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ABSTRACT 

This study was conducted to determine the microbiological quality of Çökelek cheese samples ob-
tained from various retail points in Diyarbakır province and to evaluate the findings according to the 
Turkish Food Codex Microbiological Criteria Regulation. Within the scope of the study, 60 fresh 
Çökelek cheese samples were analyzed for total mesophilic aerobic bacteria (TMAB), coliform 
group bacteria, Escherichia coli, Staphylococcus aureus, Listeria monocytogenes, and yeast and 
mold counts. 

As a result of microbiological analyses, TMAB counts ranged between 6.32 and 9.97 log cfu/g, yeast 
and mold counts between 3.68 and 7.91 log cfu/g, and coliform bacteria counts between 2.30 and 
4.69 log cfu/g. Among pathogenic microorganisms, E. coli was detected at levels of 2.48–3.89 log 
cfu/g, while S. aureus counts ranged from 2.60 to 4.92 log cfu/g. L. monocytogenes was detected in 
23.3% of the samples, with counts ranging from 1.48 to 3.67 log cfu/g in positive samples. E. coli 
and S. aureus were detected in 30.0% and 70.0% of the samples, respectively. In addition, positivity 
rates for coliform bacteria (>10³ cfu/g) and yeast and mold (>10⁴ cfu/g) were determined as 85.0% 
and 80.0%, respectively. 

The findings demonstrated serious non-compliance with the Turkish Food Codex microbiological 
criteria for E. coli, S. aureus, and L. monocytogenes, particularly in positive samples with counts 
exceeding the regulatory limits. These findings indicate inadequate hygienic conditions during the 
production, storage, and sale of Çökelek cheese marketed in Diyarbakır and demonstrate a signifi-
cant public health risk. 

Keywords: Çökelek cheese, Microbiological quality, Turkish Food Codex,  
Listeria monocytogenes, Food hygiene 
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Introduction 

Milk and dairy products hold an indispensable position in hu-
man nutrition due to their rich content of high-quality proteins, 
bioavailable calcium, essential vitamins, and minerals (Kırdar, 
2001; Everett, 2025). These nutrients are fundamental for 
growth, bone health, and various metabolic functions through-
out all stages of life. However, the same compositional rich-
ness that makes dairy products nutritionally valuable also ren-
ders them an ideal medium for the proliferation of a wide spec-
trum of microorganisms. The presence of proteins, lipids, and 
carbohydrates can support not only desirable fermentative 
flora but also pathogenic and spoilage-causing bacteria, which 
may lead to sensory defects, reduced shelf life, and potential 
public health risks (Keven et al., 1998; Dash et al., 2022). 

Traditional dairy products hold a significant place in Türkiye's 
culinary heritage, with numerous varieties produced and con-
sumed across different regions. Among these, Çökelek cheese 
occupies a distinctive position, particularly in the Eastern and 
Southeastern Anatolia regions. Çökelek is typically produced 
from buttermilk, yogurt, or ayran by heat coagulation and sub-
sequent filtration of the curd. Its production represents an eco-
nomical and practical method of utilizing milk components 
that might otherwise be discarded, thereby contributing to both 
nutritional security and waste reduction in dairy processing 
(Kırdar, 2003; Çetin et al., 2025). The product is characterized 
by its low fat content, relatively high protein concentration, 
and accessibility to populations with limited economic re-
sources. These factors have contributed to its recommendation 
by the Turkish Heart Foundation as a component of healthy 
diet regimens (Berkay & Güven, 2004). 

The microbiological safety of traditionally produced cheeses, 
which are often consumed without further heat treatment, de-
pends critically on the hygienic conditions maintained 
throughout the entire production chain. Potential root causes 
of microbial contamination in such products primarily include 
the use of low-quality raw milk with high initial microbial 
loads, inadequate pasteurization or heat treatment tempera-
tures, and post-process contamination from non-sanitized pro-
cessing equipment or unhygienic handlers (Montel et al., 
2014). Unlike industrially manufactured cheeses that undergo 
standardized heat treatments and are protected by protective 
packaging, traditional Çökelek is often produced in small-
scale dairies or household settings and marketed in unpack-
aged form. This practice exposes the product to contamination 
from multiple sources, including inadequately cleaned equip-
ment, unhygienic handling during portioning and weighing, 
and environmental contaminants at open-air markets. 

