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Abstract: Fungal diversity of milk and traditional fermented dairy products in the Bahrain Right Banner Region,
Chifeng City, were determined using Illumina Miseq, and the fungal functions were predicted and analyzed using FUNGuild.
The results showed that the dominant fungal genera in milk were Clavispora and Tirchosporon; those in urum were
Geotirchum and Unclassified_f Dipodascaceae; those in hurood were Unclassified f Metschnikowiaceae, Clavispora,
and Issatchenkia; those in tarag were Geotirchum, Dekkera, Apiotrichum, Cutaneotrichosporon, and Unclassified o _
Saccharomycetales. Compared with those in milk, the fungal genera associated with pathogenicity in urum, hurood, and
tarag, namely Trichosporon and Candida, were less abundant. Moreover, the relative percentages of beneficial fungi were
higher in fermented dairy products, demonstrating that fermentation reduces pathogenic fungi and increases beneficial fungi.
The relative abundance of Geotrichum, Clavispora, Dekkera, Apiotrichum, and Unclassified o_Saccharomycetales exhibited
significant differences (P<0.05). In summary, fermentation significantly alters the fungal community structure, and different
fermentation processes have different effects on the fungal composition in dairy products. The results of FUNGuild gene
function prediction indicated that the main modes of nutrition for fungi in milk were saprotrophic and pathotrophic nutrition,
including saprotrophic fungi and animal pathogenic fungi. The modes of nutrition for fungi in urum and hurood were
saprotrophic and included unclassified saprotrophic fungi. The main modes of nutrition for fungi in tarag were saprotrophic
and pathotrophic, including undefined saprophytic fungi, soil saprotrophs, and animal pathogenic fungi. These results are

important for assessing the product quality and fungal community structure of milk and traditional fermented dairy products

2025, Vol.41, No.9

in the Bahraini Right Banner Region.

Key words: milk; dairy product; traditional fermentation; fungi; diversity; functional prediction

MR TEAL T S FVAR X AR SR ARy A6,
NSRRI . 3 N AL 5875 K 9%
FIER A S A, AL, SRR H A T
KB IS B 0 28 A B R R, Sk b 28 AR B
I CE R, (R HEE SRR LR AL R
MR, REAR. METCRMIAREE L
079 E et/ D CI B 2 5 i s < e RO 1 I i e 92
B AR PROPE K O I A 05 S R ™. BT
MA TN RA T8, IR 15 E A4
ANRIE %,

BEEIE NP2 de s, BEE T,
XFB TR L, il — B E 0 5 2Rk T2 L
“EREFLT, BEAAME, LEREG, BEE,
g AR, FEAGBYR, EAaRFES, HEZ
SEWF . FAFLEE S UG R, K2R YT AR N 4%
B, R ATE R RS, IRk I HA
Wit E SR, B N B i R H, HL
H RIS o B hr Ak AL e i A 75 V5 2 B e (1)
LA N — AN A8, FFFH [RIRE B R o 1 B
HTILEEE 15~20 CTFHARKEE 2~8 K, KRBT
RIS RIS ORER, AR, S AER
VIRl AL G L) 58 I R R IR T
AN AT R b A 7R, B R T RS I A )
BEVE, UL R BB ME. 5 Bao ZPH5,

HRK I TR S Y. S uoRSE 4w 32 2
FERFLAF B B b LA B A SR ER B Y, LB
T EA G R R, AR H AT LT
WA T3 X 7L B A% G S b L 2 AR RO T 5
FL L AL g K 1 3L ) B o A2 2 A R R I S,
WAy, R, Fh A R R e L Rt
295 R T 7L 1 ot B R R g R R DR R Y, B A
FUH R B R b PR L A e, HReEE
1o 2 T A A A B M A T L B R B IR A
DIREREPE, H XKML R B, — iz fEA
B TR JE 28 90 1% 1) 28 7 DA R il JRUWR A 2 <5 T
RIFEEAER, H 7 B RE D M 5 16 2 T B
AR

