2026, 66(4): 1764-1784 G =i
CSTR: 32112.14.j.,AMS.20250995 Acta Microbiologica Sinica
DOI: 10.13343/j.cnki.wsxb.20250995 http://journals.im.ac.cn/actamicrocn

Research Article Bt &

MEASIBET AESERGEREEMZFEMES
XUBK 5T RIK 73 4T

o2, TS, BE? BEMAR’ RKEW-ESE? EL BE

1Bl Ry BB E S 2o asabe, s B AT
2 SHRAER IR FIA XA AR A B A IR TSI, BRI A e, BT S ARSY
3 BMBHERE e S ARl eEBe, VTR TR

3, A, W, AR, PO I - ERBE, VA, R ME . BT SR SR G e IR T A O 8 S A A R S XUBR TR
SIHTIT]. ISR, 2026, 66(4): 1764-1784.

MA Qi, WANG Jiayou, ZENG Jun, HUO Xiangdong, Razigul-Kurban, SUN Jian, GAO Yan. Screening, biological characterization,
and flavor contribution analysis of specialized yeast strains for Xinjiang traditional milk wine[J]. Acta Microbiologica Sinica, 2026,
66(4): 1764-1784.

 OE. (B8] BERFBELAVERBRLA T ORRBFHF TR, HLERIELBENEA
B, AWEERRERGT LA REEZSAREFAFEE. [FE] A F8. . 3LEA
P EE ) A BRT B (pH) . T8 . @ CER ML Y Tk 4R AR, RABERBES B LS OGFRLER LAY
BEFAK., BIHBENRfnTAYFLETNARARG >R, FRLAE RSN BEA
AR A ritt, SHREIRNA LT RHAPTN AT LR A TR., [£R] K@it
Yo B 5| F RAE G R S Sh b o B AL IRAT 40 MREE R AR, 2 54005 R 1T 3] 2 AR Th AL R 49
BAR17 A= 123), X 2 MRE T @ % pH 2.5. 350 g/L %) /4B & 47.34 g/l TEE W R, Fl ot B&4%
R&)ZBE. TR AIBEARRS, ST HD HE L& % BEE (Kluyveromyces marxianus)ie B 7%
BT 2% B K52 7R B8 5 (Pichia kudriavzevii). MR ER M X I =, AFHHE T 4h, BEHH 5
% F 12h A= 18 h; s 9 XIIE L AR 1A R 4B AR A T 34 BIRA A KR H = FTHAFH
HAE. LM, BRBF TAHKR, EEMKER, AR AHANE T, AEKS LR LN, Rk
ARG HE, FERBABAMRNEAITHE. TR BT, BB/ 11 REHNARE
R AR R AL, BRR . BEREFRAYN RO EAEE S TERA K BARRE, £
BRI Bt Tk R 5 K F) 5 o7 Bt A5 £ 393X 99.97%. BEIFMER I =, BB MH)LEE
BRI K R, SN, HA. TR 4 ANEEG T S T Eems . [44] 54%

VI - B E R 5 A X E AR TR (2025B04032-002, 2025B02016-3); 58 4E 5 /R A X AR MR AR AT 5 )
%5 10 H (NTFW-2026-20)

This work was supported by This work was supported by the Xinjiang Uygur Autonomous Region Key Research and Development
Program (2025B04032-002, 2025B02016-3) and the Xinjiang Uygur Autonomous Region Agricultural and Rural Development
Innovation and Service Project (NTFW-2026-20).

