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  Introduction

Yeasts have gained interest in probiotics due to their wide 
metabolic activities although bacterial species such as Lac-
tobacillus and Bifidobacterium are generally known and 
preferred as probiotics in the world. In addition to lactic 
acid bacteria, probiotics belonging to yeasts and molds are 
also being studied for their potential role in fermentation, 
flavor production, and food ripening [1, 2]. However, there 
are limited studies on yeasts as probiotics derived from local 
and traditional fermented foods [3]. Recently, fermented 
foods become popular for probiotic intake [4].

Tarhana is a traditional fermented food manufactured by 
fermenting the dough prepared using wheat flour, yogurt, 
sourdough, various vegetables, and spices (tomato, red 
pepper, onion, peppermint, salt, etc.) and then drying and 
grinding [5]. Tarhana, which is also used as the first food 
for babies, can be consumed mostly as soup, or as snacks 
depending on different consumption habits [6]. Industrial 
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Abstract
Fermented foods constitute a valuable source of probiotics for both bacteria and yeasts. To date, however, there has been 
a limited amount of research conducted on Saccharomyces cerevisiae, Kazakhstania servazzi, Kluyveromyces marxianus 
and Torulaspora delbrueckii isolated from tarhana. The objective of the research is to identify additional probiotic char-
acteristics other than the leavening activity exhibited by yeasts that were previously isolated from tarhana fermentation. 
In this study, yeasts were subjected to subsequent acid and bile salt tolerance, bile salt hydrolysis, antagonistic activity, 
aggregation activity (auto-aggregation and co-aggregation), cholesterol assimilation, folate production, biofilm produc-
tion, and hemolysis activity. S. cerevisiae PCF122, S. cerevisiae PCF107, and S. cerevisiae PCF134 strains grew at pH 2 
and 2,5 but remained at pH 3. Except for S. cerevisiae PCF115 and T. delbrueckii PCF150, all yeasts were found to be 
0,5% and 1,0% oxalate tolerant. All yeasts hydrolyze oxalate (bile salt), but only S. cerevisiae PCF115 and T. delbrueckii 
PCF150 produced EPS. Yeasts also exhibited significant amounts of autoaggregation (46–87%). After 24 and 48 h incu-
bation, all strains assimilated cholesterol at rates ranging from 10,4% to 87,5% and 10,6–91%, respectively. The highest 
folate production was determined at S. cerevisiae PCF108 (56 µg/mL) and the lowest was at S. cerevisiae PCF110 and K. 
marxianus PFC120 (18 µg/mL). In conclusion, yeasts that existed in tarhana fermentation showed cholesterol assimila-
tion, folate production, and aggregation activity which are additional probiotic attributes that would have consumer health 
promotion, beside these yeast leaven the tarhana dough.
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production of tarhana is also increasing due to increased 
consumer demand for instant soups. DNA-based stud-
ies applied to explore tarhana LAB composition revealed 
that homofermentative species dominate, but heterofer-
mentative species are also found. On the other hand, it has 
been reported that the yeast species responsible for tarhana 
dough fermentation mostly belong to the Pichia, Candida, 
Kluyveromyces, and Kazachstania genera [7]. Saccharomy-
ces cerevisiae was also emphasized as the main yeast spe-
cies that ferments the tarhana dough by Settanni et al. [8].

Yeasts have probiotic potential, as well as lactic acid 
bacteria in fermented foods. Although there are many stud-
ies on the presence and function of yeasts in fermented 
beverages and fermented foods, research on the presence 
of probiotic yeasts in fermented foods has become wide-
spread in recent years [9]. Numerous investigations show 
some yeasts, as well such as Debaryomyces hansenii, T. 
delbrueckii, Kluyveromyces lactis, Yarrowia lipolytica, K. 
marxianus, and Kluyveromyces lodderae, can tolerate the 
stomach conditions, survive in the intestines of humans, and 
were effective against to infections of the gut [10–12]. S. 
cerevisiae var. boulardii is a commercially used probiotic 
supplement [9].

Probiotic yeast cultures provide a variety of beneficial 
impacts on the human body; this includes the synthesis of 
antioxidant and antimicrobial agents in addition to a decrease 
in the cholesterol in the blood levels [13–15]. Although they 
make up a small proportion of the intestinal microflora, 
they have been reported to be crucial for the physiologi-
cal function of the gastrointestinal tract [16, 17]. In recent 
years, cholesterol assimilation ability has been determined 
in yeasts other than bacteria [18, 19]. Pichia fermentans, 
Pichia kudriavzevii, S. cerevisiae, K. lactis, Cryptococcus 
humicola, Candida valida, and Candida kefyr were found 
to be the yeast species in which cholesterol assimilation was 
detected [20–22].

