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The geographically isolated region of the Yaghnob Valley,ajikistan, has allowed
its inhabitants to maintain a unique culture and lifestyleTheir fermented goat milk
constitutes one of the staple foods for the Yaghnob populatin, and is produced
by backslopping, i.e., using the previous fermentation bah to inoculate the new
one. This study addresses the yeast composition of the fermmted milk, assessing
genotypic, and phenotypic properties. The 52 isolates incided in this study revealed
small species diversity, belonging toKluyveromyces marxianus Pichia fermentans
Saccharomyces cerevisiae and one Kazachstania unispora The K. marxianus strains
showed two different genotypes, one of which never describé previously. The two
genetically different groups also differed signi cantyniseveral phenotypic characteristics,
such as tolerance toward high temperatures, low pH, and presnce of acid. Microsatellite
analysis of theS. cerevisiaestrains from this study, compared to 350 previously describd
strains, attributed the YaghnobiS. cerevisiaeto two different ancestry origins, both
distinct from the wine and beer strains, and similar to stras isolated from human and
insects feces, suggesting a peculiar origin of these stra# and the existence of a gut
reservoir forS. cerevisiae Our work constitutes a foundation for strain selection fofuture
applications as starter cultures in food fermentations. Tik work is the rst ever on yeast
diversity from fermented milk of the previously unexploredrea of the Yaghnob Valley.

Keywords: yeast, fermented goat milk, Yaghnob Valley Tajikist an, identi cation, phenotyping, genotyping

INTRODUCTION

The history of fermented beverages and dairies dates bacdkore than 3500 yearsC@valieri
et al., 200Band possibly occurred with the rst neolitic settlements;nfientation likely evolved
to preserve crops and dairies as fermented foods, by creatirengronment less favorable for
spoilage microorganisms. In many rural areas, spontaneas fiermentations are still the main
method for food processing, often using back-slopping to inaithe new batch by transferring
an aliquot of the previous food batch. This method allows fdcmbial adaptation and natural

selection of strains thriving in the food matrix. There amveral players involved in spontaneous
fermentations, and previous studies have reported isolatibivarious yeasts and/or bacteria
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from natural fermentations of e.g., cereal based foétisI§trom  fruitful information of potentially new probiotic strains for
et al., 2010; Ogunremi et al., 2015; Todorov and Holzapfefuture application in food industries. Further, isolation én
2019, or from various milk Gadaga et al., 2001; Matharaidenti cation of yeasts from this geographically unexplo@ea
et al., 2004; Bai et al., 2010; Yun Li and Guoqing, »015will add information to the body of knowledge on yeast species
or cheese Kasoli et al., 20)5fermentations. The analyses distribution and prevalence, and also about the genetic tiaria
of the microbiota associated to spontaneous fermentationsf strains evolved in an isolated area such as the Yaghnob
allows the isolation of microorganisms possessing propertiegalley. The Yaghnob people are a Tajikistan ethnic minority
desirable forimplementation in industrial food or feed prgses. living through their natural economy in areas remote from
Furthermore, the microbiota of a traditional food fermetitm  the “modern civilization” and avoiding exchanges with it.&'h
will likely also re ect the microbiota of the geographical long lasting isolation of this population has largely prevented
area where it has been produced, as there is a continuousixing with other populations, thus preventing at the same time
transfer of microbes between the close-by environment dred t the eventual contamination of microbes among fermentative
food fermentation. Those natural fermentations are cortddc processes. This cultural-economic settings have thus ptegen
without pasteurization/sterilization of the substratedamithout ~ the ux of microorganisms supposed to have homogenized the
applying particular hygienic protocols. Thus, selection of thevorldwide populations of some fermentative microb&sy and
environmental microbial population may occur only througheth Benavides, 2005
fermentative process, by chemico-physical modi cationshef t The aim of this work was to investigate the yeast biodiversit
substrate induced by microbes themselves. of the Yaghnob populations traditionally fermented goat milk
Both yeasts and bacteria are frequently isolated fronand to perform genotypic and phenotypic characterization of the
fermentations {amang et al., 20)@nd can possess traits that isolated yeasts in order to contribute to the body of knowged
gives bene cial e ects on the food product itself and for theof yeasts in traditional food fermentations, and to add new
consumer. Probiotic bacteria have been long studied, aredyla information for a previously unexplored geographical area.
also commercialized, as health promoting food ingrediefus,
example in some brands of yoguf€n et al., 2002Recently the MATERIALS AND METHODS
use of yeasts as probiotic agents in food has received imtteas
attention. One example is the lactic yeast speklagveromyces Yeast Isolation
marxianus frequently isolated from dairy food fermentations. From original Yaghnob yogurt, isolations were done on di ete
The strain K. marxianus BO399%, for example, was shown common agar lab media under aerobic conditions and atCG30
to have probiotic properties such as the modulation of theColonies were rstly selected based on colony morphology,
immune response in CaCo-2 cell lin&léccaferri et al., 20)2 aiming at selecting colonies of varying morphology, and
and further showed a positive e ect on patients with irritable thereafter additional colonies were randomly selectede Fi
bowel syndrome (IBS)(sotti et al., 2018 Other studies on yeast isolates were obtained from M17 medium (annotated AL 1-5),
strains with probiotic properties have investigated their ligiz ~ seven isolates on deMan, Rosa and Sharp (MRS) medium
and proteolytic propertiessomas et al., 20pand the positive (annotated CL 1-7), 14 isolates from MRS pH 5.4 medium
e ects on the expression of pro-in ammatory cytokine Ilal (annotated DL 1-12), 12 isolates on Wallerstein Laboratory
(van der Aa Kuhle et al., 20p5as well as production of several (WL) medium (annotated BL3-14), and two isolates on Yeast
vitamins, bioactive peptides, and mor€zerucka et al., 2007; extract, Peptone, Dextrose (YPD) medium (1% yeast extract, 2%
Fernandez et al., 20).50ther bene cial e ects of introducing peptone, 2% dextrose) (annotated BL1-2). The yogurt wasdurth
selected yeast strains in food processes are for exampleilibe ab maintained in-house by regular backslopping into pasteurized
of such strains to metabolize lactose as a way of producing loeow milk. Isolation from in-house maintained yogurt was done
lactose dairy products for lactose intolerant consumé&¥aqaga on YPD agar supplemented with chloramphenicol (X6§'ml)
et al., 2001; Mathara et al., 2004; Bai et al., 2010; Yun Li aifd¥PDCCam). The original sample had been maintained in-house
Guoging, 201pand yeast strains acting as antagonists towarthy repeated backslopping according to the procedure by the
spoilage or pathogenic microorganismslfandaedza et al., Yaghnob population, but using pasteurized cow milk instead of
2006 to mention a few examples. However, for a microorganisngoat milk, for a total time period of 3 years. Twelve coloniés o
to be considered as a probiotic, the ability to survive/passutgh  varying morphology were selected from the maintained sample,
the harsh conditions of the gastrointestinal tract (low phf), annotated TJY50-61. Purity was checked by streaking aditesol
presence of ox bile and at a temperature of@with maintained on YPD agar and pure cultures were maintained on agar of
viability is often applied as a rst assessment. the same medium at € for short term storage, and in YPD
The fermented milk of the Yaghnob Valley represents droth supplemented with glycerol (15% v/v) aB0 C for long
precious resource for studying spontaneous fermentatioms fderm storage.
several reasons. First of all, it is one of the few still untappe
traditional fermented productions yet to be investigatednbe ~Genotypic Characterization
both the yeast community and their phenotypic properties ardTS1-4 Sequencing
unknown. As the use of health promoting microorganisms isYeast genomic DNA was extracted from isolated colonies
of increasing interest, isolation, and phenotyping of stgainas previously describedHp man and Winston, 1987.
from a previously unexplored fermented food may yieldStrains were identied by ampli cation and sequencing of
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the ribosomal Internal Transcribed Spacer (ITS) regionwith 200 mL of 0.5 M HCI before analyzing the phytate )P
using 1ITS1 (BGTTTCCGTAGGTGAACTTGC-8 and ITS4 concentration by High Pressure lon Chromatography (HPIC).
(5XTCCTCCGCTTATTGATATGC-8 primers, as previously The HPIC analysis method has been previously described by
described $ebastiani et al., 20P2Species attribution was Carlsson etal. (2001)