*Corresponding author. E-mail: xjnkygaoyan@163.com

Received: 2025-12-29; Accepted: 2026-02-03; Published online: 2026-02-11



SEl 25 | BUEYSANR, 2026, 66(4) 1765

SRR J17 5 RS TR KRB 123 R Sat . TR AVA RS . RAF A AH
AR AN, BoAnim+ A LB QTR , T AEGIE LR G TR

KRR W90, BAER ik, ks AYFAEE; KRR

Screening, biological characterization, and flavor contribution
analysis of specialized yeast strains for Xinjiang traditional
milk wine

MA Qi"%, WANG Jiayou®, ZENG Jun?, HUO Xiangdong?, Razigul-Kurban®, SUN Jian?, GAO Yan"*'

1 College of Food Science and Pharmacy, Xinjiang Agricultural University, Urumgqi, Xinjiang, China
2 Xinjiang Laboratory of Special Environmental Microbiology, Institute of Microbiology, Xinjiang Academy of
Agricultural Sciences, Urumgqi, Xinjiang, China

3 School of Chemistry and Life Sciences, Suzhou University of Science and Technology, Suzhou, Jiangsu, China

Abstract: [Objective] To identify high-quality yeast strains in the Xinjiang traditional milk wine
fermentation system and screen specialized strains suitable for the milk wine fermentation, thereby
providing a theoretical basis and strain reserves for the development of dedicated fermentation
agents. [Methods] With alcohol production, ester production, lactose utilization ability, as well as
acid (pH), glucose, and ethanol tolerance as screening criteria, the gradient dilution separation
method combined with selective media was employed to isolate yeast strains. Morphological
observation and molecular biological identification were conducted to determine the taxonomic
status of the strains. The growth characteristics, carbon source utilization ability, and biosafety of
the strains were investigated. The fermentation flavor contributions of the strains were evaluated
through sensory assessment and electronic nose technology. [Results] Forty yeast strains were
isolated and purified from Xinjiang traditional milk wine starter and traditional fermented dairy
products. After multiple rounds of screening, two strains (J17 and J23) with excellent functions
were obtained, tolerating pH 2.5, 350 g/L glucose, and 47.34 g/L ethanol. They were identified as
Kluyveromyces marxianus and Pichia kudriavzevii, respectively. The growth curves of the two
strains showed that the logarithmic phase began at the time point of 4 h and the stationary phase
started at 12 h and 18 h, respectively. The co-culture test confirmed no antagonistic effects and
demonstrated symbiotic relationships between the two strains. Carbon source utilization tests
indicated that both strains efficiently utilized seven carbon sources, including glucose, lactose, and
sucrose, demonstrating strong metabolic adaptability. Biosafety testing revealed that neither strain
exhibited hemolytic activity and was sensitive to antifungal drugs such as ketoconazole, meeting
the safety standards for food fermentation strains. Electronic nose analysis revealed that the 1:1
mixed strain (HJ) fermentation of milk wine substrate exhibited significantly higher response
values for flavor compounds such as alkanes, sulfides, alcohols, and aldehydes/ketones than the
single-strain fermentation groups and controls. Both the cumulative contribution rate of PCA and
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the cumulative discriminant rate of LDA reached 99.97%. Sensory assessment demonstrated that
the HJ fermented milk wine scored higher than that of other strain combinations in four
dimensions: appearance, aroma, taste, and style. [Conclusion] K. marxianus J17 and P.
kudriavzevii J23 demonstrate high tolerance, broad-spectrum carbon source utilization ability,
excellent biosafety, and synergistic aroma enhancement, showing the potential as specialized
fermentation agents for milk wine production and providing high-quality microbial resources for

the fermentation of traditional milk wine.

Keywords: milk wine; yeast screening; tolerance; biological characteristics; flavor contribution

B 98 PR BE R 50 A IE N 2 v 1 Py AL AR
Ryl el . HET, XA R
RZ LRGSR ERE . RAME S T Tl . AR
ARG W REVE O[] A 1, AT R J it e XU
SEFREFLE &, GIINRRYZE . WIS
PN . WG Wi T AR . X s B IX
S0l T A 3 X1 S XUBR AR AIE ,  H R BRI F v
0 B TR A T 2 KNI I E ok F
PUACHLIX 2 5t R AR e I . Horb, 3
VR S AR G AR, il AR
RS R TR o, AR S,
T S g SCAk i R i 4 U

