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ABSTRACT

Wine coffee is a fermented coffee product that involves yeast as the fermentative agent which has potency as
probiotics. This study aimed to determine the potency of yeast isolated from wine coffee fermentation and to identify
the yeast species with the best probiotic properties. This study comprised three main steps: coffee fermentation,
yeast isolation, and probiotic characterization. A series of probiotic tests were carried out, including resistance tests
atlow pH (pH 2, 3, & 4) and bile salts (0.5% & 2%), antimicrobial activity tests, antibiotic resistance tests, hemolytic
activity tests, and species identification based on the ITS rDNA sequence. The data obtained were analyzed using
One-way ANOVA (p<0.05) and continued with the Tukey test. A total of 25 yeast isolates were isolated and purified.
Nine isolates (A2, B1, B3, C3, D4, D5, E2, E3 & E5) had the highest tolerance to pH 2 and 2% bile salts with
survival rates were more than 100% and 90%, respectively. Nine isolates were resistant to all tested antibiotics,
and only isolate A2 exhibited a pathogenic characteristic (B-hemolysis). Three isolates (B3, E3 & E5) could inhibit
the five indicator pathogens, with the highest inhibitory activity shown by isolating E3 against Bacillus cereus by 68
AU/mL. The isolate E3 was selected as the best yeast with probiotic properties identified as Pichia kudriavzevii with
100% similarities towards strain iwate20191107.
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that, when consumed in sufficient quantities will provide
health benefits for the host (Staniszewski & Kordowska-
Wiater, 2021).

Some health benefits derived from yeast as a
probiotic have been demonstrated, including prevention
and treatment of diarrheal diseases, anti-inflammatory,
increasing immune response, and inhibiting enteric
pathogenic bacteria (Moslehi-Jenabian et al., 2010).
Probiotic yeasts are naturally more resistant to antibiotics
than probiotic bacteria, so probiotic yeasts are considered
more effective in treating diarrhea (Tomici¢ et al., 2016). In
the early 1920s, it was known that a type of yeast that had
the potential as a probiotic was Saccharomyces boulardii,
isolated from lychee fruit in Indochina by Henri Boulard
(Staniszewski & Kordowska-Wiater, 2021). Since the 1970s,
S. boulardii in clinical studies has been indicated to be safe
and non-pathogenic (McFarland, 2010). Various studies
on S. boulardii as a probiotic focused on human medicine
have shown significant success. S. boulardii restored the
integrity of the intestinal epithelium of the Gl tract in patients
undergoing HIV-1 treatment (Villar-Garcia et al., 2015).

So far, studies on yeast isolation from fermented
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coffee beans are still rare. Coffee is one of the largest commodities in Indonesia. Robusta coffee is one
type of coffee that is widely cultivated in Indonesia. Currently, the coffee industry produces processed
coffee, which is quite popular among the public, whose manufacturing process is fermented, namely
wine coffee. Fermentation in the manufacture of wine coffee is conducted many times, so it is expected
that there will be yeast involvement in wine coffee (Sulaiman et al., 2021).

The character of probiotic yeast has not been explored much in wine-coffee fermentation.
Previous studies isolated Saccharomyces sp. in coffee fermented with a wet process and used it as a
starter culture (Pereira et al., 2014). Meanwhile, regarding probiotic yeast isolated from fermented wine
coffee, there is still no further research, even though wine coffee has excellent potential as a functional
food product. Based on the description above, there is a need for a more in-depth analysis of yeast
isolated during the fermentation of wine coffee that could have the potential as probiotics.

