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Abstract: Thai traditional fermented fish products (Plaa-som) from four provinces (Ubon Ratchathani,
Surin, Sisaket, and Khon Kaen) in the northeast part of Thailand were collected and analyzed to
determine their salt content, total acidity, and pH. Yeasts in all samples were isolated and identified to
the genus and species level based on sequence analysis of the D1/D2 of the large subunit (LSU) rRNA
gene and the internal transcribed spacer (ITS) region. The results revealed that the salt content, total
acidity, and pH values are in the range of 2.01-6.9%, 0.62-1.9%, and 4.4-6.57%, respectively. Moreover,
35 strains of yeast were isolated and identified as eight genera, namely Candida, Diutina, Filobasidium,
Kazachstania, Pichia, Saccharomyces, Torulaspora, and Yarrowia with 17 species. The ascosporogenous
yeast, Kazachstania, was the most dominant genus found and was widely distributed among the
fermented food samples. In addition, a new strain of yeast, Kazachstania surinensis, was also discovered
in Plaa-som samples. Thus, this study is the first to report the presence and wide distribution of these
yeasts in fish fermentation products.
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1. Introduction

Fermented food is a Thai folk wisdom that has been passed down for hundreds of
years. The production of Thai traditional fermented foods has been trial and error without
any scientific support. Therefore, most of them, if not all, have depended on natural
fermentation or spontaneous fermentation leading to heterogeneous microbiota in the final
product [1].

Plaa-som is a Thai traditional fermented fish, obtained from a fermentation of fish with
salt, steamed rice, and chopped garlic via a solid-state fermentation for 3 to 7 days [2,3].
Plaa-som can be made by using whole fish (Plaa-som), fish fillet (Plaa-som pieces), fish
strips (Plaa-som strip), and fish mince (Plaa-som Fak). The fish commonly used for
making Plaa-som in the Northeast of Thailand is freshwater fish such as silver barb
(Barbus gonionotus), Siamese mud carp (Henicorhynchus siamensis), and small scall mud
carp (Cirrhinus microlepis) [2,3].

Production of Plaa-som is done in a spontaneous fermentation via traditional methods
that have been passed down from generation to generation [4,5]. The amount of salt, rice,
and garlic in Plaa-som production ranged from 2-11%, 1-5%, and 3-5% (w/w), respectively,
but the ratio used in production varies from area to area [6-8]. In addition, Plaa-som also
has ingredients (fish, salt, rice) and preparation methods that resemble other traditional
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fermented fish such as Plaa-paeng-dang (Thailand), Bu-rong isda (Philippine), Mam chua
(Vietnam), Bekasem (Indonesia), and Narezushi (Japan) [9-11].

The fermentation process in traditional fermented foods can, in fact, basically be
performed either by spontaneous fermentation, by back-slopping, and by adding starter
cultures. In spontaneous fermentation, indigenous microorganisms come from raw materi-
als, utensils, containers, and environments together with optimal conditions to select and
promote the growth of microorganisms that cause fermentation in foods. Back-slopping is
a method of using part of the fermented product from the previous batch as the inoculum
for the new batch, while the use of pure culture as the inoculum is done in local fermented
foods that are produced on an industrial scale [9].

In traditional fermented foods, spontaneous fermentations often involve interactions
between microbial groups, such as bacteria-bacteria, yeast-yeast, and yeast-bacteria. These
interactions create a group of heterogeneous microorganisms that work synergistically,
resulting in a significant impact on taste, texture, and odor [12,13]. The two main groups
of microorganisms that play an important role in creating the distinctive characteristics of
fermented fish are lactic acid bacteria and yeast [6,14]. Lactic acid bacteria (LAB) and yeasts
have been known to play major roles in food fermentation by acting in cooperation to form
a complex microbiota. Up until now, lactic acid bacteria have been in the spotlight as the
main microorganisms in food fermentation because they produce many substances such
as organic acids, aromatic compounds, and peptides not only to drive the fermentation
process but also to inhibit growth of undesirable organisms.

Since lactic acid bacteria is considered as the majority of bacteria in fish fermentation,
previous research focused on the lactic acid bacteria rather than yeast. Therefore, many
genera and species of lactic acid bacteria in various types of fermented foods such as Pedio-
coccus pentosaceus, P. halophilus, Lactobacillus alimentarius/farciminis, L. plantarum, L. pentosus,
Weisella onfuse, Streptococcus bovis, and Lactococcus garviae were screened, isolated, and
identified [2,6,15-20]. There are only few research reports of the dominant yeast species in
these types of fermented foods. Furthermore, the dominant yeast generally found in these
fermented foods (fish and meat) were of the genera Candida, Saccharomyces, and Pichia with
some Zygosaccharomyces, Debaryomyces, and Hanseniaspora [6,21,22]. We present here the
findings of the most dominant and widely distributed genus of yeast (Kazachstania) among
the 35 samples of Thai fermented fish collected from Northeastern Thailand.

2. Materials and Methods
2.1. Collection of Plaa-Som Samples

Fermented fish samples (Plaa-som) were collected from selected locations in four
different provinces, Ubon Ratchathani, Surin, Sisaket, and Khon Kaen, in the northeastern
part of Thailand (Table 1). Samples were purchased, kept in a foam box with ice, and
immediately transported to the laboratory and kept refrigerated (4 °C) until use.

Table 1. Sources for yeast isolation.

Warin Municipal fresh market, Prathum Thep Phakdi Road,
Warin Chamrap district, Ubon Ratchathani * province
Warin Municipal fresh market, Prathum Thep Phakdi Road,
Warin Chamrap district, Ubon Ratchathani * province

Noi Ruen Rom fresh market, Lak Mueang Road,

Mueang Surin district, Surin * province

Ton Ma Kluea market, Ratchakan Rodfai 3 Road,

Mueang Sisaket, Sisaket * province

Municipal fresh market 1, Muang Khon Kaen,

Khon Kaen * province

Location GPS Collection Date
15°11/58.0"” N 104°51'57.1" E 2 January 2021
15°11'58.0"” N 104°51'57.1" E 3 January 2021
14°52'50.4"” N 103°29'49.6" E 14 January 2021
15°06'58.0" N 104°19'56.2" E 15 January 2021
16°25'34.8" N 102°50'04.3" E 19 January 2021

* Ubon Ratchathani, Surin, Sisaket, and Khon Kaen provinces are located in the northeast of Thailand.
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2.2. Chemical Analyses
2.2.1. Measurement of pH

The pH of the samples was determined using 2 g of homogenized samples mixed with
20 mL of carbon-dioxide-free distilled water. Direct pH measurement was done using a
standard pH meter (520 SevenEasy™, Mettler-Toledo, Inc., Columbus, OH, USA). Triplicate
determinations of each treatment were performed.

2.2.2. Determination of Total Acidity

The total acidity of the sample was determined according to AOAC standard meth-
ods [23]. A 2 g sample was homogenized in 20 mL of carbon-dioxide-free distilled water
using a homogenizer (Ultra-Turrax, IKA Labortechnik, Staufen, and Germany). The ho-
mogenate was then centrifuged at 5000x g for 15 min. Then, the supernatant was filtered
through Whatman No. 4 filter paper (Whatman International Ltd., Maidstone, UK). Three
drops of a phenolphthalein solution (1% w/v) were added to the filtrate and titrated with a
standardized 0.1 N NaOH solution until a light pink color was observed. The total acidity
was calculated as an equivalent to lactic acid and reported as a percentage (w/w). Triplicate
determinations on each treatment were performed.

2.2.3. Determination of Salt Content

The percentage of salt in the samples was determined according to a procedure
described by AOAC International [24] and Kopermsub and Yunchalard [2]. Five grams of a
homogenized sample were accurately weighed and mixed with 25 mL of distilled water.
The sample was then filtered through Whatman No. 4 filter paper (GE Healthcare Thailand,
Bangkok, Thailand). The filtrate was titrated using 0.1 N silver nitrate with an addition of
1 mL of 0.25 M potassium chromate as an indicator. Salt content was calculated from the
volume of 0.1 M silver nitrate used to reach the end point of the titration and reported as
%sodium chloride (w/w). Triplicate determinations on each treatment were performed.