obtained by using the Basic Logarithmic Alignment SearchlTo  The isolates were further assessed for their ability to
(BLAST) algorithm in the National Centre for Biotechnology release extracellular non-cell-bound phytase to the surdiug
Information (NCBI) database (minimum 97% sequencemedium. Inoculations were done in 4 mL volumes of Yeast
similarity and 95% coverage). All ITS1-4 sequences weiditrogen Base plus Yeast Extract (YRBE) (6.5 g/L YNB w/o
submitted to GenBank and the accession numbers are presentpdosphate, 10 g/L yeast extract and 20 g/L glucose in succinate
in Table 1 Multiple alignments were performed using online bu er at pH 5.5) to a starting optical density at 600 nm (@49)

tool ClustalW2. of about 0.1. The YNBYE medium has previously shown to
_ trigger release of phytase enzymes to the surrounding medium
PCR-RFLP Analysis (Hellstrom et al., 201)5 The incubation was performed for 24 h

Restriction fragment length polymorphism (RFLP) analyses cht 30 C with stirring. After incubation, cells were pelleted by
the amplied ITS1-4 region were performed as described byentrifugation at 5000 g, and the cell-free supernatant was used

Esteve-Zarzoso et al. (1998%ingHaelll or Hinfl. for assay of phytase activity as previously descridist et al.,
) ) ) 2015. The assay samples were analyzed fgrdéhcentration
Microsatellite Analysis using HPIC as previously describe€drlsson et al., 20)1

In this work, microsatellite analysis was performed onlyand compared with the phytase positive reference stRiahia

for Saccharomyces cerevisg@lates. The genomic DNA was kudriavzeviiTY13 from previous workQvirist et al., 201
extracted by phenol-chloroform-isoamyl alcohol method t® b

used for (GTG3 Rep PCR. The PCR mixture consisted of 1.25Growth on Different Carbon Sources, pH,

L bu er (10x), 1mL MgCl (25 mM), 2.5mL dNTP (5 mM), 0.4 Temperatures, and Ox Bile Concentrations
L forward primers (10 mM), 0.4rL reverse primer (10 mM), To investigate the strains ability to grow on di erent carbon
0.05mL AmpliTag Gold® DNA polymerase (5 UfL), 4.4mL  sources, 6.7 g/L YNB without carbon source (with amino dcids
H20 and 2.5mL DNA template (10ngfL). The investigated in succinate bu er (pH 5.5) was supplemented with 20 g/L of
loci were C3, C4, C5, C6, C8, C11, SCYOR267c, YKL172¥he of the following carbon sources; glucose, sucrose, lactose
SCAAT1, SCAAT3, SCAATS, and YPL3(@ras etal., 2005The  maltose, mannitol, arabinose, xylose, and galactose. Thstr
PCR program consisted of an initial step at @for 5 min, \yere also tested for growth in 8 di erent media based on 1%tyeas
followed by 35 cycles of 96 for 0.5 min, 57C for 2 min, and  extract, 2% peptone; supplemented with either glucose at 50 or
72 C for 1 min, before a nal elongation step at 8D for 30 609 (w/v), or ethanol at 1, 6, or 12% or lactic acid at 1, 6, 6612
min. Thereafter samples were cooled down t@€&ntil further  (yjy). All isolates were also investigated for their apitid grow
use. The PCR products were checked by gel electrophoresi$xypD broth at di erent temperatures (4, 27, 37, 40, 42, 46, and
The chord distances (Dc) were calculated among each coupi& C), at di erent pH (4.8, 3, and 2), and at di erent levels of
of strains with a laboratory-made R script. The phylogenetigdded ox bile (0.5, 1, and 2% v/v).
tree was obtained from the distance matrices with the Phyllp Cultures were done for each strain by add|ng15 precu|ture
Neighbor 3.67 package and drawn up using Figtree. The tree Wgfom overnight incubation in YPD) into 195mL of the
rooted using the midpoint method. experimental media, giving a starting OD (630 nm) between
Strains ancestry was estimated by using the model-basedyg—0.1. Incubations were done at 150 rpm orbital shaking fo
program Structure Rritchard et al., 2000K D 7 was chosen 3 days at 30C for all tests except the pH and ox bile tests which
as the most representative of the population structure for thgyere done at 37C. For strain TJY51, 2C was used due to
microsatellite sequences. The results of 10 independemttBte  jts poor growth at higher temperatures. The optical density was
chains were combined with CLUMPBdkobsson and Rosenberg,read at 630 nm, and values below 0.2 are considered as negative

2007. from 0.2 to 0.4 as positive but inhibited growth and above 8.4 a
positive growth.

Phenotypic Characterization Further, the viability of strains after incubation at (i) 48in

Phytate Utilization YPD broth for 24 h, and (ii) in YPD broth of pH 2 for 2 h at

The strains from the Yaghnob yogurt were screened for theiBO C was investigated. To assess the viabilitymlLGof the cell
ability to degrade phytate in a nutrient de cient medium, suspensions were spotted in duplicates onto YPD agar, together
consisting of phytate (3 g/L) and glucose (20 g/L) in suc@natwith a negative control from cultivation in normal YPD at 3D.
buer at pH 5.5. A volume of 1951L of the medium was The YPD agar plates were incubated at@®vernight and then
dispensed in each well of a micro plate, and inoculated ivisual evaluation of the growth was done.

duplicate using 5mL from overnight precultures in YPD. All tests were conducted in triplicates.