NIES IR b Gk RN P E A = 3 e e A L A
FERIRTTE, RS RIREY. AN DNA
P B 53 i BEAT W) P K 5, KB AE 738 B 52 IR AU
AR, AR A E R R A A A R
Mlumina Miseq 7 AR AN =il 7 8 B, 10 RE 4 1H
BHEFEMT IR, FEBIRKMAEYRE, JEREAE
&AM E RIS B 2 R . B, AT A
F Tlumina Miseq #3 AR 75 06 17 B8 AR e 4l [X 7L Jo
e 48 R W 2L b L 2 RE MR EAT e, JF i
FUNGuild Ty £ F000 xS # b o 320 1 2 RE 4L itk AT 7
BT o 3XXF VPl B AR A T X7, % A G I 3L ) ot P

87




MR B

Modern Food Science and Technology

2025, Vol.41, No.9

e R M R A B HE S E
1 RS

1.1 FEfal &

TE N 52 7 R I TT B AR A b X A 4 R K e R4
AFL K HAR R BERIE TR S AR, SHALAE, S
FFES 2 3 40, REMFEMAE 4 CABMT, 2
PS80 BRG] -80 CUKFE I T H I Z #EE M7 .

1.2 DNA#Z B

fiff il EZN.A.® + 1% DNA i 7 & (Omega
Bio-tek, Norcross, GA, U.S.) M 4= #E 5L A1 E 4R
IR TR L ) o A it o R OB AR e BE R 4 DNA. fif
F Thermo NanoDrop 2000 ( 3 [& Thermo Science)
ABTICER: 3 6 e BETHI a2 S TR 4 DNA IR R4
R 1) s ) U B, A 1% 30 I B 5 A HRL ik R
SRR 2 DNA $2 U5 S AT R I, IR 5 28 R A0
DNA BT 20 CIR-A7&H .

1.3 ITSEREY # & F

I _E3 5190 ITS 1F (5°-CTTGGTCATTTAGAG
GAAGTAA-3") MIRIESIP) ITS 2R (5°-GCTGCGTT
CTTCATCGATGC-3") ¥ 34 N &R#E MR IX (ITS),
PCR #  2FanF: A ME: 95 °C 3 min, &M
95 C, 30s, IB:k: 58 °C, 30s, ZEff: 72 C,
45's, 30 & PR, HLURAE A 10 min, 4 C 45 K.
PCR F=F| H 1% 35 R E AR K 3G UE,  JFAH AR
238 A 2 DNA 4l fl Bl & CRAR AR L
WA~ D 4ifk, {8 H Thermo NanoDrop 2000
(Z[H Thermo Science) B 436 Y6 11l 5 JE [K]
R PE AL
1.4 JF 3 M B K i

HR A 5 2 4= ) 1) 245 4 AR A IR 2 =] (0% HE B0,
alifp {94 7 7F Illumina MiSeq PE300 V- & (H
i) B AT S EE R R U P . Fastp (AR
A0.20.0) A% X R 45 TTS 35 K e /7 51 3 47 i
5, JFiEid FLASH (JRA 1.2.110) #3H TP, i
UPARSE (JiAR 7.1) SRR A T HARYE 7 71 AR ABL
97% H4 7 5K 53 N 4 K 5ot (OTUs), FF 2Bk
ik Ak, @Id RDP 70 248 (https:/sourceforge.net/
projects/rdp-classifier/) (hgA 2.11) X&E5 7 HHEAT
VIR o R, BT TR KT 8 LA AN R A )
TR A 0 2H AN R 22 2

88

1.5 £WER¥E it

K H Mothur # /4 (V.1.30.2) it 5 FE A R 41,
AU/ NEA P FIBUG 7 OTU 7K it % Shannon.
Simpson. Ace. Chao. 7 i %% o ZFEVESRFR, I
25 I FE A B # B VE i 28 A1 Shannon #8 £ Hl 2k . K
RIEE (A 33D LhlFEANERKE. FH
RStudio (KA 3.3.1) %t PCoA HEAT 48 it 7 M7 Fl 4
B, LB Z R ARALPE . JET BB ITS 2L 7
F, @ FUNGuild 00 32 87 B FF 5 b = Th
fit. 1E Majorbio I-Sanger =¥ & Lt AT AE=W(5 B 2%
S3HT, 2R HL R ANOVA 43 #T. P <<0.05 %
WHNRBEER, 1 P<0.01 FOANEWEE 2R,
fif F RStudio (H A 3.3.1) }% Origin 2020b i3k 47 #f
KEH.