The public health implications of consuming microbiologi-
cally contaminated cheese are substantial. Various researchers 
have documented that the presence of pathogenic bacteria in 
dairy products at elevated concentrations may result in food-
borne infections and intoxications. Specifically, Staphylococ-
cus aureus concentrations exceeding 10⁵ cfu/g have been as-
sociated with food poisoning outbreaks (Gül & Önal, 2008). 
Furthermore, the detection of Escherichia coli serves as a de-
finitive indicator of fecal contamination, suggesting direct or 
indirect exposure of the product to fecal matter. This situation 
significantly increases the likelihood of co-occurrence with 
enteric pathogens such as Salmonella spp. and reflects inade-
quate hygiene practices during milk production, processing, or 
handling stages. Yeast and mold counts exceeding acceptable 
thresholds not only compromise product quality but also raise 
concerns about mycotoxin production, which may exert acute 
and chronic toxic effects on various organ systems, including 
the liver, kidneys, and central nervous system (Gül & Önal, 
2008). 

A recent meta-analysis conducted by Yanmaz (2023) esti-
mated the overall molecular prevalence of Listeria monocyto-
genes in dairy products in Türkiye at 7.4% (95% CI: 4.7-
10.7%), based on a comprehensive analysis of 4766 dairy 
products from 27 studies. Similarly, Cufaoglu et al. (2021) re-
ported a pooled prevalence of 4.7% (95% CI: 3.4%-6.5%) 
for L. monocytogenes in cheese samples in Türkiye, highlight-
ing that this pathogen poses a potential risk in terms of public 
health. Cebeci et al. (2022) investigated L. monocyto-
genes contamination in raw cow milk and tulum cheese sam-
ples sold in public markets in eastern Türkiye. They identified 
the pathogen in 6% of all collected samples, with serotypes 
1/2b (3b) (50%), 1/2c (3c) (22.2%), 4b (4e) (16.7%), and 1/2a 
(3a) (11.1%) being detected. 

Kılıç et al. (2025) conducted a comprehensive study on tulum, 
kashar, and golot cheeses, reporting that golot cheese exhib-
ited higher yeast and mold counts compared to other cheese 
types. The authors emphasized that production and ripening 
conditions play a crucial role in microbial load and biogenic 
amine formation in traditional cheeses. This finding is partic-
ularly relevant to Çökelek cheese, which shares similar tradi-
tional production characteristics. 

Diyarbakır, a major metropolitan center in the Southeastern 
Anatolia Region, hosts numerous retail points where tradition-
ally produced Çökelek cheese is sold directly to consumers. 
These include neighborhood markets, small grocery stores, 
and specialized dairy vendors in commercial districts such as 
Bağlar, Ofis, Dağkapı, and the Balıkçılar Bazaar. Despite the 
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widespread consumption of Çökelek in this region, compre-
hensive data on its microbiological quality and compliance 
with national food safety standards remain limited. Previous 
investigations conducted in various Turkish cities have docu-
mented variable microbiological profiles for traditional 
cheeses, often revealing significant deviations from estab-
lished hygienic criteria (Ağaoğlu et al., 1996; Öksüztepe et al., 
2007; Kalaycı et al., 2023). 

The Turkish Food Codex Microbiological Criteria Regulation 
establishes definitive limits for pathogenic microorganisms in 
ready-to-eat foods, including various cheese types. While the 
TFC does not specify a mandatory regulatory limit for Total 
Mesophilic Aerobic Bacteria (TMAB) in most cheese types, 
this parameter is widely utilized as a global indicator of overall 
microbiological quality and environmental hygiene. High 
TMAB counts (typically exceeding 10⁶–10⁷ cfu/g) are gener-
ally interpreted as evidence of poor raw material quality or in-
adequate process control (Turkish Food Codex, 2011).  Com-
pliance with these criteria is essential for ensuring consumer 
protection and facilitating the integration of traditional prod-
ucts into modern food safety management systems. Evaluating 
the current status of Çökelek marketed in Diyarbakır against 
these regulatory benchmarks is necessary to identify potential 
public health risks and to provide evidence-based recommen-
dations for improving production practices. 