Folates are involved in nucleotide synthesis and metabo-
lism. Folic acid cannot be synthesized by humans or animals, 
so it must be supplemented. Folic acid deficiency is the pri-
mary cause of micronutrient deficiency, affecting billions of 
people worldwide. Folic acid supplementation has become 
mandatory in many countries, leading to an increased need 
for the vitamin [23]. Because of its role in such important 
metabolic pathways, it can cause a range of syndromes 
and diseases, from megaloblastic anemia to cardiovascular 
problems and, in the case of deficiency, cancer [24]. Yeasts 
are known to produce vitamins such as folate as a fermenta-
tion product like bacteria [25]. However, there are very few 
studies on probiotic yeast diversity in fermented foods.

The objective of this research is to identify probiotic 
potential exhibited by yeasts that were previously isolated 
from the process of tarhana fermentation. These include 

exploring aggregation activity (both auto and co-aggre-
gation), cholesterol assimilation, and folate production, 
as well as evaluating their tolerance to acid and bile salts, 
antagonistic effects, and bile salt hydrolysis activities.

Materials and methods

Microorganisms and media

Culture-dependent studies of yeast strains obtained during 
tarhana fermentation using LSU, ITS-5.8 S and 28 S rDNA 
sequencing revealed that they were isolated from more than 
one group. The yeast strains used in the study were obtained 
from Pamukkale University Food Engineering Culture 
Collection (PCF107, PCF108, PCF110, PCF112, PCF115, 
PCF119, PCF120, PCF122, PCF134, and PCF150) and 6 
isolates were similar to S. cerevisiae (96.73–100%), 2 iso-
lates to K. marxianus (99.04 and 100%), 1 isolate to K. ser-
vazzi (100%) and 1 isolate to T. delbrueckii (99.84%) strains 
in a previous study [7]. These isolates were registered in the 
NCBI database before being used in our study. PUFECC 
code and NCBI database registration numbers are given 
respectively (PFC 107-PP038306, PFC 108-PP038307, 
PFC 110-PP038308, PFC 112-PP003906, PFC 115-
PP038309, PFC 119-PP003907, PFC 120-PP038310, PFC 
122-PP038311, PFC 134-PP038312, PFC 150-PP038313).

Escherichia coli ATCC 259,225, Staphylococcus aureus 
ATCC 29,213, vancomycin-resistant S. aureus 316, Pseu-
domonas aeruginosa ATCC 278,853, vancomycin-resistant 
Enterococcus feacalis 461, Candida albicans ATCC90028, 
and Candida parapsilosis ATCC 22,019 indicator strains 
were obtained from the Culture Collection of the Clinical 
Microbiology Laboratory of Dr. Behçet Uz Children’s Dis-
eases and Surgery Training and Research Hospital.

Sabouraud dextrose agar (SDA) or broth (SDB) and 
Trypticase Soy agar (TSA) or broth (TSB) media (Merck, 
Darmstadt, Germany) were used for bacterial growth. All 
yeasts and indicator microorganisms were stored at -80 °C 
in a medium containing 15% glycerol (Merck, Darmstadt, 
Germany).

Determination of yeast growth at various 
temperatures

The effect of different temperatures on yeast growth was 
examined by introducing 100  µl of active yeast suspen-
sions (109 CFU/mL, for each isolate, SD broth, 30–35 °C 
for 24–48 h) to SD water and incubation for 24, 72 h at 30, 
37, and 37 °C + 5% CO2. 100 µL of culture was inoculated 
into SD broth medium (log 9,5 CFU/mL) in 5 mL tubes. 
They were kept separately in 30 °C, 37 °C, and 37 °C + 5% 
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CO2 environments for 24, and 72 h. After incubation, each 
yeast isolate’s optical density was measured blindly against 
the corresponding broth medium at 600 nm in a spectropho-
tometer (Specord, UV/Visible Spectrophotometer, Analytic 
Jena, Jena, Germany). Cultures grown at 37  °C with 5% 
CO2, similar to the human gastrointestinal tract, were used 
for research.