2.2.4. Yeast Isolation

Ten grams of each Plaa-som sample were homogenized in 90 mL of 0.85% (w/v) NaCl
and tenfold serial dilutions were prepared until the desired concentrations were obtained.
One hundred microliters of each dilution (1073 to 10~° dilutes) was spread onto yeast
extract peptone dextrose agar (YPD) supplemented with 0.25% (w/v) sodium propionate.
All agar plates were incubated at 25 °C for 1-2 days. Colonies were randomly isolated
from the highest dilution on YPD agar. Representative yeast colonies were picked based on
colony characteristics and purified using a cross-streaking method on YPD agar. Purified
yeast cultures were preserved in YPD broth supplemented with 20% (v/v) glycerol at
—20°C[21,25].

2.2.5. Yeast Identification

The methods used for DNA extraction from whole yeast cells and amplification were
described by Limtong et al. [26]. Amplification of the D1/D2 region of the LSU rRNA gene was
done using PCR with the forward primer NL1-F (5'-GCA TATCAATAAGCGGGGAAAAG-3')
and the reverse primer NL4-R (5-GGTCCGTGTTTCAAGACGG-3') [27]. The ITS region
was amplified with the forward primer ITS1-F (5'-TCCGTAGGTGAACCTGCGG-3') and
the reverse primer ITS4-R (5'-TCCTCCGCTTATTGATATGC-3') [28]. The sequences were
compared with available sequence data using a BLASTN search in the NCBI GenBank
database [29]. They were aligned with sequences of related species retrieved from GenBank
using the program, MEGA Version 7 [30]. The phylogenetic distances of the yeast species
were calculated based on the maximum-likelihood method, applying the general time-
reversible (GTR) model and using the concatenated ITS and D1/D2 sequences. Confidence
values of the branch node were evaluated from bootstrap analysis (1000 replicates) [31].
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Salt content (%)

2.2.6. Yeast Community Analysis

The Shannon-Wiener index (H") and radar chart were used to determine the diversity
of yeast communities. The following formulas were used:
Shannon-Wiener index
S . .
H =-) ., Pi(InPi) 1)

where Pi is the proportion of each species in the sample and S is the total number of species
in the total sample [32].

The relative frequency (%) was calculated as the number of yeast strains of an individ-
ual species as a proportion of the total number of yeast strains. The frequency of occurrence
(%) was calculated as the number of samples, where a particular genus was observed, as a
proportion of the total number of samples.

3. Results
3.1. Collection of Plaa-Som Samples

In this study, 35 Plaa-som samples were collected from five fresh markets in Ubon
Ratchathani, Surin, Sisaket, and Khon Kaen provinces. The location of each market is
shown in Table 1.

3.2. Determination of Salt Content

The salt contents of all Plaa-som samples were different regardless of their origin
(as shown in Figure 1). Fermented samples contained salt in the range of 2.01% to 6.9%.
However, samples with the lowest and the highest salt contents came from Surin province
(SR2, 2.01% and SR5, 6.9%). It was also found that the salt content of Plaa-som from Sisaket
and Khon Kaen varied over narrow ranges of 2-4% and 4-6%, respectively, while those
from Ubon Ratchathani and Surin presented higher variations. Plaa-som products are
commonly produced according to family tradition and local geographic preferences. The
various salt levels of the Plaa-som samples result from the recipes used, which have been
passed down from generation to generation. This creates the distinctive taste and texture
of fermented fish products from each area.

Figure 1. Salt content of Plaa-som samples from four provinces: Ubon Ratchathani (UB), Khon Kaen
(KK), Sisaket (SK), and Surin (SR).

The salt content of Plaa-som has been studied by several researchers. It was found to
vary from 1.4-11% [2,6,15,33]. The salt used in Plaa-som not only serves as a seasoning, but
also acts to establish optimal conditions for the growth of microorganisms that play a role
in fish fermentation. As a seasoning, it has been found that a high salt content can hide real
delicate aromas and flavors of fermented food products. However, with a low salt content,
there is less of a microbial barrier against the growth of undesirable micro-organisms in
these food products [2,34,35]. In the case of creating optimal conditions for the growth
of microorganisms, an inappropriate salt content can affect the type and number of the
microorganisms that play important roles in fermented fish processes. Paludan-Miiller [36]
and Paludan-Miiller et al. [6] found that increasing salt concentrations from 6% to 11%
delayed LAB growth and thereby the fermentation process of Plaa-som. The optimum
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value

pH

UB1 UB2Z UB3 UB4 UBS

salt content is in the range of 6-7% in order to facilitate the growth of lactic acid bacteria,
resulting in a lower pH, less than 4.5, that is suitable for the growth of yeast in the Plaa-som
fermentation process [17,37].

3.3. Determination of pH

It was found that the pH of Plaa-som varied over the range of 4.14-6.57 (as shown in
Figure 2). These results are consistent with numerous published papers reporting that the
pH of Plaa-som ranged from 3.2-6.4 [2,6,15,17,33,36,38].

17 UBE UBS KK1 KK2 KK3 KK4 KKS KK& KK7 SK1 SK2 SK3 SK4 S5K5 SK& SR1 SR2 SR3 SR4 SRS SRe SRY SRE SR9 SR105R115R125R13

Sample Code

Figure 2. The pH values of Plaa-som samples from 4 provinces: Ubon Ratchathani (UB), Khon Kaen
(KK), Sisaket (SK), and Surin (SR).

In general, the pH of Plaa-som depends on three factors: the salt content, amount of
carbohydrates utilized in the fermented fish, and the fermentation time. Details of these
factors are given below.

The salt concentration can affect the growth of microorganisms involved in the fer-
mentation process, particularly lactic acid bacteria. An appropriate salt content promotes
the growth of lactic acid bacteria, resulting in low pH, whereas a high salt content inhibits
their growth, resulting in higher pH values [6,34,36,37,39].

The carbohydrate level in Plaa-som is the second factor that affects the pH of Plaa-som.
Lactic acid bacteria in Plaa-som use added carbohydrates as a carbon source and produce
the major metabolite, lactic acid [14,15,39,40]. Therefore, a high carbohydrate content
together with the growth of lactic acid bacteria can cause a high acid content, resulting in
low pH values [33,34,37].

The final factor influencing the pH of Plaa-som is the fermentation time. Kopermsub
and Yunchalard [2] followed the fermentation of fish for 6 to 144 h and found that the pH
of Plaa-som samples decreases with increasing fermentation time. Long fermentation times
resulted in high levels of lactic bacteria, leading to the formation and accumulation of acid
in the Plaa-som, resulting in lower pH values in Plaa-som samples.

Since the salt contents of our samples were less than 7% (2.01 to 6.9%), all Plaa-
som samples are categorized to low-salt fermented fish. These salt contents correspond
to the optimal salt content, 6-7%, suitable for the growth of lactic acid bacteria [6,36].
Additionally, our pH measurements of Plaa-som samples ranged from 4.14-6.57, which is
similar to values reported in previously published papers [2,6,15,17,36,38]. Unfortunately,
we do not have details of the initial carbohydrate content and fermentation time of each
Plaa-som sample. The sellers are not Plaa-som manufacturers, so they do not know this
information. Therefore, the amount of carbohydrates and fermentation time cannot be
discussed concerning the pH of Plaa-som samples in this study.

3.4. Determination of Total Acidity

The main factors contributing to acid production in Plaa-som are lactic bacteria,
carbohydrate content, and fermentation period. In the current study, the total acidity of
Plaa-som samples ranged from 0.62-1.92% (Figure 3), which is in agreement with previously
published papers [2,6,36,38]. The lowest acid content sample, SR2 (pH 6.57), was from
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Surin province, while the highest acid sample was UB3 (pH 4.14) from Ubon Ratchathani.
Although pH values of all Plaa-som samples were highly variable (4.14-6.57), the pH
values of Plaa-som did not fluctuate widely due to the high buffering capacity of fish
muscle protein. This kept the pH from becoming too low during the late stages of the
fermentation [2,36].

UB1 UB2 UB3 UB4 UBS UB6 UB7 UB8 UB9 KK1 KK2 KK3 KK4 KK5 KK6 KK7 SK1 SK2 SK3 SK4 SK5 SK6 SR1 SR2 SR3 SR4 SR5 SR6 SR7 SR8 SR9 SR10SR11SR12SR13

Sample Code

Figure 3. Acid content of Plaa-som samples from 4 provinces: Ubon Ratchathani (UB), Khon Kaen
(KK), Sisaket (SK), and Surin (SR).