Therefore, this study was designed to investigate the microbi-
ological quality of fresh Çökelek cheese samples collected 
from various retail outlets in Diyarbakır. The specific objec-
tives were to enumerate total mesophilic aerobic bacteria, col-
iform bacteria, Escherichia coli, Staphylococcus aureus, Lis-
teria monocytogenes, and yeast and mold populations; to com-
pare the findings with the limits specified in the Turkish Food 
Codex; and to assess the hygienic status of production and 
marketing practices based on microbiological indicators. 

Materials and Methods 
Material 

In this study, 60 fresh Çökelek cheese samples obtained from 
different sales points in Diyarbakır city center (Bağlar, Ofis, 
Dağkapı, and Balıkçılar Bazaar) were used as material. The 
samples were collected as presented to consumers, using the 
methods employed by sellers (with scoop, gloves, or directly 
by hand), placed into sterile bags, and transported to the labor-
atory under cold chain conditions (+4°C) until analysis. All 
samples were subjected to microbiological analyses on the 
same day. The studies were conducted in triplicate. 

Preparation of Samples for Analysis 

For microbiological analyses, 10 g from each cheese sample 
was weighed under aseptic conditions, transferred to stom-
acher bags containing 90 mL of sterile 0.1% peptone water 
(Merck, Germany), and homogenized in a stomacher device 
(BagMixer 400, France) for 2 minutes. Serial dilutions were 
prepared from this stock solution (10⁻¹), and inoculation pro-
cedures were performed. 

Total Mesophilic Aerobic Bacteria (TMAB) Count 

Plate Count Agar (PCA, Merck, Germany) was used for the 
total mesophilic aerobic bacteria count. One mL of sample 
from appropriate dilutions was inoculated into sterile petri 
dishes using the pour plate method. The petri dishes were in-
cubated at 30°C for 48-72 hours, and colonies formed at the 
end of incubation were counted and calculated as cfu/g. 

Yeast and Mold Count 

Potato Dextrose Agar (PDA, Merck, Germany) was used for 
yeast and mold count. To prevent bacterial growth, 100 mg/L 
streptomycin sulfate (Sigma-Aldrich, USA) was added to the 
medium. From appropriate dilutions, 0.1 mL of the sample 
was inoculated onto the PDA surface using the spread plate 
method. Petri dishes were incubated at 25°C for 5-7 days, and 
yeast and mold colonies formed at the end of incubation were 
counted separately and calculated as cfu/g. 

Coliform Bacteria Count 

Violet Red Bile Agar (VRBA, Merck, Germany) was used for 
coliform bacteria count. One mL of sample from appropriate 
dilutions was inoculated into VRBA medium using the pour 
plate method. Petri dishes were incubated at 37°C for 24-48 
hours, and typical dark red colonies, 0.5-2 mm in diameter, 
were counted and calculated as cfu/g. 

Escherichia coli Count 

Tryptone Bile Agar (TBA, Merck, Germany) was used 
for Escherichia coli count. One mL of sample from appropri-
ate dilutions was inoculated into TBA medium using the pour 
plate method. Petri dishes were incubated at 44°C for 24 hours, 
and typical colonies formed at the end of incubation were 
counted. The indole test was applied for confirmation of sus-
picious colonies. 

Staphylococcus aureus Count 

Baird-Parker Agar (BPA, Merck, Germany) was used for co-
agulase-positive staphylococci count. Egg yolk-tellurite emul-
sion (Merck, Germany) was added to the medium at 5%. From 
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appropriate dilutions, 0.1 mL of the sample was inoculated 
onto the BPA surface using the spread plate method. Petri 
dishes were incubated at 37°C for 24-48 hours, and typical 
black colonies with clear zones around them were counted at 
the end of incubation. Catalase and coagulase tests were ap-
plied for confirmation of suspicious colonies. 

Listeria monocytogenes Count 

Listeria monocytogenes count was performed according to 
ISO 11290-2 standard (Scotter et al., 2001). Appropriate dilu-
tions of samples were inoculated onto PALCAM Listeria Se-
lective Agar (Merck, Germany) using the spread plate method. 
Petri dishes were incubated at 37°C for 48 hours under micro-
aerophilic conditions. At the end of incubation, typical gray-
green colonies with black zones around them were counted. 
Gram staining, catalase test, hemolysis activity, and CAMP 
test were applied for confirmation of suspicious colonies. 