Screening for probiotic potential of yeast isolates

Determination of acid tolerance of yeasts

To determine the tolerance of yeasts to acids, the pH of the 
SD broth medium was adjusted to 2.0, 2.5, and 3.0 with 
3 N HCl (Merck, Darmstadt, Germany) and sterilized in the 
autoclave. Different pH-adjusted media were inoculated in 
triplicate with 100 µL of active yeast culture (log 10 CFU/
mL) and incubated for 4 h at 37 °C with 5% CO2. At the 
end of the period, the cultures were cultivated on SD agar 
by smear inoculation at 37 °C 5% CO2 and the number of 
viable yeasts was determined by colony counting (log CFU/
mL).

Determination of bile salt tolerance and hydrolysis of 
yeasts

SD broth medium was adjusted with Oxcall (Merck, Darm-
stadt, Germany) at 0.3%, 0.5%, and 1.0% and sterilized in 
the autoclave. 100 µl of active yeast cultures (log 10 cfu/ml) 
were inoculated into pH-adjusted media and incubated at 
37 °C 5% CO2 for 4 h. At the end of the period, the cultures 
were inoculated as a smear on SD agar and grown at 37 °C 
5% CO2. Growth colonies were counted, and the number of 
viable yeasts (log cfu/ml) was determined [26].

The agar plates method was used to perform bile salt 
hydrolysis. The growth medium was SD agar with 0.5% bile 
salts (including 50% taurodeoxycholate) (Sigma-Aldrich, 
St. Louis, Missouri, USA) and 0.37  g/L CaCl2 added as 
supplements. A spot containing new yeast cultures (24  h) 
was left on the medium’s surface with 2 µl each, and it was 
then incubated in triplicate for 72 h at 37 °C with 5% CO2. 
According to Fadda et al. [27], the precipitation zone around 
colonies demonstrated yeast activity in bile salt hydrolase.

Determination of biofilm (EPS) production by yeasts

To determine biofilm production, a single colony of pure 
culture of each yeast strain was inoculated onto the SD agar 
medium. Subsequently, single colonies were inoculated into 
5 mL of SD broth medium containing 20% glucose (Sigma-
Aldrich, St. Louis, Missouri, USA) and incubated at 37 °C 
with 5% CO2 for 24 h. After the incubation period, cultures 

were diluted to 1/10, and 200 µl was incubated in a 96-well 
microplate (Sigma-Aldrich, St. Louis, Missouri, USA) for 
24 h at 37 °C with 5% CO2 broth medium was then added, 
and the wells were washed three times with distilled water. 
100 µl of a 1% violet crystal solution (Sigma-Aldrich, St. 
Louis, Missouri, USA) was added to the wells and incu-
bated for 15 min at 25 °C. 200 µl of ethanol/acetone (40:10) 
(Sigma-Aldrich, St. Louis, Missouri, USA) was poured into 
the wells after the holes had been cleaned three times with 
distilled water. After waiting for ten minutes, the dye was 
allowed to dissolve. Sterile SD broth was used as a nega-
tive control. For the measurement of yeast biofilm, the plate 
was read in a microplate reader (Microplate reader, BioTek 
ELx808, Agilent Technologies, California, USA) with a 
wavelength of 540 nm. All biofilm forming tests were per-
formed in triplicate, and the results were averaged. Based on 
the ODS of bacterial biofilms, all strains were classified as 
non-adherent (0), weakly adherent (+), moderately adherent 
(++), or strongly adherent (+++). For the microtiter-plate 
test, the cut-off OD (ODC) was defined as three standard 
deviations above the mean OD of the negative control. The 
following strains were classified as follows, OD ≤ ODC non-
adherent, ODC < OD ≤ 2× ODC weakly adherent, 2× ODC < 
OD ≤ 4× ODC moderately adherent, 4×ODC < OD strongly 
adherent [28].

Determination of antagonistic activity of yeasts

The antimicrobial activity of yeast strains was evaluated 
using the agar-well diffusion method [29]. Yeast strains 
were grown in SD broth for 24 h at 37  °C with 5% CO2 
and centrifuged at 4000 g at 4 °C for 15 min. The indica-
tor microorganism (E. coli ATCC 259225, S.aureus ATCC 
29213, vancomycin-resistant S. aureus 316, P. aeuroginosa 
ATCC 278853, vancomycin-resistant E. feacalis 461, C. 
albicans ATCC90028 and C. parapsilosis ATCC ATCC 
22019.) was spread on SD agar. A sterile cork borer was 
then used to drill 8 mm diameter holes in SD agar. 100 µL 
of supernatants were placed in wells and the plates were 
incubated in a 5% CO2 incubator at 37⁰C for 24 h. The zones 
formed around the wells were measured in mm.