Incubation was done at 3€ with 150 rpm orbital shaking for

48 h. After 48 h of incubation, 2#1L of 5 M HCl was added Invasiveness of Isolates

to each well to stop the phytate degradation. Cells were atloweAll isolates were investigated for invasiveness on YPD agar i
to sediment, and thereafter 150_ cell-free sample was mixed triplicates. Volumes of 2.5rL liquid yeast suspensions were
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TABLE 1 | The 52 isolates and their respectively species iden tity, isolation medium, fermentation origin, and the GenBank ac cession number is indicated
in the table.

Isolate Species Isolation medium Fermentation sample GenBank accession number
AL1 Kluyveromyces marxianus M17 Original KX905245
AL2 Kluyveromyces marxianus M17 Original KX905246
AL3 Kluyveromyces marxianus M17 Original KX905247
AL4 Kluyveromyces marxianus M17 Original KX905248
AL5 Kluyveromyces marxianus M17 Original KX905249
BL1 Kluyveromyces marxianus YPD Original KX905250
BL3 Kluyveromyces marxianus WL Original KX905251
BL4 Kluyveromyces marxianus WL Original KX905252
BL5 Kluyveromyces marxianus WL Original KX905253
BL6 Kluyveromyces marxianus WL Original KX905254
BL7 Kluyveromyces marxianus WL Original KX905255
BL8 Kluyveromyces marxianus WL Original KX905256
BL12 Kluyveromyces marxianus WL Original KX905257
BL13 Kluyveromyces marxianus WL Original KX905258
BL14 Kluyveromyces marxianus WL Original KX905259
CL5 Kluyveromyces marxianus MRS Original KX905260
CL6 Kluyveromyces marxianus MRS Original KX905261
DL2 Kluyveromyces marxianus MRS pH 5.4 Original KX905262
DL4 Kluyveromyces marxianus MRS pH 5.4 Original KX905263
DL5 Kluyveromyces marxianus MRS pH 5.4 Original KX905264
DL6 Kluyveromyces marxianus MRS pH 5.4 Original KX905265
DL10a Kluyveromyces marxianus MRS pH 5.4 Original KX905266
DL10b Kluyveromyces marxianus MRS pH 5.4 Original KX905267
DL11 Kluyveromyces marxianus MRS pH 5.4 Original KX905268
DL12 Kluyveromyces marxianus MRS pH 5.4 Original KX905269
TJY52 Kluyveromyces marxianus YPDCCam Maintained KX905270
TJY54 Kluyveromyces marxianus YPDCCam Maintained KX905271
TJIY59 Kluyveromyces marxianus YPDCCam Maintained KX905272
TJY60 Kluyveromyces marxianus YPDCCam Maintained KX905273
BL9 Saccharomyces cerevisiae WL Original KX905274
BL10 Saccharomyces cerevisiae WL Original KX905275
BL11 Saccharomyces cerevisiae WL Original KX905276
CL2 Saccharomyces cerevisiae MRS Original KX905277
CL3 Saccharomyces cerevisiae MRS Original KX905278
CcL4 Saccharomyces cerevisiae MRS Original KX905279
DL3 Saccharomyces cerevisiae MRS pH 5.4 Original KX905280
DL7 Saccharomyces cerevisiae MRS pH 5.4 Original KX905281
TJY58 Saccharomyces cerevisiae YPDCCam Maintained KX905282
TJY61 Saccharomyces cerevisiae YPDCCam Maintained KX905283
BL2 Pichia fermentans YPD Original KX905284
CL1 Pichia fermentans MRS Original KX905285
CL7 Pichia fermentans MRS Original KX905286
DL1 Pichia fermentans MRS pH 5.4 Original KX905287
DL8a Pichia fermentans MRS pH 5.4 Original KX905288
DL8b Pichia fermentans MRS pH 5.4 Original KX905289
DL9 Pichia fermentans MRS pH 5.4 Original KX905290
TJY50 Pichia fermentans YPDCCam Maintained KX905291
TJY53 Pichia fermentans YPDCCam Maintained KX905292
TJY55 Pichia fermentans YPDCCam Maintained KX905293
TJY56 Pichia fermentans YPDCCam Maintained KX905294
TJY57 Pichia fermentans YPDCCam Maintained KX905295
TJY51 Kazachstania unispora YPDCCam Maintained KX905296
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spotted onto the surface of YPD agar and incubated aC2or ~ Wilcoxon rank-sum tests were performed using the stats R
5 days. Thereafter cells were removed and plates were dgprefydackage (version 3.1.2).
washed with deionized water before being stained as destrib
by Vopélenska et al. (20057 he invasiveness was graded from ORESULTS
(notinvasive) to 4 (highly invasive).

Yeast Strain ldenti cation
Resistance toward Oxidative Stress A total of 52 strains were isolated from either original (40
All isolates were investigated for resistance toward diida isolates) or maintained (12 isolates) Yaghnob yoghurt. The
stress. Cell suspensions from each strain was spread on YRdlated yeasts belonged to the spekiesveromyces marxianus
agar and allowed to absorb, thereafter a paper disk soaked (29 isolates)S. cerevisigd 0 isolates)P. fermentangl2 isolates),
hydrogen peroxide (HO2) was placed in the center of the agarand K. unispora(1l isolate) Table 1). Strain characterization
plate. The resistance toward the oxidative stress was detedm was rstly assessed by PCR-RFLP analysis after digestion of
by measuring the radius from the border of the growing yeast t the ampli ed ITS1-4 region using the enzymetinfl or Haelll

the HO»-disk after 2 days of incubation at 2. (Table 2.
. The PCR-RFLP analysis revealed that withinkhenarxianus
Hyphae Formation species there are two groups corresponding to dierent

To investigate the isolates ability to produce hyphae and pseuthand patterns after digestion witklinfl (Figure ). All the
hyphae, 5mL preculture was inoculated into 198L of YPD, K. marxianusisolates have bands length at 240, 185, and 80 bp,
YNB (without carbon source or ammonium sulfate) and RPMIput only 12 out of the 29 strains show the frequently reported
(Roswell Memorial Park Institute) media, and incubated at 2. marxianuspro le (Esteve-Zarzoso et al., 1999; Bockelmann
and 37C (only 37 C was used for RPMI) for a total of 7 days, et al., 2008; Pham et al., 2QMith a band at 120 bp (from now

with microscopic investigation at 2 and 7 days. on referred to as Group 1), while the other 17 strains show a
) larger band, approximately of 140 bp (from now on referred to
Antifungal Tolerance Group I1).