Statistical Analysis 

Microbiological data were transformed into log10 cfu/g prior 
to statistical evaluation. To determine whether microbial loads 
differed significantly among the four sampling locations 
(Bağlar, Ofis, Dağkapı, and Balıkçılar Bazaar), one-way anal-
ysis of variance (ANOVA) was performed using SPSS soft-
ware (Version 25.0; IBM Corp., Armonk, NY, USA). Statisti-
cal significance was accepted at p < 0.05. No statistically sig-
nificant differences were detected among the sampling loca-
tions for the microbiological parameters evaluated (p > 0.05). 

Results and Discussion 
Total Mesophilic Aerobic Bacteria (TMAB) Count 

In the 60 Çökelek cheese samples analyzed in the study, total 
mesophilic aerobic bacteria count was determined in the range 
of 6.32-9.97 log cfu/g, with a mean of 8.62±0.85 log cfu/g (Ta-
ble 1). These values show similarity with the value of 
8.49±0.79 log cfu/g reported by Önganer and Kırbağ (2009) in 
their study conducted in Diyarbakır. Similarly, Öksüztepe et 
al. (2007) reported TMAB counts in the range of 7.82-9.14 log 
cfu/g in Çökelek cheeses marketed in Elazığ. 

Kılıç et al. (2025) reported total aerobic mesophilic bacteria 
counts in traditional Turkish cheeses ranging from 6.98 to 8.62 
log cfu/g, with variations attributed to differences in produc-
tion techniques and ripening conditions. The authors empha-
sized that the hygienic status of raw materials and production 
environments significantly influences the microbiological 
quality of traditional cheeses. 

Although the Turkish Food Codex does not specify a regula-
tory limit for TMAB in this product category, such elevated 
microbial loads are widely accepted as indicators of inade-
quate hygienic quality, insufficient process control, poor raw 
milk quality, and inadequate storage conditions. 

Yeast and Mold Count 

Yeast and mold counts in Çökelek cheese samples were deter-
mined in the range of 3.68-7.91 log cfu/g, with a mean of 6.82 
±0.91 log cfu/g (Table 1). In 80.0% of the samples, yeast and 
mold counts were found above 10⁴ cfu/g (Table 2). These val-
ues show similarity with the values of 6.67 ±0.86 log cfu/g 
reported by Önganer and Kırbağ (2009). 

Ağaoğlu et al. (1996) reported yeast-mold counts in the range 
of 5.23-7.46 log cfu/g in Çökelek produced in the Van region. 
Kılıç et al. (2025) found that golot cheese exhibited higher 
yeast and mold counts compared to tulum and kashar cheeses, 
suggesting that cheese varieties with higher moisture content 
and specific production techniques are more susceptible to 
fungal contamination. High yeast-mold levels shorten the shelf 
life of the product, negatively affect its sensory properties, and 
pose potential mycotoxin risks (Gül & Önal, 2008; Celem et 
al., 2018). 

Coliform Bacteria and Escherichia coli 

In the study, coliform bacteria count in Çökelek cheese sam-
ples was determined in the range of 2.30-4.69 log cfu/g, with 
coliform bacteria levels above 10³ cfu/g detected in 85.0% of 
the samples (Table 1, Table 2). Escherichia coli was detected 
in 30.0% of the samples (18 samples) in the range of 2.48-3.89 
log cfu/g. For positive samples, E. coli counts exceeded the 
Turkish Food Codex limit and were therefore evaluated as 
non-compliant (Table 3). 

These findings are higher than the E. coli positivity rate of 
23.3% reported by Önganer and Kırbağ (2009). Dığrak et al. 
(1996) reported a coliform bacteria positivity rate as 80.0% in 
white cheeses marketed in Elazığ. Öksüz et al. (2004) investi-
gated the prevalence of E. coli O157 in raw milk and white 
pickled cheese samples in Türkiye and detected this pathogen 
in 15.8% of cheese samples. 