Determination of hemolysis activity of yeasts

Streak plate cultures were obtained from overnight active 
yeast cultures grown in a 5% sheep blood medium (Merck, 
Darmstadt, Germany). They were incubated at 37 °C with 5% 
CO2 for 24 h. At the end of the incubation period, hemolysis 
around the colonies was evaluated as α, β, and non-hemoly-
sis. The hemolytic activity was assessed by considering the 
hemolytic zone size using the same methodology as for the 
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chemistry analyzer (Beckman Coulter, Minnesota, USA) 
[32].

Determination of folate production of yeasts

Overnight active yeast cultures were inoculated into 5 mL 
SD broth medium and incubated at 37 C, 5% CO2 for 24 h. 
After centrifugation at 5000 rpm, 2 mL of the supernatant 
was taken and measured at 600 nm in an Abbott, Architect, 
i1000sr immunoassay analyzer (İllinoi, USA), and folate 
content was determined as ng/dL [33].

Statistical analysis

Results obtained from the present study were compared 
with one-way ANOVA analysis and Tukey test using the 
Minitab 16 (Minitab Inc., Coventry, UK) package program. 
All analyses were performed in triplicate. Differences were 
considered significant at P < 0.05.

Results and discussion

Yeasts grow at different temperatures and 
conditions

Yeast cells were grown in SD broth at three distinct tem-
peratures for 24 and 72 h. Under these conditions, 30 °C and 
37 °C had the highest and lowest growth rates, respectively. 
The growth results of yeast isolates at different temperatures 
and conditions are presented in Table 1. At the end of 72 h, 
all isolates showed a decreasing growth at 30  °C, 37  °C, 
and 37 °C-5% CO2 conditions. All isolates grew at 30 °C, 
37 °C and 37 °C-5% CO2 except K. servazzi PFC112 and T. 
delbrueckii PFC150, which did not grow at 37 °C, 5% CO2.

All isolates reached minimum viability levels after 24 h 
incubation. S. cerevisiae strains PCF115 and PCF122 had 
low survival when incubated at 30  °C, 37  °C and 37  °C, 
5% CO2, while K. marxianus strains PCF119 and PCF120 
showed the highest growth after 72 h, at 37 °C, K. marxia-
nus PCF119 and PCF120 strains had higher survival rates 
than S. cerevisiae PCF107, PCF108, PCF134, and PCF110 
strains.

According to a similar study investigation on probiotic 
yeasts, K. marxianus S97 demonstrated the highest growth 
level (7.83 log CFU/mL) over 96  h, whereas S. cerevi-
siae S34 had the lowest survival rate (7.51 log CFU/mL) 
throughout the same period when incubated at 37 °C [33]. 
Talukder et al. [34] reported that four S. cerevisiae, which 
they isolated from sugarcane juice, showed high growth at 
37 °C, and 42 °C.

colony zone area estimation. S. aureus ATCC 29,213 strain 
was used as control bacteria.

Determination of aggregation-related activities

Determination of auto-aggregation of yeasts

Determination of the percentage of auto-aggregation, yeasts 
strains were cultured on SD agar plates at 37  °C in 5% 
CO2 for 24 h. After incubation, cultures were centrifuged 
at 4000  g for 15  min at 4  °C cells were harvested, then 
cells washed twice in a phosphate buffer solution (130 mM 
Sodium chloride in 10 mM Sodium phosphate, pH 7.2 PPB) 
(Sigma-Aldrich, St. Louis, Missouri, USA). The washed 
yeast cells were then adjusted to 1 McF in tubes containing 
4 mL PPB. To allow auto-aggregation, the yeast cells were 
vortexed and incubated at room temperature for 10  min. 
Density measurements were performed with a densimeter 
at 550 nm at 0 and 4 h. The percentage of auto-aggregation 
of yeast cells was determined using the method of Kos et 
al. [30].
% Auto-aggregation = A0-B1 / A0 × 100,
A0: 0-hour measurement (first),
B1 4-hours measurement (final).

