD MB Strong Adhere I

OD: Optical density, OD, MB: Optical density of microbial biofilm

Slime Formation of Bacterial Isolates

Slime production of Gram-positive and negative bacteria
was determined on Congo red agar (sucrose 50 g/, BHI broth
37 g/L, Congo red 0,8 g/L, agar 10 g/L). After incubation at
37 °C for 24 hours, black-coloured colonies were considered
slime-positive, and pink-red colored colonies were considered
slime-negative [33].
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Genomic DNA Isolation

The manufacturer’s genomic DNA isolation protocol
for the High Pure PCR Template Preparation Kit (Roche,
Germany) was followed. Stock cultures were inoculated
into a 5 mL Nutrient Broth medium and incubated at 37°C
for 18 hours. At the end of incubation, 1.5 mL of bacterial
suspension was taken into 2 mL disposable tubes and
centrifuged at 5000 x g for 10 minutes. After centrifugation,
the supernatant was removed, and lysis buffer, proteinase K
(Roche, Germany), washing buffer, and elution buffer were
added to the pellet in the amounts and order specified in the
protocol. DNA isolation was performed by incubation and
centrifugation. The purity and quantification of the resulting
bacterial DNA samples were determined by absorbance
measurements using a micro-volume spectrophotometer
(BioTek, Epoch, USA) [34].

Detection of IcaA, hlg, MgtC, and SopB Genes by
Polymerase Chain Reaction (PCR)

Conventional PCR was used to detect the presence of icad
and hlg genes in S. aureus isolates and MgtC and SopB genes
in Salmonella spp. isolates. For amplification, a PCR mixture
was prepared using 5XApta Taq Fast PCR Master Mix. The
appropriate annealing temperature for each gene was selected
based on the primers’ melting temperatures, and amplification
was performed on a thermal cycler (Applied Biosystems).
In the cycle, 94 °C 4 min for initial denaturation, 30 cycles
of 94 °C 45 s denaturation, 52 °C 30 s binding, 72 °C 1 min
elongation, and 72 °C 7 min for final elongation were used. A
1% agarose gel was used for visualization; a 1 kb DNA ladder
was used as a marker. 1 4L Runsafe dye (Cleaver) and 5 uL
amplicon were mixed and loaded into the wells, respectively.
The agarose gel was run at 80 V for 45 minutes and visualized
with Epi Blue in the imaging device (Azure Biosystems C200).
The primer sequences used for PCR of the Icad, hlg, MgtC,
and SopB genes are given in Table 2.

Table 2. Primer sequences

Target genes Primer sequence Amplicon size
F 5’-CCTAACTAACGAAAGGTAG-3’,

icaAd 1315 bp [35]
R 5’-AAGATATAGCGATAAGTGC-3’
F 5-GCCAATCCGTTATTAGAAAATGC-3’,

hig 937 bp [36]
R 3’-CCATAGACGTAGCAACGGAT-5’
F 5’>-TGACTATCAATGCTCCAGTGAAT-3’,

mgtC 677 bp [37]
R 5’-ATTTACTGGCCGCTATGCTGTTG-3’
F 5’-CAACCGTTCTGGGTAAACAAGAC-3’,

sopB 1348 bp [38]
R 5’-AGGATTGAGCTCCTCTGGCGA-3’

RESULTS

A total of 86 animal-based food samples, including 25 raw
milk, 25 cheese, and 36 raw chicken samples, were collected

from various retail sources. As a result of our experiments, 14
M. caseolyticus, 10 S. aureus, 9 H. alvei, and 7 Salmonella
spp. isolates were obtained (Table 3).

Table 3. Number and percentages of isolates obtained from animal-based food samples.

S. aureus M. caseolyticus  Salmonella spp. H. alvei
Animal- Analyzed
based food | samples (n
ples (n) Isolates () % Isolates % Isolates % Isolates %
(n) (m) (n)
Raw milk 25 10 40 - - - - - -
Cheese 25 - - 14 56 - - - -
Raw
Chicken 36 - - - - 7 19.44 9 25
TOTAL 86 10 40 14 56 7 19.44 9 25

88



Biofilm production and slime formation were determined in
14 M. caseolyticus, 10 S. aureus, 9 H. alvei, and 7 Salmonella
spp. isolates from animal-based foods.

Table 4. Biofilm production, antibiotic resistance, and
virulence gene profile of Gram-positive bacteria isolated from
animal-based food samples

Antibiotic
No Isolate no BiOﬁllfl r?sistance and
production virulence gene
profile
1 S6 S. aureus III (strong)  AM, E, K, icad, hig
2 S7 S. aureus III (strong) DA, P, hig
3 S9 S. aureus II (moderate) DA, E, K, hig
4 S10 S. aureus III (strong) DA, P, icad
5 S11 8. aureus 111 (strong) DA, TE, K, hig
6 S13 S. aureus II (moderate) TE, K
7 S15 S. aureus II (moderate) K, hig
8 S16 S. aureus III (strong) DA, P, icaA, hig
9 S17 S. aureus III (strong) DA, P, K
10 S26 S. aureus III (strong) DA, K, hlg
11 | P27 M. caseolyticus 111 (strong) E, P, DA
12 | P76 M. caseolyticus 0 TE,K
13 | P79 M. caseolyticus 0 E, DA
14 | P82 M. caseolyticus 0
15 | P83 M. caseolyticus  1lI (strong) AM, P, K
16 | P86 M. caseolyticus ~ 1II (strong) AM, TE, DA
17 | P91 M. caseolyticus ~ 1lI (strong) E,P K
18 | P92 M. caseolyticus 111 (strong) AM, TE, P
19 | P93 M. caseolyticus 11 (moderate) E,DA,K
20 | P97 M. caseolyticus 11 (moderate) E,P K
21 | P98 M. caseolyticus 0 TE
22 | P99 M. caseolyticus 11 (moderate) E,DA,K
23 cailgg/?i/[c.us III (strong) AM,E, P
24 caii(o)lzy?i/[c.us II (moderate) E, DA