MATERIALS AND METHODS

Coffee fermentation and sampling

The type of coffee used in this study was Robusta. Robusta coffee cherries were obtained
from Sukapura Village, Sukapura District, Probolinggo Regency, East Java. The coffee cherries used
were red and were picked directly from the farm. The first stage was sorting the coffee cherries by
soaking them in water for 30 min followed by selecting the submerged coffee cherries. Fermentation
was performed by placing 250 g of coffee cherries into 15 jars (labels A1, A2, A3, B1, B2, B3, C1, C2,
C3, D1, D2, D3, E1, E2 & E3). These fifteen jars consisted of five jars with different letters and each jar
had three replications. The fermentation was carried out in a tightly closed plastic jar, which was placed
in a dark room at ambient temperature for 50 days. After reaching a particular day of fermentation
(days 21, 28, 34, 39, 43, 46, 48 & 49), the coffee cherries were moved outdoors in a closed container
and not exposed to direct sunlight (black gauze protection) for seven hours (between 9 am — 4 pm).
Sampling of fermented coffee was conducted five times during the fermentation period (days 0, 21, 28,
43, & 49). Samples from jars A1, A2, and A3 were collected before fermentation was carried out (day
0). Jar B1, B2, and B3 were collected after 21 days of fermentation. Furthermore, jars C1, C2, and C3
were collected after 28 days of fermentation. Then, jars D1, D2, and D3 were sampled after 43 days
of fermentation. Last, jars E1, E2, and E3 were collected after 49 days of fermentation. The fermented
coffee cherries in the jars that had been collected were used for the next procedure.

Yeast isolation and characterization

A sample of 25 g of fermented coffee cherries from each jar was added to 225 mL of 0.85%
NaCl. The mixture was homogenized using a stomacher for 15 min (250 r.p.m). Next, serial dilution was
carried out up to 10. Then, 0.1 mL of the suspension was placed into a Petri dish containing Yeast
Extract Peptone Dextrose (YEPD) agar (containing 10 g/L yeast extract, 20 g/L peptone, 20 g/L glucose,
15 g/L agar, and chloramphenicol 500 mg/L) by the spread plate method and incubated at 30 °C for 48
h. Then the growing yeast colonies were counted by the Total Plate Count method. The dominant yeast
colonies with different morphological characters (size, shape, & color) were purified by the quadrant
streak technique in YEPD agar. A total of purified 25 isolates were subculture on slant YEPD agar as a
stock culture for further testing. The isolates were then stained using methylene blue to observe the cell
morphology using a microscope (1000x magnification) (Moreira et al., 2013).

Yeast resistance towards Igow pH

The yeast isolates (two loopful) were subcultured in 10 mL of YEPD broth and incubated at 30
°C for 24 h. Then the cell density was equalized using a UV-Vis spectrophotometer (Shimadzu, North
America) (A=600 nm) to achieve an OD value of 2.15. After that, 5 mL of YEPD broth was prepared with
three types of acidity levels (pH 2, 3, & 4). The pH was adjusted using 1 mol/L HCI. Then 10% of the
yeast culture was inoculated into each YEPD broth and homogenized with a vortex, then incubated at
30 °C for 3 h. The yeast cell density was determined using a hemocytometer before and after incubation.
These cell densities were used to determine the survival rate (Equation 1). This experiment was carried
out in triplicates. Yeast isolates with a survival rate = 100% were selected and used for the next test (Hu
et al., 2018).

Cell density at n-hours

Survival rate (%) = x100

Cell density at 0 hour

Yeast tolerance test for bile salt

The selected yeast isolates (two loopful) were cultured in 10 mL YEPD broth, and incubated at
30 °C for 24 h. Then the cell density was equalized using a UV-Vis spectrophotometer (A=600 nm) to
achieve an OD value of 2.19. After that, 5 mL of YEPD broth was prepared with different concentrations
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of bile salts, namely 0.5% and 2%. Then 10% yeast cultures were inoculated on each YEPD broth
and homogenized with a vortex. Then, the cultures were incubated at 30 °C for 4 h. At the time of
incubation at 0 and 4 h, 1 mL of yeast culture was taken, and the cell density was calculated using a
hemocytometer. This treatment was carried out in triplicates. Yeast isolates with a survival rate of =2 90%
were selected as isolates for the next test. The survival rate was calculated using Equation 1 (Hu et al.,
2018).