18t R it e D RE T W R AR W B
MR IZHR DI RE A A . PEREDL R R BR, ©h
B SR W I A D S T 21T R R
B E AL G R B FL ) i b LA e, R
AR A, FLIET R SR, W
T 00 o 0 1) LM G O e Sl A A 0 5 2 SR IS
A fewett— AR, SARRRI R L, 24K
FR 1 9% BF (Saccharomyces cerevisiae) [H il % F, Ui
fits gt LD, e am Xk AR FH LR E T R D B
un, Varela I ITEE Y, ARAS T ERB RS
B AERELE (Kluyveromyces) TEA B 5 LA T
IR I 0t 4% 7B ;. Domingues 5 AFSY
WAESE, ve & Yl bk ] 52 AU FLE,  TmR
PRERR N TEVE S X — A A . Ak, BRORmER)
(Pichia pastoris). A I BE(Hanseniaspora)
DA v 3t vi B kRS (K Iuyveromyces marxianus)
SEARMRIN LY, AU LR, EhRES

P4 actamicro@im.ac.cn, 7 010-64807516

SR BRI BRI, B R THA b B UZ
YU, BeSRE e 550 R, A5 R L
F R R AR P B B R O 5T e F K 1)
Bt R BT E ST

ABIFFE LA i1 GE W0 5 | 5 F0 I Lol
NWFTER G, VIFURERIRE S . P B BRBE T |
PRBE TR 2 1k K A U B e Ve L I e R AR,
i) 20 AR TR 18 B BT AR 5l AR SR R
W1 L3 28 M7, JF RGE VRIS 40 8 TR bk 1 A=
Yreg e, A T S BOR 5 RCE PN AT
IR TTHR, 5 7552 fE F 05T A e & I R
PR, ORI e T A RO i B o v A
DR BV SR, TR O IR (£ bl i 5 7K
BB S T e

1 AR5

1.1
111 HmFAER

R SRS+, 2 50R A FiiEgE s
IR BRI R B R 5t AR N SR 05 A 7 A AR
# ARG T M R A YT

4 7 {0 4 % BR T (Staphylococcus aureus)
ATCC 25923 It [ 7 [ T (A= 0 T o DR e B
Hls,
112 EZRGHFILEE

TR . TRIREE . WEIR A . SAALAS .
WEIR A 4, R B Ak i A BR A F
CBE, R, RO A RA R
M, R RAL AR A BRAF s REbE .



SEl 25 | BUEYSANR, 2026, 66(4)

1767

FUHE . PTESPETE R, KRBT LIRS Atk 2 i T
KARANT; Bl AW, L2200, = TRH
LI et e~ LY = S w55 0y N X oy
B AIRA T STEEZ840R, Liofilchem
ocEly BHME AR . 3AE . BEREE R . R
HiE, S AEYEAREGRAE,; HEHER
MO &, A EYEARAEUDARA A,
DS w71 1B by T A R 1

WANFLTAES, LR EETFRE AR
ol pHIE, LSRR mRER SR
F, RSO A R F; PCRAY, Analytik
Jena A\l R TR E.OHL, IR EE AR IR
HARAF ANV LR, L3N
IERATBR A WORG T, BN AR e as i R
] HLF&, Airsense AF] .