AM: ampicillin, E: erythromycin, TE: tetracycline, P: penicillin, K:
clindamycin, NA: Nalidixic Acid, F: nitrofurantoin
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Table 5. Biofilm production, antibiotic resistance, and
virulence gene profile of Gram-negative bacteria isolated from
animal-based food samples

Antibiotic
No Isolate no Bioﬁllfl r‘esistance and
production virulence gene
profile

1 Y37 Salmonella spp. 11T (strong) AM, I;I(;bmgtc,
2 Y44 Salmonella spp. 1 (moderate) AM, F, TE, mgtC
3 Y45 Salmonella spp. 11 (moderate) AM, NA, F, mgtC
4 Y47 Salmonella spp.  1I (moderate) AM, NA, F

5 Y48 Salmonella spp. 111 (strong) AM, NA, F, mgtC
6 T50 Salmonella spp. III (strong) NA, F, mgtC

7 T51 Salmonella spp. 11 (moderate) AM, F, mgtC

8 T61 H. alvei 111 (strong) AM

9 T65 H. alvei II (moderate)

10 T70 H. alvei 111 (strong) AM, F

11 T75 H. alvei II (moderate)

12 D1 H. alvei 111 (strong) AM

13 C2 H. alvei II (moderate)

14 C3 H. alvei 1II (strong) AM

15 C4 H. alvei 111 (strong) F

16 Y5 H. alvei 111 (strong)

AM: ampicillin, E: erythromycin, TE: tetracycline, P: penicillin, K:
clindamycin, NA: Nalidixic Acid, F: nitrofurantoin

According to the results presented in Table 4, among the 24
Gram-positive bacterial isolates obtained from animal-based
food samples, 13 isolates (54.1%) exhibited strong biofilm-
forming ability, whereas 7 isolates (29.1%) were determined
to possess moderate biofilm-forming capacity. Among the
S. aureus isolates obtained from animal-based food samples,
both strong and moderate biofilm formation capacities were
detected. Specifically, seven isolates exhibited strong biofilm-
forming ability, while three showed moderate biofilm-forming
ability. In contrast, no biofilm-negative isolate was identified
among the Salmonella spp. isolates, and both moderate and
strong biofilm formation were observed (Table 5).

Similarly, M. caseolyticus isolates demonstrated variable
biofilm-forming capacities, including strong, moderate, and
negative biofilm profiles. Four M. caseolyticus isolates were
determined to be biofilm-negative, whereas the remaining
isolates exhibited moderate or strong biofilm production.
Among the H. alvei isolates, all isolates showed either
moderate or strong biofilm-forming ability, and no biofilm-
negative isolate was detected.

Overall, Gram-negative bacterial isolates (Salmonella
spp. and H. alvei) exhibited higher rates of moderate and
strong biofilm formation compared to Gram-positive bacterial
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isolates (S. aureus and M. caseolyticus). Furthermore, biofilm- the same resistance rate (42.8%). The highest resistance was
negative isolates were detected only among Gram-positive determined as erythromycin (57.1%). Eight antibiotics were
bacteria, whereas all Gram-negative isolates demonstrated tested for Salmonella spp. isolates and high resistance rates
measurable biofilm-forming capacity. were determined for nalidixic acid (71.5%), nitrofurantoin

(85.7%), and ampicillin (85.7%). Eight antibiotics were tested
for H. alvei isolates, and resistance to ampicillin (45.5%) and
nitrofurantoin (22.2%) was determined. Resistance profiles of
all isolates are presented in Tables 4 and 5.

In our study, eight antibiotics were tested for S. aureus
isolates, and high resistance to penicillin (40%) and clindamycin
(70%) was determined. Eight antibiotics were tested against M.
caseolyticus isolates, and penicillin and clindamycin showed

€= 1315bp

1000 b,
937 bp iy
T —

1000 bp
500 bp

1500 b )

S00bp 1000 bp s

1348 bp

677bp

Fig. 1. Images of icad, hig, mgtC, sopB genes on agarose gel, respectively. (Photographs were taken by Meryem Burcu Kiilahct and
Serdar Coskun).

After species identification by MALDI TOF mass to those in other studies. Salmonella spp. were isolated from
spectrometry, S. aureus and Salmonella spp. isolates were 80 (21.1%) of 378 raw chicken meat, heart, gizzard, and liver
included in the molecular study as animal-based food pathogens samples collected in Debre Zeit and Addis Ababa, Ethiopia
in our study. M. caseolyticus and H. alvei isolates included in [42]. In our study, 7 (8.1%) Salmonella spp. were isolated
antibiotic resistance, slime, and biofilm studies were not included from 86 animal-based food samples (Table 3). In a study by
in the molecular study. Among the S. aureus isolates tested for Aarestrup et al., Salmonella enterica serovar Schwarzengrund
icaA and hig, 3/10 (30%) were positive for ica4 and 7/10 (70%) was isolated from 7 of 7 chicken meat samples collected in
were positive for 4lg. Among the Salmonella spp. isolates tested Denmark and 44 of 48 samples collected in Thailand [43]. In
for mgtC and sopB, 6/7 (85.7%) were positive for mgtC and all this study, Salmonella spp. were isolated at a much higher rate
isolates, 7/7 (100%), were positive for sopB (Figure 1). compared to our study. Cetinkaya et al. detected Salmonella