Antimicrobial activity test

The selected yeast isolates were tested for antimicrobial activity against five pathogens: Bacillus
cereus, Salmonella Typhimurium, Escherichia coli, Staphylococcus aureus, and Candida albicans. Two
loops of yeast isolates were cultured in 10 mL of YEPD broth and incubated at 30 °C for 24 hours. The
yeast cell density was equalized using a UV-Vis spectrophotometer (A=600 nm) to achieve an OD value
of 2.15 and centrifuged (5804 R Eppendorf, Germany) at 10000 r.p.m for 10 min at 4 °C to obtain a
cell-free supernatant (CFS). The supernatant was then adjusted to neutral (pH 7) using 1 mol/L NaOH.
Then the supernatant was filtered with a Millipore membrane (Minisart, Germany) with a pore diameter
of 0.22 ym (Azhar & Munaim, 2019).

The pathogenic bacteria were prepared in 10 mL Nutrient Broth (NB) and pathogenic yeasts
were prepared in 10 mL YEPD broth, then incubated at 37 °C for 24 h. The cell density of the pathogenic
cultures was equalized using a UV-Vis spectrophotometer (A=600 nm) to achieve an OD value of 1.95.
Furthermore, 0.1 mL of the pathogenic cultures were inoculated on the respective agar media using a
spread plate technique. Then, 60 L of yeast supernatant was placed on a blank disk (6 mm) and left
at room temperature for 15 min. Then blank disk containing the supernatant was placed on the surface
of the agar medium and incubated at 37 °C for 48 h. Next, the diameter of the inhibition zone around
the colony was measured using a caliper (Azhar & Munaim, 2019). The inhibitory activity (AU/mL) was
calculated using Equation 2 (Yulianti & Astuti, 2021).

Lz—L
Inhibitory activity (AU/mL) = (-Z~1S)

Lz = diameter of the inhibition zone
Ls = diameter of the blank disk
v = supernatant volume

Antibiotic resistance test

Four types of antibiotics were used, namely streptomycin (10 ug), cefazolin (30 ug), erythromycin
(15 ug), and aztreonam (30 pg). The four antibiotics represent four classes of antibiotics, namely
streptomycin (aminoglycosides), cefazolin (cephalosporins), erythromycin (macrolides), and aztreonam
(monobactams). The selected yeast isolates (two loopful) were inoculated into 10 mL of YEPD broth
and incubated at 30 °C for 24 h. Then, the cell density was first equalized using a spectrophotometer
(A=600 nm) to achieve an OD value of 2.15. Afterward, 0.1 mL of yeast cultures were inoculated on
YEPD agar using a spread plate technique. Then, the disks of different antibiotics were placed on
the agar surface and incubated at 30 °C for 48 h. This experiment was performed in triplicates. The
diameter of the inhibition zone formed was measured using a caliper, and then grouped into resistance,
intermediate/moderate, and sensitive according to CLSI guidelines (Azhar & Munaim, 2019).

Hemolytic activity test

The selected yeast isolates were inoculated in a blood agar plate (5% sheep blood) and
incubated at 30 °C for 48 h. Then, the presence of a clear zone around the colony was observed. The
a-hemolysis reaction was indicated by the presence of a greenish color in the colony, B-hemolysis was
indicated by the presence of a clear zone around the colony, and y-hemolysis was indicated by the
absence of neither a greenish color nor a clear zone (Moradi et al., 2018).

Molecular identification of the selected yeast

The yeast isolate with the best probiotic characteristics was identified based on Internal
Transcribed Spacer (ITS) rDNA sequences. The total genomic DNA of the selected yeast isolate was
extracted using Quick-DNA™ Fungal/Bacterial Miniprep Kit (Zymo Research, California). The DNA of
the selected yeast isolate was amplified based on the ITS rDNA sequence using a Thermal Cycler
(Eppendorf, Germany) with a primer of ITS 1 (5-TCC GTA GGT GAA CCT GCG G-3")and ITS 4 (5°-
TCC TCC GCT TAT TGA TAT GC-3"). Next, the amplicon was analyzed by using 1.5% agarose gel
electrophoresis and running at 100 volts for 30 min. The DNA bands formed were observed with a
UV Transilluminator (EBOX VX2, France). Then the ITS rDNA sequence was sequenced at 15t Base
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Laboratories, Malaysia (Siddiquee et al., 2010). The nucleotide sequences were analyzed using
Sequence Scanner version 1.0 and Bioedit version 7.2, then the DNA sequences were aligned with the
GenBank collection using the Basic Local Alignment Search Tool (BLAST) algorithm. The phylogenetic
tree was constructed using MEGA 11 software with the Neighbor-Joining method and the Tamura-Nei
model with 1000x bootstraps (Jatmiko et al., 2012).