1.1.3 ExHE

W% 1 = K3 Yk ] 5 M (yeast extract peptone
dextrose, YEPD)5 ##5E(g/L): #E F ik 20.0, 7545
B%20.0, EEbRR ) 100.0,

P B 15 H 493 7 6 0 S0 25 22 B (yeast extract
glucose chloramphenicol agar, Y GC)}7a5 " (g/L):
BERRR R 5.0, HiZHE 20.0, R 14.9, %
% 0.1,

% ZE 4] % BE A 5 2 B (potato dextrose
chloramphenicol agar, PDAC) 1 3¢ & (g/L): 4%
B2 6.0, A 20.0, Bl 20.0, AEZK 0.1,

S b = 2R 5L 9 & W (triphenyltetrazolium
chloride, TTC) )2 853 3l (g/L) . HiZ i 50.0,
TTC 0.5, Bl 200.0,

TTC 2R (g/L): HHMk 200.0, Fi%
B 100.0, BEREIZHIHG 15.0, BREREE 0.4, WA
A 1.0, BiliE 20.00

FERR E AR FE RN (/L) H AR 200.0, H
ZKE 200.0, WEEEE HIH 100.0, BIE 20.0, =
TR HMESR 15.0 mL/L.

W% BF 32 8 R FLOBE (yeast extract peptone
lactose, YPL)}; 32 P (/L) & 1 20.0, FLkE
20.0, FERERHRY 100.0, BHiE 20.0

BRI SERE B TR 3L (/L) . FRFREL 2.0, BRIREE
0.2, Wife — &8 0.5, AL 0.1, BEREA —
A10.5,

1.2 EHoEAL

K A B R U AT vk UEA T B RS T 1 A s 4l
b o FETCHE F& A X AR R AT R AR R
AR RHE 7 1072, 107, 107, 107
VAW, 430 W IS 6 B BT 100 pl, TR AT T
IS4 Z 1) PDAC. YGC [EAE; 35, [6mf
{6 FH G B A2 BRER KA R 28 O BR OB T Al
BT 28 CCREFRAA PR B B 3% 48 h, PREUAT &
BE TR R 75 LR S W ATV, SR PR AR IR
AT ALK 3, E SRR IR 3 ARG Al
%, &R E TR R (Ll
YEFE) WIS ST,

1.3 #if

PLF=E . P=HRBE ) S FLE A 68 J1 4R R i
% FHERE TR AR T FE B o

WeH 3 pL B 3 T TTC R 2 Hi R
I, 28 °CH5FF 48 h J5 s TTC 23R, 4k
SEAE 28 °CHEFE I 1ELEMEE 6 h, iCaE W45 B0
Ak, BRI R AL B RE TR

W 3 uL TRV 4 T ER G R S R,
28 °CH5 5% 48 h, MR 75 ELAR(d) S JR] il 25 A
HAWD), L DId AT P EREE ST

WCH 3 uL PR T YPL SRR 9 3L 3%
I, 28 °CH53% 48 h, DIA: KB HAL NIEFRIEMN
FLEF AR T

PEPRATE L PRLL 0 K LA B OsR g | Did (>
1.10 FIGEVE A B B A2>3 mm PR RUEA T 0
14 £

DMIS pH MRS . mibES = O BEAR Y
it 37 M B AE A W50 & FH T B TR BR: 1) 52 7 98 s o
LR TP Rt 2 B PEREY R A YEPD Vi k:
FEREAREFRDIME : B E R 1.0x10° CFU/mL
PRI 2% A FEAh 42 S AN [A]t £4F A9 YEPD
WA FR 3R, T 28 °C. 150 t/min &4 TR

http://journals.im.ac.cn/actamicrocn



1768

MA Qi et al. | Acta Microbiologica Sinica, 2026, 66(4)

B398 16 h, MEREFRIAE 600 nm P K AR RO
JE(ODgoo) MIZE G FRF %) pH B . FAHE RS
CEEFTRR R, AR BIXMIC pH L SHER S £ EEER
R i 37 P A %) BT RR R X A7 16 6 210%) o Herpr it
R R D 15 T ) e AR SO VAR B R S 150
250, 350 g/L, DIRESINEZE SR YEPD AKE:
FRFE AR5 TP R I A 15 A 35 9 3L pHL A
JER 2.5, 3.5, LIARIETY pH 1Y YEPD W {As5 5%
F(pH 6.0) M %F I8 it 2 B RE I A2 BEE Y £ B
Jo R e S BB Ol 15,78, 31.56. 47.34. 63.12,
78.90 g/L, ARSI EER YEPD ¥ {415 57 5
SRR AR AR A (DR