3.5. Yeast Recovery and Isolation

Thirty-five Plaa-som samples (n = 35) were purchased from different food sellers at
five fresh markets in Ubon Ratchathani, (n = 9), Surin (n = 13), Sisaket (n = 6), and Khon
Kaen (n = 7). Yeasts in each sample were isolated using the methodology described above.
The recovery rates of yeasts from Plaa-som samples collected from Sisaket, Khon Kaen,
Surin, and Ubon Ratchathani were 83.33%, 71.43%, 46.15%, and 44.44%, respectively. The
overall percentage of samples in which yeast were detected was 57.14% (Table 2). Yeast
colonies with a distinctive appearance were purified using a cross-streak technique on
malt yeast extract agar (MYA) and then examined under a microscope before making stock
cultures on MYA slants [41,42].

Table 2. The number and percentage of yeast detected and non-yeast detected fresh market samples
from different provinces in Thailand.

Total
Provinces Samples with Samples without P ‘ s |

Detectable Yeast Detectable Yeast ercentage ot >amples

electable Teasts electable Teasts Number of Samples with Detectable Yeasts
Ubon Ratchathani (UB) 4 5 9 (n) 44.44
Sisaket (SK) 5 1 6 (n) 83.33
Surine (SR) 6 7 13 (n) 46.15
Khon Kaen (KK) 5 2 7 (n) 7143
Total 20 15 35 (n) 57.14

3.6. Yeast Identification

Fifty-two isolates of yeast from Plaa-som samples were identified into eight genera
and seventeen species. The detail and proportion of yeast genera in Plaa-som samples are
shown in Figure 4.

The number of yeast and relative frequency of each species is presented in Table 3.
Identification to the species level was done with a molecular method using analysis of
the D1/D2 domain (shown in Table 4) and neighbor-joining phylogenetic analysis of
Kazachstania strains (shown in Figure 5).
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B Kazachstania

' Candida in Nakaseomyces clade
B Yarrowia

B Torulaspora

B Filobasidium

15.38% 13.46%

5.77% 1.92%

W Candida in Candida/Lodderomyces clade
Candida in Clavispora clade

B Pichia

B Diutina

B Saccharomyces

Figure 4. Proportion of yeast genera discovered in Plaa-som samples collected from fresh markets in

Thailand.

Table 3. Yest species found in Plaa-som samples collected from fresh markets in Thailand.

Species Number of Isolates Relative Frequency (%)

Candida tropicalis (Candida/ Lodderomyces clade) 2 3.85
C. metapsilosis (Candida / Lodderomyces clade) 1 1.92
C. parapsilosis (Candida/ Lodderomyces clade) 3 5.77
C. prachuapensis (Candida / Lodderomyces clade) 1 1.92
C. intermedia (Clavispora clade) 2 3.85
C. glabrata (Nakaseomyces clade) 2 3.85
Diutina catenulata (2) 2 3.85
Filobasidium uniguttulatum (1) 1 1.92
Kazachstania servazzii 2 3.85
K. humilis 2 3.85
K. exigual 8 15.38
K. turicensis 2 3.85
Kazachstania sp. 9 17.31
Pichia kudriavzevii (2) 3 5.77
Saccharomyces cerevisiae (1) 1 1.92
Torulaspora delbrueckii (1) 3 5.77
Yarrowia lipolytica 8 15.38

Total 52 100.00
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Table 4. Molecular identification of yeasts isolated from Plaa-som samples collected from fresh
markets in Thailand.

Closest Species Nucleotide in D1/D2 Region

Isoclj:tii:n (GenBank Accession Identity/ ~ Similarity o Substitution Res.u.lt O.f
Number) Total %) o. of Gap No % Identification
WS S oy ew 01 oy b
[fg’_Fls Kai}%if V126617 591/592 99.83 0 1 0.17 K";‘;ZZZZ”“
(NG_055029) .
WS S gyss ew 00 oy e
I{E_I;S Kaiz\pllgﬁf va2es1T 591/592 99.83 0 1 0.17 Kii‘i;’;itzal’:m
(NG_055029)
I{E_Fls Sacﬁgﬁnﬁyﬁzﬁ;ﬁsm 592/592 100 0 0 0 S”fe’;z;fs’zlye ces
(NG_042623)
UBPS-1 CB?;’;Z;;”&;;’SZZ;Z%) 578/584 100 6 0 0 Pichia kudriavzevii
UBPS-5 CB?;?’Z’;”&Q’SZZTS’ZZS) 576/584 99.65 6 2 034  Pichia kudriavzevii
UBPS-6 ngzgggg{”(l%ﬁg@) 586/590 99.32 0 4 0.68  Kazachstania sp. **
541;1:15 CBS ;‘gg’}”(ﬁ%‘éitg 6 485/485 100 0 0 0 Diutina catenulate
W el sesn w00 oy e
WS il smo w02 on N
W g gy w00 o Cw
i cBe g‘gg@”(ﬁeggﬁs 6 484/485  99.79 0 1 021  Diutina catenulata
55121:15 CB?;Q’%”(‘;Z&I"_;’SZZ;ZZS) 583 /584 99.82 0 1 0.18  Pichia kudriavzevii
SSIEFZS CBgigg@‘i‘(lﬁﬁlgjé‘;H) 599/601 99.66 0 2 0.33 Candida glabrata
SSIgBS Cg?g;ggg?ﬁ?ﬁ (;2257) 585/591 99.15 1 5 0.85 Kazachstania sp. *
55121:75 ngg‘ff‘;g’{ggggs) 551/552 100 1 0 0 Candida tropicalis
551;F15 ng’;‘iif”ag’;gggs) 551/552 100 1 0 0 Candida tropicalis
55525 Cﬁfg;’g{"ﬁ;’f (;Zgé)sﬂ 585/591 99.15 1 5 0.85 Kazachstania sp. *
551;F35 CBg‘;ggéd?ﬁfgg‘gzz) 599/601 99.66 0 2 0.33 Candida glabrata
86?15 Clé‘;zgg’;‘g{”gg‘fé’gg@) 585/590 99.15 0 5 085  Kazachstania sp. *
Sg;iS Cﬁ?g;@gg?ﬁ?ﬁ (;Zgé)sﬂ 585/590 99.15 0 5 0.85 Kazachstania sp. **
S;;FZS Cgfgggg{”ég’%g;) 585/590 99.15 0 5 0.85  Kazachstania sp. **
SgéFls Cg‘fgggg{“}%‘%’gg@) 586/590 99.32 0 4 0.67  Kazachstania sp. **
SKFS Razachstania humilis 585/590 99.15 0 5 0.85  Kazachstania sp. *

66-1 CBS 56587 (KY106507)
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Table 4. Cont.

o on syl Sty e Subaiion REf
Code Number) Id;;lt:;cy / szi/snty No. of Gap N(l)l stitu 1002 Identification
561;F15 Cﬁ‘gg;’gﬁ’zﬁﬁ‘o”ég]@) 585/590 99.15 0 5 0.85  Kazachstania sp. *
Klilisl lesa éL;Cgh; t(ﬁlr?;fg;%i% 588/589 99.83 0 1 0.17 Kazachstania exigua
KISSI Cgé%h; iﬁgigg@%ig) 587/589 99.66 0 2 033 Kazachstania exigua
Klf_gsl CB;/‘ZEZ’T"“&%Z;%D 524/525 100 1 0 0 Yarrowia lipolytica
Klf_l:lSP lesa ;L;Cgh; iﬂzgfg;é;(t)i% 588/589 99.83 0 1 0.17 Kazachstania exigua
KISZSP Cgé%h; t(ﬁg_eggé‘;g) 588,/589 99.83 0 1 016  Kazachstania exigua
KI:_};SP Céé’f ‘;‘;BP‘TS‘?(”N"Z_E(’)‘;%‘(‘)Z% 588,/589 99.83 0 1 016  Kazachstania exigua
Kﬁsp ng‘g’f t(ﬁg_eg;%ig) 588/589 99.83 0 1 016  Kazachstania exigua
Kﬁsp Cg;‘;’;hﬁt(‘zg_egé%i% 588/589 99.83 0 1 017  Kazachstania exigua
KI;_F:P Cg‘;’%}? t(aNnZ_eg;gng% 589/591 100 2 0 0 Kazachstania exigua
Klf;sp ngggf? ’(’ﬂf{p;;l;;lf " 587,590 100 3 0 0 Candida parapsilosis
KIT_I;SP CBg“g{gZ’%“ﬁgnggm) 523/525 99.8 1 1 0.2 Yarrowia lipolytica
T e a2/ 100 2 0 0 i
KISZSP ngrgdoijﬁ ’(’ﬂﬁ;;lgglf " 589,590 99.83 0 1 017  Candida parapsilosis
o oS (NG oseaty VS 10 0 0 o T
h chema NG oy PY/B 9m 0 S
o5 chenia NGOy /5B 998 0 1o