Determination of co-aggregation of yeasts

Determination of the percentage of co-aggregation, yeasts 
strains were cultured on SD agar plates at 37 °C in 5% CO2, 
and indicator bacteria E. coli ATCC 259,225, S. aureus 
ATCC 29,213 were cultured in Blood media at 37  °C for 
24 h. The method of preparation of cell suspensions for co-
aggregation was the same as for the auto-aggregation assay. 
2 mL of yeast cells adjusted to 1 McF, and 2 mL of indicator 
bacterial cells were transferred into 4 mL tubes and mixed. 
Then vortexed for 10 s for co-aggregation and incubated at 
room temperature. Density measurements were performed 
with a densimeter at 550 nm at 0 and 4 h. Co-aggregation 
percentage was calculated by the given formula [31].
% Co-aggregation = C0-D1 / C0 × 100.
C0: 0 h (Yeast + indicator bacteria) measurement (first).
D1: 4 h (Yeast + indicator bacteria) measurement (final).

Determination of cholesterol assimilation of yeasts

Active yeasts were inoculated into an SD broth medium 
containing 0.3% oxcall. They were incubated for 24 h under 
5% CO2 conditions. Samples were centrifuged at 5000  g 
for 10 min. The cholesterol content of the supernatant was 
determined using an enzymatic kit (Synchron® Systems, 
Beckman Coulter, Minnesota, USA) and a Unicell DxC800 
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growth at 0.3% oxal. Except for S. cerevisiae PCF115 and 
T. delbrueckii PCF150, all yeasts were tolerant to 0.5% and 
1.0% oxalate.

Syal and Vohra [19] and Şanlıdere Aloğlu et al. [22] 
reported that yeasts isolated from foods were tolerant to 
0.3% oxal concentration. As supported by the research 
results, yeasts are generally known to be tolerant to 0.3% 
bile salt. In our study, it was found that all yeasts were resis-
tant to oxal at 0.3% and all yeasts except two were resistant 
to oxal at 0.5 and 1% concentrations. Probiotic microorgan-
isms that are resistant to high bile salts both protect their 
vitality and contribute to cholesterol assimilation. All yeasts 
hydrolyze oxalate (bile salt). By hydrolyzing bile salts, 
yeasts protect from the toxic effect of bile in the large intes-
tine [36].

Determination of yeast biofilm (EPS) growth by 
microplate method

Exopolysaccharides (EPS), which include proteins, poly-
saccharides, and nucleic acids, increase bacterial adhesion, 
and aggregation and form exoskeletons that promote the 
development of biofilms [37]. EPS production protects the 

The probiotic potential of yeast isolates

Acid tolerance of yeasts

Only S. cerevisiae strains PCF107, 122, and 134 can grow 
at pH 2 and 2.5. All yeasts were found to grow at pH 3. In 
the study conducted by Sanlıdere Aloglu et al. [22], it was 
determined that 8 out of 10 food-derived yeast strains could 
grow as a result of incubation at pH 2.5 for 3 h at 37 °C. In 
other similar studies, it has been reported that yeasts gener-
ally grow well at pH 3 and above [21, 35]. In our study, it 
was determined that all strains showed good growth at pH 3.

Oxalate intolerance and bile salt hydrolysis of yeasts

As microorganisms pass through the small intestine, they 
encounter around 0.3% bile salts and the majority of them 
are inhibited, while the resistant ones pass into the large 
intestine. At the same time, cholesterol is reduced to bile 
salts. Probiotic microorganisms are expected to exhibit 
resistance to bile to survive and function effectively in the 
gastrointestinal tract [36]. Table  3 shows the tolerance of 
yeasts to different levels of bile salts. All strains showed 

Table 1  Growth of yeasts under different conditions
Yeast isolates 24 h, log CFU/mL 72 h, log CFU/mL