Y i E/LTL\ éﬂ OD 600
ARG R=" 00 X 100% 1
Xt BRZH O Deoo ’ 1

1.5 ODFEMFERE

o7 ) T i R 4 4 OG5 8 R B 3 FE 0
B K B TR R 9 2 [ 41 DNA E S PCR
Pryg AR, R BB 4 S il H 51 1TS1
(5'-GGTCATTTAGAGGAAGTAA-3' ) 1 ITS4
(5" -AGCCTSCSCTTANTDATATGC-3" )X A% A4
PN % 5% (8] B X (internal transcribed spacer, 1TS)#f
TP 4%, PCR WA FR (50 uL): 2xPCR Bestaq
MasterMix 25 uL, DNA 4R 2 uL, 1E. &3]
¥ (10 pmol/L) %% 2.5 pL, JCH # 4li/K 18 L.
PCR JZ I 4514 : 98 °CZE 1 10's, 50 °CiH k
30s, 72 °CHEf#H 2 min, 3L 30 PMEFR; 72 °CZ
FEAH 5 min, PCR ™) 2 By s M e fie FiL UKk 3 TIE
Ja, i E R T A RN A BR A /58 R
TAE I 45 R 58 B ONCBI U J# (http://
www.ncbi.nlm.nih.gov)#17 BLAST [R5 45347,
e Ja H MEGA 11 ARG LB .
1.6 BERREAEM

B 2 AEEREE L 3% (1.0x10° CFU/mL)
() 3 Ff B 3 Bl F YEPD WK 8 55 b, T
28 °C. 150 r/min 5514 FHRZ 5% 48 h, HE[E]FE
2 h AT 1 RHEUEE, i RS b B AR B K
600 nm A W GREAE, LARE SRS AR AL PR

P4 actamicro@im.ac.cn, 7 010-64807516

ODgoo TH A AL FR2Z il A K 2k o
1.7 BEREEIMYE

K FH MO IR, 0 BT R 2 flk X 2 A5
BRI R, IR PER
1.8  xiEF At e

S /IMBEPI IR i, IEREB M.
VEREALAE . OANHE . FLBE. RAINE . REME. Z2F
BRI PR TE Ry 7 FRBR IR, TG i B TR vk R
20 g/L (AL, PR IR W e LU A8 S I 22 Ak i
R IR rh, B HRIE N 1.0x10° CFU/mML B %
3% [FFEFI RN, 28 °C. 150 r/min 1%55% 48 h,
B s, M 55 R AE 600 nm I AL
JEEE(E(ODeoo),  FIMT B HRAI P A U5 Y fig
1.9 £¥=eH

1.9.1 IEZRMHM

Z WA 4 Il AP AR 7 1k, R R |
FRAZBEME . PITETEZR B A by 2L R 25 A4k
J A TR
1.9.2 EHRAMIEMN

BOS B K BT 3 L, ST HEME
R 2 (1259 = T i o SR D0 s B 7 o L2
1 4 W) A BK R ATCC 25923 Wil . & T
28 CCHEFRAA PRI 1537 24 h, BEFR4s dn WigE
PRVE R S B G . 5 DA V% ) L B B 1)
TR, RS R E AR R A IS AR B
VRS I P D)) Ay TE S ML 3 4 o
1.10 BFENE

W BE A 1.0x10° CFU/mL T W% 3% A3
Fhi e Fh 2 KR A 05, 28 °CHE G 5% 48 he
I 20 mL AR B TS A, 60 °CK AT
10 min, SRAHEFHRET SR, SHE
THVERTE] 120 s, IHZERFE] 5s. TAERERTR] 5's|
Rl sk [E] 100 s, AR 300 mL/min, LUKEE
AW X B(CK), 1HE J17 B A A . )23
PATEREEA . 117 5 123 DL 11 IR K BE4H (HT
4), REE 85-89 s FfEMIN(E, #H17TRILEIL
il 3 B 43 43 AT (principal component analysis,



