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Abstract. Gunay M, Genc TT. 2023. Molecular identification of yeasts from Turkish traditional cheeses: Extracellular enzyme activities 

and physiological properties important for dairy industry. Nusantara Bioscience 15: 1-11. The determination of yeast microbiota in 
cheeses and the physiological properties of yeasts are very important for the dairy industry. In addition, the physiological features, 
proteolytic and lipolytic activities, and stress tolerance of yeasts have a significant role in the selection of starter yeast species for cheese 
ripening. This study aimed to determine industrially important yeasts isolated from cheese samples. Molecular techniques identified the 
isolated yeast strains. The yeast strains’ extracellular enzyme activities, fermentation capacities, and thermotolerance and osmotolerance 
properties were also evaluated. A total of 81 yeast strains were isolated and characterized from three types of cheese samples. PCR-
RFLP determined the isolated yeast strains and sequence analysis of ITS1-5.8S-ITS2 and 26S rDNA regions. A maximum parsimony 

tree was constructed by MEGA X software to evaluate the phylogenetic relationship of identified yeast strains. Candida 

intermedia, Candida parapsilosis, Clavispora lusitaniae, Debaryomyces hansenii, Kluyveromyces marxianus, Pichia kudriavzevii, 
and Wickerhamomyces anomalus yeast species were identified on cheese samples. The distribution of identified yeast species on cheese 
samples was determined as 48.1% for W. anomalus, 17.3% for K. marxianus, 14.8% for C. parapsilosis, 8.6% for D. hansenii, 4.9% 
for Cl. lusitaniae, 3.7% for C. intermedia and 2.5% for P. kudriavzevii. The W. anomalus yeast species was common in three cheese 
types. All strains of W. anomalus and P. kudriavzevii yeast species, three C. parapsilosis, and two Cl. lusitaniae yeast strains have 
important physiological properties for industrial applications. These yeast strains have the potential to be used in combinat ion as starter 
cultures to improve cheese maturation in the future. This comprehensive study identifies yeast species by ITS1-5.8S-ITS2 and 26S 

rDNA regions and determines industrially important yeast species using multiple criteria (extracellular enzyme activity, stress tolerance, 

and fermentation capacity). 

Keywords: Cheese-related yeast, fermentation, lipase, protease, stress tolerance 

INTRODUCTION 

Yeasts have been used in industrial and 

biotechnological applications. They also possess significant 

roles in various fields such as food, pharmacy, agriculture, 
and the fermentation process. Saccharomyces cerevisiae 

and other non-Saccharomyces yeast species are used in 

baking, wine making, dairy production, biomedical 

research, and drug discovery. They are also used as a 

biocontrol agent, as in Metschnikowia pulcherrima and 

Aureobasidium pullulans (Parafati et al. 2015; Settier-

Ramírez et al. 2021). Conventional and non-conventional 

yeast strains are also frequently used in the production of 

bioethanol, heterologous proteins and industrial enzymes 

(Steensels and Verstrepen 2014; Settier-Ramírez et al. 

2021; Vincent et al. 2021). Stress-resistant yeasts with high 
osmo-, thermo- and ethanol tolerance are preferred 

especially in industrial areas involving fermentation 

processes such as wine and bioethanol production 

(Balakumar and Arasaratnam 2012). Yeasts are used in the 

fermentation process for different purposes such as 

increasing the flavor of the product, controlling microbial 

spoilage, and adjusting the alcohol and nutrient levels 

(Steensels and Verstrepen 2014). The main producers of 

industrially important microbial enzymes are bacteria, 

filamentous fungi and a limited number of yeast species. 
Candida boidinii, Candida pseudotropicalis, Candida 

rugosa, Cryptococcus laurentii, Geotrichum candidum, 

Kluyveromyces marxianus, Komagataella pastoris, 

Ogataea polymorpha, Pseudozyma antarctica, Rhodotorula 

spp., S. cerevisiae, Sporobolomyces salmonicolor, 

Trichosporon fermentum, Yarrowia lipolytica, and 

Zygosaccharomyces rouxii yeast species are used for the 

production of industrial enzymes such as phenylalanine 

ammonia lyase (PAL), L-gutaminase, α-galactosidase, 

phytase, chymosin, lactase, inulinase, invertase, lipase and 

protease (Fonseca et al. 2008; Johnson and Echavarri-
Erasun 2011; Johnson 2013a,b). Yeast proteases and 

lipases are important as they contribute to cheese flavor 

during the ripening process, even if they cause adverse 

taste, appearance and odor. However, the identification of 

new yeast strains with high protease and lipase activity is 

important for the dairy industry to increase product 

efficiency. It is known that the strains of Clavispora 
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lusitaniae and Candida parapsilosis yeast species have 

proteolytic activity while the strains of K. marxianus yeast 

species have both proteolytic and lipolytic activity (Binetti 

et al. 2013). The extracellular enzyme properties of yeast 

species may differ between strains of the same species. 

They can also be different depending on growth conditions 

and environmental factors (de Araújo et al. 2010; 

Molnárová et al. 2014; Delgado-Ospina et al. 2020).  

The maturation and production of cheese is a very 

sophisticated process that involved different biochemical 
reactions. The cheese microbiota, which includes bacteria, 

molds and yeasts, contributes to the characteristic features 

of cheese and the ripening process, allowing different 

cheese varieties to be obtained (Montel et al. 2014; Banjara 

et al. 2015). Yeasts associated with cheese can have 

beneficial and non-beneficial effects on cheeses. Some 

yeasts may improve cheese quality by affecting its texture, 

ripening, and flavor, while others may cause spoilage, 

discoloration, and unpleasant odor or taste (Binetti et al. 