2 #R5THE

2.1 EHEITSEREF7 0 F

A E NS EMRA X 4R Sk,
FUAE, EROASFE S P B R A, 4845 817 307 A
FLE ITS [ 41, BAFEART-7= 4 68 109 56 (SD=
7359), “FIKE N 158 bp. AT A & i & 1 A
ITS 7 514% 97% WIAHBLE 4T OTU 4328, L% 5E
242 N HE OTUs, ®MEAHERE OTU K #E
SATN21 B 117 (R D). HAFERREMHL S HF
8 B th 26456 Good’s coverage {H 1 %1, BE#E OTU
BRI, R TS, UL RO E L,
A A G L 2 A R (] 1a F 1b).

®1 HEEEFIEE

Table 1 Gene sequence information of fungal

otk HaweF  F2IE  OTUs  Good's coverage

M-1 58023 68 0.999 5
431 M-2 70 721 42 0.999 8
M-3 69625 38 0.999 9

U-1 71994 28 09996
Bdek U-2 55030 21 0.999 8
U-3 73834 45 0.999 9

H-1 71561 40 0997
A ILE H-2 72303 117 0.999 1
H-3 73552 34 0.999 6

T-1 53812 48 09998
Wk T2 73265 58 0.999 7
T3 73587 86 0.999 3




RKE R

Gligs

Modern Food Science and Technology

2025, Vol.41, No.9

80
60
40
20

FEFOTUKF#iSobstEE &

0

2.4
2.0
1.6

0.8
0.4

BETOTUKTFIMERIEH o

0.0

120 |
100 |

121

— k3

—BYR
—WIFLAE
— ik

30 000

20000
B i 51

0 10 000

—4A —Bik —#IAE

qw

?

20 000 30 000

GRSl 6

0 10 000

1 &EF OTU KR EEHEEH LK Shannon #k

Fig.1 R

VE:

arefaction curve and Shannon index curve of fungi
based on OTU level
(a) A HL; (b) Shannon 154 4.

2.2 HE W Alpha% FEHE 5 H7

a

T OTUKFH)
Shannon &

o

Simpson 157

HEFOTUK T

251 p=0.05932
200
15k
1ok
0.5
0.0 :
3, "%ﬁﬂﬂi ViR priz TS
PRI
LOr po.098 59
08}
0.6}
04}
0.0 :
) LERITY/N ViR priz S
PR

140 -

¢ P=0.070 18
= 120}
gm
*?é 100 -
S sof
‘i; 60
H% 40t
L 20p

OUER mmAk BISLE Bk

JERYUIES

d uor 604
& 120+
§E
s 100}
o)
E 80 L
T oot
2 a0l
b

200
b

OUER mmAk HISLE Bk

JERY U
2 EH Alpha Z#1%
Fig.2 Alpha diversity of fungal

E: *P<<0.05.

T ANOVA #47 Z | th 3 Clnf& 2D
AL, FL B AL G0 e L FF i 2 1] Shannon 45 %L
Toi 25 (P>0.05), i Simpson $i& %4 7 i 7.4
55 MARPAEERE ZS (P<0.05) (K 2a fl2b),
M H, Acef5%5 Chao f5%t (K 2¢c f12d) LR
EZZR (P>0.05). HERTATEUNE L, Hhikk
MEHAENHEZHEELAFEEHES THANS
WA, Gao ZEI, teg KB MM EA
TR E R 2. SR R B AR 2 R A
LD SE 6 =TI 1Y NTUREN Pt A4 = i iy P LS e
BfKe BRI, FL A AR Gk B L) ot R BB 1 2 R
MFEEEHEEER.