30 °C 37 °C 37 °C, %5 CO2 30 °C 37 °C 37 °C, %5 CO2

S. cerevisiae PFC107 7,11Ba 7,19Ba 7,13Ca 6,12Db 5,15Bc 4,26Dd

S. cerevisiae PFC108 7,32Ba 7,25Ba 7,22BCa 6,56Ca 5,23Bb 4,35CDc

S. cerevisiae PFC110 7,12Ba 7,14Ba 7,32Ba 6,00Eb 4,22Dc 4,26Dc

K. servazzi PFC112 5,34Ea 4,14Eb 0,00Fd 4,34Ib 3,41Fc 0,00Ed

S. cerevisiae PFC115 6,14Ca 6,01Ca 6,10aEa 5,40Gb 4,10DEc 4,40Cc

K. marxianus PFC119 7,96Aa 7,76Aa 7,75Aa 7,28Aa 6,01Ab 6,15Ab

K. marxianus PFC120 7,93Aa 7,88Aa 7,67Aa 7,24Aa 6,06Ab 6,22Ab

S. cerevisiae PFC122 6,31Ca 6,31Ca 6,31Da 5,71Fa 4,64Cb 4,57Bb

S. cerevisiae PFC134 7,21Ba 7,17Ba 7,18Ca 6,89Ba 5,13Bb 4,56Bc

T. delbrueckii PFC150 5,67Da 5,21Da 0,00Fc 4,52Hb 4,02Eb 0,00Ec

Different small letters indicate significantly difference (p < 0.05) at each temperatures and large letters indicate significantly difference (p < 0.05) 
at each strains. The table shows mean values

Table 2  Acid tolerance of yeasts at pH 2, 2.5, and 3
Yeasts isolates Initial

log CFU/mL
pH 2,0
log CFU/mL

pH 2,5
log CFU/mL

pH 3,0
log CFU/mL

S. cerevisiae PFC107 10,04a 9,65a 9,37a 9,71a

S. cerevisiae PFC108 9,72a 0,00b 0,00b 9,60a

S. cerevisiae PFC110 9,82a 0,00b 0,00b 9,22a

K. servazzi PFC112 9,88a 0,00b 0,00b 9,32a

S. cerevisiae PFC115 9,57a 0,00b 0,00b 9,42a

K. marxianus PFC119 9,91a 0,00c 0,00c 9,61b

K. marxianus PFC120 10,01a 0,00c 0,00c 9,52b

S. cerevisiae PFC122 10,10a 9,66a 9,70a 9,52a

S. cerevisiae PFC134 9,60a 7,65b 8,81ab 9,53a

T. delbrueckii PFC150 9,28a 0,00b 0,00b 9,40a

Different letters indicate significantly different (p < 0.05) at each isolate. The table shows mean values
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Researchers have stated that in an environment rich or 
low in sugar, the adhesion of yeast to the surface and the 
resulting biofilms are important. It has been reported that 
biofilms occur as a result of the metabolism of various types 
of organisms [40].

Antagonistic activity of yeasts

None of the yeasts we studied showed any antagonis-
tic effect against indicator microorganisms, E. coli ATCC 
259,225, S.aureus ATCC 29,213, vancomycin-resistant S. 
aureus 316, P. aeuroginosa ATCC 278,853, vancomycin-
resistant E. feacalis 461, C. albicans ATCC90028 and C. 
parapsilosis ATCC ATCC 22,019. In a study by Fadahunsi 
and Olubodun [29], it was reported that Kluyveromyces 
phaffii had very low antimicrobial activity (5 mm) against 
Salmonella sp. It also had no antimicrobial activity against 
the other three pathogens. Meanwhile, S. cerevisiae 003 had 
low (6 mm) antimicrobial activity against Vibrio cholerae 
and moderate antimicrobial activity against Salmonella sp. 
(13 mm). It did not have any antimicrobial activity against 
Campylobacter jejuni and Listeria monocytogenes.

microorganism from the external environment and inhibits 
other microorganisms by adhering to them. A research group 
[38] reported that K. marxianus and P. kudriavzevii yeasts 
isolated from dairy products synthesized EPS and their iso-
lation was carried out. In contrast, in a similar study, Fekri 
et al. [39] found that K. marxianus, K. lactis and K. aestuarii 
yeast strains isolated from traditional sourdough produced 
more EPS than industrial bread yeast (S. cerevisiae).

Biofilm production rates of yeasts are given in Table 4. 
In our study, it was determined that S. cerevisiae PCF115 
and T. delbrueckii PCF150 yeasts produced biofilms at a 
high rate (+++), S. cerevisiae PCF122 and PCF107 yeasts 
produced biofilms at a medium rate (+++) and S. cerevi-
siae PFC 110 and PCF134 yeasts produced biofilms at a low 
rate (+). It was determined that other yeasts did not produce 
EPS.

Six strains (PCF122, PCF107, PCF108, PCF134, 
PCF119, PCF120, and PCF122) produced biofilm after 24 h, 
with a density of stationary cells that ranged from 2.54 log 
CFU/cm2 to 4.63 log CFU/cm2. This feature was observed 
in Table 4, as a different indirect indicator of the ability to 
adhere to the gut. After 72 h, biofilm was produced by iso-
lates of PCF110, PCF115, and PCF150. Regarding the other 
probiotics features, yeasts exhibited resistance to the tested 
drugs but lacked any antibacterial activity against bacteria 
(Data not shown).