SEl 25 | BUEYSANR, 2026, 66(4)

1769

PCA) } & ¥ H# %] 43 ¥ (linear discriminant
analysis, LDA). A [F] % 8 XF & 28 KUK i 73 1
USRS IR TE LR 1,

1.11 BREFEE

RS

Pk B2 1.0x10° CFU/mL B8 3% 3% 11 4%

g . I23 M REEAL . 117 5123 VL 1:1 IR BB

4L(HI 4). iz%_ T 10 455 A SURE TSN,
SRR ST BRI, SRS SRR 10 44 T

OPHFIME . PR R AR IR AP . AL R
TR 4 DNHYERE, PR datbndl o i . R

U BA% . NG 4 A, W 100 43 (]

P Fh 2 KT A W5 rh, 28 CCHPEIGIE 48 ho B X 4% 6 i 40 TR R TR AN 10 R TR BE . PTRG JEE . 4%
PAARSETE W3 0 B(CK), B8 J17 B ke WEIE I E . (RSB E PP bR L3R 2.

Rl BTFERERINNSURIR

Table 1 Sensory substances corresponding to the electronic nose sensors

Number Sensor name Sensor detection description

S1 WIC Aromatic compound

S2 Ws5S Oxynitride

S3 Ww3cC Ammonia, aromatic compound

S4 We6S Hydride

S5 WsC Alkane, aromatic compound

S6 Wi1S Alkane compound

S7 WI1wW Inorganic sulfide, terpene and sulfur-containing organic compound
S8 W2S Alcohol, aldehyde and ketone

S9 W2W Aromatic, organic sulfide

S10 W3S Alkane, especially methane

R2 ERUNGEREITNIRE

Table 2 Traditional milk wine sensory evaluation criteria

Project Grade Criteria for evaluation Score

Appearance: 20 points Excellent vl  Opalescent or yellowish-green hue, with uniform and stable coloration 15-20
Good v2 Opalescent or yellowish-green hue, with a relatively uniform and stable coloration 10-15
Qualified v3  Opalescent or yellowish-green hue, unstable coloration 5-10
Unqualified v4 Abnormal wine body color, turbid 0-5

Aroma: 30 points Excellent v1

Mellow wine aroma, with intense elegant milky-wine aroma, well-coordinated overall 22-30

Good v2 Favorable and well-coordinated wine aroma 15-22
Qualified v3  Slightly faint wine aroma, with off-flavors 7-15
Unqualified v4 No wine aroma, with putrid or other pungent off-flavors 0-7
Taste: 40 points Excellent vl  Mellow wine body, well-balanced sour-sweet taste 28-40
Good v2 Well-balanced sour-sweet taste, insufficient richness 15-28
Qualified v3  Bland taste and insufficient richness 7-15
Unqualified v4 Unbalanced taste with other undesirable off-flavors 0-7
Style: 10 points Excellent vl Distinct typicality with a unique stylistic feature 8-10
Good v2 Typicality is exhibited, with indistinct stylistic features 5-8
Qualified v3  Moderate typicality, indistinct stylistic features 3-5
Unqualified v4 No typicality, undefined stylistic feature 0-3
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Table 3 Colony morphology characteristics of partially isolated strains

Number Colony shape  Colony smoothness Colony margin  Colony texture Colony colour Colony size
I Round Smooth Uniform Moist Light yellow Medium

J4 Round Relatively smooth Uniform Relatively drier Light yellow Large

J8 Round Smooth Uniform Moist Milky white Small

J12 Round Smooth Uniform Relatively moist Light yellow Medium
117 Round Smooth Uniform Moist Light yellow Medium
J18 Round Smooth Uniform Moist Light yellow Medium
J19 Round Smooth Uniform Moist Milky white Small