23 HWBeta% HHEOM

FET bray-crutis 0 2 FIE 2 HIFEAZ MR LK
PcoA K5 NMDS K, W45 3 Fifk g K EEFL
il it BT B R AL ) R [F), HREAS IR R R R AT
0, LR AR G R IR LA v e R R A X A0
RAVRIE (F 3a), U8 & o 4 N TR B A
AH R FEARACL, AEURE O TA) SRR B R AL AN [ e,
BRI 5 5 IR FUR B AT UL, AR S A LA

89




MR B

Modern Food Science and Technology

2025, Vol.41, No.9

FA RSO RL. B 5 SR, B
HIEE R RAFAEZ S . XA RER AL B A K
Wl E v FL s R R, @ N AR T T E
SPEIMLL 355 2 (1 22 A T A5 50 1 TR R 4L
KA, Ao A AN A X3

a SEFOTUATH RS K R
T-1
T-2
T-3
U-1
o *mﬂ%'_____{::;EEUQ i
— ok —HERAE U3 =
M-1

0.4 0.2 0.0
b o8- R=0.731 5, P=0.001 000 kg,
06l o A
: ~e T A E
~ 04 M-1 * SRk
$
2 02} / T2
= - T-3
=00 12
8 H-3 U-2
& 02+ M-3 H-1 U-3 @
M-2 U-1
-0.4
_0.6 1 1 1 1 1 1 1 1 1 J
=0.6-0.5 -0.4-03 -02-0.1 0.0 0.1 02 03 04 05
PC1 (37.23%)
stress:0.073, R=0.731 5, P=0.001 000
C 04r
03 Ul
02f QU-3 H-1 B3
L MU M2
wn 0.0 £
a ok H-2 2
= : T-2
Z -02r w7,
-03F TEEYIFN
-04r 1 ABFLAE
-0.5+ M-1 ’igﬁ%
_0 6 1 1
-0.5 04 -0.3 -0.2 01 0.0 01 02 03 04 05 06

NMDS1
B 3 EF bray-crutis BEEE A4 TIEH Beta ZHME
Fig.3 Mapping of fungal Beta diversity based on the
bray_curtis distance algorithm
E: (a) AAMHARELZRER; (b) AB PCoA B; (c)
A NMDS B,

ZHE 5T BB PeoA IR NMDS K 4 Hir 46 IR 5
UPGMA ZE2R 70t 45 ARl (& 3b A1 3e), # i &
H R DA B 2 IF 1 X3, 3k — 25 0E B 4 2.
Behikt . SAFLAE. 50K DU PR L 7 2H (] BB TR A
HRSAFAEZE S, - FLIE I R RS A [R) 2 19 2L )
mhE, ARG IR S AR T, RK

90

P it A% W] SO AL o B 2 AR TR BN [F )R
Pt PR o B 2 FEVE P LE AN R s . S5 4k, A
PcoA B R/ANATE H, SR (1) S84 LW 2 s 1
FOAR AR L, Uk B 5 G0 1 R B R A RSORE AL
JE R

24 EBWWMUEKEG LB M

2.4.1 VennBo5#7

7E OTU /K *F b ff F Venn B 73 #7 7L e 1% 4t &
% L M) o B R S R R R, R 4
TR, JURRRE i F) ST T A AL A R AL A 2 R
e, R SR, EHFLAE. BERLAE T A R
MRSy AT 96+ 64, 136+ 124 Fir, Ui WA FL &1
HEWMAR R TS, Rk, mH, +
AESwAR. HFE. BhgA 3 MEEILEEY
i, A B OTU F B Geotrichum. Clavispora.
unclassified f Metschnikowiaceae. Trichosporon.
unclassified f _Dipodascaceae-
Cutaneotrichosporon. Issatchenkia H J§%. L4 OTU
FEARFLA  BOR 32%, Bk N 48%, 1L
Y 22%, BERAg R S EEON 25%. BATRE
AT YRR ECR 5y 0 24, 164 64, 51 0, Fdrif
FUER A MM R Z, KR nlishirg. A LS
Ak (B 4). "I, AT T2 3 EL sl i E
] P AL R 22 5