spp. contamination in only 1 of 168 raw chicken samples,

which was lower than the rate observed in our study [44].
DISCUSSION

In the food industry, bacterial biofilm formation in food
processing environments and on processing materials poses a
significant risk of contaminating ready-to-eat foods. Biofilms
formed in these environments can cause problems such as
food spoilage and reduced shelf life, the presence of infectious
bacteria, reduced heat transfer, corrosion, and deterioration of
metal surfaces. In addition, due to the biofilm’s multi-layered

S. aureus and Salmonella spp. are important food pathogens,
and their presence in foods, besides causing food infections,
raises concerns about the production of slime factor and biofilm,
antibiotic resistance, and the spread of this resistance. In our
study, the rate of S. aureus and Salmonella spp. isolated from 86
animal-based food samples was 11.6% and 8.1%, respectively.

In a study conducted by Normanno et al. in Italy in 2007, structure, bacteria within it can develop antimicrobial resistance
168 (31%) of 437 raw milk samples tested positive for S. as oxygen levels decrease at the bottom, and the effectiveness
aureus [39]. In a study conducted on dairy products in Italy, of some antibiotics and disinfectants declines. For this reason,
S. aureus was detected in mozzarella-type (25%) and soft- Salmonella and S. aureus, which are very important in the food
type cheeses (18.9%) [40]. In a study conducted in Tiirkiye, S. industry, become resistant to disinfectants and antibiotics, and
aureus was isolated at 33.33% from raw milk and 27.9% from are protected from many external factors when they form
cheese collected from the Eskisehir and Kiitahya regions [41]. biofilms [45].

Although the presence of S. aureus was determined in raw milk In their 2012 study, Giindogan and Ataol found 50% slime

(40%) and cheese (56%) samples collected in our study (Table

¢ ; . positivity in 6 S. aureus isolates from minced meat samples
3), the rates of S. aureus in the samples studied were similar

[46]. In the present study, slime production was detected at a
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higher rate. While no slime production was observed among
22 Salmonella isolates from poultry and clinical samples in
Tunisia in 2014 [47], slime positivity was observed in all 16
Salmonella spp. and H. alvei isolated in our study.

In a study of various ready-to-eat food samples in China,
biofilm formation was detected in 33 (61.1%) of 54 S. aureus
isolates from meat and dairy products. Biofilm formation
was strong in 3.7%, moderate in 1.9%, and weak in 56.6%
of the isolates [48]. In our study, strong and moderate biofilm
production rates were higher (Table 4). In the same study,
antibiotic resistance rates among S. aureus isolates were
penicillin  (90.7%), erythromycin (46.3%), clindamycin
(40.7%), and tetracycline (22.2%), which are similar to those
in our study (Table 4). In another study conducted by Xing et
al. in China, among 87 ready-to-eat food products, 78.1% of
erythromycin and 40.6% of tetracycline resistance were found
in 128 S. aureus isolates [49].

In a study by Wang et al., 104 samples collected from
various parts of a chicken slaughterhouse yielded 23
Salmonella isolates, of which 5 formed strong biofilms [50].
In Iran, 34.5% of 282 Salmonella enterica serotype enteritidis
isolates from chicken meat, live chicken, and human feces were
strong biofilm producers [51]. In our study, strong biofilm was
observed in all Sa/monella isolates.

Frequent use of p-lactam (penicillin), macrolide
(erythromycin), and lincosamide (clindamycin) group antibiotics
for the prophylaxis and treatment of bacterial infections in farm
and poultry farming can lead to the development of antibiotic-
resistant bacteria. It has been emphasized in many studies that
the spread of antibiotic resistance through direct and indirect
routes, as a result of raw and cooked foods cross-contaminated
with antibiotic-resistant bacteria reaching consumers, may pose
a serious public health risk [52, 53].

In a study by Agay and Kimiran, resistance to nitrofurantoin
and tetracycline was found in 66.7% of Salmonella isolates
from different sources. Compared with our results, the
nitrofurantoin resistance rate was similar, whereas the
tetracycline resistance rate was lower [54]. Gargano et al.
found 33.3% resistance to tetracycline and 21.6% resistance to
ampicillin in 16 (26.6%) Salmonella isolates obtained from a
2021 study of 60 animal-based foods [55], which supports the
results of our study (Table 4).

In a study conducted with 104 chicken carcass samples,
Wang et al. isolated Salmonella spp. from 23 samples. They
found 78% resistance to ampicillin, 70% to tetracycline, 61% to
chloramphenicol, and 13% to ciprofloxacin in Salmonella spp.
isolates [50]. These results were consistent with the ampicillin
and tetracycline resistance rates in our study, but it was
remarkable that no resistance was observed to ciprofloxacin or
chloramphenicol. In the study conducted by Reza Khaltabadi
Farahani et al. in 2018 with 282 chicken meat, feces, and
egg samples, the 78.6% nalidixic acid resistance they found
in the Salmonella enterica serotype enteritidis species they
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isolated is highly similar to the nalidixic acid resistance (75%)
determined in our study [S51]. When the results of our study
shown in Table 4 are compared with the results of Babacan and
Karadeniz, ampicillin (57.15%) and nitrofurantoin (82.85%)
resistance rates were similar, tetracycline resistance (82.85%)
was found to be higher in our study, chloramphenicol resistance
was not found in our study, whereas resistance was found at a
rate of 57.14% in Babacan and Karadeniz’s study [56].