The antifungal tests were carried out according to the Eucas Tq further assess the genetic di erences between Group |
protocol (Eucast, 200)with minor adaptations. Selected strains and Group Il of K. marxianusisolates, the ITS1-4 sequences
were cultivated in YPD based medium containing the antifalsg \yere aligned. The alignment revealed that the two groups are
uconazole (32-128 mg/L), clotrimazole (0.06-0.5mg/L) orseparated by having a G (Group I) or an A (Group II) in one
amphotericin B (0.06-0.5 mg/L) respectively to determinertheiof the nucleotide positions marked ifigure 2 To note, all
minimum inhibitory concentration (MIC). The strains used the K. marxianusstrains isolated in MRS (pH 5.4) medium
werePichia fermentan€L1 and BL2Kluyveromyces marxianus possess the A allele (8 strains, DL series), whereas thesstrai
BL3, BL8, DL4, and TJY5Z. cerevisia€lL2 and BL9, and isplated on YPD medium both before and after yogurt in-house
the Kazachstania unispordJY51. Precultures were preparedmaintenance bore the G allele (5 strains, TJY series andhstrai
overnight and the biomass was then washed and resuspendg@1). This indicates that the twi§. marxianussub-populations

in sterile saline before inoculation into a nal volume of @0 are characterized genetically by two alleles in the IT8S5TS2
L in the test plates, yielding a starting concentration of @o region. The combination of genetic and phenotypic di erences
0.5-2.51(° CFU/mL. Positive controls were made by inoculationpetween the two groups df. marxianusstrains may indicate
into YPD without antifungal drug, and negative controls wer g substantial genomic di erence, possibly in uencing di eten

made by using the test media without inoculation. Incubasion phenotypic traits such as tolerance to di erent environmental
were done in duplicates at 30 with 170 rpm in micro well  (chemico-physical) characteristics.

plates. After 24 h of incubation, microbial growth was evédda

by optical density at 530 nm by using a spectrophotometepMicrosatellites

(Multiskan EX, Thermo Scientic). The MIC was de ned as Among all the yeast species involved in fermentative prosesse
the lowest concentration in absence of visible growth an@oupled to food and beverage production, a particular interest
con rmed by oD analySiS. OD data above 0.2 was considered &As been given to the buddmg ye&berevisiaknown to be the
positive growth, while for wells having growth below OD O, principal player in wine, beer and bread fermentations. We thus
inoculation was done and the plates were incubated for amotheynalyzed the microsatellite pro les of o8. cerevisiaisolates

24 hto ensure the result as true negative. from the Yaghnob fermentation together with the microsktel
o data obtained from 35@. cerevisiastrains isolated worldwide
Statistical Analyses from a vast plethora of sources. The phylogenetic analysis

The growth data from the phenotypic characterizations wergFigure 3) revealed that theS. cerevisiastrains found in the
subjected to statistical evaluation. For each strain, tream Yaghnob yogurt cluster apart from the worldwide strains. The
value of duplicate cultures were used. Principal componenYaghnob strains clustered close to strains isolated fromde wi
analysis (PCA) was performed on the OD measurement afterariety of sources, most interestingly insect intestinesdy;
standardization (zero mean, unit deviation), and permANOVAhuman feces (blue), bread fermentations (yellow), and wild
(using the vegan R packadgri Oksanen et al., 20)ifor statistical ~ sources such as tree barks or soils (brown). It is notewattiay
analysis. For the two genotypes within tiemarxianusspecies, the Yaghnobi strains appear isolated from the wine strains. In
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TABLE 2 | Sizes in base pairs (bp) of PCR products from alpi cat ions fo the ITS1-4 region after restriction digestion using en zymes Haelll and Hinfl
respectively for each strain.

Species Strain Restriction fragments (bp) 2
Haelll Hinfl

Kluyveromyces marxianus AL1 655, 80 240, 185, 140, 80
Kluyveromyces marxianus AL2 655, 80 240, 185, 120, 80
Kluyveromyces marxianus AL3 655, 80 240, 185, 120, 80
Kluyveromyces marxianus AL4 655, 80 240, 185, 120, 80
Kluyveromyces marxianus AL5 655, 80 240, 185, 140, 80
Kluyveromyces marxianus BL1 655, 80 240, 185, 120, 80
Kluyveromyces marxianus BL3 655, 80 240, 185, 120, 80
Kluyveromyces marxianus BL4 655, 80 240, 185, 140, 80
Kluyveromyces marxianus BL5 655, 80 240, 185, 120, 80
Kluyveromyces marxianus BL6 655, 80 240, 185, 140, 80
Kluyveromyces marxianus BL7 655, 80 240, 185, 140, 80
Kluyveromyces marxianus BL8 655, 80 240, 185, 120, 80
Kluyveromyces marxianus BL12 655, 80 240, 185, 140, 80
Kluyveromyces marxianus BL13 655, 80 240, 185, 140, 80
Kluyveromyces marxianus BL14 655, 80 240, 185, 140, 80
Kluyveromyces marxianus CL5 655, 80 240, 185, 120, 80
Kluyveromyces marxianus CL6 655, 80 240, 185, 140, 80
Kluyveromyces marxianus DL2 655, 80 240, 185, 140, 80
Kluyveromyces marxianus DL4 655, 80 240, 185, 140, 80
Kluyveromyces marxianus DL5 655, 80 240, 185, 140, 80
Kluyveromyces marxianus DL6 655, 80 240, 185, 140, 80
Kluyveromyces marxianus DL10a 655, 80 240, 185, 140, 80
Kluyveromyces marxianus DL10b 655, 80 240, 185, 140, 80
Kluyveromyces marxianus DL11 655, 80 240, 185, 140, 80
Kluyveromyces marxianus DL12 655, 80 240, 185, 140, 80
Kluyveromyces marxianus TJY52 655, 80 240, 185, 120, 80
Kluyveromyces marxianus TJY54 655, 80 240, 185, 120, 80
Kluyveromyces marxianus TJY59 655, 80 240, 185, 120, 80
Kluyveromyces marxianus TJY60 655, 80 240, 185, 120, 80
Saccharomyces cerevisiae BL9 320, 230, 180, 150 365, 155
Saccharomyces cerevisiae BL10 320, 230, 180, 150 365, 155
Saccharomyces cerevisiae BL11 320, 230, 180, 150 365, 155
Saccharomyces cerevisiae CL2 320, 230, 180, 150 365, 155
Saccharomyces cerevisiae CL3 320, 230, 180, 150 365, 155
Saccharomyces cerevisiae CL4 320, 230, 180, 150 365, 155
Saccharomyces cerevisiae DL3 320, 230, 180, 150 365, 155
Saccharomyces cerevisiae DL7 320, 230, 180, 150 365, 155
Saccharomyces cerevisiae TJY58 320, 230, 180, 150 365, 155
Saccharomyces cerevisiae TJY61 320, 230, 180, 150 365, 155
Pichia fermentans BL2 340, 80 250, 200
Pichia fermentans CL1 340, 80 250, 200
Pichia fermentans CL7 340, 80 250, 200
Pichia fermentans DL1 340, 80 250, 200
Pichia fermentans DL8a 340, 80 250, 200
Pichia fermentans DL8b 340, 80 250, 200
Pichia fermentans DL9 340, 80 250, 200
Pichia fermentans TJY50 340, 80 250, 200
Pichia fermentans TJY53 340, 80 250, 200