Data analysis

The data obtained from the results of the yeast resistance test to low pH, the tolerance test
to bile salts, and the antimicrobial activity test were analyzed using One-way Analysis of Variance
(ANOVA) with SPSS for Windows version 26 with a significant level of 95% (p=<0.05). If there was a
significant difference, the analysis was continued using the Tukey test.

RESULTS AND DISCUSSION

Characterization of yeast isolates from fermented wine coffee

Atotal of 25 yeast isolates were isolated during the fermentation period of wine coffee production
consisting of five isolates from each sample: A (before fermentation), B (21 days of fermentation), C
(28 days of fermentation), D (43 days of fermentation), and E (49 days of fermentation). The highest
yeast cell number was found in sample D, which was 1.47 x 108 CFU/g. This can be occurred due to
differences in the fermentation duration of each sample (Table 1).

Table 1. Yeast total cell number in each sample

Sample Fermentation time (days) Yeast Total Cell Number (CFU/g)
A 0 1.26 x 10°
B 21 2.57 x 10°
C 28 1.01 x 10°
D 43 1.47 x 10°
E 49 5.60 x 10°

There were four groups of yeast colony morphological characteristics. A total of eight isolates
had a colony shape of round, convex, shiny, all-round, and white. Then, ten isolates had round, thin
flat, rough colonies, with complete edges and white. Furthermore, four isolates had an irregular colony
shape, thin flat, rough, thorough edges, and white. Then, the three isolates were round, thin flat, rough,
thorough edges, and white. The yeast isolates had an average colony diameter of 3-10 mm. In general,
yeasts have a colony morphology of round shape, thorough edges, shiny, smooth surface, convex
elevation, and thick white or cream. However, some yeast isolates also had irregular colony shapes
with flat elevations (Sulmiyati et al., 2019). The yeast colony diameter in general ranges from 1.5-10
mm (Vulin et al., 2014).

The cellular characterization through cell staining showed 25 yeast isolates have three different
cell shapes: round (four isolates), oval (14 isolates), and apiculate (seven isolates) (Figure 1). The
representative isolates with three distinctive cell shapes are shown in Figure 1. The oval-shaped yeasts
were found in all samples (A, B, C, D, & E), the round shape was only found in samples A, C, and D,
while the apiculate shape was found in samples B, D, and E. The yeast with oval shapes that have been
found in all samples indicated that they play a role in the fermentation process.

The shape of yeast cells and the presence or absence of budding is an important first step
to ensure the yeast’s characteristics. In general, yeasts have four cell shapes: round, oval, apiculate
(oval with a pointed tip), and elongated (Figure 2). Yeasts with round or oval cell shapes generally have
round or oval budding shapes, while yeasts with apiculate or elongated cell shapes generally have long
budding shapes (Knop, 2011). The size of the yeast cells that were isolated had an average length of
about 2-7 ym. In general, yeast cell sizes vary widely, with a length of about 1-40 ym and a width of
about 1-10 ym (Zakhartsev & Reuss, 2018).

Yeast resistance in acidic conditions

Microorganism ability to survive in acidic conditions is one of the important requirements as a
probiotic property. Good probiotics can survive at a pH range of 2-3 because this is a general standard
often used to test the resistance of a probiotic microorganism to acid (Kim et al., 2019). After incubation
for three hours at pH 2, 3, and 4, the ten yeast isolates had Survival Rate (SR) values of 2100%. The
SR even can reach 2200% at pH 3 and 4 (Figure 3). The yeast isolates that were able to survive at
pH 2 were isolate A2 (152.02%), isolate B1 (192.55%), isolate B3 (185.70%), isolate C3 (159.03%),
isolate D4 (170.78%), isolate D5 (258.92%), isolate E1 (190.90%), isolate E2 (223.61%), isolate E3
(168.76%), and isolate E5 (174.15%). The isolate D5 was a yeast isolate with the highest SR.