Kli_Flsc CBg“g{gZ’%”ﬁggfggm) 521/526 100 5 0 0 Yarrowia lipolytica
Klfzsc ng’g‘%? ?Xé%%?a) 350/353 99.71 2 1 019  Candida intermedia
KIE:?)SC CB?I(Z ;Z%u(ﬁggiigg 31) 523/525 99.8 1 1 0.19 Yarrowia lipolytica
KI;ELSC CBg‘Z’l"g%a(ll\i][gI?Ing;g?;l) 521/525 100 4 0 0 Yarrowia lipolytica
KIfSSC ng’?g? ?Xf{%%ﬁa 348/354 99.14 3 3 0.85  Candida intermedia
KI?ZS c CBCS“fg;z’;?fﬁggﬁsy) 589/590 99.83 0 1 0.16  Candida metapsilosis

KETSG CBg’lggZ’%"(gfgﬁig;l) 523/524 100 1 0 0 Yarrowia lipolytica

KIEJZS G CB;/LZY;ZJTZ.H(IZ\TPO%ZSC%l) 523/524 99.8 0 1 0 Yarrowia lipolytica

KI;ZS G ng’ggj? fﬂﬁj;;l;;lls 4) 589/590 99.83 0 1 0 Candida parapsilosis

Kliis ¢ CBgLZ{gZ)%a(IZ\TI?IZgZSCSP,l) 524/525 100 1 0 0 Yarrowia lipolytica

* The strains were proposed as a new species, namely Kazachtania surinensis [42]; ** The strains were identified as
K. surinensis that was discovered after the new species description.
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79 | Kazachstania servazzii NRRL Y-126617 (AY048157)
UBFS$16-3 (LC661364)
UBFS16-1 (LC661302)
Kazachstania aerobia CBS 99187 (NG 055042)
Kazachstania chrysolinae IMB190RT (KC118126)
77 Kazachstania solicola CBS 69047 (AY007895)
Kazachstania unispora CBS 3987 (Y107958)
58 Kazachstania yasuniensis CLQCA 201327 (HG934855)
Kazachstania tai is CBS 114057 (KY107953)
“_‘7 Kazachstania aquatica CBS 101027 (KY107901)
Kazachstania siamensis CBS 103617 (KY107947)
Kazachstania kunashirensis CBS 76627 (KY107927)
Kazach ia africana CBS 25177 (KY107898)
Kazachstania martiniae CBS 63347 (KY107933)
Kazachstania viticola NRRL Y-272067 (AF398482)
67 Kazachstania lodderae CBS 27577 (KY107928)
Kazachstania spencerorum CBS 30197 (KY107951)
651 66 Kazachstania piceae CBS 77387 (KY107938)
Kazachstania rosinii CBS 71277 (KY107942)
,82{— Kazachstania hellenica CBS 1070457 (EF620861)
Kazact ia gamospora CBS 103287 (KY107921)
99— Kazachstania zonata CBS 103267 (KY107972)

55

Kazachstania intestinalis ATCC MYA4658T (HQ260337)

Kazachstania psychrophila CBS 126897 (JX564243)
60 Kazachstania pintolopesii CBS 29857 (AY545573)
82 Kazachstania heterogenica CBS 26757 (KY107926)
99 Kazachstania telluris CBS 26857 (NG 055073)

Kazach ia bovina CBS 97327 (KY107906)
Kazach ia slooffiae CBS 97337 (KY107949)

59 — Kazachstania y i isCBS 8388T (KY107967)
Kazachstania humatica CBS 88937 (AB040999)
100 rl 99l Kazachstania transvaalensis CBS 21867 (KY107955)

| Kazachstania mengl isNYNU 18913T (MK682819)
Kazachstania jiainica CBS 105877 (NG 055050)

Kazachtania surinensis SRFS57-27 (LC626528)
SRF$56-3 (LC626527)

SKFS62-1 (LC626529)

SKFS63-1 (LC716067)

SKFS63-2 (LC716066)

SKFS65-1 (LC717501)

SKFS66-1 (LC626530)

SKFS67-1 (LC626531)

UBPS-6 (LC717502)

Kazachstania humilis CBS 5658T (KY106507)
SRFS43-1 (LC661576)

SRFS42-2 (LC661381)

86

Kazachstania pseudohumilis CBS 11404T (FJ888526)

Kazachstania rupicola CBS 126847 (JQ861272)
Kazachstania turicensis NRRL Y-273457 (AF398485)
UBFS16-2 (LC661363)

UBFS11-1 (LC649879)

Kazachstania wufongensis CBS 108867 (KY107965)
Kazachstania barnettii CBS 56487 (AY048164)

72— Kazachstania bulderi NRRL Y-27203T (NG 055022)
53 | 89) Kazachstania saulgeensis CLIB 1764T (NG 055063)
Kazachstania serrabonitensis CBS 142367 (KF582608)
— Kazachstania bozae IMBBR2T (KX369546)
KKFSP1-5 (LC647260)

KKFSJ1-1 (LC647268)

74| KKFSP1-1(LC647256)

KKFSP1-2 (LC647257)

KKFSP1-3 (LC647258)

56| KKFSP1-4 (LC647259)

KKFSP1-6 (LC647261)

KKFSJ1-2 (LC647269)

Kazachstania exigua CBS 3797 (MK394139)

—— Kazachstania naganishii CBS 87977 (KY107934)

100 — Kazachstania sinensis NRRL Y-27222T (AF398484)

Kluyveromyces marxianus CBS 7127 (NG 042627)

—_
0.01

Figure 5. A neighbor-joining phylogenetic tree of Kazachstania yeasts isolated from Plaa-som samples
in this study (blue) and all other recognized Kazachstania species (black) based on the D1/D2 region
of the LSU rRNA sequence data set. The bootstep values are calculated using 1000 re-samplings for
indicating the nodes. It should be noted that strains SKF62-1, SKF66-1, SKF67-1, SRF56-3, and SRF57-2
were described as Kazachstania surinensis [43]. Strains SKF63-1, SKF63-2, SKF65-1, and UBPS-6 were
also identified as Kazachstania surinensis.
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Khon Kaen

Kazachstania exigua
Filobasidium uniguttulatum
Torulaspora delbrueckii
Yarrowia lipolytica
Candida parapsilosis
Candida intermedia
Candida metapsilosis

A phylogenetic tree constructed using the neighbor-joining method showing the
position of strains and related yeast species based on 285 rDNA sequences and the bootstrap
consensus tree inferred from 1000 replicates.

The distribution of the eight yeast genera in all of the Plaa-som samples (n = 35) was
determined. Kazachstania was revealed to be the highest yeast genus distribution yeast
in Plaa-som samples. This yeast was detected in samples of Plaa-som collected from all
four provinces in this study, shown as a Venn diagram in Figure 6. Furthermore, the
frequency of occurrence (%) showed that Kazachstania was 40.0% (found in 14 samples)
while Candida was 20% (found in seven samples). Yarrowia was 11.43% (found in four sam-
ples), Pichia and Diutina were 5.71% (found in two samples), while Filobasidium, Torulaspora
and Saccharomyces were 2.86% (found in just one sample). This is different from previ-
ous research that indicated the most common yeasts in Plaa-som are those of the genera
Candida, Saccharomyces, Pichia, and some species of Zygosaccharomyces, Debaryomyces, and
Hanseniaspora [6,21,22,33,43].

Surin Ubon Ratchathani

Kazachstania servazzii
Kazachstania turicensis
Saccharomyces cerevisiae

Kazachstania humilis
Diutina catenulata
Candida glabrata,
Candida tropicalis

Candida prachuapensis

Srisaket

Kazachstania sp

Pichia kudriavzevii

Figure 6. Distribution of the yeast genera in overall Plaa-som samples collected from 4 different fresh
markets in Thailand (Venn diagram).