Table 3  Oxalate intolerance and bile salt hydrolysis of yeasts
Yeasts isolates Initial

log CFU/mL
%0,3
log CFU/mL

%0,5
log CFU/mL

%1,0
log CFU/mL

Bile salt
hydrolysis activity

S. cerevisiae PFC107 9,73a 9,97a 8,99a 9,59a +
S. cerevisiae PFC108 9,74a 9,92a 9,68a 9,85a +
S. cerevisiae PFC110 9,65a 9,46a 9,62a 9,52a +
K. servazzi PFC112 9,51a 9,63a 9,39a 9,34a +
S. cerevisiae PFC115 4,62a 9,34a 0,00b 0,00b +
K. marxianus PFC119 9,47a 9,30a 9,49a 9,58a +
K. marxianus PFC120 9,69a 9,85a 9,47a 9,68a +
S. cerevisiae PFC122 9,44a 9,59a 9,26a 9,30a +
S. cerevisiae PFC134 9,80a 10,02a 9,26a 9,88a +
T. delbrueckii PFC150 4,62a 8,98a 0,00b 0,00b +
Different letters indicate significantly different (p < 0.05) at each isolate. The table shows mean values

Table 4  Biofilm formation of yeast species in the microtiter-plate test
Yeast isolates No adherence Weak adherence Moderate adherence Strong adherence
S. cerevisiae PFC107 – – ++ –
S. cerevisiae PFC108 – – – –
S. cerevisiae PFC110 – + – –
K. servazzi PFC112 – – – –
S. cerevisiae PFC115 – – – +++
K. marxianus PFC119 – – – –
K. marxianus PFC120 – – – –
S. cerevisiae PFC122 – – ++ –
S. cerevisiae PFC134 – + – –
T. delbrueckii PFC150 – – – +++
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Auto-aggregation

Aggregation is the collapse of microorganisms among 
themselves (auto-aggregation) or by forming a group with 
another organism (co-aggregation). It continues its effec-
tiveness to protect themselves with auto-aggregation. With 
co-aggregation, it clings to other microorganisms and pre-
vents colonization by allowing them to collapse [36].

As seen in Table 5, yeasts showed high levels of auto-
aggregation (46–87%). S. cerevisiae PCF108 (46%) and K. 
marxianus PCF119 (87%) strains showed the lowest and 
highest aggregation ability. In a study by Syal and Vohra 
[19], it was determined that the aggregation ability of yeasts 
isolated from traditional foods ranged between 47 and 97% 
at the end of 3 h.

Co-aggregation

It was found that yeasts formed different levels of coaggre-
gation against E. coli ATCC 259,225 and S. aureus ATCC 
29,213 (E. coli ATCC 259225 16.2-40% and S. aureus 
ATCC 29213 20-50%) (Table 5). Compared to our study, a 
study showed that 12 different S. cerevisiae and S. boulardi. 
strains had low co-aggregation against E. coli EPEC, Sal-
monella Enteritidis and L. monocytogenes pathogens [42]. 
In general, yeast auto-aggregation percentages are reported 
to be higher than co-aggregation. This is thought to be due 
to the high specific gravity of yeasts.

Cholesterol assimilation

Probiotic yeasts contribute to the reduction of cholesterol in 
the environment by assimilation. This helps to reduce and 
prevent coronary heart disease. Table 6. shows the choles-
terol assimilation percentages (%) of yeasts. All 10 strains 
showed cholesterol assimilation between 10.4 and 87.5% in 
24 h and 10.6–91% in 48 h of incubation. No significant dif-
ference was observed in the cholesterol removal of yeasts at 
24 and 48 h of incubation. Psomas et al. [20] determined the 
cholesterol assimilation amount of yeasts as 83.4% at 24 h 
and 90.4% at 48 h in 0.3% oxsal and cholesterol-enhanced 
YEPS medium. Kourelis et al. [18] found that food- and 
human-derived S. cerevisiae 832 and S. cerevisiae 952 
yeasts reduced cholesterol by 4% and 60%, respectively, 
within 24 h in the YEGP medium. Chen et al. [21] in their 
study, found that all of the yeasts obtained from raw cow’s 
milk reduced cholesterol by 3.6–44% within 72 h.