The presence of coliform bacteria and particularly E. coli 
strongly suggests fecal contamination during production and 
handling stages. This contamination may originate from con-
taminated process water, poor milking hygiene, unsanitary 
equipment, or inadequate personnel hygiene. This situation 
suggests insufficient heat treatment, inadequate equipment 
sanitation, and/or poor personnel hygiene during production 
and handling stages. Considering that the Turkish Food Codex 
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requires the absence of E. coli in cheese, the current findings 
pose serious risks to public health. 

Staphylococcus aureus 

In the study, Staphylococcus aureus was detected in 42 of 60 
samples (70.0%), with counts in positive samples ranging 
from 2.60-4.92 log cfu/g, mean 4.72 ±1.34 log cfu/g (Table 1, 
Table 2). Considering the Turkish Food Codex limit for coag-
ulase-positive staphylococci, positive samples exceeding the 
regulatory limit were evaluated as non-compliant (Table 3). 

Önganer and Kırbağ (2009) reported S. aureus counts as 7.53 
±1.12 log cfu/g in Diyarbakır Çökelek samples. Patır and Ateş 
(2002) reported S. aureus prevalence ranging from 65.0% to 
83.3% in kurut samples. The presence of coagulase-positive 
staphylococci above 10⁵ cfu/g brings the risk of enterotoxin 
production and may lead to food poisoning (Gül & Önal, 
2008). High S. aureus counts indicate particularly inadequate 
personnel hygiene and intensive hand contact during produc-
tion. The root causes of such widespread contamination in tra-
ditional Çökelek can be traced back to the open-air marketing 
conditions and the practice of manual portioning by vendors 
using non-sanitized tools or bare hands, which significantly 
increases the risk of cross-contamination. 

Listeria monocytogenes 

In this study, Listeria monocytogenes was detected in 14 of 60 
samples (23.3%), with bacterial counts in positive samples de-
termined in the range of 1.48-3.67 log cfu/g (Table 1, Table 
2). According to the Turkish Food Codex, L. monocyto-
genes must be absent in 25 g of ready-to-eat foods. Consider-
ing this criterion, any positive result for L. monocytogenes in 
ready-to-eat cheese is unacceptable and was evaluated as non-
compliant (Table 3). 

A recent meta-analysis by Yanmaz (2023) estimated the over-
all molecular prevalence of L. monocytogenes in dairy prod-
ucts in Türkiye at 7.4% (95% CI: 4.7-10.7%), based on 4766 
dairy products from 27 studies. Cufaoglu et al. (2021) con-
ducted a comprehensive meta-analysis of Listeria spp. preva-
lence in foods in Türkiye and reported a pooled prevalence of 
4.7% (95% CI: 3.4%-6.5%) for L. monocytogenes in cheese 
samples. The authors emphasized that antibiotic resistance 
rates for penicillin, ampicillin, and gentamicin were 30.4%, 
27.2%, and 8.3%, respectively, indicating potential public 
health risks. 

Table 1. Microbiological analysis results of Çökelek cheese samples (n=60) 
Parameter Mean (log cfu/g) Standard Deviation Minimum (log cfu/g) Maximum (log cfu/g) Compliance evaluation 

Total Mesophilic Aero-
bic Bacteria 8.62 0.85 6.32 9.97 NE 

Yeast and Mold 6.82 0.91 3.68 7.91 NE 
Coliform Bacteria 4.28 1.45 2.30 4.69 85.0% above 10³ cfu/g 
Escherichia coli 3.65 1.22 2.48 3.89 Non-compliant in  

positive samples 
Staphylococcus aureus 4.72 1.34 2.60 4.92 Non-compliant in  

positive samples 
Listeria monocytogenes 2.84 0.76 1.48 3.67 Non-compliant in  

positive samples 
*NE: Not evaluated (The Turkish Food Codex does not specify mandatory limit values for these parameters in this product category; however, they are utilized as indica-

tors of process hygiene and raw material quality.) 
**Mean value calculated from positive samples (n=14). 

Note: One-way ANOVA revealed no significant differences (p > 0.05) among the four sampling locations for any microbiological parameter examined. 