In Figure 6, the diversity of yeasts found in Plaa-som prepared in Surin, Sisaket, and
Ubon Ratchathani were more closely related than that found in Plaa-som prepared in Khon
Kaen. The geographical distribution of yeasts may play a role in this finding. Surin, Sisaket,
and Ubon Ratchathani are neighboring provinces located at the area called South ISAN
(Lower Northeatern Thailand), whereas Khon Kaen is several hundred kilometers north of
those provinces. More evidence is required to draw a strong conclusion on this issue. At
this point, it is premature to conclude that different communities affect properties, taste,
and aroma of Plaa-som because many factors attribute to these characteristics of Plaa-som,
especially their unique way of being prepared.

The genus Kazachstania is an osmophilic yeast that is normally found in foods high in
salt or sugar, such as kimchi, miso, Chinese bean peppers (fermented chili paste), jam, and
honey [44-47]. Furthermore, many yeasts in this genus have been found in fermented foods
and beverage, e.g., Kazachstania hellenica in fermented grapes [48]; K. exigua in fermented
onions [49]; K. exigua, K. saulgeensis, and K. humilis in sourdough [50-53]; and K. barnettii
in kimchi [53]. However, none of these yeasts were reported in fermented fish. Therefore,
our finding is the first to reveal Kazachstania as a dominant yeast that is widely distributed
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in Plaa-som (Thai) fermented fish. Furthermore, it was surprising to discover that all
yeast Kazachstania sp. isolated from Plaa-som samples were identified as a new species,
Kazachstania surinensis [54].

Yeasts are responsible for the aroma and flavor of many fermented foods and beverages
such as bread, soy sauce, cheeses, beer, wine, and sake. Moreover, S. cerevisiae is the most
dominant species of yeast used in food fermentation. However, some non-Saccharomyces
yeasts also play a role in fermented foods such as cheeses, koumiss, soy sauce, fermented
sausages, and sourdough bread. These non-Saccharomyces yeasts include the so-called
dairy yeasts (Debaryomyces hansenii, Geotrichum candidum, Kluyveromyces lactis, K. marxianus,
and Yarrowia lipolytica), sourdough yeast (Kazachstania humilis), soy sauce yeast (Zygosac-
charomyces rouxii), and fermented fish (Z. rouxii and Z. baili), among others. Such yeasts
contribute to flavor by converting sugars, amino acids, glycosides, and phenolic acids
into alcohols, esters, carboxylic acids, lactones, aldehydes, and other volatile compounds
via their fermentation processes [6,50,53,55]. Several researchers had reported beneficial
effects on the development of desirable aromas in a plant-based lactic acid fermentation
microenvironment by the coexistence of Kazachstania yeast and lactic acid bacteria in many
fermented foods and beverages [44,45,49,56,57]. However, the adaptive mechanism and
metabolic characteristics of these Kazachstania yeasts in a lactic acid environment is still
unclear. Therefore, the Kazachstania yeasts in our study possibly demonstrated significant
yeasts that play a role in the development of desirable colors and aromas of fermented fish.
However, the precise role of Kazachstania in aroma and flavor formation in fermented fish
remains to be investigated.

The second most dominant and distributed genus was Candida, consisting of three
clades: Candida/Lodderomyces clade (C. tropicalis, C. rachuapensis, C. metapsilosis, and
C. parapsilosis), Candida/Nakaseomyces clade (C. glabrata), and Candida/Metschnikowia clade
(C. intermedia). Our analysis revealed that these Candida yeasts were found in fermented
fish samples from two provinces (20%). However, some of yeast strains, such as C. tropicalis,
C. glabrata, C. intermedia, and C. parapsilosis, have been reported as spoilage yeasts and
opportunistic human pathogens [58-62]. They may present as a result of unsanitary manu-
facturing processes. Moreover, the use of raw fish without thermal treatment contributes to
the presence of pathogens in the final product [58,59,63-65].

For the case of Diutina catenulata and Pichia kudriavzevii, there are few reports of
human infection with D. catenulata, and only a small number of studies are available to
guide clinical treatment [66]. In addition, P. kudriavzevii has the potential of producing a
toxin that is able to kill several pathogenic microorganisms, thereby contributing to food
preservation [67]. This organism has also been considered a potential probiotic for its ability
to assimilate cholesterol [68]. In conclusion, not all strains of Diutina catenulata and Pichia
kudriavzevii appear to be opportunistic pathogens.

In addition to the two reasons mentioned above, yeast contamination in Plaa-som can
occur during product transportation, during market sales, or cross-contamination from
other fermented food that is sold in the same area. Unfortunately, we cannot be certain as
to “why and how” these yeasts occur in Plaa-som due to our research not being related to
this topic. We think that the pathogenic yeasts found in Plaa-som cannot harm consumers
because this food is not commonly consumed raw but must be cooked by steaming or
deep-frying before consumption.

3.7. Yeast Community Analysis

From Table 5, the H’ diversity index and Evenness index (J’) for yeast communities in
each region were calculated. The H’ values were 1.584, 0.9, 1.237, 0, and 1.438. The high
values for H' represent a more diverse community. However, only the H" value cannot yet
accurately indicate whether each yeast community is more or less diverse. The values of
J were 0.82, 0.82, 0.89, indeterminate, and 0.89, respectively. The analysis results indicate
that each yeast genus was evenly distributed in Plaa-som since the ]” values were close to
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1. [69-71]. Moreover, the Sorensen’s coefficient similarity index (SCSI) [72] was used for
comparative analysis of yeast in each community, the results of which are shown in Table 6.

Table 5. Yeast community analysis.

Diversity Indices Overall UB SR SK KK
Shannon—Wiener index (H") 1.584 0.9 1.237 0 1.438
Evenness index (J') 0.82 0.82 0.89 indet 0.89

UB, Ubon Ratchathani; SR, Surin; SK, Sisaket; KK, Khon Kaen; indeterminate; indeterminate.

Table 6. The Sorensen’s coefficient similarity index (SCSI) of the yeast community.

Yeast Community Sorensen’s Coefficient Similarity Index (SCSI)
UB-SR 0.571
UB-SK 0.50
UB-KK 0.25
SR-SK 0.40
SR-KK 0.444
SK-KK 0.333

UB, Ubon Ratchathani; SR, Surin; SK, Sisaket; KK, Khon Kaen.

The SCSI values reported in Table 6 varied from 0.25 to 0.57 or 25 to 57 percent, for
each pair of yeast communities from each location. It can be seen that the SCSI values
of yeast in Plaa-som in UB-SR and UB-SK were 0.571 and 0.50 (57.1 and 50%), which
is higher when compared to the UB-KK (0.25 or 25%). As we mentioned earlier, Ubon
Ratchathani, Surin, and Sisaket are neighboring provinces. Therefore, the similarity of yeast
in Plaa-som of these three provinces may be due to the use of raw materials (fish, rice, and
salt) from sources in the same geographic environment, thus making the microorganisms
residing on the raw materials similar. In addition, the traditional fermentation process
without sterilization of raw materials combined with the spontaneous fermentation allows
indigenous microorganisms from raw materials and environments to be selected and to
promote the growth of microorganisms that cause fermentation in foods.

When considering the similarity of yeast in Plaa-som from Khon Kaen Province
compared to the three provinces mentioned above, it was found to be between 0.25 to
0.444 (25 to 44%). Khon Kaen is a province located in the north of the Northeastern part
of Thailand and is several hundred kilometers from Ubon Ratchathani, Surin, and Sisaket.
Therefore, Khon Kaen is geographically different from the three provinces, and there is a
possibility that indigenous microorganisms in the raw materials are different. However,
more evidence is required to draw a strong conclusion on this issue. At this point, it is
too early to conclude that yeast community differences are the result of differences in
indigenous microorganisms on raw materials obtained from different geographical sources.
Therefore, this point is to be investigated in further research.

The distribution of yeast genera in Plaa-som samples from four provinces was mapped
using radar charts (Figure 7). Our findings showed that Kazachstania was the most com-
monly found yeast genus and widely distributed in Plaa-som samples.
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Ubon Ratchathani

8
7
6
5
Khon Kaen Surin
Srisaket
e==mKazachstania Candida/Lodderomyces clade Candida/Nakaseomyces clade
Candida/Metschnikowia clade ====Yarrowia e Pichia
e Torulaspora e Djutina == Filobasidium
e Saccharomyces

Figure 7. Distribution of yeasts in Plaa-som samples collected from fresh markets located in
4 provinces of Thailand.