Unlike Staphylococci, Macrococci do not cause human
or animal diseases and are typically isolated from animal
skin, milk, and meat products. However, the physiological
properties of this microorganism are largely unknown, and few
studies have been conducted on Macrococci [57]. MacFadyen
et al. (2016) detected the presence of 33 methicillin-resistant
M. caseolyticus in bulk tank milk samples from dairy farms
in England and Wales. Macrococci are closely related as
veterinary pathogens but are increasingly recognized as
potential determinants of methicillin resistance that can be
passed on to pathogenic Staphylococci [58]. Blaiotta et al.
(2004) detected Coagulase-negative staphylococci (CNS)
and M. caseolyticus in two types of traditionally fermented
sausages (salsiccia and soppressata lucana) produced in
Basilicata, Southern Italy [59].

208 Gram-positive bacterial isolates were obtained from
35 local Minas cheese samples from 7 different brands. Of
these, 140 were Enterococcus, 30 were Staphylococcus, and
38 were M. caseolyticus [60]. In a 2016 study by Dugat et
al., H. alvei was isolated from diet soft French cheeses with
reduced salt content. They determined that reducing the salt
percentage in the diet of soft French cheeses will reduce the
growth of some pathogenic bacteria [61]. In Poland in 2012,
Szweda et al. phenotypically and genotypically studied the
biofilm-forming ability of 132 S. aureus isolates from bovine
mastitis. They found that most of the isolates, 76 out of 132
S. aureus, formed biofilms. Both icad and icaD genes were
detected in 100% of the tested isolates [62].

In Brazil in 2014, Castelani et al. investigated biofilm
formation and virulence genes of S. aureus in cows with
mastitis. In this context, they investigated biofilm formation
on Congo red agar, the presence of icad and icaD genes by
polymerase chain reaction (PCR), and antimicrobial resistance
of S. aureus isolates. In a PCR study of mastitic cows and their
secretions, the icad and icaD genes were detected in 98% and
100% of the isolates, respectively. However, only 55.5% of
all isolates were biofilm-positive on Congo red agar. They
found that cows may carry antibiotic-resistant isolates capable
of forming biofilms, posing a threat to public and animal
health [63]. Literature indicates that bacterial agents account
for one-third of foodborne infections. Salmonella spp. ranks
first among these agents, and S. aureus ranks second [64].
Taken together with previous reports, our findings suggest that
H. alvei should be considered an emerging food-associated
microorganism [65].
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As a result of our study, the isolation of S. aureus and
Salmonella spp. as important food pathogens, the high rates of
slime factor and biofilm production by these bacteria, and the
high rates of resistance to various antibiotics tested are of serious
importance for food hygiene and public health. Furthermore,
these findings underscore the significance of Macrococcus and
Hafnia regarding the spread of antibiotic resistance in foods.
Therefore, strict hygiene and sanitation measures should be
maintained throughout the cold chain, from production to
consumption, for animal-based food products.

CONCLUSION

In conclusion, this study demonstrated the presence of
foodborne S. aureus and Salmonella spp. in animal-based
food products and revealed that these isolates exhibited
notable antibiotic resistance, biofilm-forming ability, slime
production, and virulence-associated genes. The high
prevalence of moderate to strong biofilm formation among
both Gram-positive and Gram-negative isolates highlights
the potential of these bacteria to persist in food processing
environments and contribute to the spread of antimicrobial
resistance. Furthermore, the detection of virulence genes such
as icaA, hlg, mgtC, and sopB emphasizes the potential public
health risks associated with contaminated animal-based foods.

The original contribution of this study lies in the integrated
evaluation of antimicrobial resistance, slime production,
biofilm formation, and virulence-associated genes in bacterial
isolates recovered from different animal-based foods, including
emerging food-associated bacteria such as M. caseolyticus
and H. alvei. In addition, the combined use of conventional
phenotypic methods, MALDI-TOF mass spectrometry,
and molecular analyses strengthened the reliability and
comprehensive characterization of the bacterial isolates. These
findings highlight the importance of maintaining strict hygiene
and sanitation practices throughout the food production chain,
promoting rational antibiotic use in animal husbandry, and
ensuring continuous surveillance of foodborne pathogens.

This study has several limitations. The relatively small
sample size and the restriction of sampling to a specific
geographical region may limit the generalizability of the
findings. In addition, the limited number of bacterial isolates
reduced the comprehensiveness of species-specific evaluations.
Molecular analyses were restricted to selected virulence genes,
while the absence of serotyping, advanced molecular typing
methods, and minimum inhibitory concentration (MIC) testing
limited the detailed characterization of the isolates and their
antimicrobial resistance profiles.

ACKNOWLEDGEMENT

Our research was supported by the BAP project code 05-2019-
09. We would like to thank Gazi University Scientific Research
Projects Directorate for their support.

92

CONFLICT OF INTEREST
The authors declared that there is no conflict of interest.

AUTHORSHIP CONTRIBUTIONS

Concept: S.C., M.BK.,, N.G., Design: S.C., MB.K,
Data Collection or Processing: S.C., M.B.K., Analysis or
Interpretation: S.C., M.B.K., Literature Search: S.C., N.G,,
Writing: S.C., M.B.K.