Apiotrichum-

e 43,

o YK
o T 1E
o IR

150 -

100 -
50 J I
0

47 LAk HFLIE Btk
FE AR
4 EF OTU K FEEE¥H Venn
Fig.4 Venn diagram of fungal species based on OTU level

OTU%




MK EBBHT

Modern Food Science and Technology

2025, Vol.41, No.9

242 ARAABARE ERNH
i FCRE TS & R Fr 3R 45 1) 242 4 OTUs,
JLEEH T ANEBET 21, 39 H. 73 8 111 &
EHECTE KA A R BT, e rhopE e 3= B KT
1.0% HJE % 14 Ascomycota 1 Basidiomycota, 4+
FLANIE R A% AL 34 BT 171354 Ascomycota (70%)
Lj Basidiomycota (30%) ; i i FL A8 A1 5 A 48
PE 1T H N Ascomycota, AHXTFEFE 2 54 96.9%
A199.3%, /NT 1.0% IF 14 Others (B 5a).
I, A 5B AEET 8, HS5H
FLAEL SR R B0 B R TR AE 2 * Guo
2 1 B e ] 40 K B0 20 B A g LA b T DL E
= H B I']: Ascomycota (99.73%). Zygomycota
(17.24%) #1 Basidiomycota (0.01%), 5 B # 4
=i P | R =N W S S (S W = N P 7]
H, BE 5 I A% Gk W L 2R 55 an A R
FL#8 UL J5, Ascomycota fH X = B B 2 4 &y, 1
Basidiomycota FH % 4= B i 2 BEAK, HAALEAE G K
W T 2R RS Rk o A R | 1A B A8 A . it
HFAS [F) FP A 438 R T 1 20000 S ] e A A RSP 52 i AN [
FEAEE A FZ K 5o o, B
It % B W J& N Clavispora (53.80%). Tirchosporon
(26.91%) ;5 40K # 4L % H 6 J& N Geotirchum
(84.35% ). Unclassified f Dipodascaceae
(13.58%) ; W FLAE K 1 %5 B8 J& O Unclassified
f Metschnikowiaceae (46.49% ). Clavispora
(28.3%)+ Issatchenkia (7.96%) ; i ¥ i ¥ [ B
W& A O B R, R %A H T 8 A Geotirchum
(23.1%) Dekkera (28.3%) Apiotrichum (15.3%)-
Cutaneotrichosporon (13.3%). Unclassified_o_
Saccharomycetales (10.52%). Gao %" % #, %5
MR E8 B B OE W AL 48 AL ) s Kluyveromyees
Pichia. Geotrichum & R% L # &, 5O AL
GAF MM ABEEIEAR . S5EHKREEE). 148 DR
S XL R AL AR A LR L, AR A
XL P AR G kB L P R R R A R R
Unclassified_f Metschnikowiaceae. Issatchenkia"™™ .
Metschnikowiaceae 5&—F#; 2 MK THE, £
T A6 MR S, M. pulcherrima S 5011 H
REIHEAS F B T, T H. M. pulcherrima 72 -
TR R R IR, X LSRG W] REE I K
TG BB SR 1 5 ] 260 P9 JXUIK s M. koreensis [k
FIE SR My e MR AL O BERS, F H M. reukaufii 77
R — i 5 405 ok [ = 05 ) R A 2 B O A R

LB B AR BT A" Issatchenkia R EEST A2 A
RGP RIE S, X 7E SRR 1R KR m P, AR
P TS, Clavispora 7&—FAE ) AL WIHELL 77,
H T R4 OBEA T . Geotirchum F 315 A1
FUREHE BT KBS BRI IRS &R, XA A2 S
WA, LR, Rk RA R E SRR mH,
Apiotrichum F Cutaneotrichosporon S iIE I H A 7=
THARHEAE, TR AR Y00 LASE e i i = e P22
Dekkera 7 ) Wit R vh o3 72 42 £ HL Wy, AT B2 5L
P B AR R . Saccharomycetales 1% il £ 5 i
T BEFNFLIR v & 2 1 B — i T BRI A B, ®
A1BEBE A5 F &5 Rl ML b — R ARSI . iz,
THE AR ENEAR], 45155 K
Hil L A RA IR R E R, HHBEAAFRIE.