2013; Hatoum et al. 2013). For example, Debaryomyces 

hansenii and Candida krusei yeast species promote the 
ripening of German Harzer and Quark cheeses, whereas K. 

lactis and K. marxianus cause spoilage of white-brined 

cheeses (Fröhlich-Wyder et al. 2019; Geronikou et al. 

2020). Although the positive or negative contributions of 

yeasts vary at both species and strain levels, overgrowth of 

yeasts negatively affects cheese quality. Therefore, 

determining the microbial diversity of cheeses is important 

for the manufacturers in terms of increasing the quality and 

shelf life of cheese. In previous studies, different yeast 

strains have been isolated and identified from many 

commercial and local dairy products. The most commonly 
identified yeast species belong to Candida, Cryptococcus, 

Debaryomyces, Geotrichum, Kluyveromyces, 

Trichosporon, Rhodotorula, Torulaspora, Saccharomyces, 

and Yarrowia genera (Vasdinyei and Deak 2003). Yeast 

species isolated and identified from some local cheeses 

(white, tulum, Mihalic cheeses, etc.) belong to the genera 

of Debaryomyces, Pichia, Geotrichum, Trichosporon, 

Kluyveromyces and Saccharomyces (Hayaloğlu et al. 2002; 
Kavas et al. 2006; Çorbaci et al. 2012; Karasu-Yalcin et al. 

2017). Generally, D. hansenii, K. marxianus, K. lactis, and 

Y. lipolytica are the predominant yeast species in the 

different cheese types (Togay et al. 2020; Çorbaci et al. 2012). 
The diversity and density of yeasts vary according to 

temperature, ability to use lactose and other carbon sources, 

extracellular enzyme activities, stress tolerance, cheese-

type, ripening process and also geographical locations 

(Merchan et al. 2021). Therefore, the main purpose of this 

study is to identify new yeast strains with potential for 

industrial applications. For this purpose, the isolated yeast 

strains from the traditional cheese samples (white, goat and 

cheddar) were identified by physiological (API-ID32C aux 

system) and molecular (PCR-RFLP and sequence analysis 

of both ITS1-5.8S-ITS2 and 26S rDNA regions) methods. 
Next, extracellular enzyme activities (for protease and 

lipase), stress tolerance and fermentation abilities of the 

identified yeast strains were determined to evaluate 

whether the yeast strains are industrially important. Seven 

yeast species were identified from a total of 81 yeast strains 

isolated from cheese samples. Wickerhamomyces anomalus 

and Pichia kudriavzevii were determined as potential yeast 

species for industrial applications. This is the first 

comparative study to identify yeast strains using PCR-

RFLP and sequence analysis of both ITS1-5.8S-ITS2 and 

26S rDNA regions at the same time. It is also a 

comprehensive study that determines yeast species of 

industrial importance by using more than one criterion 

(extracellular enzyme activity, stress tolerance and 

fermentation capacity). 

MATERIALS AND METHODS 

Sampling and yeast isolation  
Three different cheese samples (white, cheddar and 

goat cheeses) were collected from 6 different dairy 

producers in Bolu, Turkey. Five grams from each cheese 

sample were homogenized in a 2% sodium citrate solution 

and spread onto yeast extract glucose chloramphenicol agar 

medium (40 g/L, YGC) including 0.1% sodium propionate. 

The colony-forming units (CFU) were determined after 3 

days of incubation at 30°C. Yeast strains having different 

colony morphology (colour, shape, size, or texture) were 
selected randomly and streaked on the YP medium (10 g/L 

yeast extract, 20 g/L bacto-peptone, 20 g/L agar) 

supplemented with 2% Dextrose. Yeast isolates were 

maintained at 4°C for the biochemical tests and molecular 

identification, and stored at -80°C in 20% glycerol for 

further studies. 

Physiological characterization of isolated yeasts  
The biochemical profile of isolated yeast strains was 

performed by the API-ID32C aux system (Bio-Mérieux, 

France) following the manufacturer’s instructions. The 
strip includes 32 wells to perform 29 assimilation tests for 
carbohydrates, organic acids, and amino acids. 

Exponentially grown yeast cells (OD600=0.8-1.0) were 

resuspended in API C medium and 135 µL of the 

suspension was dispensed into each cupule of the strip. The 

results were recorded by direct reading after 24 hr or 48 hr 

of incubation at 30°C.  

Molecular identification of isolated yeasts using rDNA 
sequence 

Genomic DNA isolation was conducted by using a 

previously improved procedure (Lõoke et al. 2011). The 

one yeast colony was suspended in 100 µL 200 mM LiOAc 

and 1% SDS solution. The cell suspension was incubated at 
70°C for 5 min, and then 300 µL of absolute ethanol was 

added. The cell suspension was centrifuged for 3 min at 

15000 rpm and the supernatant was discarded. The pellet 

was washed with 1 mL 70% ethanol and centrifuged for 3 

min at 15000 rpm again. The pellet was dissolved in 100 

µLTE buffer (pH 8) and stored at -20ºC. 

PCR-RFLP analysis 
ITS1-5.8S-ITS2 rDNA region was amplified by using 

ITS1 (5’-TCCGTAGGTGAACCTGCGG-3’) and ITS4 (5’-
TCCTCCGCTTATTGATATGC-3’) primers (White et al. 
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1990) for PCR-RFLP (Restriction Fragment Length 

Polymorphism) analysis. D1/D2 rDNA region was 

amplified by using NL1 (5’-
GCATATCAATAAGCGGAGGAAAAG-3’) and NL4 (5’-
GGTCCGTGTTTCAAGACGG-3’) primers for PCR-

RFLP analysis (Kurtzman and Robnett 1998). PCR 

amplification was studied with BIO-RAD thermal Cycler 

in 25 µL final volume, including 10X reaction buffer, 3mM 

MgCl2, 10mM of dNTP, 10 pmol/µL of related primers, 

1.25U Taq polymerase, and 50-100 ng DNA as a template. 
PCR conditions were determined as initial denaturation at 