Table 2. Prevalence of pathogenic microorganisms in Çökelek cheese samples (n=60) 
Parameter Number of Positive Samples (n) Positive Samples (%) Literature Range (%) Reference 

Escherichia coli 18 30.0 23.3-45.0 Önganer & Kırbağ, 2009;  
Öksüztepe et al., 2007 

Staphylococcus aureus 42 70.0 65.0-83.3 Patır & Ateş, 2002; Çetinkaya 
& Soyutemiz, 2006 

Listeria monocytogenes 14 23.3 4.7-26.7 
Yanmaz, 2023;  

Cufaoglu et al., 2021;  
Cebeci et al., 2022 

Coliform Bacteria (>10³ cfu/g) 51 85.0 80.0-93.3 Dığrak et al., 1996;    
Kalaycı et al., 2023 

Yeast and Mold (>10⁴ cfu/g) 48 80.0 73.3-90.0 Celem et al., 2018 
 Kalaycı et al., 2023 

*Literature prevalence ranges were obtained from previously published studies on çökelek and related traditional dairy products. 
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Table 3. Evaluation of microorganisms detected in Çökelek cheese samples according to the Turkish Food Codex Microbio-
logical Criteria Regulation 

Microorganism TFC Criterion  
(n=5, c=2) TFC Limit Value Values Detected in 

Samples (log cfu/g) Regulatory Compliance Explanation 

Total Mesophilic  
Aerobic Bacteria Not specified Not specified 6.32-9.97 Not evaluated 

Although no specific re-
gulatory limit is defined 
for TMAB in this pro-
duct category, elevated 

counts are widely accep-
ted as indicators of poor 
hygienic quality and ina-
dequate process control. 

Coliform Bacteria n=5, c=2 ≤ 10² cfu/g (m=10², M=10³) 2.30-4.69 Non-compliant in  
85.0% of samples 

Limit exceedance detec-
ted in 85.0% of samples 
(>10³ cfu/g)—an indica-
tor of inadequate hygi-
ene and possible fecal 

contamination. 

Escherichia coli n=5, c=2 < 10 cfu/g (m=10, M=10²) 2.48-3.89  
(in positive samples) 

Non-compliant in  
positive samples 

Detected in 30.0% of 
samples. A microorga-
nism that should not be 
present in cheese accor-
ding to TFC. Strong in-
dicator of fecal contami-

nation. 

Staphylococcus aureus n=5, c=2 ≤ 10² cfu/g (m=10², M=10³) 2.60-4.92  
(in positive samples) 

Non-compliant in  
positive samples 

Detected in 70.0% of 
samples. TFC limit for 

coagulase-positive 
staphylococci should not 
exceed 10³ cfu/g. It can 
cause food poisoning. 

Listeria monocytogenes n=5, c=0 0 (must be absent in 25 g) 1.48-3.67  
(in positive samples) 

Non-compliant when  
detected 

Detected in 23.3% of 
samples. According to 

TFC, one must be absent 
from 25 g of ready-to-eat 

foods, one of the most 
important foodborne pat-
hogens associated with 
ready-to-eat dairy pro-

ducts. 

Yeast and Mold Not specified Not specified 3.68-7.91 Not evaluated 
High yeast-mold count 
(>10⁴ cfu/g) shortens 

product shelf life and po-
ses mycotoxin risk. 

*Table explanations: n, number of samples to be tested; c, maximum acceptable number of samples between limit values (between m and M); m, acceptable limit value 
(lower limit); M, rejectable limit value (upper limit). 

**TFC limit values are based on the Turkish Food Codex Microbiological Criteria Regulation (Official Gazette, 2011). Statistical analysis (ANOVA) confirmed that micro-
bial loads did not significantly differ across the four sampling districts (p > 0.05). 

Cebeci et al. (2022) investigated L. monocytogenes contami-
nation in raw cow milk and Tulum cheese samples sold in pub-
lic markets in eastern Türkiye and identified the pathogen in 
6% of all collected samples. The serotypes identified were 
1/2b (3b) (50%), 1/2c (3c) (22.2%), 4b (4e) (16.7%), and 1/2a 
(3a) (11.1%). All isolates were found to be sensitive to com-
monly used antibiotics, including ampicillin, erythromycin, 
gentamicin, and penicillin. Öksüz et al. (2004) detected L. 
monocytogenes in 15.0% of cheese samples in their study in-
vestigating the presence of Listeria species in raw milk and 
white cheese in Türkiye. 