4. Conclusions

This study demonstrates that Thai fermented fish products (Plaa-som) are primarily
produced according to family tradition and local geographic preferences. Therefore, the
proportions of raw materials used in the production methods varies from region to region.
Differences in these proportions lead to variations in microbial populations, which results
in differences in color, aroma, taste, and texture, leading to the uniqueness of Plaa-som
products in each area of Thailand. Furthermore, our results also define the distribution and
succession of predominant yeast species during Plaa-som fermentation. The predominant
yeast species was in the genus Kazachstania, consisting of Kazachstania servazzii, K. humilis, K.
exigual, K. turicensis, and Kazachstania sp. Our study is the first report of these yeast species
with some differences from previous research papers. This provides useful information for
the development of yeast and lactic acid bacteria starter cultures to control the fermentation
processes of Plaa-som with the purpose of more consistent quality, texture, and aroma.

Author Contributions: Conceptualization, S.P--p. and P.P.-p.; methodology, P.R.; software, PX. (Pong-
pat Kiatprasert) and PK. (Pannida Khunnamwong); validation, S.P.-p. and P.P.-p.; formal analysis,
PK. (Pannida Khunnamwong); investigation, P.P.-p.; resources, PX. (Pannida Khunnamwong); data
curation, PP-p.; writing—original draft preparation, S.P.-p.; writing—review and editing, S.P.-p.,
P.P-p. and N.S,; visualization, P.P.-p.; supervision, S.L. and P.R.; project administration, N.S.; funding
acquisition, N.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Kasetsart University Research and Development Institute
(KURDI) Grant No. FF(KU)18.64.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.



J. Fungi 2022, 8, 1029 15 of 17

Data Availability Statement: All sequence data are available in NCBI GenBank following the acces-
sion numbers in the manuscript.

Acknowledgments: We would like to thank Kasetsart University Research and Development Institute
(KURDI) for the grant no. FF(KU)18.64.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Sanpamongkolchai, W. Ethnic fermented foods and beverages of Thailand. In Ethnic Fermented Foods and Alcoholic Beverages of
Asiag; Tamang, J., Ed.; Springer: New Delhi, India, 2016; pp. 151-163.

2.  Kopermsub, P; Yunchalard, S. Safety control indices for plaa-som, a Thai fermented fish product. Afr. ]J. Microbiol. Res.
2008, 2, 18-25. [CrossRef]

3. 26/2546 Thai Community Products; Thai Industrial Standards Institute: Bangkok, Thailand, 2005.

4. Motarjemi, Y. Impact of small scale fermentation technology on food safety in developing country. Int. |. Food Microbiol.
2002, 75, 213-229. [CrossRef]

5. Lee, C.H. Lactic acid fermented foods and their benefits in Asia. Food Control 1997, 8, 259-269. [CrossRef]

6. Paludan-Miiller, C.; Madsen, M.; Sophanodora, P.; Gram, L.; Meller, P.L. Fermentation and microflora of plaa-som, a Thai
fermented fish product prepared with different salt concentrations. Int. J. Food Microbiol. 2002, 73, 61-70. [CrossRef]

7. Valyasevia, R.; Rolle, R.S. An overview of small-scale food fermentation technologies in developing countries with special
reference to Thailand: Scope for their improvement. Int. J. Food Microbiol. 2002, 75, 231-239. [CrossRef]

8.  Adams, M.R.; Cooke, R.D.; Rattagool, P. Fermented Fish Products of South East Asia Fishery; Technology Development Institute
Department of Fisheries, Ministry of Agriculture and Cooperatives: Bangkok, Thailand, 1991.

9. Tamang, ].P; Thapa, N.; Tamang, B.; Rai, A.; Chettr, R. Microorganisms in fermented foods and beverages. In Health Benefits of
Fermented Foods and Beverages; Tamang, J.P., Ed.; CRC Press: Boca Raton, FL, USA, 2015; pp. 1-110.

10. Anal, AK. Quality ingredients and safety concerns for traditional fermented foods and beverages from Asia: A review.
Fermentation 2019, 5, 8. [CrossRef]

11. Narzary, Y,; Das, S.; Goyal, AK,; Lam, S.S.; Sarma, H.; Sharma, D. Fermented fish products in South and Southeast Asian cuisine:
Indigenous technology processes, nutrient composition, and cultural significance. J. Ethn. Foods 2021, 8, 33. [CrossRef]

12.  Aidoo, K.E.; Nout, M.J.R,; Sarkar, PK. Occurrence and function of yeasts in Asian indigenous fermented foods. FEMS Yeast Res.
2006, 6, 30-39. [CrossRef]

13. Johansen, P.G.; Owusu-Kwarteng, J.; Parkouda, C.; Padonou, S.W.; Jespersen, L. Occurrence and importance of yeasts in
indigenous fermented food and beverages produced in sub-Saharan Africa. Front. Microbiol. Food Microbiol. 2019, 10, 1789.
[CrossRef]

14. Steinkraus, K.H. Fermentations in world food processing. Compr. Rev. Food Sci. Food Saf. 2002, 1, 23-32. [CrossRef]

15. Hwanhlem, N.; Buradaleng, S.; Wattanachant, S.; Benjakul, S.; Tani, A.; Maneerat, S. Isolation and screening of lactic acid bacteria
from Thai traditional fermented fish (Plasom) and production of Plasom from selected strains. Food Control 2011, 22, 401-407.
[CrossRef]

16. Kopermsub, P.; Yunchalard, S. Identification of lactic acid bacteria associated with the production of plaa-som, a traditional
fermented fish product of Thailand. Int. J. Food Microbiol. 2010, 138, 200-204. [CrossRef] [PubMed]

17. Tanasupawat, S.; Komagata, K. Lactic acid bacteria in fermented foods in Thailand. World ]. Microbiol. Biotechnol. 1995, 11, 253-256.
[CrossRef] [PubMed]

18.  Ammor, M.S.; Mayo, B. Selection criteria for lactic acid bacteria to be used as functional starter cultures in dry sausage production:
An update. Meat Sci. 2007, 76, 138-146. [CrossRef] [PubMed]

19. Nanasombat, S.; Phunpruch, S.; Jaichalad, T. Screening and identification of lactic acid bacteria from raw seafoods and Thai
fermented seafood products for their potential use as starter cultures. Songklanakarin J. Sci. Technol. 2012, 34, 255-262.

20. Ostergaard, A.; Embarek, PK.B.; Wedell-Neergaard, C.; Huss, H.H.; Gram, L. Characterization of anti-listerial lactic acid bacteria
isolated from Thai fermented fish products. Food Microbiol. 1998, 15, 223-233. [CrossRef]

21. Kuncharoen, N.; Techo, S.; Savarajara, A.; Tanasupawat, S. Dentification and lipolytic activity of yeasts isolated from foods and
wastes. Mycol. Int. |. Fugal Biol. 2020, 11, 279-286. [CrossRef]

22.  Suzuki, M.; Nakase, T.; Daengsubha, W.; Chaowsangket, M.; Suyanandana, P.; Komagata, K. Identification of yeasts isolated from
fermented foods and related materials in Thailand. J. Gen. Appl. Microbiol. 1987, 33, 205-219. [CrossRef]

23.  AOAC International. Official Methods of Analysis of AOAC International; AOAC International: Gaithersburg, MD, USA, 2000.

24. AOAC International. Official Methods of Analysis of AOAC international; AOAC International: Gaithersburg, MD, USA, 2012.

25. Mekkerdchoo, O.; Jirachanchai, P.; Srzednicki, G.; Lohitnavy, N. Potential of natural isolated yeasts from Thai vineyard and their
ability to growth in limited nitrogen source of wine production. J. Food Sci. Agric. Technol. 2019, 5, 177-183.