J23 Round Relatively smooth Uniform Relatively moist Light yellow Medium

1 FBEREEE R ASHFIE

Figure 1

10 mm

Colony morphology characteristics of some strains.
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T4 BRI RERINES R
Table 4  Test results of alcohol production
performance of strains

Number Color Number Color Number Color
reaction reaction reaction

J1 + J10 ++ J19 ++

12 ++ J11 +++ J20 +

J3 ++ J12 +++ J21 ++

J4 ++ J13 ++ J22 +

J5 ++ J14 ++ J23 ++

J6 ++ J15 ++ J24 +

J7 ++ J16 -+ J25 +

J8 + J17 -+ J26 +

19 ++ J18 ++

+: Light red; ++: Red; +++: Dark red.

Fis, A BRI EA PR ). HIP B I,
J8. J20. J22. J24-126 HITE VK L IVR 4T (0,
BAIX 7 RIEERE B () 7= B RE 18559 5 B RE J2-J6.,

x5 EREEMRERIELSR

J9. J10, JI13-J15, JI8, J19, J21. J23 (IE %
EILLA, R 14 PREEBETRE 9 77 BEGE 138
U BERRI7. J11, J12, J16 Al J17 BB I5 2P
TRELtn, RWIIX 5 BRIFERETE I BERE 158

PR Ak B 1) 2 1 ol T T i TR VR 1Y) 2 2 XL
URYIET, FrARERIYBRRE I WK 5 s, 26 bR
Pz Bk T 140385 A T8 A% (D)5 1 7% ELAR (d) I HUAE 2
KT 1.000, RGBS EA - BRRES . 2.
J4. J6. J13 Fl1 J14 X 5 BREH 0975 B I 5 T V% B
B HAE/NT 1,100, FBH=HRMEREE 5 ; H
4% 21 PR pRE W B S5 TE BRI SR T
1.100, H:APREk I8, J10. J16. J17. 122, 123,
J25 3% 7 BRTA )35 B B 5 R TE ELAR Y LR R T
1.200, & THA 19 BREERE, FHEGR
W EetERE, AR EEFEYIE. FE

Table 5 Test results of ester production performance of strains

Number Average diameter of the colony Average diameter of the transparent ring D/d

(d) (mm) (D) (mm)
1Bt 6.473+0.340g 7.280+0.296gklmnop 1.125+0.014lmnopqrst
12 21.807+1.001bc 23.010+1.221abc 1.055+0.009z
13 5.183+1.403ijkl 5.807+1.572ij 1.120+0.016mnopqrst
J4 13.440+0.547¢ 14.41040.540e 1.072+0.008vwxyz
J5 7.343+0.721f 8.183+0.846f 1.114+0.025n0opqrst
J6 15.017+0.581d 16.417+0.655d 1.08740.009uvwxyz
17 5.250+0.600ijk1 6.230+0.550hij 1.187+0.033ghijkl
18 3.820+0.6901 4.610+0.6461 1.207+0.115defgh
J9 6.9134+0.563¢g 7.867+0.709gklmnop 1.138+0.0090pqrst
J10 5.707+0.345hijkl 7.267+0.350gklmnop 1.273+0.070bc
J11 5.103+0.381jkl 6.077+0.2651j 1.191+0.041fghij
J12 5.003+0.405;kl1 5.687+0.4651j 1.137+0.0050pgrst
J13 22.270+4.573bc 23.52044.606abc 1.056+0.012yz
J14 18.380+5.365¢ 19.323£5.515¢cde 1.051+0.005z
J15 23.130+5.071ab 25.453+£5.571a 1.101£0.014pqrst
J16 5.660+0.26%hijkl 7.613+0.270gklmnop 1.345+0.029a
17 6.280+0.696g 7.937+0.547gklmnop 1.264+0.052bcd
J18 21.490+0.900bc 23.690+0.571abc 1.102+0.022pqrst
J19 17.043+1.641c¢ 18.847+1.908cd 1.10640.023nopqrst
120 15.700+2.382d 17.477+3.065d 1.113+0.027nopqrst
J21 6.377+0.169g 7.603+0.165gklmnop 1.19240.012fghij
J22 6.023+0.602g 7.473+0.661gklmnop 1.24140.034cdefg
123 15.093+3.104d 18.263+£2.931cd 1.210+0.039defgh
124 4.047+0.7051 4.793+40.4601 1.185+0.096ghijkl
125 3.803+0.1441 4.580+0.2701 1.204+0.044defgh
126 5.140+0.577jkl1 6.073+0.561jj 1.182+0.037hijklm