95°C for 5 min; 30 cycles of denaturing at 94°C for 3 min; 

annealing at 60°C (for ITS1-ITS4 primers) and 52°C (for 

NL1-NL4 primers) for 1 min, and extension at 72°C for 1 

min; and a final extension step of 10 min at 72°C. PCR 

amplicons of ITS1-5.8S-ITS2 and D1/D2 rDNA region 

were digested with HaeIII, HinfI, HhaI (CfoI), MspI, and 

AluI restriction endonucleases according to the supplier’s 
instructions. PCR products and the restriction fragments 

were electrophoresed in 1.5% and 3% agarose gels, 

respectively, and photographed. The length of PCR 
amplicons and restriction fragments were calculated by 

using Gel-Pro Analyzer v4.0 software. The yeast strains 

were grouped according to restriction patterns.  

Sequencing and phylogenetic analysis 
Yeast strains having different restriction profiles were 

selected randomly and PCR products of ITS1-5.8S-ITS2 

and D1/D2 rDNA were sequenced with the Applied 

Biotechnologies 3500xl Genetic Analyzer. The obtained 

sequences were analyzed with the Basic Local Alignment 

Search Tool (BLAST) on the National Center for 

Biotechnology Information (NCBI) web server (Altschul et 
al. 1990). ITS1-5.8S-ITS2 and D1/D2 rDNA region 

sequences of the selected yeast strains were submitted to 

the GenBank database to get the accession number. 

Phylogenetic analysis of sequenced yeast strains was 

determined with MEGA-X (Molecular Evolutionary 

Genetics Analysis) software (Kumar et al. 2018). ITS1-

5.8S-ITS2 and D1/D2 rDNA sequences of yeast strains 

were aligned with ClustalW (v1.6) parameters. The 

maximum parsimony tree of these regions was constructed 

by utilizing Subtree-Pruning-Regrafting (SPR) parameters 

and the bootstrap method. 1000 bootstrap replicates were 

used to determine branch support and bootstrap values 
below 50% were not shown. 

Proteolytic activity  
Extracellular protease activity of the isolated yeast 

strains was determined with the skimmed milk agar (SMA) 

plate test (Abdelmoteleb et al. 2017). Skimmed milk 

powder stock solution (10%) and agar solution were 

autoclaved separately and mixed where the final 

concentration of skimmed milk was 1%. Yeast strains were 

grown in YPD broth up to exponential phase and 

inoculated as 5 µL droplets into SMA plates. Plates were 

incubated for up to 10 days at 30°C. The clear zone around 
the yeast colonies was considered protease activity. All 

yeast strains were grouped according to the zone diameter 

as having high, middle, and low protease activity. 

Lipolytic activity 
Lipolytic activities of yeast strains were detected with 

Tween 20/80 precipitation test (Kumar et al. 2012). Tween 

20 and Tween 80 contain esters of low fatty acid chains 

and oleic acid, respectively. Therefore, Tween 20 is used 

for the detection of esterase activity and Tween 80 is used 

for lipase activity. Tween plates (10 g/L peptone, 5 g/L 

NaCl2, 0.1 g/L CaCl2·2H2O, 20 g/L agar) supplemented 

with 10 mL Tween 20 or Tween 80 were prepared and 

poured into plates. Yeast cells growing exponentially in 
YPD broth were inoculated onto Tween plates as 5 μl 
droplets and incubated at 30°C for 3-7 days. The 

appearance of white visible precipitate around the 

boundary of the colonies because of the deposition of 

calcium crystal salts was an indicator of lipolytic activity. 

All yeast strains were grouped according to the zone 

diameter as having high, middle and low lipase activity. 

Temperature and glucose tolerance test 
The temperature tolerance tests of yeast strains were 

performed on a YPD medium. The plates were incubated at 

25, 30, 37, and 45°C for 2-3 days. The glucose tolerance 
tests of yeast strains were performed on a YP medium 

supplemented with 50% dextrose. The plates were 

incubated at 30°C for 2-3 days. The growth of yeast strains 

was signed positive or negative according to the growth 

situations. 

Fermentation test  
The carbohydrate utilization test was performed using a 

YP medium supplemented with 1.6% bromothymol blue as 

pH indicator and fermentable carbon sources (2% each of 

dextrose, galactose, sucrose, lactose and maltose). The 

Durham tubes were also placed into the media to detect gas 
production (Karki et al. 2017). The yeast strains were 

inoculated to cultures and incubated at 30°C for up to 15 

days. The color change in the growth medium from blue-

green to yellow indicated acid production, and the presence 

of bubbles in the inverted Durham tube indicated gas 

production. The yeast strains showing both acid and gas 

production were recorded as fermentation positive. All 

experiments were carried out under anaerobic conditions. 

Statistical analysis 
All the biochemical tests were assayed in at least 

triplicate. The results were analyzed using the SPSS 

software (version 10.0) to obtain means and standard 
deviations (SD). P values of <0.05 were considered 

statistically significant. 

RESULTS AND DISCUSSION 

Yeast identification and diversity 
The white, cheddar and goat cheese samples were 

collected from six different dairy farms in Bolu, Turkey. A 

total of 81 yeast strains were isolated from cheese samples 

according to different colony morphology. The fungal load 

of cheese samples was determined as 5.34 log cfu/g for 

white cheese, 4.44 log cfu/g for cheddar cheese and 4.74 
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log cfu/g for goat cheese. Yeast counts in cheeses can vary 

between 2 and 9 log cfu/g depending on the ripening period 

and cheese types (Karasu-Yalcin et al. 2017; Bintsis 2021). 