The difference in pH significantly affected the growth of yeast. This was indicated by the
significant difference in the resistance of yeast isolates at pH 2, 3, and 4. The SR of each isolate was
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Fig. 1. Yeast cell morphology. (A) oval: isolate A1, (B) round: isolate C5, and (C) apiculate: isolate BS
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Fig. 2. Yeast cell morphology from the references. (A) Oval, (B) round, (C) elongated (Mukti et al., 2019), and (D) apiculate
(Chang et al., 2012)

influenced by the type of isolate and the ability of the isolate to survive in acidic conditions for a certain
period. This result was similar to a previous study that all yeast isolated from fermented cocoa could
survive and grow well at pH 3 (Wulan et al., 2021). In another study, yeast isolated from kefir products
had an SR of 97% after being incubated for 8 h at pH 2 (Lara-Hidalgo et al., 2017). Yeasts can survive
at low pH due to alteration mechanisms in their cell walls (Ullah et al., 2013). This involves the induction
mechanism of the cell wall integrity (CWI) gene and the general stress response (GSR) pathway. The
reduction of pKA activity causes the release of GSR, which in turn instructs the cells to reprogram gene
expression to adapt to low pH (Lucena et al., 2015). In addition, Ca?* signaling is required for yeast to
adapt to a low pH. This influx of Ca?* plays a role in calcineurin activation (Lucena et al., 2020). The
adaptive responses through the CWI pathway are needed under low pH conditions (Ullah et al., 2013).
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Fig. 3. Yeast isolate tolerance to acidic conditions. Different notations indicate a significant difference among treatments with a
significance level of p<0.05
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Tolerance of yeast isolate to bile salt

Bile salts are intensely toxic to the cell membranes of microorganisms (Lennars & Lane, 2013).
Tolerance to bile salts is one of the important properties of probiotics. This characteristic determines
a microorganism’s ability to survive in the digestive tract so that it has a functional role as a probiotic
(Ruiz et al., 2013). The optimal concentration of bile salts in the human digestive tract ranges from
0.3% - 2% (Helmy et al., 2019). The results showed that most yeast isolates had a high tolerance for
bile salts. Nine yeast isolates after being incubated for 4 h, had SR of 290% in the presence of 0.5%
and 2% bile salt concentrations. One isolate with an SR of below 90%, namely isolate E1 (80.71%) in
the concentration of 2%. The highest SR value was shown by isolate B1 which was 137.90% at 2% of
bile salt (Figure 4).

The difference in the concentration of bile salts had a significant effect on the growth of yeast
isolates. This was indicated by the significant difference in the resistance of yeast isolates at bile salt
concentrations of 0.5% and 2%. Nine yeast isolates (A2, B1, B3, C3, D4, D5, E2, E3, & E5) were able
to survive and grow in the presence of 2% bile salt. This was in line with previous research that yeast
isolated from fermented food products has a high tolerance against bile salts with a survival rate of
299% and remains survive at a concentration of 2% after being incubated for 4 h (Helmy et al., 2019).
This indicated that the selected yeast isolates were potential probiotic candidates. Yeast can overcome
the effects of bile salts by producing the enzyme of bile salt hydrolases (BSH) or bile salt hydrolases
derived from the gut microbiome. This BSH minimizes the toxic effects of conjugated bile (Alkalbani et
al., 2022).
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Fig. 4. The tolerance of yeast isolates to bile salts. Different notations indicate a significant difference among treatments with a
significance level of p<0.05

Antimicrobial activity of the selected yeasts

Antimicrobial activity is essential for probiotics and is one of the functional requirements
of probiotics. The higher the antimicrobial activity produced by a microorganism, the better the
microorganism is as a probiotic candidate (Fijan, 2016). Based on the results, three yeast isolates (B3,
E3, & ES) could inhibit all tested pathogens (Figure 5). The highest inhibitory activity was exhibited by
isolate D5, which was 93 AU/mL in inhibiting Staphylococcus aureus, but isolate DS was not able to
inhibit Escherichia coli. The isolate E3 was a potential isolate shown by the inhibitory activity against
all tested pathogens compared to other yeast isolates. The antimicrobial activity values of isolate E3
were 41 AU/mL against Candida albicans, 53 AU/mL (Staphylococcus aureus), 50 AU/mL (Salmonella
Typhimurium), 53 AU/mL (Escherichia coli), and 68 AU/mL (Bacillus cereus).