FINANCIAL DISCLOSURE
This research was funded by the Gazi University Scientific
Research Projects Directorate.

REFERENCES

[1] Faour-Klingbeil, D., & C. D. Todd, E. (2019): Prevention and
Control of Foodborne Diseases in Middle-East North African
Countries: Review of National Control Systems. International
Journal of Environmental Research and Public Health, 77(1), 70.
https://doi.org/10.3390/ijerph17010070.

[2] Torgerson, P. R., Devleesschauwer, B., Praet, N., Speybroeck, N.,
Willingham, A. L., Kasuga, F., Rokni, M. B., Zhou, X. N., Févre,
E. M., Sripa, B., Gargouri, N., Fiirst, T., Budke, C. M., Carabin, H.,
Kirk, M. D., Angulo, F. J., Havelaar, A., & de Silva, N. (2015): World
Health Organization Estimates of the Global and Regional Disease
Burden of 11 Foodborne Parasitic Diseases, 2010: A Data Synthesis.
PLoS Medicine, /2(12), e1001920. https://doi.org/10.1371/journal.
pmed.1001920.

[3] Gallo, M., Ferrara, L., Calogero, A., Montesano, D., & Naviglio,
D. (2020): Relationships between food and diseases: What to know
to ensure food safety. Food Research International (Ottawa, Ont.),
137, 109414. https://doi.org/10.1016/j.foodres.2020.109414.

[4] Martinovi¢, T., Andjelkovi¢, U., Gajdosik, M. S., Resetar, D.,
& Josi¢, D. (2016): Foodborne pathogens and their toxins.
Journal of Proteomics, /47, 226-235. https://doi.org/10.1016/].
jprot.2016.04.029.

[5] Chlebicz, A., & Slizewska, K. (2018): Campylobacteriosis,
Salmonellosis, Yersiniosis, and Listeriosis as Zoonotic Foodborne
Diseases: A Review. International Journal of environmental
research and public health, 75(5), 863. https://doi.org/10.3390/

ijerph15050863.

[6] Hung, Y. T., Lay, C. J., Wang, C. L., & Koo, M. (2017):
Characteristics of nontyphoidal Salmonella gastroenteritis in
Taiwanese children: A 9-year period retrospective medical record
review. Journal of Infection and Public Health, /0(5), 518-521.
https://doi.org/10.1016/j.jiph.2016.09.018.

[71 Sun, T, Liu, Y., Qin, X., Aspridou, Z., Zheng, J., Wang, X., Li, Z., &
Dong, Q. (2021): The Prevalence and Epidemiology of Salmonella
in Retail Raw Poultry Meat in China: A Systematic Review and
Meta-Analysis. Foods (Basel, Switzerland), /0(11), 2757. https://
doi.org/10.3390/foods10112757.

[8] Whiley, H.,, & Ross, K. (2015): Salmonella and eggs: from
production to plate. International Journal of Environmental Research
and Public Health, 72(3), 2543-2556. https://doi.org/10.3390/

ijerph120302543.

[91 Wessels, K., Rip, D., & Gouws, P. (2021): Salmonella in Chicken
Meat: Consumption, Outbreaks, Characteristics, Current Control
Methods and the Potential of Bacteriophage Use. Foods (Basel,
Switzerland), 10(8), 1742. https://doi.org/10.3390/foods10081742.




[10]

[11]

[12]

[13]

(14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

Yeh, Y., Purushothaman, P., Gupta, N., Ragnone, M., Verma, S. C.,
& de Mello, A. S. (2017): Bacteriophage application on red meats
and poultry: Effects on Salmonella population in final ground
products. Meat Science, 127, 30-34. https://doi.org/10.1016/].
meatsci.2017.01.001.

Kore, K., Asrade, B., Demissie, K., & Aragaw, K. (2017):
Characterization of Salmonella isolated from apparently healthy
slaughtered cattle and retail beef in Hawassa, southern Ethiopia.
Preventive Veterinary Medicine, 147, 11-16. https:/doi.
org/10.1016/j.prevetmed.2017.08.018

Ferrari, R. G., Rosario, D. K. A., Cunha-Neto, A., Mano, S. B.,
Figueiredo, E. E. S., & Conte-Junior, C. A. (2019): Worldwide
Epidemiology of Salmonella Serovars in Animal-Based Foods: a
Meta-analysis. Applied and Environmental Microbiology, 85(14),
€00591-19. https://doi.org/10.1128/AEM.00591-19.

Asal, C. (2021): Salmonella Bakterisinin Gidalarda Varligi. [The
Presence of Salmonella Bacteria in Food]. Samsun Saglik Bilimleri
Dergisi, 6(1), 28-34. https://doi.org/10.47115/jshs.695685.

Atasever, M. (2017): Kanatl Etlerinde Salmonella Riski. [Salmonella
Risk in Poultry Meat]. Atatiitk Universitesi Veteriner Bilimleri
Dergisi, 12(1), 90-98. https://doi.org/10.17094/ataunivbd.309781
Ozdemir, H., & Keyvan, E. (2016): Isolation and characterization of
Staphylococcus aureus strains isolated from beef, sheep and chicken
meat. Ankara Universitesi Veteriner Fakiiltesi Dergisi, 63(4), 333-
338. https://doi.org/10.1501/Vetfak_0000002749.

Hennekinne, J. A., Ostyn, A., Guillier, F., Herbin, S., Prufer, A. L.,
& Dragacci, S. (2010): How should staphylococcal food poisoning
outbreaks be characterized?. Toxins, 2(8), 2106-2116. https://doi.
org/10.3390/toxins2082106.