In the present study, the yeast loads were found to be 

similar to the yeast counts in previous studies (Bintsis 

2021). All isolated yeast strains were characterized using 

the API ID32C system and the results were analyzed with 

API-WEB v1.2.1 fungal database. The identified yeast 

strains were belonging to Candida kefyr, C. parapsilosis, 

Candida pelliculosa, Candida famata, Candida intermedia, 

C. krusei and Candida lusitaniae yeast species. It was 

observed that the assimilation profiles of the identified 

yeast strains were different. The yeast strains belonging to 

C. kefyr and C. parapsilosis showed seven different 

assimilation profiles (P1-P7). Similarly, six and three 

assimilation profiles were determined for C. pelliculosa 

and C. famata yeast strains, respectively. The other yeast 

strains belonging to C. intermedia, C. krusei and C. lusitaniae 

yeast species showed 2 assimilation profiles (Table 1). 

Traditional identification methods are complicated 

processes and time-consuming and could give incorrect 
results (Pincus et al. 2007). Therefore, different 

commercial kit systems based on biochemical and 

assimilation tests, and DNA-based identification techniques 

(PCR-RFLP analysis, ITS1-5.8S-ITS2 and 26S rDNA 

sequences) have been used to identify yeast strains (Garnier 

et al. 2017; Karasu-Yalçın 2017; Benito et al. 2018; 
Moubasher et al. 2018; Haastrup et al. 2018; Genç and 

Günay 2020; Togay et al. 2020). Therefore, the isolated 

yeast strains were identified by PCR-RFLP and rDNA 

region sequence analysis. The genomic DNA extraction of 

all isolated yeast strains was carried out, and ITS1-5.8S-
ITS2 and 26S rDNA regions were amplified. ITS1-5.8S-

ITS2 and 26S rDNA regions of yeast strains were digested 

with five restriction endonucleases, and yeast strains were 

grouped for the restriction profiles (Table 2 and Table 3). 

Yeast strains showed 7 and 10 restriction profiles according 

to the PCR-RFLP results of ITS1-5.8S-ITS2 and 26S 

regions, respectively. It was determined that yeast strains 

grouped according to assimilation results showed a similar 

distribution according to ITS1-5.8S-ITS2 restriction 

profiles. However, there were differences between the 

groups of assimilations and the restriction profiles of the 

26S region. 
 

 
Table 1. Assimilation profile of yeast strains and identified species 

 

Yeast species Strain codes 
Number 
of yeast 
strains 

Candida kefyr  P1: W-13, W-14, W-18, W-19, 

W-20, W-22, W-24 

14 

P2: W-4, W-5 

P3: W-9 

P4: W-11 

P5: C-28 

P6: C-29 

P7: C-20 

Candida parapsilosis  P1: W-15, W-21 12 

P2: W-6, W-7, W-12 

P3: W-17 

P4: W-3, W-8, W-25 

P5: W-10 

P6: W-16 

P7: W-23 

Candida pelliculosa P1: W-2, C-2, C-3, C-7, C-8, C-
10, C-11, C-16 

39 

P2: G-1, G-13, G-27 

P3: C-1, C-5, C-6 

P4: G-2, G-16 

P5: C-4, C-9, C-12, C-13, C-14, 
C-15, C-21  

P6: G-5, G-6, G-7, G-8, G-9, G-
10, G-11, G-12, G-14, G-15, G-
19, G-21, G-23, G-24, G-25, G-

26  

Candida famata  P1: C-18, C-22, C-23 7 

P2: C-24, C-25, C-26 

P3: C-19 

Candida intermedia P1: C-17, C-27 3 

P2: W-1 

Candida crusei P1: G-3 2 

P2: G-4 

Candida lusitaniae P1: G-17, G-18 4 

P2: G-20, G-22 

Note: “P” indicates assimilation profile; “W” indicates white 
cheese; “C” indicates cheddar cheese; “G” indicates goat cheese 

 
 
Table 2. PCR-RFLP results of ITS-5.8S rDNA region 
 

Strain code HaeIII HinfI HhaI AluI MspI 

W-4, W-5, W-9, W-11, W-13, W-14, W-18, W-19, W-20, 
W-22, W-24, C-20, C-28, C-29 

650-90 280-190-110-90-90 290-175-150-90 375-175-170 - 

W-2, C-1, C-2, C-3, C-4, C-5, C-6, C-7, C-8, C-9, C-10, 
C-11, C-12, C-13, C-14, C-15, C-16, C-21, G-1, G-2, G-5, 
G-6, G-7, G-8, G-9, G-10, G-11, G-12, G-13, G-14, G-15, 
G-16, G-19, G-21, G-23, G-24, G-25, G-26, G-27 

- 315-310 575-60 500-105-50 - 

W-3, W-6, W-7, W-8, W-10, W-12, W-15, W-16, W-17, 
W-21, W-23, W-25 

450-125 300-300 320-240 540-50 500-90 

C-18, C-19, C-22, C-23, C-24, C-25, C-26 425-140-85 315-310 290-290-60 - - 
G-17, G-18, G-20, G-22 - 200-200 200-190-90 - 275-110 

W-1, C-17, C-27 - 200-200 190-180 - 300-100 
G-3, G-4 390-95 260-210 200-190-90 390-95 250-215 
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Table 3. PCR-RFLP results of 26S rDNA region 
 

Strain code HaeIII HinfI HhaI AluI MspI 

W-4, W-5, W-9, W-11, W-13, W-14, W-18, W-
19, W-20, W-22, W-24, C-20, C-28, C-29 

475-150 400-200 - 240-150-120-90 - 

W-2, C-1, C-2, C-3, C-4, C-5, C-6, C-7, C-8, C-
9, C-10, C-11, C-12, C-13, C-14, C-15, C-16, C-
21, G-1, G-2, G-6, G-7, G-8, G-9, G-10, G-11, 