Previous research showed that yeast could inhibit B. cereus and S. aureus with an inhibition
zone of 6 mm, and could inhibit E. coli, Pseudomonas aeruginosa, and S. Typhimurium with an inhibition
zone of 8 mm (Fakruddin et al., 2017). In addition, another study also showed that S. cerevisiae isolated
from fermented food in India could inhibit the growth of Salmonella sp. and Pseudomonas sp. with an
inhibition zone of 16 mm (Syal & Vohra, 2013). This indicated that the selected yeast isolates were met
as probiotic candidates. Yeast can inhibit the growth of pathogens by changing the pH of the media,
competing directly for nutrients, as well as producing and secreting antimicrobial compounds such as
mycocins (Muccilli & Restuccia, 2015). Mycocins or killer toxins an extracellular glycoprotein type that
disrupts cell membrane function in pathogens by destroying 1,3-glucan, hence will induce cell death by
osmotic lysis (Hatoum et al., 2012).
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Fig. 5. The inhibitory activity of yeast isolates against tested pathogens. Different notation indicates a significant difference among
treatments with a significance level of p<0.05

Yeast resistance to antibiotics

Antibiotic resistance is a form of the ability of microorganisms to withstand the effects of certain
drugs or antibiotics (Frieri et al., 2017). The existence of antibiotic resistance possessed by probiotics
provides an opportunity to restore the gut microbiota after antibiotic treatment occurs (Gueimonde et al.,
2013). All selected yeast isolates were resistant to all tested antibiotics (streptomycin 10 ug, cefazolin
30 ug, erythromycin 15 ug, & aztreonam 30 ug). The resistance of yeast isolates to this antibiotic can
be seen by the absence of an inhibition zone formed around the antibiotic disc.

Previous studies on antibiotic resistance showed that probiotic yeasts were resistant to
erythromycin, gentamicin, chloramphenicol, tetracycline, and ampicillin (Rodriguez et al., 2018). Other
studies have also reported that S. cerevisiae was resistant to streptomycin, kanamycin, metronidazole,
and vancomycin (Kim et al., 2019). Researchers have rarely carried out the resistance of yeast isolates
to cefazolin and aztreonam antibiotics, but the results of this test showed that yeast isolates were also
potentially resistant to cefazolin and aztreonam antibiotics. A microbe can become resistant to antibiotics
because the microbe naturally has resistance genes inherited from previous generations (Pereira et
al., 2018). So far, no studies have reported that antibiotic-resistant yeasts are capable of horizontal
gene transfer (Kothari et al., 2019). In addition to resistance genes, cell wall structure also affects
the resistance of yeast to antibiotics. Yeasts have cell wall structures including chitin, mannose, and
glucans. Meanwhile, antibiotics are specifically designed to inhibit the synthesis of the peptidoglycan
layer on the cell wall. Therefore, antibiotics do not affect yeast cell wall synthesis, so yeasts are resistant
to antibiotics. This shows that probiotic yeast is relatively safe to be used at the same time as antibiotic
therapy and can last for a long time in the digestive tract (Abid et al., 2022).

Hemolytic activity of the selected yeast isolates

One of the conditions for microorganisms to be used as probiotic candidates is that they are non-
pathogenic. The nature of the pathogenicity of a microorganism can be seen from its hemolytic activity
on blood agar media (Ragavan & Das, 2017). Based on the results, yeast isolate A2 has hemolytic
activity with the type of B-hemolysis which was indicated by the presence of a clear zone formed around
the colony. This indicated that isolate A2 was a pathogenic yeast. Meanwhile, eight other yeast isolates,
namely B1, B3, C3, D4, D5, E2, E3, and E5 had non-hemolytic activity (y-hemolysis) indicated by the
absence of a greenish color or clear zone around the colony (Table 2).