Pinchuk, I. V., Beswick, E. J., & Reyes, V. E. (2010): Staphylococcal
enterotoxins. Toxins, 2(8), 2177-2197. https://doi.org/10.3390/
toxins2082177.

Mashouf, R. Y., Hosseini, S. M., Mousavi, S. M., & Arabestani,
M. R. (2015): Prevalence of Enterotoxin Genes and Antibacterial
Susceptibility Pattern of Staphylococcus aureus Strains Isolated
from Animal Originated Foods in West of Iran. Oman Medical
Journal, 30(4), 283-290. https://doi.org/10.5001/0mj.2015.56.

Argudin, M. A., Mendoza, M. C., & Rodicio, M. R. (2010): Food
poisoning and Staphylococcus aureus enterotoxins. Toxins, 2(7),
1751-1773. https://doi.org/10.3390/toxins2071751.

Moura, E. O., Rangel, A. H., Macédo, C. S., Urbano, S. A.,
Novaes, L. P., & Lima, D. M. (2019): Enterotoxin-encoding genes
in Staphylococcus aureus from buffalo milk. Pesquisa Veterinaria
Brasileira, 39(08), 587-591.

Temel, A., Erag, B. (2018): Bakteriyel biyofilmler: Saptama
yontemleri ve antibiyotik direncindeki rolil. [Bacterial biofilms:
Detection methods and their role in antibiotic resistance]. Tiirk
Mikrobiyoloji Cemiyeti Dergisi 48(1),1-13.

Kartal, M. O., Baran Ekinci, M., & Poyraz, B. (2021): Biyofilm Yapis1
ve Onlenmesi. [Biofilm Structure and Prevention]. Akademik Gida,
19(3), 353-363. https://doi.org/10.24323/akademik-gida.1011231
Demuirtiirk, N., Demirdal, T. (2004): Antibiyotiklerde direng sorunu.
[The problem of antibiotic resistance]. Kocatepe Tip Dergisi, 5:(2).

Unal Turhan, E., & Erginkaya, Z. (2019): Bakteriyel Biyofilmlerdeki
Antimikrobiyel Direng Mekanizmasi. [Mechanisms of Antimicrobial
Resistance in Bacterial Biofilms]. Akademik Gida, /7(1), 131-139.
https://doi.org/10.24323/akademik-gida.544978

Donlan R. M. (2002): Biofilms: microbial life on surfaces. Emerging
Infectious Diseases, &8(9), 881-890. https://doi.org/10.3201/
€1d0809.020063.

93

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

(40]

J. Appl. Biol. Sci., 20(2): 85-94, 2026; jabsonline.org

Bilgehan, H. (1994): Klinik Mikrobiyoloji Ozel Bakteriyoloji ve
Bakteri Enfeksiyonlari, [Clinical Microbiology: Special Topics in
Bacteriology and Bacterial Infections]. Bornova: Baris Yayinlari,
188-211.

Heperkan, D. (2016): Temel Gida Mikrobiyolojisi, [Fundamentals
of Food Microbiology]. Ankara: Nobel Yayinlari, 323-342.

Anonymous.(1981): Cig Siit [Raw Milk] Tirk Standartlari
Enstitiisii, TS 1018.

Anonymous.(1998):TS3135,ISO3100-1 Et ve et mamulleri Numune
alma ve analiz numunelerinin hazirlanmasi béliim 1-Numune alma.
[Meat and meat products Sampling and preparation of samples for
analysis, Part 1-Sampling].Tiirk Standartlar1 Enstitiisii, Ankara.

CLSI. (2018): Clinical and Laboratory Institute. Performance
Standards for Antimicrobial Susceptibility Testing; Twentyfifth
Informational Supplement. Document M100-S23. Clinical and
Laboratory Standards Institute.

Christensen, G. D., Simpson, W. A., Younger, J. J., Baddour, L. M.,
Barrett, F. F., Melton, D. M., & Beachey, E. H. (1985): Adherence
of coagulase-negative staphylococci to plastic tissue culture plates:
a quantitative model for the adherence of staphylococci to medical
devices. Journal of Clinical Microbiology, 22(6), 996—1006. https://
doi.org/10.1128/jcm.22.6.996-1006.1985.

Chusri, S., Phatthalung, P. N., & Voravuthikunchai, S. P. (2012):
Anti-biofilm activity of Quercus infectoria G. Olivier against
methicillin-resistant Staphylococcus aureus. Letters in Applied
Microbiology,  54(6), 511-517.https://doi.org/10.1111/j.1472-

Kaynarca, S., Tirkyilmaz, S. (2020): Methicillin resistance and
slime positivity of Staphylococci isolated from bovine mastitis.
Kafkas Universitesi Veteriner Fakiiltesi Dergisi (16):567-572.

https://www.sigmaaldrich.com/TR/tr/sds/roche/11796828001
Erigim: 19 Nisan 2026 [Online].

Suvajdzi¢, B., Teodorovi¢, V., Vasilev, D., Karabasil, N.,
Dimitrijevi¢, M., Pordevi¢, J. & Kati¢, V. (2017): Detection of
icaA and icaD genes of Staphylococcus aureus isolated in cases of
bovine mastitis in the Republic of Serbia. Acta Veterinaria, 67(2),
168-177. https://doi.org/10.1515/acve-2017-0015.