G-12, G-13, G-14, G-15, G-16, G-19, G-21, G-
23, G-24, G-25, G-26, G-27 

475-150 250-180-175 - 250-190-110-80 - 

G-5 290-200-125 390-175-80 - 250-190-110-80 - 

W-3, W-6, W-7, W-8, W-10, W-12, W-15, W-
16, W-17, W-21, W-23, W-25 

475-150 400-200 - 250-190-110-80 490-150 

C-18, C-19, C-22, C-23, C-24, C-25, C-26 475-150 400-200 - 225-200-100-90 - 
G-17, G-18, G-20, G-22 290-110-100-85 300-115-100-80 290-125-120-75 225-200-100-90 400-175-60 
W-1, C-17 390-95-90 380-225 340-150-100 250-190-110-80 290-180-140 
C-27 475-150 400-200 340-150-100 225-200-100-90 290-180-140 

G-3 290-200-125 300-300 250-280-150 430-190 420-200 
G-4 225-220-90-90 400-120-75 250-280-150 430-190 420-200 

Note: *All the yeast strains have the same PCR length for 26S rDNA region of about 600-650bp. Thus, data not shown in the table 
 
 
Table 4. Identification of selected yeasts isolated from Turkish traditional cheeses 
 

Yeast 
Strains 

Identified yeast strains 
(Ref. Acc. Number) 

GenBank 
Acc. No 

Identified yeast strains 
(Ref. Acc. Number) 

GenBank 
Acc. No 

W-1 C. intermedia (DQ657830.1) MT321268 C. intermedia (KX981200.1) MT334438 

W-3 C. parapsilosis (MK998693.1) MT321173 C. parapsilosis (MK940816.1) MT334455 
W-16 C. parapsilosis (MH445556.1) MT321276 C. parapsilosis (FJ432673.1) MT334446 
W-22 K. marxianus (KY103821.1) MT321174 K. marxianus (KJ641888.1) MT334456 
W-24 K. marxianus (MH595342.1) MT321278 K. marxianus (KJ641888.1) MT334448 

C-4 W. anomalus (KY105866.1) MT321170 W. anomalus (MG773348.1) MT334452 
C-17 C. intermedia (DQ657830.1) MT321171 C. intermedia (KX981200.1) MT334453 
C-21 W. anomalus (KY105868.1) MT321272 W. anomalus (MG773348.1) MT334442 
C-22 D. hansenii (KP835570.1) MT321273 D. hansenii (KY107525.1) MT334443 

C-25 D. hansenii (KY103209.1) MT321172 D. hansenii (KY107525.1) MT334454 
C-27 C. intermedia (DQ657830.1) MT321275 C. intermedia (KX981200.1) MT334445 
G-3 P. kudriavzevii (MH545928.1) MT321265 P. kudriavzevii (MK881743.1) MT334435 
G-4 P. kudriavzevii (MH545928.1) MT321167 P. kudriavzevii (MF377363.1) MT334449 

G-5 W. anomalus (KY105880.1) MT321168 W. anomalus (KF612003.1) MT334450 
G-7 W. anomalus (KY105894.1) MT321266 W. anomalus (MG773348.1) MT334436 
G-18 Cl. lusitaniae (KY102565.1) MT321169 Cl. lusitaniae (MH892862.1) MT334451 

 

 

When assimilation groups were compared with the 

restriction groups of the 26S region, one of 39 yeast strains 

(G-5) defined as C. pelliculosa was separated from the 
other 38 yeast strains with HaeIII and HinfI restrictions. 

Similarly, C-27 yeast strain was separated from other two 

C. intermedia strains (W-1 and C-17) with the HaeIII 

restriction. In addition, the strains of C. krusei yeast 

species, G-3 and G-4, showed different profiles with the 

HaeIII and AluI restrictions. It was observed that C. kefyr, 

C. famata, C. parapsilosis and C. lusitaniae yeast strains 

distributed in similar groups according to the assimilation 

test and restriction profile of the 26S region. 

The different restriction profiles obtained from PCR-

RFLP analysis can represent the different yeast species 
(Gibson et al. 2011). Although seven yeast species have 

been identified based on assimilation tests, ten different 

yeast species may have been isolated depending on the ten 

restriction profiles of the 26S region. Therefore, at least 

one yeast strain was randomly selected from each 

restriction profile of ITS-5.8S and 26S regions, and the 

amplification product of both ITS-5.8S and 26S regions 

was sequenced. The sequences of sixteen yeast strains (W-

1, W-3, W-16, W-22, W-24, C-4, C-17, C-21, C-22, C-25, 
C-27, G-3, G-4, G-5, G-7, G-18) were analyzed by BLAST 

online tool from NCBI web server. The nucleotide 

sequences were submitted to the GenBank database and 

accession numbers were obtained for all sequences (Table 

4). According to BLAST results, all yeast strains showed 

97-99% similarity with reference strains for ITS-5.8S and 

26S regions. G-3 and G-4 yeast strains were identified as P. 

kudriavzevii, G-5, G-7, C-4 and C-21 yeast strains 

identified as W. anomalus, G-18 yeast strain identified as 

Cl. lusitaniae, C-22 and C-25 yeast strains identified as D. 

hansenii, W-22 and W-24 yeast strains identified as K. 

marxianus, W-1, C-17 and C-27 yeast strains identified as 

C. intermedia and W-3 and W-16 yeast strains identified as 

C. parapsilosis. According to the APIWEB current 

database and previous studies, C. krusei, C. pelliculosa, C. 

lusitaniae, C. famata, and C. kefyr yeast species are 

synonymous with P. kudriavzevii, W. anomalus, Cl. 
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lusitaniae, D. hansenii, and K. marxianus yeast species, 

respectively (Kurtzman et al. 2011). Therefore, the yeast 

species identified by assimilation tests were identical to 

yeast species identified by sequence analysis. It has been 

previously reported that the percent confidence of API-

ID32C results is less than that of molecular identification 

methods (Pincus et al. 2007). However, in recent studies, it 

has been reported that the reliability between the ID32C 

API System and 26S rDNA sequencing methods revealed a 

high correlation (Ceugniez et al. 2015). In this study, the 
results obtained with the API-ID32C identification kit 

system were found to be fully compatible with the results 

obtained by molecular identification methods. In addition, 

although the API-ID32C assimilation profile varies 

between strains of the same species, it was observed that 

the identification of yeasts was quite accurate. This may be 

because updates and revisions made in the API-ID32C kit 

and database allow for correct identification of yeasts. 