(Continued)
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TABLE 2 | Continued

Species Strain Restriction fragments (bp) 2

Haelll Hinfl
Pichia fermentans TJY55 340, 80 250, 200
Pichia fermentans TJIY56 340, 80 250, 200
Pichia fermentans TJIY57 340, 80 250, 200
Kazachstania unispora TJY51 550, 150 370

2Fragments smaller than 80 bp could not be distinguished, but probably bands»sts also at 80 and 65 bp for K. marxianus after digestion with Hinfl, andt&0 bp for P. fermentans
after digestions with Haelll, as reported byesteve-Zarzoso et al. (1999)

FIGURE 1 | RFLP patterns for a selected set of K. marxianus strains after digestion of the ITS1-4 region by  Hinfl and separation on agarose gel. The
lanes contain, from left to right, samples of strain; AL1, A2, AL3, AL4, AL5, BL1, BL4, Low Range DNA ladder, BL5, BL6, BL7BL8, DL4, DL5, and DL6. The
genotypic groups, Group | or Group 1, is indicated for each s&in below each respectively lane.

previous studies, several of these strains were shown todavérom the intestine of social wasps (F31x). The second ancestr

mosaic genome as a common featuredras et al., 2005 group consisted of the strains CL2, BL11, and DL7 origirgtin
The mosaic nature of the genome of these strains was alé@m two of the three ancestors inferred for the other group

con rmed by means of ancestry analysis. The analysis redealéorange and red).

that the S. cerevisiastrains isolated from Yaghnob yogurt fell  Furthermore, we did not identify any genotypic di erences

in two groups, both having mosaic ancestriyigqure 3), but among theS. cerevisiastrains isolated with di erent isolation

originating from di erent sets of ancestors. Both groups weremedia, as we did for th&. marxianusstrains. This could be

inferred to descend from a common ancestor (orange), fromascribed to the fact that th®. cerevisiagtrains were not a ected

which directly originated a set of strains isolated from ram by the same selective pressureKasarxianus

feces (blue strains, i.e., YP4_40D, YA5-28C). The largezsiry

group contained the strains CL3, CL4, DL3, BL9, BL10, TIY58henotypic Characterization

and TJY61, originating from an ancestor (red) shared withisis  The results of phenotypic characterizations are showFigure 4

isolated from wild sources, and from a third ancestor (lightfor growth in media based on dierent carbon sources or

green) shared with the meiotic segregants of a strain isdlat growth at di erent cultivation temperatures, and ifigure 5
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AL3_fw_Al0.abl TGCGCGGCCAGT TCTTGATTCTCTGCTATCAGT TTTCTATTTCTCATCCTARACACAATG 117
TJY60_fw Bll.abl TGCGCGGCCAGTTCTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTAAACACAATG 117
TJYS59 fw_Bl0.abl TGCGCGECCAGTTCTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTAAACACAATG 117
BL5_fw_D07.abl TGCGCGGCCAGTTCTTGATTCTCTGCTATCAGT TTTCTATTTCTCATCCTARACACAATG 117
CL5_fw_A05.abl TGCGCGGCCAGTTCTTGATTCTCTGCTATCAGT TTTCTATTTCTCATCCTARACACAATG 117
CL6_fw_R06.abl TGCGCGGCCAATTCTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTARACACAATG 118
AL5 fw Al2.abl TGCGCGGCCAATTCTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTAAACACAATG 118
ALl fw A08.abl TGCGCGGCCAATTCTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTAAACACAATG 117
AL2_fw_A09.abl TGCGCGGCCAGTTCTTGATTCTCTGCTATCAGT TTTCTATTTCTCATCCTARACACAATG 117
AL4 fw All.abl TGCGCGGCCAGTTCTTGATTCTCTGCTATCAGT TTTCTATTTCTCATCCTAAACACAATG 117
BL8 fw _D10.abl TGCGCGGC TCTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTAAACACAATG 118
DL10A fw Cll.abl  TGCGCGGCCAATTCTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTAAACACAATG 119
DL10B fw Cl2.abl  TGCGCGGCCAATTCTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTAAACACAATG 117
BL6_fw_D08.abl TGCGCGGCCAATTCTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTAARCACAATG 116

BL4 fw DO06.abl TGCGCGGCCAATTCTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTAAACACAATG 118
BL7 fw D09.abl TGCGCGGCCAATTCTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTAAACACAATG 118
DL6_fw_C06.abl TGCGCGGCCAATTCTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTAAACACAATG 119
DL5 fw CO05.abl TGCGCGGCCAATTCTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTAAACACAATG 118

BL14 fw EO4.abl TGCGCGGCCAATTCTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTARACACARTG 116
TJYSZ_f;_?OS.abl TGCGCGGCCAGTTCTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTAAACACAATG 119
DL11 fw DOl.abl TGCGCGGCCAATTCTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTAAACACAATG 114
DL12_fw_DO02.abl TGCGCGGCCAATTCTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTAAACACAATG 113
DL4 fw CO4.abl TGCGCGGC-AATTCTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTAARACACAATG 112
TJY52_ fw B03.abl TGCGCGGCCAGTTCTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTARACACAATG 113
BL1_fw_DO03.abl TGCGCGGCCAGTTCTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTAAACACAATG 115
BL3_fw DO05.abl TGCGCGGCCAGITCTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTAAACACAATG 117
DL2 fw_C02.abl TGCGCGGCCAATTCTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTAAACACAATG 112
BL13_fw_E03.abl TGCGCGGCCAATTCTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTAAACACAATG 114
BL12 fw E02.abl TGCGCGGCCAATTCTTGATTCTCTGCTATCAGTTTTCTATTTCTCATCCTARACACAATG 115

Fhkhkhkkhkdkk Kk khkkdkkkkhkkhkhkhkdkrkdrkdrhkdrhkrhkdrhkdhkdbhkdkhkdhkdhkdhkhhkhkdkdk

FIGURE 2 | Multiple sequence alignment of the ITS1-4 sequence s from K. marxianus strains. The location of nucleotide variation is indicated by the baxThe
two groups of K. marxianusare marked by bold text (Group I) or normal text (Group II).