Şanlıdere Aloğlu et al. [22] reported that food-derived 
yeasts assimilated cholesterol between 43.12% and 73.3%. 
K. marxianus K1 and M3 strains were reported to be highly 
cholesterol-reducing yeasts [43]. It has been reported that 

Hemolytic activity of yeasts

Hemolytic activity is one of the pathogenic properties of 
microorganisms. It is an undesirable feature in probiotic 
microorganisms [41]. In our study, none of the yeast strains 
showed hemolytic activity on 5% sheep blood Mueller-Hin-
ton Agar.

Aggregation activity of yeasts

Aggregation, cell adhesion and dominant colonisation are 
important criteria for probiotic microorganisms. Aggrega-
tion occurs in two ways, auto-aggregation and co-aggrega-
tion [36].

Table 5  Autoaggregation and co-aggregation activity of yeasts
Yeasts isolates Effective

autoag-
gregation 
(%)

Co-aggrega-
tion (%)
E. coli 
ATCC259225

Co-aggrega-
tion (%)
S. aureus 
ATCC29213

S. cerevisiae PFC107 76,00bc 52,67a 31,67c

S. cerevisiae PFC108 44,67d 27,30e 25,67cd

S. cerevisiae PFC110 82,67abc 39,67bc 45,67ab

K. servazzi PFC112 43,92abc 32,77d 19,33d

S. cerevisiae PFC115 45,78bc 30,33de 31,67c

K. marxianus PFC119 56,67a 32,33de 50,67a

K. marxianus PFC120 56,22ab 35,33cd 48,67ab

S. cerevisiae PFC122 49,00c 41,67b 31,67c

S. cerevisiae PFC134 38,36c 16,40f 25,33cd

T. delbrueckii PFC150 53,78abc 42,00b 41,00b

Different letters indicate significantly different (p < 0.05) at each iso-
late. The table shows mean values

Table 6  Cholesterol assimilation and folate production by yeasts
Yeasts 24 h

Absorption of 
cholesterol(%)

48 h
Absorption 
of cholesterol 
(%)

Folate
Produc-
tion (µg/
mL)

S. cerevisiae PFC107 37,50a 38,33a 24,00d

S. cerevisiae PFC108 22,50a 28,33b 56,67a

S. cerevisiae PFC110 85,50a 88,33a 17,00e

K. servazzi PFC112 50,50a 66,00a 23,33d

S. cerevisiae PFC115 51,39a 70,67b 21,00de

K. marxianus 
PFC119

67,61a 87,00a 29,33c

K. marxianus 
PFC120

47,61a 63,00a 17,67e

S. cerevisiae PFC122 16,78a 10,87a 30,00c

S. cerevisiae PFC134 73,72a 90,33a 44,00b

T. delbrueckii 
PFC150

43,39a 53,67a 23,67d

Different letters indicate significantly different (p < 0.05) at each iso-
late. The table shows mean values
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cholesterol removal and folate production of yeasts are 
completely strain and time-dependent.

Folate production

The amounts of folate synthesized by yeasts were deter-
mined in the range of 18–56 µg/mL (Table 6). The highest 
producer was S. cerevisiae PCF108 (56 µg/ml) and the low-
est producer was S. cerevisiae PCF110 (18 µg/ml). Choles-
terol removal and folate production of yeasts vary depending 
on the strain and time. Folate production in S. cerevisiae 
was also increased by adjusting the medium composition 
and reached 360 g/L [44]. Hijortmo et al. [45] found that 
total folate synthesis varied greatly among yeasts, 4000-
14,500 µg/100 g dry matter.

Conclusions

This study revealed that some yeasts isolated from tarhana 
fermentation have the potential to tolerate gastrointesti-
nal conditions. As a result of these findings, these specific 
strains will contribute as beneficial microorganisms in food 
products with their probiotic potential. This study identi-
fied diverse probiotic capabilities of yeast strains that not 
only support primary digestive functions but also reveal 
distinctive secondary properties. Specifically, S. cerevisiae 
PFC107, S. cerevisiae PFC108, S. cerevisiae PFC110 and 
S. cerevisiae PFC122 were distinguished by their impres-
sive ability to produce folate and adsorb cholesterol. The 
importance of the properties of these yeasts, including cho-
lesterol assimilation, folate synthesis, and aggregation, was 
emphasized in this study. Beyond gut health, these addi-
tional probiotic properties extend the benefits of probiot-
ics. Furthermore, when used as supplemental cultures or 
consumed in tarhana, these yeasts could effectively serve 
as postbiotics.
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