The percent distribution of identified yeast species was 

determined as 48.1% for W. anomalus, 17.3% for K. 

marxianus, 14.8% for C. parapsilosis, 8.6% for D. 

hansenii, 4.9% for Cl. lusitaniae, 3.7% for C. intermedia 

and 2.5% for P. kudriavzevii. The diversity of yeast species 

on cheese types was given in Figure 1. The W. anomalus 

was abundant in goat cheese (21 of 27 strains) and cheddar 

cheese (17 of 29 strains). The K. marxianus and C. 

parapsilosis yeast species were distributed predominantly 

in white cheese samples. The other yeast species Cl. 

lusitaniae and P. kudriavzevii were distributed only in goat 

cheese samples, and D. hansenii was distributed only in 

cheddar cheese samples. 

So far, C. parapsilosis, C. albicans, C. diddensiae, C. 

haemulonii, C. membranifaciens, C. sake, C. tropicalis, C. 

versatilis, C. zeylanoides, Cl. lusitaniae, D. hansenii, 

Galactomyces geotrichum, K. lactis, K. marxianus, 

Meyerozyma guilliermondii (formerly P. guilliermondii), P. 

anomala, Rhodotorula mucilaginosa, S. cerevisiae, 

Torulaspora delbrueckii, Williopsis californica and Y. 

lipolytica yeast species have been identified from different 

traditional Turkish cheeses (tulum, Kashkaval, Mihalic, 

örgü, white, sepet, and goat) (Yalçın and Uçar 2009; 
Çorbacı et al. 2012; Togay et al. 2020; Esen and Çetin 

2021). 

 
 

 
 

Figure 1. The relative distribution of identified yeast species 

In addition to these species, many yeast species have 

been isolated and identified from local cheeses of different 

countries in the last decade. The C. boidinii, C. butyric, C. 

mogii, C. sphaerica, Cr. albidus, K. blattae, K. 

thermotolerance, P. farinose, P. membranifaciens, R. 

glutinis and Z. rouxii yeast species were recorded from 

Cyprus, Denmark, Macedonia, France and South Africa 

(Bintsis 2021). The C. inconspicua, C. xylopsoci, G. 

candidus and P. kudriavzevii yeast species were identified 

from Bryndza cheese of Slovakia (Pangallo et al. 2014). 
Similarly, C. catenulate, C. etchellsii, C. glaebosa, G. 

candidum, Kazachstania unispora, Kodomaea ohmeri, 

Saturnispora mendoncae and T. ovoides yeast species were 

identified from local cheeses of Brazil, England, France, 

Italy, Mexico and Spain (Gkatzionis et al. 2014; Tofalo et 

al. 2014; Padilla et al. 2014; Cardoso et al. 2015; Ceugniez 

et al. 2015; Chombo-Morales et al. 2016; Dugat-Bony et al. 

2016). These studies showed that D. hansenii, K. lactis, K. 

marxianus and Y. lipolytica are the most common yeast 

species in many cheese types. In this study, K. marxianus 

and W. anomalus yeast species were found at high 
prevalence in cheese samples. Also, P. kudriavzevii yeast 

strain was reported for the first time in this study as a yeast 

species isolated from Turkish cheeses. 

Phylogenetic analysis of identified yeast species was 

carried out by MEGA-X software. The obtained sequence 

of ITS-5.8S and 26S regions were aligned using ClustalW 

v1.6 tool, and the maximum parsimony tree was generated 

by utilizing MEGA-X (Kumar et al. 2018). S. cerevisiae 

was selected as an outgroup. Yeast species were divided 

into three main clades according to the maximum 

parsimony tree result of the ITS-5.8S region (Figure 2). 
The first clade including 6 yeast species was separated into 

2 sub-clades. The C. intermedia and Cl. lusitaniae species 

are localized in the same sub-clade while the other sub-

clade includes P. kudriavzevii yeast species. The second 

clade consists of eight yeast species and is divided into 3 

sub-clades, the first sub-clade contains four W. anomalus 

yeast species, the second sub-clade includes D. hansenii, 

and the third sub-clade includes C. parapsilosis yeast 

species. The last clade includes only one yeast species, K. 

marxianus. According to the maximum parsimony tree of 

the 26S rDNA region, yeast strains were divided into 2 

main clades (Figure 3). The first clade consists of 3 sub-
clades including C. intermedia, C. parapsilosis, Cl. 

lusitaniae, D. hansenii, P. kudriavzevii and W. anomalus 

yeast species and the second clade contains only one yeast, 

K. marxianus. 

Screening of protease and lipase activities  
Extracellular proteases and lipases have been used in 

various industrial areas, including the pharmaceutical, 

detergent, leather, waste management, drug designs, 

cosmetic, biodiesel production, food and dairy industry 

(Escribano et al. 2017; Liu et al. 2020; Naveed et al. 2021). 