Kumar, J. D., Negi, Y. K., Gaur, A., & Khanna, D. (2009): Detection
of virulence genes in Staphylococcus aureus isolated from paper
currency. International Journal of Infectious Diseases: 1JID: official
publication of the International Society for Infectious Diseases,
13(6), e450—e455. https://doi.org/10.1016/].1jid.2009.02.020

Soto, S. M., Rodriguez, 1., Rodicio, M. R., Vila, J., & Mendoza,
M. C. (2006): Detection of virulence determinants in clinical
strains of Salmonella enterica serovar Enteritidis and mapping on
macrorestriction profiles. Journal of Medical Microbiology, 55(Pt
4), 365-373. https://doi.org/10.1099/jmm.0.46257-0.

Osman, K. M., Marouf, S. H., Zolnikov, T. R., & AlAtfechy, N.
(2014): Isolation and characterization of Salmonella enterica in
day-old ducklings in Egypt. Pathogens and Global Health, /08(1),
37-48. https://doi.org/10.1179/2047773213Y.0000000118.

Normanno, G., La Salandra, G., Dambrosio, A., Quaglia, N.
C., Corrente, M., Parisi, A., Santagada, G., Firinu, A., Crisetti,
E., & Celano, G. V. (2007): Occurrence, characterization and
antimicrobial resistance of enterotoxigenic Staphylococcus aureus
isolated from meat and dairy products. International Journal of
Food Microbiology, 715(3), 290-296. https:/doi.org/10.1016/j.
ijfoodmicro.2006.10.049.

De Luca, G., Zanetti, F., & Stampi, S. (1997): Staphylococcus
aureus in dairy products in the Bologna area. International Journal
of Food Microbiology, 35(3), 267-270. https://doi.org/10.1016/
s0168-1605(96)01229-9.




Coskun et al., 2026

[41]

[42]

(43]

[44]

[45]

[46]

[47]

(48]

(49]

[50]

[51]

[52]

[53]

Guven, K., Mutlu, M.B., Gulbandilar, A., & Cakir, P. (2010):
Occurrence and Characterization of Staphylococcus aureus Isolated
From Meat and Dairy Products Consumed in Turkey. Journal of
Food Safety, 30, 196-212.

Molla, B., & Mesfin, A. (2003): A survey of Salmonella
contamination in chicken carcass and giblets in Central Ethiopia.

Aarestrup, F. M., Hendriksen, R. S., Lockett, J., Gay, K., Teates,
K., McDermott, P. F., White, D. G., Hasman, H., Serensen, G.,
Bangtrakulnonth, A., Pornreongwong, S., Pulsrikarn, C., Angulo, F. J.,
& Gerner-Smidt, P. (2007): International spread of multidrug-resistant
Salmonella Schwarzengrund in food products. Emerging Infectious
Diseases, 13(5), 726-731. https://doi.org/10.3201/eid1305.061489.

Cetinkaya, F., Cibik, R., Soyutemiz, G. E., Ozakin, C., Kayali, R.,
ve Levent, B. (2008): Shigella and Salmonella contamination in
various foodstuffs in Turkey. Food Control, 79(11), 1059-1063.

Erdogmus, S. F., & Konak, S. (2020): Bazi Antibiyotiklerin
Biyofilm Olusturan Stafilokok izolatlari Uzerindeki Etkilerinin
Degerlendirilmesi. [Evaluation of the Effects of Certain Antibiotics
on Biofilm-Forming Staphylococcus Isolates]. Journal of the
Institute of Science and Technology, 10(2), 838-845. https://doi.
org/10.21597/jist.615352

Giindogan, N., Ataol, O. (2012): Et &rneklerinden izole edilen
Staphylococcus aureus ve koagiilaz negatif stafilokok’larin biyofilm
tiretimi ve DNaz aktivitelerinin belirlenmesi.[ Determination of
biofilm formation and DNase activity in Staphylococcus aureus and
coagulase-negative staphylococci isolated from meat samples] Tiirk
Hijyen ve Deneysel Biyoloji Dergisi, 69(3), 135-142.

Ben Abdallah, F., Lagha, R., Said, K., Kallel, H., & Gharbi, J.
(2014): Detection of cell surface hydrophobicity, biofilm and
fimbirae genes in Salmonella isolated from Tunisian clinical and
poultry meat. Iranian Journal of Public Health, 43(4), 423—431.

Lin, Q., Sun, H., Yao, K., Cai, J., Ren, Y., & Chi, Y. (2019): The
Prevalence, Antibiotic Resistance and Biofilm Formation of
Staphylococcus aureus in Bulk Ready-To-Eat Foods. Biomolecules,
9(10), 524. https://doi.org/10.3390/biom9100524.

Xing, X., Li, G., Zhang, W., Wang, X., Xia, X., Yang, B., & Meng,
J. (2014): Prevalence, antimicrobial susceptibility, and enterotoxin
gene detection of Staphylococcus aureus isolates in ready-to-eat foods
in Shaanxi, People’s Republic of China. Journal of Food Protection,
77(2), 331-334. https://doi.org/10.4315/0362-028 X.JFP-13-301.

Wang, H., Ye, K., Wei, X., Cao, J., Xu, X., Zhou, G. (2013):
Occurrence, antimicrobial resistance and biofilm formation of
Salmonella isolates from a chicken slaughter plant in China. Food
Control, 33(2), 378-384.

Farahani, R. K., Ehsani, P., Ebrahimi-Rad, M., ve Khaledi, A.
(2018): Molecular Detection, Virulence Genes, Biofilm Formation,
and Antibiotic Resistance of Salmonella enterica serotype enteritidis
Isolated from Poultry and Clinical Samples. Jundishapur Journal of
Microbiology. 11. 10.5812/jjm.69504.