for growth in presence of ox bile, at low pH, in presence TheK.unisporsastrain appears rather fastidious and showed to
of ethanol or lactic acid and in osmotic stress inducingbe sensitive to most stresses tested, except for the osnretss st
media. (induced by 60% glucose) where it together with the genlgtica
The K. marxianus strains showed remarkably broad close speci€S. cerevisiaghow high growth.
substrate utilization and high tolerance to elevated iratidn It should be pointed out that all strains in this study showed
temperatures. Comparison between the two genotype groupsfullly recovered growth after incubation at pH 2 for 2 h, which
and |l were also done and is presented-igure 7. indicates that they could survive through the stomach passag
TheS. cerevisiagrains grew well up to 3T, and two strains  the intestinal tract.
(BL9 and BL10) grew even at 4B. All strains except BL11 and  The data obtained from the phenotypic characterizations
TJY61 also grew well at pH 3. Our data show that all strainpresented inFigures 4 5 were further used for a PCA where
could utilize glucose, galactose and to some extent alsoskac the isolates belonging to the three speciks,marxianus P.
All strains except BL11 and TJY58 also grew on maltose, and &irmentansand S. cerevisiaeould be clustered separately (
strains except BL11 and DL7 showed some growth on sucrose.0.001), showing also thd€. unisporaphenotypically cluster
Strains TJY58 and TJY61 seemed able to grow in the mannitgether with theS. cerevisiagrains Figure 6). In addition, the
and the xylose based medium as well. All strains could grow itwo genetically di erent groups within th&. marxianusisolates
ethanol at 6%, and three strains (DL7, TJY58, and CL2) showetlustered in function of their phenotypic traits, revealirigat the
positive butimpaired growth at 12% concentration, and onlgon two genetically di erent groups also are phenotypically di erent
strain (TJY61) grew well also at 12%. All strains showed high Further investigation of the strains among tKe marxianus
resistance to osmotic stress. species, revealed that there are signi cant di erences bertvtiee
Within the P. fermentansspecies all strains grew well attwo genetically di erent groupsp(< 0.05, Wilcoxon rank sum
37 C, and could utilize all carbon sources tested, with exceptiotest) (Figure 7).
of strain DL1 (being negative for arabinose and xylose)gear  Group | (G-nucleotide group) showed signi cantly better
variations in pH tolerance was observed in this species. Thgrowth at elevated temperatures (42 and@§ at pH 3, on xylose
growth in the ethanol and lactic acid media were high withist and on phytic acid than Group Il (A-nucleotide group). Group
species, having 8 strains growing at 12% lactic acid and istra | also showed remarkably higher growth in presence of lactic
growing at 12% ethanol. acid, using a medium of yeast extract (1%), peptone (2%) and
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FIGURE 3 | The Saccharomyces cerevisiae strains isolated in the Yaghnob yoghurt (in pink color) were
cerevisiae isolates from various worldwide origins (left part of gure), revealing that the Yaghnob strains cluster separately and a part from the
previous isolates. The ancestry analysis of those strains (right part of gurelfther show that the S. cerevisiaefrom the Yaghnob yoghurt work are all of mosaic
ancestry, and constitute two genetically different groupsoriginating from two ancestors (red and orange) or three aestors (red, orange, and light green).

compared to a set of around 350 previous

lactic acid at 1 and 6%. Group | showed higher tolerance toward The screening for phytate degradation after 48 h of incubratio
osmotic stress compared to Group Il. Group Il on the otherin a nutrient de cient medium revealed that only few isolate
hand showed stronger growth on the sucrose and lactose basegre able to degrade phytate under this condition, in partcul
media, compared to Group |I. Among the other two speci8s ( isolates AL3 (43% WPdegraded), BL8 (30% ¢Rlegraded), and
cerevisiaandP. fermentarjghere were no signi cantdi erences BL1 (29% IR degraded). Isolates AL1, BL3, BL6, BL7, BL12,

in phenotypes found.

All isolates were also investigated for (i) invasivenes¥eb
agar, (i) resistance toward oxidative stress induced bpH
and (iii) formation of hyphae in di erent mediaTable 3. The

K. unisporashowed low resistance toward oxidative stress,

BL13, CL6, DL2, DL5, DL6, DL10b, DL11, and DL12 showed
between 15 and 20% d¢Rlegradation. The remaining isolates
showed no detectable levels of|Begradation. The reference
strain Pichia kudriavzevil' Y13 Hellstrom et al., 201sshowed
n®3% IR degradation in this condition. The analysis of the

invasiveness and no formation of hyphae. Within the threesoth isolates ability to release extracellular non-cell-boungtpke

species there were several strains (31%.aoharxianusstrains,
40% ofS. cerevisiastrains, and 33% of. fermentanstrains)

in an YNBCYE medium revealed no phytase activity in the
supernatant from any of the investigated strains under téste

showing hyphae formation in at least one of the tested mediaonditions, phytase activity was however seen in the supanbat

The invasiveness was generally lowKinmarxianuswith only
10% of strains showing higher grading than 1 in invasiven

of the positive control references strain.
ess Selected strains were then subjected to determination of

The strains of theéS. cerevisiagpecies were especially interestingminimum inhibitory concentration (MIC) of selected antifwal

by having either no invasiveness (70% of isolates) or vegh
invasiveness (30% of isolates). One strails o€erevisiafCL2)

hi agentsTable 4.
The antifungal tolerance was varying between both species

and three strains dk. marxianus(AL1, AL4, CL5) showed high and strainsP. fermentan8L2 andK. unisporaTJY51 showed

resistance toward hydrogen peroxide by having a distance
mm or lower from the HO5 disk and growth boarder.

ofrgsistance toward uconazole (up to 128 mg/L), aril
marxianusDL4 showed resistance toward amphotericin B (up
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FIGURE 4 | Growth data after 3 days of incubation, measured as op tical density (at 630 nm) for each strain when grown on different carbon sources
and at different cultivation temperatures. Growth below 0.2 is considered as negative (red), growth beteen about 0.2-0.4 is considered as positive but
repressed (yellow) and above circa 0.4 is positive growth (gen). *Indicates theK. marxianusstrains belonging to genotype group I.
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FIGURE 5 | Growth data after 3 days of incubation, measured as op tical density (at 630 nm) for each strain when grown in cultivat ion media containing
either ox bile, ethanol, or lactic acid, or with modi ed pH, or in high-glucose media to induce osmotic stress respectively. Growth below 0.2 is

considered as negative (red), growth between about 0.2—0.4s considered as positive but repressed (yellow) and aboveirca 0.4 is positive growth (green). *Indicates
the K. marxianusstrains belonging to genotype group I.
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FIGURE 6 | Principal component analysis (PCA) revealing that  the three different species S. cerevisiae (green), P. fermentans (blue), and K. marxianus
(pink for Group Il and light pink for Group 1) could be phenotypi cally separated from each other ( p < 0.001), and that the strain of Kazachstania
unispora (purple) cluster together with the  S. cerevisiae strains. The analysis also showed that the two genetically differemroups of K. marxianus Group Il
(A-nucleotide) in pink and Group | (G-nucleotide) in lightink, could be separated by means of phenotypic characterizéon. Ellipses were drawn to indicate the data
grouping at 95% con dence assuming a multivariate t-distrilntion of data.