Several studies revealed that anti-inflammatory drugs, 
pesticides, anti-Alzheimer drugs, and analgesics could be 

produced by using yeast lipases. In addition, the 

importance of biodiesel production is increasing rapidly 

due to the worldwide depletion of fossil fuels (Adlercreutz 
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2013; Sharma and Kanvar 2014; Gupta et al. 2015). So, the 

isolation and identification of non-Saccharomyces yeast 

species with high protease and lipase activity are important 

for industrial applications. Therefore, protease and lipase 

activities of all isolated yeast strains were determined 

(Table 5). All strains of P. kudriavzevii and W. anomalus 

yeast species showed a high protease activity. In addition, 

all strains of C. intermedia, three yeast strains of D. 

hansenii (C-24, C-25, C-26) and three yeast strains of K. 

marxianus (W-4, W-9, W-11) yeast species displayed a 
protease activity in a moderate level. The strains of C. 

parapsilosis and Cl. lusitaniae yeast species did not have 

protease activity. Interestingly, lipase activity was not 

detected in all isolated yeast strains except for three strains 

of C. parapsilosis (W-7, W-17, W-21), which exhibited 

low lipase activity.  

When the protease and lipase activities of 81 yeast 

strains were evaluated, it was determined that 61.7% of the 

yeast strains showed protease activity, while only 2.5% 

showed lipase activity. In previous studies, it was 

determined that C. parapsilosis, Cl. lusitaniae, K. 

marxianus, M. pulcherrima and W. anomalus yeast species 

have industrially important protease activity (Binetti et al. 

2013; Escribano et al. 2017). And, R. mucilaginosa, C. 

parapsilosis, K. marxianus and W. anomalus yeast species 

have industrially important lipase activity (Binetti et al. 

2013; Yalçın et al. 2014; Gupta et al. 2015).  

Table 5. Extracellular enzyme profiles of cheese-related yeast 
strains 

 

Yeast species Yeast strains Protease Lipase 

K. marxianus W-4, W-9, W-11 ++ - 
W-5, W-13, W-14, W-18, 
W-19, W-20, W-22, W-24, 
C-20, C-28, C-29 

- - 

W. anomalus W-2, C-1, C-2, C-3, C-4, C-
5, C-6, C-7, C-8, C-9, C-10, 
C-11, C-12, C-13, C-14, C-

15, C-16, C-21, G-1, G-2, G-
5, G-6, G-7, G-8, G-9, G-10, 
G-11, G-12, G-13, G-14, G-
15, G-16, G-19, G-21, G-23, 
G-24, G-25, G-26, G-27 

++++ - 

C. parapsilosis  W-3, W-6, W-8, W-10, W-

12, W-15, W-16, W-23, W-
25 

- - 

W-7, W-17, W-21 - ++ 
D. hansenii C-18, C-19, C-22, C-23 - - 

C-24, C-25, C-26 ++ - 
Cl. lusitaniae G-17, G-18, G-20, G-22 - - 
C. intermedia W-1, C-17, C-27 ++ - 
P. kudriavzevii G-3, G-4 ++++ - 

Note: Negative sign indicates the absence of a clear zone around 
the colony; Zone diameter (mm): ++++ (>15); +++ (6–15); ++ 

(3–6); + (1–3) 

 
 

 
 

 
Figure 2. Phylogenetic placement of yeast species based on the sequence of ITS1-5.8S-ITS2 rDNA region. Reference sequences 
retrieved from the GenBank database are included. The tree was constructed with the maximum parsimony method and the Subtree-
Pruning Regrafting algorithm. Numbers on branches represent the bootstrap values (>50%) from 1000 random replicates. The 
consistency index is (0.689320), the retention index is (0.777003), and the composite index is 0.545709 (0.535604) for all sites and 
parsimony-informative sites (in parentheses) 
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Figure 3. Phylogenetic placement of yeast species based on the sequence of D1/D2 rDNA region. Reference sequences retrieved from 
the GenBank database are included. The tree was constructed with the maximum parsimony method and using the Subtree-Pruning 
Regrafting algorithm. Numbers on branches represent the bootstrap values (>50%) from 1000 random replicates. The consistency index 
is (0,695906), the retention index is (0,828383), and the composite index is 0,610828 (0,576477) for all sites and parsimony-informative 

sites (in parentheses) 
 
 
 

However, in this research, the strains of C. parapsilosis, 

Cl. lusitaniae and K. marxianus (except three strains) yeast 

species did not show proteolytic activity. Similarly, all 

isolated yeast strains of C. parapsilosis (except three 

strains), K. marxianus and W. anomalus yeast species did 

not show lipolytic activity. The extracellular enzyme 
activities of yeast species can show variations between the 

strains of the same species. For example, the production of 

proteases is affected by growth conditions (such as 

components of medium, inoculum size and dissolved 

oxygen) and environmental factors (such as pH, 

temperature and incubation time) (de Araújo et al. 2010; 

Molnárová et al. 2014). In this study, it was observed that 

the proteolytic and lipolytic activities were strain-specific 

as previously stated. In addition, all strains of P. 

kudriavzevii and W. anomalus yeast species have great 

potential as candidate yeasts for the dairy industry due to 

their high proteolytic activity. 

Screening thermotolerant and osmotolerant properties 
Since cheese is a fermentation product, the composition 

of cheese is indirectly regulated by microbial biota. The 

presence of thermotolerant and osmotolerant yeasts in this 

microbial biota is important. Thermotolerant and 

osmotolerant yeasts are capable of surviving and growing 

at high temperatures and osmotic environments (such as 

high sugar or salt concentrations), respectively. So, 

thermotolerance and osmotolerance properties of yeast 

strains were also investigated in this work. 

Thermotolerance properties of yeast strains were 

determined by incubation in a rich medium at 25, 30, 37 

and 45°C (Table 6). All yeast strains showed a well growth 

at 25 and 30°C (data not shown). D. hansenii and C. 

intermedia yeast strains did not grow at both 37 and 45°C. 