26. Limtong, S.; Yongmanitchai, W.; Tun, M.M.; Kawasaki, H.; Seki, T. Kazachstania siamensis sp. nov., an ascomycetous yeast species
from forest soil in Thailand. Int. J. Syst. Evol. Microbiol. 2007, 57, 419-422. [CrossRef]

27. Kurtzman, C.P,; Robnett, C.J. Identification and phylogeny of ascomycetous yeasts from analysis of nuclear large subunit (265)

ribosomal DNA partial sequences. Antonie Van Leeuwenhoek 1998, 73, 331-371. [CrossRef] [PubMed]


http://doi.org/10.5897/AJMR.9000636
http://doi.org/10.1016/S0168-1605(01)00709-7
http://doi.org/10.1016/S0956-7135(97)00015-7
http://doi.org/10.1016/S0168-1605(01)00688-2
http://doi.org/10.1016/S0168-1605(01)00711-5
http://doi.org/10.3390/fermentation5010008
http://doi.org/10.1186/s42779-021-00109-0
http://doi.org/10.1111/j.1567-1364.2005.00015.x
http://doi.org/10.3389/fmicb.2019.01789
http://doi.org/10.1111/j.1541-4337.2002.tb00004.x
http://doi.org/10.1016/j.foodcont.2010.09.010
http://doi.org/10.1016/j.ijfoodmicro.2010.01.024
http://www.ncbi.nlm.nih.gov/pubmed/20167386
http://doi.org/10.1007/BF00367094
http://www.ncbi.nlm.nih.gov/pubmed/24414643
http://doi.org/10.1016/j.meatsci.2006.10.022
http://www.ncbi.nlm.nih.gov/pubmed/22064200
http://doi.org/10.1006/fmic.1997.0153
http://doi.org/10.1080/21501203.2020.1745922
http://doi.org/10.2323/jgam.33.205
http://doi.org/10.1099/ijs.0.64539-0
http://doi.org/10.1023/A:1001761008817
http://www.ncbi.nlm.nih.gov/pubmed/9850420

J. Fungi 2022, 8, 1029 16 of 17

28.

29.

30.

31.

32.
33.

34.
35.
36.
37.
38.

39.
40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

White, T.].; Bruns, T.; Lee, S.; Taylor, ] W. Amplification and direct sequencing of fungal ribosomal RNA genes for phylogenetics.
In PCR Protocols: A Guide to Methods and Applications; Innis, M.A., Gelfand, D.H., Sninsky, J.J., White, T.]., Eds.; Academic Press:
New York, NY, USA, 1990; pp. 315-322.

Altschul, S.F.; Madden, T.L.; Schiffer, A.A.; Zhang, J.; Zhang, Z.; Miller, W.; Lipman, D.J. Gapped BLAST and PSI-BLAST: A new
generation of protein database search programs. Nucleic Acids Res. 1997, 25, 3389-3402. [CrossRef] [PubMed]

Kumar, S; Stecher, G.; Tamura, K. MEGA?7: Molecular evolutionary genetics analysis version 7.0 for bigger datasets. Mol. Biol. Evol.
2016, 33, 1870-1874. [CrossRef] [PubMed]

Felsenstein, J. Confidence limits on phylogenies: An approach using the bootstrap. Evolution 1985, 39, 783-791. [CrossRef]
[PubMed]

Toéthmérész, B. Comparison of different methods for diversity ordering. J. Veg. Sci. 1995, 6, 283-290. [CrossRef]

Saithong, P.; Panthavee, W.; Boonyaratanakornkit, M.; Sikkhamondhol, C. Use of a starter culture of lactic acid bacteria in
plaa-som, a Thai fermented fish. . Biosci. Bioeng. 2010, 110, 553-557. [CrossRef] [PubMed]

Hutkins, R.W. Microbiology and Technology of Fermented Foods; Wiley-Blackwell: Hoboken, NJ, USA, 2008.

Lee, S.Y.; Kang, D.H. Microbial safety of pickled fruits and vegetables and hurdle technology. Internet J. Food Saf. 2004, 4, 21-32.
Paludan-Miiller, C. The Microbiology of Low-Salt Fermented Fish Products; FAO: Bangkok, Thailand, 1998.

Campbell-Platt, G. Fermented Foods of the World: A Dictionary and Guide; Butterworths: London, UK, 1987.

Yunchalard, S.; Vichitphan, S.; Nontaso, N.; Kopermsub, P. Microbial population and chemical changes during fermentation of
Plaa-som, a Thai fermented fish product (Thai). Asia-Pac. ]. Sci. Technol. 2005, 10, 188-198.

Steinkraus, K.H. Handbook of Indigenous Fermented Foods, 2nd ed.; CRC Press: Boca Raton, FL, USA, 2018.

Génzle, M.G. Lactic metabolism revisited: Metabolism of lactic acid bacteria in food fermentations and food spoilage.
Curr. Opin. Food Sci. 2015, 2, 106-117. [CrossRef]

Ayanniran, A.L; Abiodun, S.; Lachance, M.-A. Biochemical and molecular characterization of yeasts isolated from Nigerian
traditional fermented food products. Afr. J. Microbiol. Res. 2020, 14, 481-486. [CrossRef]

Kurtzman, C.P; Fell, ].W.; Boekhout, T.; Robert, V. Methods for isolation, phenotypic characterization and maintenance of yeasts.
In The Yeasts; Kurtzma, C.P, Fell, ].W., Boekhout, T., Eds.; Elsevier Science: Amsterdam, The Netherlands, 2011; pp. 87-110.
Watanaputi, S.P.; Chanyavongse, R.; Tubplean, S.; Tanasuphavatana, S.; Srimahasongkhraam, S. Microbiological analysis of Thai
fermented foods. J. Grad. Sch. Chulalongkorn Univ. 1983, 4, 11-24.

Liu, P; Xiang, Q.; Sun, W.; Wang, X.; Lin, J.; Che, Z.; Ma, P. Correlation between microbial communities and key flavors during
post-fermentation of Pixian broad bean paste. Food Res. Int. 2020, 137, 109513. [CrossRef] [PubMed]

Yang, M.; Huang, J.; Zhou, R;; Jina, Y.; Wu, C. Exploring major variable factors influencing flavor and microbial characteristics of
Pixian Doubanjiang. Food Res. Int. 2022, 152, 110920. [CrossRef] [PubMed]

Suzuki, A.; Muraoka, N.; Nakamura, M.; Yanagisawa, Y.; Amachi, S. Identification of undesirable white-colony-forming yeasts
appeared on the surface of Japanese kimchi. Biosci. Biotechnol. Biochem. 2018, 82, 334-342. [CrossRef] [PubMed]

Ridawati; Jenie, B.S.L.; Djuwita, I.; Sjamsuridzal, W. Genetic diversity of osmophilic yeasts isolated from Indonesian foods with
high concentration of sugar. Microbiol. Indones. 2010, 4, 113-118. [CrossRef]

Nisiotou, A.A.; Nychas, G.-].E. Kazachstania hellenica sp. nov., a novel ascomycetous yeast from a Botrytis-affected grape must
fermentation. Int. J. Syst. Evol. Microbiol. 2008, 58, 1263-1267. [CrossRef]

Cheng, L.; Luo, J.; Li, P; Yu, H,; Huang, J.; Luo, L. Microbial diversity and flavor formation in onion fermentation. Food Funct.
2014, 5, 2338-2347. [CrossRef]

Carbonetto, B.; Nidelet, T.; Guezenec, S.; Perez, M.; Segond, D.; Sicard, D. Interactions between Kazachstania humilis yeast species
and lactic acid bacteria in sourdough. Microorganisms 2020, 8, 240. [CrossRef]

De Vuyst, L.; Kerrebroeck, S.V.; Harth, H.; Huys, G.; Daniel, H.-M.; Weckx, S. Microbial ecology of sourdough fermentations:
Diverse or uniform? Food Microbiol. 2014, 37, 11-29. [CrossRef]

Jacques, N.; Sarilar, V.; Urien, C.; Lopes, M.R.; Morais, C.G.; Uetanabaro, A.P.T.; Tinsley, C.R.; Rosa, C.A.; Sicard, D.; Casaregola, S.
Three novel ascomycetous yeast species of the Kazachstania clade, Kazachstania saulgeensis sp. nov., Kazachstania serrabonitensis
sp. nov. and Kazachstania australis sp. nov. Reassignment of Candida humilis to Kazachstania humilis fa comb. nov. and Candida
pseudohumilis to Kazachstania pseudohumilis fa comb. nov. Int. ]. Syst. Evol. Microbiol. 2016, 66, 5192-5200. [CrossRef]

Kim, M.-].; Lee, H.-W,; Kim, J.Y.; Kang, S.E.; Roh, SSW.; Hong, S.W.; Yoo, S.R.; Kim, T.-W. Impact of fermentation conditions
on the diversity of white colony-forming yeast and analysis of metabolite changes by white colony-forming yeast in kimchi.
Food Res. Int. 2020, 136, 109315. [CrossRef] [PubMed]

Punyauppa-path, S.; Punyauppa-path, P; Tingthong, S.; Sakpuntoon, V.; Khunnamwong, P.; Limtong, S.; Srisuk, N. Kazachstania
surinensis f.a., sp. nov., a novel yeast species isolated from Thai traditional fermented food. Int. ]. Syst. Evol. Microbiol. 2022, 72, 1-7.
[CrossRef] [PubMed]

Liu, S.Q. Favors and food fermentation. In Handbook of Fermented Food and Beverage Technology, 2nd ed.; Hui, Y.H., Evranuz, E.O,
Eds.; CRC Press: Boca Raton, FL, USA, 2012; Volume 1, pp. 23-34.