The results showed that the eight selected yeast isolates qualified as probiotic candidates.
The type of B-hemolysis can completely lyse red blood cells in the blood, while y-hemolysis does not
involve the breakdown of red blood cells. The pathogenic yeasts can lyse red blood cells by producing
hemolysin which will damage cell membranes. The type of y-hemolysin completely breaks down red
blood cells and hemoglobin to form a clear zone around the colony (Hanna & Noor, 2022).



8 Kanita & Jatmiko, 2023

Table 2. The results of the pathogenicity test of selected yeast isolates

Hemolytic Activity
a-hemolysis B-hemolysis y-hemolysis
A2 - +
B1 - -
B3 - -
C3 - -
D4 - -
D5 - -
E2 - -
E3 - -
E5 - -

Isolate

+ + + + + + + +

Molecular Identification of the Selected Yeast Isolate

The yeast isolate E3 was a yeast with the best probiotic potency. Some of the potencies are to
prevent and treat infections in the digestive tract, able to increase antioxidant activity and body immunity
(Ogunremi et al., 2015). The results of ITS rDNA sequencing showed that the isolate E3 was identified
as Pichia kudriavzevii with a similarity level of 100% to Pichia kudriavzevii strain iwate20191107 (Figure
6).

Pichia kudriavzevii is a yeast commonly found on the skins of fruits, kimchi, wine, and cheese
(Helmy et al., 2019). Most are also found in the fermentation of coffee and cocoa (Shankar et al.,
2022). So far, P. kudriavzevii iwate20191107 has only been found in the rumen of Japanese black
calves in 2021 according to the National Center for Biotechnology Information. Pichia has also been
used as a starter culture in coffee fermentation (Shankar et al., 2022). Pichia kudriavzevii isolated from
fermented food products can be used as a promising probiotic candidate (Rodriguez et al., 2018). The
characteristics of the probiotics possessed by P. kudriavzevii have been widely reported and proven to
provide good benefits for the health of the body, one of which is the ability of antioxidant activity in vivo
(Banwo et al., 2021). In addition, it can stimulate the growth of microflora in the digestive tract, so that
the balance of microflora in the digestive tract can be maintained (Seftiono, 2017). Pichia kudriavzevii
isolated from karish cheese has a relatively high tolerance to pH 2 and 2% bile salt (Helmy et al., 2019).
Pichia kudriavzevii isolated from cocoa fermentation had inhibitory activity against S. Typhimurium
(Wulan et al., 2021). Pichia kudriavzevii has been reported as a non-pathogenic yeast and resistant
to erythromycin and streptomycin (Chelliah et al., 2016). Some of these studies have supported the
results of this current study related to the characteristics of the probiotic yeast of Pichia kudriavzevii E3.

79| Debaryomyces hansenii JCM 1990

Debaryomyces prosopidis JCM 8913
Debaryomyces fabryi CBS 7897
Candida orthopsilosis CBS 10906T
Wickerhamomyces anomalus CBS 5?59T
99 Wickerhamomyces arborarius CBS 129417

Saccharomyces cerevisiae CBS 171t

| Pichia kudravzevi CBS ZUSZT

100 Pichia kudriavzevii iwate20191107
100 E3

| Kluyveromyces marxianus CBS 1561r

100 Kluyveromyces marxianus CBS T12r
55

Kluyveromyces lactis CBS GSBT

Schizosaccharomyces octosporus CBS S'MT

010

Fig. 6. Phylogenetic tree of E3 isolates and reference strains based on ITS rDNA sequences using the Neighbor-Joining
method and the Tamura-Nei model with 1000x bootstraps.
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CONCLUSION

Three yeast isolates (B3, E3, & E5) from the fermentation of wine coffee were qualified as probiotic
candidates because they have a high tolerance to pH 2 and 2% bile salts with survival rates of 2100%
and 290% respectively, able to inhibit the pathogenic bacteria and yeast, resistant to all tested antibiotics,
and non-pathogen. Moreover, yeast isolates E3 were selected as the best potential probiotic properties.
The isolate E3 was identified as Pichia kudriavzevii with a similarity level of 100% to Pichia kudriavzevii
strain iwate20191107. The potency of this isolate as a starter culture of wine-coffee fermentation is
warranted to be elucidated.
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