to 32mg/L). StrainK. marxianusTJY52,P. fermentansCL1  species diversity has generally been found as compared to our
and BL2, andS. cerevisia€L2 were all inhibited already at the results. For example iAmasimade of cow milk Gadaga et al.,
lowest tested concentration of clotrimazole (0.03 mg/LgitNer 2000 (20 di erent species, with the most predominant being
of the tested strains show resistance toward all antifmgéhich ~ S. cerevisiae, Candida lusitaniae, C. colliculosa, ®&ndgir in

is an important feature in order to allow external control of Sameelmade of cow, goat, camel or sheep milkl-Otaibi,

unwanted growth. 2019 (36 dierent species, with the most prominent being
Candida lusitania, Cryptococcus laurentii, S. cereyjs@ein
DISCUSSION Chal made from camel milk Yam et al., 2015(35 species,

with the most predominant beingKluyveromyces lactiand
This is the rst report on isolation, identication and K. marxianus at 9% each). It seems as the predominant
characterization of yeast isolates from fermented goatk milspecies, and the species variety, diers between di erent milk
of the Yaghnob Valley in Tajikistan. The yogurt contained afermentations, probably both due to di erences in raw matgria
small variation of yeast species, dominated by the three epeciphysical factors (temperature, humidity etc.) and procesgling
K. marxianus S. cerevisia@nd Pichia fermentansNe isolated micro ora of the people handling the fermentations, cleaning
also one strain belonging to the specikesunispora The same procedures, etc.).
species that we identi ed in this work has also been isolated Within the yeast species of the Yaghnob yogurt, the
in other studies on fermented milk. In particular we observedphenotypic analyses showed broad strain variation. All species
that the yeast species composition of the Yaghnob fermemtatiooresented remarkable dierences in temperature tolerance,
is quite similar to that found in fermented Yak milk from invasiveness, resistance to oxidative stress, hyphae tiorma
the Tibetan plateau in ChinaB@i et al., 2010 However in and inhibition by tested antifungals. It may be speculated tha
other previous studies on traditional milk fermentationdagger  the broad strain variation within the three yeast specieshia t
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FIGURE 7 | Comparison of phenotypic characteristics between Kluyveromyces marxianus  genotype Group Il (A-nucleotide, orange color) and Group |
(G-nucleotide, blue color).  Signi cant differences are marked by *§ < 0.05), **¢ < 0.01) or ***f < 0.001). Filled dots represent outliers (1.5 times the intquartile
range above the upper quartile and below the lower quartileJrhe variables are temperatures (27C—46 C), ox bile concentrations of 0.5%—2%, pH 2—4.8, different
carbon sources, ethanol concentrations 1, 6, and 12%, lact acid concentrations 1, 6, and 12%, and glucose at 50 and 60%.

Yaghnob yogurt fermentation could be a phenotypic, and perhapBNA sequences of up to 10 nucleotides, which are spread
genotypic, adaptation restricted to the few species isolatéds  throughout the genome and are inherited in a codominant raatt
fermentation niche. (Pérez et al., 2001 Yeast microsatellite loci are reported to
Broad phenotypic strain variations within th€. marxianus have a high degree of variability-ield et al., 1996 Previous
species have previously been reported by, among others; articles described a set of microsatellite loci as suadassthe
etal. (2011)where investigation of 13 strains from two Europeandiscrimination between di erentS. cerevisiagtrains ield and
strain collections revealed variations in thermotoleranc Wills, 1998; Gallego et al., 1998; Pérez et al., )2eaabling
tolerance to osmotic stress and to cell wall stress. The RFLUE discriminate beer, wine and bread strains from strairsrir
ngerprinting performed in this study revealed the presence ofother sources l(egras et al., 20Q5Interestingly, all isolates
two groups (Group | and Group Il) within theK. marxianus from the Yaghnob Valley fermented milk clustered apart from
species. The strains belonging to Group Il showed an RFLPrevious isolates 08. cerevisiaeollected from a wide variety
pattern which to our knowledge has not been previouslyof ecological niches, indicating that a separate evoluticay m
reported, and with a unique single nucleotide polymorphismhave occurred in the geographically isolated area of then@igh
in the ITS1-4 region compared to Group |. Since the ITS1-4alley. As observed for th&. marxianusstrains, also theS.
region is known to be well preserved, the nucleotide di erencecerevisiaestrains showed two di erent genetic backgrounds,
found in Group Il may indicate other genetic variations ben based on ancestry analysis. One group, containing straing CL2
the two groups. From the phenotypic characterization ofBL11, and DL7, originated from two ancestors, while the other
the strains, it became evident that there are also signicangroup, consisting of strains CL3, DL3, CL4, BL10, BL9, TJY58,
phenotypic di erences between the two genetically dierentand TJY61, originated from three ancestors, two of them being
groups. Furthermore, Group | isolates, showing an RFLRommon with the ancestor of the rst group. The majority of
pattern in accordance with those previously reported for S. cerevisiastrains could be the result of either convergent
marxianus were isolated both from the original and maintained selection or, more likely, of clonal expansion. Still, as presipu
sample, while strains belonging to Group II, showing theshown for strains isolated from fermenting beers and breads
novel RFLP pattern, was only isolated form the original(Liti et al., 200%, all these strains bear a mosaic genome and
sample. It may be speculated whether the strains of Grouwere inferred to descend from two shared ancestors. Several
Il constitutes a new species, and the genetic dierences istrains in addition showed to descend from a third ancestor
those K. marxianus strains will be further investigated in shared with strains isolated from wasp intestine. Furtheren
future studies. the phenotypic assessment of tBe cerevisiastrains revealed
The strains ofS. cerevisiawere in addition to ITS1-5.8S- some variations in tolerances to low pH and high temperatures.
ITS4 analyses, also assessed by microsatellites and used Ifia study by Edwards-Ingram and co-workeEs{wvards-Ingram
creating a phylogenetic tree. Microsatellites are tandentitege et al., 200), the comparison of the probioti€. boulardiistrains
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TABLE 3 | Invasiveness of each isolate in YPD agar was assesse  d and graded from 0 (not invasive) to 4 (highly invasive), wher e “b” indicates more
intense invasiveness at the colony border.