Ling, Y.; Dong, Z.; Rongqging, Z.; Yi, T.; Tao, W.; Jia, Z. Distribution and function of dominant yeast species in the fermentation of
strong-flavor baijiu. World ]. Microbiol. Biotechnol. 2021, 37, 1-12. [CrossRef]

Jood, L; Hoff, ] W,; Setati, M.E. Evaluating fermentation characteristics of Kazachstania spp. and their potential influence on wine
quality. World ]. Microbiol. Biotechnol. 2017, 33, 1-11. [CrossRef] [PubMed]


http://doi.org/10.1093/nar/25.17.3389
http://www.ncbi.nlm.nih.gov/pubmed/9254694
http://doi.org/10.1093/molbev/msw054
http://www.ncbi.nlm.nih.gov/pubmed/27004904
http://doi.org/10.1111/j.1558-5646.1985.tb00420.x
http://www.ncbi.nlm.nih.gov/pubmed/28561359
http://doi.org/10.2307/3236223
http://doi.org/10.1016/j.jbiosc.2010.06.004
http://www.ncbi.nlm.nih.gov/pubmed/20609623
http://doi.org/10.1016/j.cofs.2015.03.001
http://doi.org/10.5897/AJMR2019.9185
http://doi.org/10.1016/j.foodres.2020.109513
http://www.ncbi.nlm.nih.gov/pubmed/33233148
http://doi.org/10.1016/j.foodres.2021.110920
http://www.ncbi.nlm.nih.gov/pubmed/35181091
http://doi.org/10.1080/09168451.2017.1419853
http://www.ncbi.nlm.nih.gov/pubmed/29327670
http://doi.org/10.5454/mi.4.3.3
http://doi.org/10.1099/ijs.0.65649-0
http://doi.org/10.1039/C4FO00196F
http://doi.org/10.3390/microorganisms8020240
http://doi.org/10.1016/j.fm.2013.06.002
http://doi.org/10.1099/ijsem.0.001495
http://doi.org/10.1016/j.foodres.2020.109315
http://www.ncbi.nlm.nih.gov/pubmed/32846523
http://doi.org/10.1099/ijsem.0.005488
http://www.ncbi.nlm.nih.gov/pubmed/35960658
http://doi.org/10.1007/s11274-020-02988-y
http://doi.org/10.1007/s11274-017-2299-1
http://www.ncbi.nlm.nih.gov/pubmed/28585169

J. Fungi 2022, 8, 1029 17 of 17

58.

59.

60.

61.

62.

63.
64.

65.

66.

67.

68.

69.

70.

71.

72.

Hutzler, M.; Riedl, R.; Koob, J.; Jacob, F. Fermentation and spoilage yeasts and their relevance for the beverage industry-a review.
Brew. Sci. 2012, 65, 33-52.

Lima, G.B.L.; Rosa, C.A ; Johann, S.; de Lourdes Almedia Vieria, M.; de Céssia Oliveira Gomes, F. Yeasts isolated from tropical
fruit ice creams: Diversity, antifungal susceptibility and adherence to buccal epithelial cells. Braz. ]. Food Technol. 2019, 22,
€2018197. [CrossRef]

Pitt, ].I.; Hocking, A.D. Fungi and Food Spoilage; Springer: New York, USA, 2009; Volume 509.

Rajkowska, K.; Kunicka-Styczyriska, A. Typing and virulence factors of food-borne Candida spp. isolates. Int. ]. Food Microbiol.
2018, 279, 57-63. [CrossRef]

Kesenkas, H.; Giirsoy, O.; Ozbas, H. Kefir. In Fermented Foods in Health and Disease Prevention; Frias, J., Martinez-Villaluenga, C.,
Penas, E., Eds.; Academic Press: Cambridge, MA, USA, 2017; pp. 339-345.

Deak, T. Handbook of Food Spoilage Yeasts, 2nd ed.; CRC Press: Boca Raton, FL, USA, 2007.

Fleet, G.H. Yeast spoilage of foods and beverages. In The Yeasts: A Taxonomic Study, 5th ed.; Kurtzman, C.P,, Fell, ] W., Boekhout,
T., Eds.; Elsevier: Amsterdam, The Netherlands, 2011; pp. 53-63.

Tudor, E.A.; Board, R.G. Food-spoilage yeasts. In The Yeasts: Yeast Technology, 2nd ed.; Rose, A.H., Harrison, J.S., Eds.; Academic
Press: London, UK, 1993; Volume 5, pp. 435-516.

Chen, X.-F; Zhang, W.; Fan, X.; Hou, X,; Liu, X.-Y,; Huang, J.-J.; Kang, W.; Zhang, G.; Zhang, H.; Yang, W.-H.; et al.
Antifungal susceptibility profiles and resistance mechanisms of clinical Diutina catenulata Isolates With high MIC values.
Front. Cell. Infect. Microbiol. 2021, 11, 739496. [CrossRef]

Bajaj, B.K.; Raina, S.; Singh, S. Killer toxin from a novel killer yeast Pichia kudriavzevii RY55 with idiosyncratic antibacterial activity.
J. Basic Microbiol. 2013, 53, 645-656. [CrossRef]

Psomas, E.L; Fletouris, D.J.; Litopoulou-Tzanetaki, E.; Tzanetakis, N. Assimilation of cholesterol by yeast strains isolated from
infant feces and Feta cheese. J. Anim. Plant Sci. 2003, 86, 3416-3422. [CrossRef]

Bibi, F; Ali, Z. Measurement of diversity indices of avian communities at Taunsa barrage wildlife sanctuary, Pakistan.
J. Anim. Plant Sci. 2013, 23, 469-474.

Srisuk, N.; Nutaratat, P.; Surussawadee, J.; Limtong, S. Yeast communities in sugarcane phylloplane. Microbiology
2019, 88, 353-369. [CrossRef]

Ortiz-Burgos, S. Shannon-Weaver diversity index. In Encyclopedia of Estuaries; Kennish, M.]., Ed.; Encyclopedia of Earth Sciences
Series; Springer: Dordrecht, The Netherlands, 2016; pp. 572-573.

Hammond, M.E.; Pokorny, R. Diversity of tree species in gap regeneration under tropical moist semi-deciduous forest: An
example from bia tano forest reserve. Diversity 2020, 12, 301. [CrossRef]


http://doi.org/10.1590/1981-6723.19718
http://doi.org/10.1016/j.ijfoodmicro.2018.05.002
http://doi.org/10.3389/fcimb.2021.739496
http://doi.org/10.1002/jobm.201200187
http://doi.org/10.3168/jds.S0022-0302(03)73945-9
http://doi.org/10.1134/S0026261719030135
http://doi.org/10.3390/d12080301

	Introduction 
	Materials and Methods 
	Collection of Plaa-Som Samples 
	Chemical Analyses 
	Measurement of pH 
	Determination of Total Acidity 
	Determination of Salt Content 
	Yeast Isolation 
	Yeast Identification 
	Yeast Community Analysis 


	Results 
	Collection of Plaa-Som Samples 
	Determination of Salt Content 
	Determination of pH 
	Determination of Total Acidity 
	Yeast Recovery and Isolation 
	Yeast Identification 
	Yeast Community Analysis 

	Conclusions 
	References