a O Ascomycota [dBasidiomycota [Mothers

1.0 — —
=08
.
= 06
i&
041+
%
=02t
0.0 = L L I
43 BanA HFLE BEHIA%
GERLELES
b 10f = — — ™= Geotrichum
—_— . - wm Clavispora
wm unclassified [
‘E{ 0.8 F — Metschnikowiaceae
.H. Trichosporon
= Dekkera
E 06+ w unclassified [
o Dipodascaceae
B = Apiotrichum
?E 04+ Cutaneotrichosporon
H‘ == [ssatchenkia
R wm unclassified o__
[ﬁ 02+ Saccharomycetales
i w Penicillium
Candida
0.0 ws Cyberlindnera

FR DR WITLE BRIk ot
VLIPS

O3 mSiAk mEFE mER

Geotrichum *0.027
Clavispora *0.036

(e}

Dekkera *0.013

RS
PfY

Apiotrichum i *0.047

e
0 10 20 30 40 50 60 70 80 90
SFEIELA /%
B 5 EREAEARSERSH

Fig.5 Analysis of fungal community composition and differences
E: (a) @MEA KPRAEMBL LM (b) mE BAKF
T B E LM (o) AT Kruskal-Wallis /& K-F A & @ #F

YRR A RS AT *P<<0.05,

91




MR B

Modern Food Science and Technology

2025, Vol.41, No.9

oo e E R R E R K B Se) H
k. AEJ® K P H #E 4 K Geotrichum
Clavispora. Dekkera. Apiotrichum J._ Unclassified
o_Saccharomycetales | % £ J& ) {7 £ & # £ 7
(P<<0.05), i, BHUIRSERIA% Geotrichum
YRR REEIN, SURS AR Clavispora FH%
FEERERAK, BRI T Dekkera. Apiotrichum
N Unclassified_o_Saccharomycetales ¥ % = J& 1. 2
Hne JE KA 3 S FL ] I B R VR A A A
WEER. AT RIS S MRS N (5
WA, I, SR P EBURMEXNEEE
Trichosporon. Candida X =E LT (R 2), Al
R BRI R, A a8 Ew G
W, X FRWR I REA RO IR B T E R
LB o I T R A LR I S SR AR A
M2 RS K .

*2 F3FAHWBPEREESL (%)

Table 2 Percentage of fungal genus in milk and dairy

products (%)

SN $30 Bk WIE Bk
Geotrichum 0.8 84 5 23.1
Clavispora 54 0.8 28.3 0.5

Mescmtowincaae ¢~ 45 =
Trichosporon 27 0.6 0.53 0.9
Dekkera — — — 26.3
g%x@g; 0.62 136 2.6 5.1
Apiotrichum 1.9 0.05 1.3 153
Cutaneotrichosporon 1.4 — 1 133
Issatchenkia 1.6 — 8.0 1.4
unclassified o - o . 105
Saccharomycetales
Penicillium — — 43 -
Candida 1.4 0.03 0.9 1.1
Cyberlindnera 1.1 — — —

2.5 EH I E TN AT

AL R SR, BFLE ., B R A
B IR M Re A 128 IR AT 43 28, FUNGuild 5
PR D RE TN &5 AR, FL S A% G0 R e L ) b b LT
FE N AAKEE CRESUBA - a9 5 &
TR A A R0 2 AVE IR (R AE IR,

92

TWELE R (B 6), P2 E R AN E A
B RA A R, SR E IR AR T 3
TR s 5 QAR A LR ) 2R IR S A TR AR
IR, BRRE AR, BRI EEE IR
XS M, BEARE R ER. HRELE
VKB I, AR AR R, B b sl i
(K o5 g, SIS AR o g . AR R
LKA T, ARALE SR, WIRLIE. B
FLHE ) LT Dh RE L AP AE 22 5, =PRI LA
[ FF) LT D RE AL AR AFAE 22 57 o 8 A T 7 2L 1 it 1)
PE R A AR, e ATRE s 7 i FL BS54 o A
HA 5 o AR B T 2L AR BT
A, HE AR SBEWR RS . LR
AR AE S BA% b o BN, X AT RE R RN B h A AE
VAR P e R AR TS T B S J T A
AR R Z, IXRTRERE TR L R B
AEMS RS, B S WA, 7L A IS S A%
B B, X LR L A I T T E A K.
FEE A 20, e AT A AR O R v 2 i i 3 e B
Wb T B R E AR . SR, KR
Ik /b Bl 0 T ) BCE LB AR TR o B
It DAAS A 1 0 2 22 3 L i) b O D e 4l
AN, b B SR R L RCR B AR, I
N BEARA T [X 7L B A G A I 5L ) o 11 22 A O
MBS H MR Beoh, oAl bR € I A
EH I
[ Undefied Saprotroph M Soil Saprotroph