Sepin, 0., Pamuk, S. (2021): Afyonkarahisar’da Satisa
Sunulan Tavuk I¢ Organlarindan Salmonella spp. ve Listeria
monocytogenes’in  Immonomagnetik Seperasyon Yontemi ile
Izolasyonu ve izolatlarin Antibiyotik Direngliliginin Belirlenmesi.
[ Isolation of Salmonella spp. and Listeria monocytogenes from
Chicken Offal Sold in Afyonkarahisar Using the Immunomagnetic
Separation Method and Determination of Antibiotic Resistance in
the Isolates] KocatepeVeterinaryJournal, 74(2),201-209. https://doi.
0rg/10.30607/kvj.839629

Oliver, J. P., Gooch, C. A., Lansing, S., Schueler, J., Hurst, J.
J., Sassoubre, L., Crossette, E. M., & Aga, D. S. (2020): Invited
review: Fate of antibiotic residues, antibiotic-resistant bacteria,
and antibiotic resistance genes in US dairy manure management
systems. Journal of Dairy Science, /03(2), 1051-1071. https://doi.
org/10.3168/jds.2019-16778.

94

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

Agay, Z., Kimiran, A. (2017): Farkli Kaynaklardan izole Edilen
Salmonella Suslarinin Bazi Virillans Faktorlerinin Belirlenmesi.
[Identification of Certain Virulence Factors in Salmonella Strains
Isolated from Different Sources]. Siileyman Demirel Universitesi
Fen Bilimleri Enstitiisii Dergisi, 21(3), 910-916.

Gargano, V., Gambino, D., Migliore, S., Vitale, M., Sciortino, S.,
Costa, A., & Vicari, D. (2021): Can Human Handling Increase
the Presence of Multidrug Resistance (MDR) in Sal/monella spp.
Isolated from Food Sources?. Microorganisms, 9(10), 2018. https://
doi.org/10.3390/microorganisms9102018.

Babacan, O., Karadeniz, H. (2019): Cig tavuk etlerinden izole
edilen Salmonella spp. suglarmm antibiyotik duyarliliklarinin
arastirilmasi. Journal of Turkish Veterinary Medical Society, 90(2),
105-114. https://doi.org/10.33188/vetheder.497569

Schleifer, K. H., Kilpper-Bilz, R., Fischer, U., Faller, A. and Endl,
J. (1982): Identification of Micrococcus candidus ATCC 14852
as a strain of Staphylococcus epidermidis and of Micrococcus
caseolyticus ATCC 13548 and Micrococcus varians ATCC
29750 as members of a new species, Staphylococcus caseolytic.
International Journal of Systematic and Evolutionary Microbiology,
32(1), 15-20.

MacFadyen, A. C., Fisher, E. A., Costa, B., Cullen, C., & Paterson,
G. K. (2018): Genome analysis of methicillin resistance in
Macrococcus caseolyticus from dairy cattle in England and Wales.
Microbial Genomics, 4(8), €000191. https:/doi.org/10.1099/
mgen.0.000191

Blaiotta, G., Pennacchia, C., Villani, F., Ricciardi, A., Tofalo, R.,
& Parente, E. (2004): Diversity and dynamics of communities of
coagulase-negative staphylococci in traditional fermented sausages.
Journal of Applied Microbiology, 97(2), 271-284. https://doi.
org/10.1111/j.1365-2672.2004.02298 x.

Resende, J. A., Fontes, C. O., Ferreira-Machado, A. B., Nascimento,
T. C,, Silva, V. L., & Diniz, C. G. (2018): Antimicrobial-Resistance
Genetic Markers in Potentially Pathogenic Gram Positive Cocci
Isolated from Brazilian Soft Cheese. Journal of Food Science,
83(2), 377-385. https://doi.org/10.1111/1750-3841.14019.

Dugat-Bony, E., Sarthou, A. S., Perello, M. C., de Revel, G,
Bonnarme, P., & Helinck, S. (2016): The effect of reduced sodium
chloride content on the microbiological and biochemical properties
of a soft surface-ripened cheese. Journal of Dairy Science, 99(4),
2502-2511. https://doi.org/10.3168/jds.2015-10502.

Szweda, P., Schielmann, M., Milewski, S., Frankowska, A., &
Jakubczak, A. (2012): Biofilm production and presence of ica and
bap genes in Staphylococcus aureus strains isolated from cows
with mastitis in the eastern Poland. Polish Journal of Microbiology,
61(1), 65-69.

Castelani, L., Pilon, L. E., Martins, T., Pozzi, C. R., & Arcaro, J.
R. (2015): Investigation of biofilm production and icad and icaD
genes in Staphylococcus aureus isolated from heifers and cows
with mastitis. Animal Science Journal = Nihon Chikusan Gakkaiho,
86(3), 340-344. https://doi.org/10.1111/asj.12284.

Bhatia, A., Zahoor, S., (2007): Staphylococcus aureus
Enterotoxins: A Review. Journal of Clinical and Diagnostic
Research, 1(2): 188-97.

Giinthard, H., & Pennekamp, A. (1996): Clinical significance of
extraintestinal Hafnia alvei isolates from 61 patients and review of
the literature. Clinical Infectious Diseases: an Official Publication
of the Infectious Diseases Society of America, 22(6), 1040—1045.
https://doi.org/10.1093/clinids/22.6.1040.