The detection of this pathogen in 23.3% of Çökelek cheese 
samples suggests either insufficient heat treatment during pro-
duction or post-processing contamination. Listeria monocyto-
genes is a pathogen that can cause serious, potentially fatal in-
fections (listeriosis), particularly in pregnant women, the el-
derly, and immunocompromised individuals. The bacterium 
can grow at low temperatures (even under refrigerator condi-
tions). 

General Evaluation 

The research findings revealed that the microbiological quality 
of Çökelek cheeses offered for sale in Diyarbakır was unsatis-
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factory and posed significant risks to public health. Total mes-
ophilic aerobic bacteria, yeast and mold, coliform bacteria, E. 
coli, S. aureus, and L. monocytogenes levels were generally 
found to be comparable to or higher than those reported in pre-
vious studies (Önganer & Kırbağ, 2009; Öksüztepe et al., 
2007; Dığrak et al., 1996). 

Kılıç et al. (2025) emphasized that production and ripening 
conditions play a crucial role in microbial load and biogenic 
amine formation in traditional cheeses. The findings obtained 
in our study support this assessment and reveal the lack of 
standard hygiene practices in Çökelek production. 

The presence of pathogens such as E. coli and L. monocyto-
genes, which are indicators of fecal contamination and causa-
tive agents of serious infections, shows that basic hygiene 
rules are not followed in the production chain. This situation 
reveals the need to review all processes from raw milk quality 
to sanitation of production equipment, personnel hygiene, 
storage conditions, and sales stages. In addition to conven-
tional hygiene interventions, innovative biotechnological ap-
proaches may also contribute to improving the microbiologi-
cal safety of traditional dairy products. The use of natural bio-
preservatives, such as plant-derived essential oils or protective 
lactic acid bacteria cultures that produce bacteriocins, may of-
fer a promising strategy for enhancing the safety of traditional 
cheeses without compromising their sensory characteristics. 
Furthermore, stricter official inspections and the implementa-
tion of mandatory food safety training for small-scale produc-
ers and vendors are essential to protect public health and im-
prove dairy safety in the region. 

Conclusion 
In this study, the microbiological quality of 60 fresh Çökelek 
cheese samples collected from Diyarbakır province was eval-
uated according to the Turkish Food Codex Microbiological 
Criteria Regulation. The results demonstrated serious non-
compliance with the regulatory microbiological criteria for 
Escherichia coli, Staphylococcus aureus, and Listeria mono-
cytogenes, particularly in positive samples with counts ex-
ceeding the relevant limits. These findings indicate that the mi-
crobiological quality of Çökelek cheese marketed in the region 
was unsatisfactory and may pose significant public health 
risks. 

The presence of E. coli, which strongly suggests fecal contam-
ination, together with elevated levels of S. aureus and L. mon-
ocytogenes, indicates serious hygiene deficiencies throughout 
the production and distribution chain, including raw milk qual-
ity, equipment sanitation, personnel hygiene, storage condi-
tions, and retail handling practices. 

To improve the microbiological safety and sustainability of 
Çökelek cheese, stricter microbiological control of raw milk, 
implementation of standardized heat treatment procedures, ef-
fective sanitation protocols, personnel hygiene training, 
maintenance of the cold chain, and the use of appropriate pack-
aging systems should be encouraged. In addition, strengthen-
ing official inspection mechanisms and expanding the imple-
mentation of Good Manufacturing Practices (GMP) and Haz-
ard Analysis and Critical Control Point (HACCP) systems in 
small-scale dairy production are essential for protecting public 
health. 

Beyond conventional hygiene interventions, innovative bio-
technological approaches such as natural biopreservatives, 
plant-derived essential oils, and bacteriocin-producing protec-
tive cultures may provide promising alternatives for improv-
ing the safety of traditional dairy products without adversely 
affecting their sensory characteristics. 

Future studies should focus on identifying critical control 
points (CCPs) in Çökelek cheese production, monitoring mi-
crobiological changes during shelf life, and evaluating the an-
tibiotic resistance profiles of isolated pathogens to improve 
microbiological risk assessment and food safety management 
strategies. 
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