M Animal Pathogen others

gLt =

R Bk |
&
og

£ IR E

e U=

0.0 OI.2 0.I4 OI.6 0.I8 1I.0

FAXFEEE 1 %

B 6 EEIhRET

Fig.6 Prediction of fungal function

3 %Hig

P2 TERT R0 T AR AT b [X L S A% Gt R 9 L
] i H TR 22 R 1 43 i R LB D e TR T R, AR
FHIAR 5 1% JE A Clavispora. Tirchosporon ; 1%
wioA WA % B W JE N Geotirchum Unclassified




MR B R

Modern Food Science and Technology

2025, Vol.41, No.9

MAEmILH AR EAN
Unclassified f Metschnikowiaceae. Clavispora-
Issatchenkia ; ¥5 7 ¥ IR A B 1 J& N Geotirchum.
Dekkera. Apiotrichum. Cutaneotrichosporon.
Unclassified_o_Saccharomycetales, = Fh FL #] i 1)
MHAEE BB A AN E. 543 ME, 5
WA, EAFLAE. R 5 0RO H R
Trichosporon. Candida Fi%} £ N, HAmEE
o EEHE N, T L I RE A RO iR T O e AR
A H . 7E 87K 2 B & B4 b Geotrichum .
Clavispora. Dekkera. Apiotrichum J_ Unclassified
o_Saccharomycetales #8 X} F & 35 17 £ B % %2 &
(P<<0.05), i ik, R% 30 8 W17 1 2 52,
H AL SR A T o) A e A I Lo i ) L s
RS, AN [EIN T 200 F ] i IR B R A
B S2 0 AN ] . FUNGuild Zhge O R B4R 7. 3
oA, WIFLEE. BRk T, RAEESEENEEE
FeJ7 3 KER W R R AE R e b . R, K
BER D R . BAREA . TR
EL PR et X 27U R 2L it R A e L R ORI 9 M 2 4
PEVEUN SRS W

f Dipodascaceae ;

[1] GAO M L, HOU H M, TENG X X, et al. Microbial
diversity in raw milk and traditional fermented dairy
products (Hurood cheese and Jueke) from Inner Mongolia,
China [J]. Genetics and Molecular Research, 2017, 16(1):
16019451.

[2] WANG D, LIU W, REN Y, et al. Isolation and
identification of lactic acid bacteria from traditional dairy
products in Baotou and Bayannur of midwestern Inner
Mongolia and q-PCR analysis of predominant species [J].
Korean Journal for Food Science of Animal Resources,
2016, 36(4): 499-507.

[3] GODOS J, TIERI M, GHELFI F, et al. Dairy foods and
health: an umbrella review of observational studies [J].
International Journal of Food Sciences and Nutrition,
2019, 71(2): 138-151.

[4] AFSHARI R, PILLIDGE C J, DIAS D A, et al.
Cheesomics: the future pathway to understanding cheese
flavour and quality [J]. Critical Reviews in Food Science
and Nutrition, 2020, 60(1): 33-47.

[5] BAO W, HE Y, YU J, et al. Diversity analysis and gene

function prediction of bacteria and fungi of bactrian camel

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

milk and naturally fermented camel milk from Alxa in
Inner Mongolia [J]. Food Science and Technology, 2022,
169: 114001.

CHEN C, HUANG K, YU H, et al. The diversity of
microbial communities in Chinese milk fan and their
effects on volatile organic compound profiles [J]. Journal
of Dairy Science, 2021, 104(3): 2581-2593.