The strains of W. anomalus yeast species grew at 37°C but 

not at 45°C. K. marxianus, C. parapsilosis, Cl. lusitaniae 

and P. kudriavzevii yeast strains showed a well growth at 

both 37 and 45°C. The osmotolerant yeast strains were 

determined by incubating yeast strains in the rich medium 

supplemented with 50% glucose at 30°C (Table 6). The 

results showed that all the yeast strains (except K. 

marxianus) showed growth in an osmotic environment. It 

has been previously reported that some strains of C. 

famata, C. parapsilosis, D. hansenii, P. kudriavzevii and 

W. anomalus possess osmophilic properties (Breuer and 
Harms 2006). Furthermore, D. hansenii, K. marxianus and 

P. kudriavzevii yeast species have both thermophilic and 

osmophilic properties (Breuer and Harms 2006; Yamamoto 

et al. 2015; Choi et al. 2017). In this research, C. 

parapsilosis, Cl. lusitaniae and P. kudriavzevii yeast strains 

were determined as both thermotolerant and osmotolerant 

yeast species. In addition, no variation was observed 

between the thermotolerant and osmotolerant profiles of 

yeast strains belonging to the same species. 
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Table 7. Fermentation capacity of yeast strains in different carbon sources 
 

Yeast species Yeast strains Dex Gal Suc Lac Mal 

K. marxianus W-4, W-11, W-13, W-14, W-20, W-5, W-9, W-19, W-22, W-24, C-20, C-29 + + + + + 
W-18, C-28 + + + + - 

W. anomalus W-2, C-2, C-4, C-5, C-6, C-7, C-9, C-10, C-11, C-13, C-14, C-16, G-5, G-6, 
G-7, G-9, G-10, G-11, G-12, G-13, G-14, G-15, G-21, G-23, G-26, G-27 

+ + + + + 

C-1, C-3, C-8, C-12, C-15, C-21, G-1, G-2, G-8, G-16, G-19, G-24, G-25 + + + - + 

C. parapsilosis W-3, W-6, W-7, W-12, W-17, W-23, W-8, W-15, W-16 + + + - + 
W-10, W-21, W-25 + + + + + 

D. hansenii C-23, C-24, C-25, C-26 + + + + + 

C-18, C-19, C-22 + + + + - 
Cl. lusitaniae G-17, G-18 + + + + + 

G-20, G-22 + + + - + 
C. intermedia W-1, C-17, C-27 + + + + + 
P. kudriavzevii G-3 + + + - + 

G-4 + + - - - 

Note: Negative sign indicates the absence of growth; Positive sign indicates the presence of growth. Dex: Dextrose, Gal: Galactose, Suc: 
Sucrose, Lac: Lactose, Mal: Maltose 

 
 

 
Table 6. Thermotolerant and osmotolerant yeast strains 
 

Yeast species 37°C 45°C 50% Dex 

K. marxianus  + + - 

W. anomalus  + - + 
C. parapsilosis  + + + 
D. hansenii  - - + 
Cl. lusitaniae + + + 
C. intermedia - - + 
P. kudriavzevii + + + 

Note: Negative sign indicates the absence of growth; Positive sign 
indicates the presence of growth 

 

Screening fermentation ability 
The fermentation ability of the yeast strains was 

analyzed by using five different fermentable carbon 

sources: dextrose, galactose, sucrose, lactose, and maltose. 

Fermentation tests of all yeast strains yielded positive 

results on dextrose, galactose, and sucrose carbon sources, 

except G-4 yeast strain of P. kudriavzevii which gave a 

negative result on sucrose (Table 7). The strains of C. 

intermedia, D. hansenii and K. marxianus yeast species 

showed positive results on lactose. However, thirteen yeast 

strains of W. anomalus, nine yeast strains of C. 

parapsilosis, two yeast strains of Cl. lusitaniae and all 

strains of P. kudriavzevii yeast species gave negative 
results for the lactose. C. intermedia, C. parapsilosis, Cl. 

lusitaniae and W. anomalus yeast strains showed positive 

results in the maltose fermentation test, while two yeast 

strains of K. marxianus, three yeast strains of D. hansenii 

and one strain of P. kudriavzevii showed negative results in 

the maltose test (Table 7). As a result, 61.8% of isolated 

yeast strains gave positive results in all fermentable carbon 

sources used.  

Due to their high fermentation capacity in different 

carbon sources and thermotolerant/osmotolerant properties, 

twenty-six strains of W. anomalus, three strains of C. 

parapsilosis (W-10, W-21 and W-25) and two strains of Cl. 

lusitaniae (G-17 and G-18) have been identified as yeast 

species with industrial potential. On the other hand, 

fermentative yeasts are often responsible for the 

deterioration of cheeses. Although P. kudriavzevii yeast 

strain (G-4) can grow in sucrose, lactose and maltose 
carbon sources, it cannot ferment them. For this reason, it 

may not cause deterioration even if it is used as a starter 

culture in cheese production. In this respect, G-4 strain of 

P. kudriavzevii is industrially important. 

In conclusion, yeasts are an important part of the cheese 

microbiota. While yeasts have positive effects on 

improving the sensory properties of cheeses, they 

sometimes cause the cheese to deteriorate. Therefore, the 

determination of yeast diversity in cheese biota is important 

for the development of new protective precautions and new 

starter cultures. Biochemical and molecular identification 
methods are of great importance for the identification of 

yeast samples in cheese biota. In this study, seven different 

yeast species were identified from traditional cheese 

samples, and C. parapsilosis, Cl. lusitaniae, P. kudriavzevii 

and W. anomalus yeast species were determined to be 

industrially important. The strains of these yeast species 

have the potential for industrial applications according to 

their extracellular enzyme activities, fermentation capacity 

and thermotolerant-osmotolerant properties. 
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