Species Strain H ,0, resistance (mm) 27 C Invasive (0 4)27 C Hyphae (168 h)

YPD 27 C YPD37 C YNB 27 C YNB 37 C RPMI 37 C

K. marxianus AL1 4 0
K. marxianus AL2 0
K. marxianus AL3 11 0
K. marxianus AL4 4 0
K. marxianus AL5 11 0
K. marxianus BL1 10 1
K. marxianus BL3 10 1 C C C C
K. marxianus BL4 14 0 C
K. marxianus BL5 9 1 C C C
K. marxianus BL6 10 0 Cc
K. marxianus BL7 11 0
K. marxianus BL8 11 0
K. marxianus BL12 10 0
K. marxianus BL13 12 0
K. marxianus BL14 13 3
K. marxianus CL5 4 2 C C C C C
K. marxianus CL6 13 0
K. marxianus DL2 13 0
K. marxianus DL4 12 2b
K. marxianus DL5 11 0
K. marxianus DL6 12 0
K. marxianus DL10a 11 0
K. marxianus DL10b 13 0
K. marxianus DL11 13 1
K. marxianus DL12 10 0
K. marxianus TJY52 1 C C C C
K. marxianus TJY54 1 C C C C C
K. marxianus TJY59 1 C C C C
K. marxianus TJY60 10 1 C C C C C
S. cerevisiae BL9 17 3 C C C
S. cerevisiae BL10 16 3
S. cerevisiae BL11 0
S. cerevisiae CL2 0
S. cerevisiae CL3 14 0
S. cerevisiae CL4 13 0 C C C
S. cerevisiae DL3 17 0 C C C
S. cerevisiae DL7 15 3b
S. cerevisiae TJY58 16 0 C C C
S. cerevisiae TJY61 12 0
P. fermentans  BL2 11 2 C C C C
P. fermentans CL1 13 3 C C C C C
P. fermentans CL7 11 1
P. fermentans DL1 14 3 C
P. fermentans DL8a 13 0
P. fermentans DL8b 14 0
P. fermentans DL9 15 1
P. fermentans ~ TJY50 9 1
P. fermentans ~ TJY53 14 1
(Continued)
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TABLE 3 | Continued

Species Strain H 05 resistance (mm) 27 C Invasive (0 4)27 C Hyphae (168 h)

YPD 27 C YPD 37 C YNB 27 C YNB 37 C RPMI 37 C

P. fermentans  TJY55 13 1

P. fermentans  TJY56 13 1 C C C C C
P. fermentans ~ TJY57 14 1

Kaz. unispora  TJY51 12 0 n.d n.d n.d

The hyphae formation, given as positive®) or negative ( ) was determined based on microscopic investigation after cultivation in thewedia YPD, YNB and RPMI respectively and at
two different incubation temperatures. All experiments were carriedut in duplicates and presented is the mean value. n.d indicates that no dataas obtained, due to no growth at this
temperature.

TABLE 4 | The minimum inhibitory concentration (MIC) of the ant ifungals (Maccaferri et al, 203)2and a positive eect on patients
uconazole, clotrimazole, and amphotericine B are presented as mg/L with irritable bowel Syndrome (|BS)L(SOHI etal, 201)3 The

needed for full inhibition. strains of this species isolated from the Yaghnob yogurt are
therefore especially interesting for further studies ofithbessible
probiotic properties.

One well-studied e ect of yeast fermentation in cereal based
foods is the degradation of the anti-nutrient phytate {JP

Strain Fluconazle Clotrimazole Amphotericin
(mg/L) (mg/L) B (mg/L)

BL3 (K. marxianug 4 0.12 2 . .

BLS ) and subsequent release of mineralsedrikson et al., 2002;
(. mandanug ° oo ° Hellstrom et al., 2010by phyt iginating from th
DL4 K. marxianug 8 0s a0+ ellstrom et al., J)Ooyspi ytase enlzyr;()eglgrgln? ing r?m20§4-
TIY52 K. manianus 8 0,03+ 4 pr_esent microorganisms.ppez et al., 001; Reale et al., ;
CL1 P fermentang 64 0,03 8 Nielsen et al., 2007 Although the strains in this work were
BLo (P' fermentang - 0'03** 16 isolated from a dairy fermentation, all strains were tested

i - ' the ability to degrade phytate under nutrient starved coiudlis.
CL2 (S. cerevisiag 16 0.03** 2 . -
- Several strains showed the ability to degrade phytate, @dno
BL9 (S. cerevisiag 16 0.5 2 . . . L . . .
] further investigations are needed in order to identify thgimal
TJY51 K. unispora) 128 * 0.25 4

cultivation condition for an improved phytate degradation.
Additionally, a single asterisk*f indicates that growth was observed at the highesttested ~ Since degradation of phytic acid has shown to increase the
concentration (i.e., MIC not determined), and double asterisk”) indicates that no growth mineral ava”abi”ty from cereal based food%ahdberg et al.,
was observed even at the lowest tested concentration (i.e., MIC may be loev than the . . .
tested concentration). 1999; Lopez et aI.,.2.001, Hyrrell et al., 2002, S'chle.mmer, gt al
2009, phytase positive strains may be industrially interesting
. . not only in dairy fermentations, but also in cereal based
and otherS. cerevisiaeias done, and one of the phenotypic . . .
fermentations. It may further be hypothesized that consuming

traits that appeared to separate tBe boulardiistrains was the .
increased tolerance toward high temperatures and low pH. Thi\éIable phytase active yeasts, e.g., from the fermented aghn

led us to suggest that some of our isolatedcerevisiastrains milk, together with a cereal based meal may aid phytic acid

could in fact beS. cerevisiae var. boulardEspecially the two degradation and subsequent mineral release inside thetine

strains BL9 and BL10, which show temperature tolerance up tgaCt' Traits such as phytase activity, ethanol toleranctlactic

45.C an gond growlh al P, cold according o he vore o OECE Ler nEate PO o e 950 1 0.
by Edwards-Ingram et al. potentially belong ®. cerevisiae g '

. .—.__ and lactic acid bacteria (LAB) occur®i(Cagno et al., 20041t
var. boulardii As S. boulardiiis a subtype ofS. cerevisiae .” . .

. is widely known that co-fermentation between yeasts and LAB
(Edwards-Ingram et al., 20Dp4hey are dicult to separate

based on the genomic work we performed in this study, henCteakes place in many natural food fermentations, which isHart

further investigation of those strains genetic and phenatypi zgggéﬁdobyb_se;ggl_ [l)\llrewozs studm;a(\;hli;and_G?dgga,
variations, as well as their potential probiotic e ects need& » Al-Otaibi, . Nyambane et al., ZDivhere iso atlon_
evaluated. of both of them has been done from the same fermentation

The fermented milk from the Yaghnob Valley is consumedsample' One |nterestlng StUdY Byessas e_t al. (200&)/est|gat.ed
without any prior sterilization step, meaning it contains bia ~ Seurdough fermentations withK. marxianus together with
cells when consumed. As several strains in this study shoff®¢ ™Wo LAB, Lactobacillus delbrueckssp. bulgaricus and
the ability to survive the conditions occurring in the intesl Lactobacillus he|\_/etIC_,u$eveaI|ng promising resul_ts such as
tract (low pH, temperatures of 3T and presence of ox bile), prolqnged shelf life, |mprovgql resistance to spoilage moulgls
possible bene cial traits of those strains may be carried int @1d improved sensory qualities of the bread product. This
the host. Other groups have investigated the probiotic pognti |nd|cate_s aqother interesting potential application for_sonfe_ o]
of a strain ofK. marxianus(BO399), presenting for example the strains isolated from the Yaghnob yogurt, especiallyesinc
a positive e ect on the immune response in CaCo-2 Ce” ||né)acter|al ISO|a'[I0n from thIS same yOgUI"[ resulted in I$ﬂﬂﬁ Of
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