CHOI J, IN LEE S, RACKERBY B, et al. Assessment
of overall microbial community shift during cheddar cheese
production from raw milk to aging [J]. Applied Microbiology
and Biotechnology, 2020, 104(14): 6249-6260.

CHOI J, LEE S I, RACKERB Y B, et al. Microbial
communities of a variety of cheeses and comparison
between core and rind region of cheeses [J]. Journal of
Dairy Science, 2020, 103(5): 4026-4042.

GERARD A, EL-HAJJAIJI S, BURTEAU S, et al. Study
of the microbial diversity of a panel of Belgian artisanal
cheeses associated with challenge studies for Listeria
monocytogenes [J]. Food Microbiol, 2021, 100: 103861.
COSETTA C M, WOLFE B E. Deconstructing and
reconstructing cheese rind microbiomes for experiments in
microbial ecology and evolution [J]. Current Protocols in
Microbiology, 2020, 56(1): €95.

FAN H, HUO R, ZHAO J, et al. Microbial diversity
analysis of jiaoke from Xilingol, Inner Mongolia [J].
Journal of Dairy Science, 2020, 103(7): 5893-5905.
ABIKHALIL R, YVON S, COUDERC C, et al. Microbial
communities and main features of Labneh Ambaris, a
traditional Lebanese fermented goat milk product [J].
Journal of Dairy Science, 2023, 106(2): 868-883.

ADDIS M F, TANCA A, UZZAU S, et al. The bovine
milk microbiota: insights and perspectives from -omics
studies [J]. Molecular Biosystems, 2016, 12(8): 2359-
2372.

DE MELO PEREIRA G V, DE CARVALHO NETO D
P, MASKE B L, et al. An updated review on bacterial
community composition of traditional fermented milk
products: what next-generation sequencing has revealed so
far? [J]. Critical Reviews in Food Science and Nutrition,
2022, 62(7): 1870-1889.

CENCI-GOGA B, CRUCIANI D, CROTTI S, et al.
Diversity of yeasts and moulds in dairy products from
Umbria, central Italy [J]. Journal of Dairy Research, 2021,
88(2): 217-220.

] B BHEE, 5K R 1, 55 S F TIlumina MiSeq#1IonS5 XLl
o JEORL L A A A ) 2 REPE I EEBO A (0] B S AR
HiAR24,2021,40(4):67-75.

93




MR B

Modern Food Science and Technology

2025, Vol.41, No.9

[17]

(18]

94

GUO L, XU W, LI C, et al. Comparative study of
physicochemical composition and microbial community
of khoormog, chigee, and airag, traditionally fermented
dairy products from Xilin Gol in China [J]. Food Science
& Nutrition, 2021, 9(3): 1564-1573.

SUN Z, LIU W, BAO Q, et al. Investigation of bacterial
and fungal diversity in tarag using high-throughput
sequencing [J]. Journal of Dairy Science, 2014, 97(10):
6085-6096.

LACHANCE M A. Metschnikowia: half tetrads, a regicide
and the fountain of youth [J]. Yeast, 2016, 33(11): 563-
574.

SHI W K, WANG J, CHEN F S, et al. Effect of
Issatchenkia terricola and Pichia kudriavzevii on wine

flavor and quality through simultaneous and sequential

(21]

[22]

(23]

[24]

co-fermentation with Saccharomyces cerevisiae [J]. Food
Science and Technology, 2019, 116: 108477.
FROHLICH-WYDER M T, ARIAS-ROTH E, JAKOB E.
Cheese yeasts [J]. Yeast, 2019, 36(3): 129-141.
CHATTOPADHYAY A, MAITI M K. Lipid production by
oleaginous yeasts [J]. Advances in Applied Microbiology,
2021, 116: 1-98.

AVILAL D D, AYUB M A Z. Occurrence of
Brettanomyces/Dekkera in Brazilian red wines and its
correlation with ethylphenols [J]. Brazilian Journal of
Microbiology, 2013, 44(1): 81-88.

KING A, RICHARD DICKINSON J. Biotransformation
of monoterpene alcohols by Saccharomyces cerevisiae,
Torulaspora delbrueckii and Kluyveromyces lactis [J].

Yeast, 2000, 16(6): 499-506.