Different lowercase letters indicate significant differences between experimental groups (P<0.05).
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Wz 6 Fiyn. 26 MRIEEREARELE YPL B5573E I
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J3. J7. 18, J10-J12. J16. J21. J22 A KB
<3 mm, FWIX 9 PRI ZURE YR H g
BEg, J1. J5. 19, R4-126 KB HREA T
3-5mm Z[A], FIHIX 6 PREEREE X FURRI A
fE et 12, 14, J6. J13-J15, J17-J20, J23
AR EA>S mm, KUK 11 BRI ZLBE R
FIHRE S8, BA LA R R WIdEA T & T2 ) 7%
J1o LR LPriR, W EERe ) . PPERRE I LA
FLERI e 1349471 8 BRIRIPR J1. 15, J9. J15.
J17-119, 123 #A75E b
2.3 BT AEBEEKNETE

W B 5 3 A= K pH Ky 3.8-6.0, {HHL /D %UH
TR e P 1) P B 0T LA 32 pH 3.0 LA A9 34
B4R ORIEWIEA pH R 8 BRTE AR AR R A7TR
FRFNZE S S5 AN W] T R 35 SR W 1Y pH B 4n 1]
2-3 iR, 76 pH M 3.5 BIREE TS, 8 BREEBF
BIFXFETE AT 75%, ELRERE I5 F1 19 AOAHXT
RGBT 100%0 IZF1F T 45 REE IR AR A
FRESFRM A pH (HAT 2.8-3.3 ZIH], Hfkla| 22

w6 EHRXFLEEFI A REIHINELE R

Table 6 Test results of lactose utilization by strains

Number Lactose |Number Lactose |Number Lactose
utilization utilization utilization

J1 ++ J10 + J19 +++

J2 +++ J11 + 120 ++

J3 + J12 + J21 +

J4 -+ J13 -+ J22 +

J5 ++ J14 =+ J23 +++

J6 -+ J15 +++ 124 ++

J7 + J16 + 125 ++

J8 + J17 +++ 126 ++

J9 ++ J18 ++

+: Growth circle diameter <3 mm; ++: Growth circle diameter

of 3—-5 mm; +++: Growth circle diameter >5 mm.
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Figure 2 Relative survival rates of eight bacterial
Different

lowercase letters indicate significant differences

strains at different initial pH levels.

between experimental groups (P<0.05).
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Figure 3 pH values in the culture medium of
different strains at the end of cultivation. Different
indicate

lowercase letters significant differences

between experimental groups (P<0.05).
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Figure 4 Relative survival rates of eight strains at
Different
significant differences

different initial glucose concentrations.

lowercase letters indicate
between experimental groups (P<0.05).
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Figure 5 The glucose concentration in the culture
medium of different strains at the end of cultivation.
Different

differences between experimental groups (P<0.05).

lowercase letters indicate significant
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Figure 6 Relative survival rate of eight strains at
Different

significant differences

different initial ethanol concentrations.
lowercase letters indicate

between experimental groups (P<0.05).
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Figure 7 Ethanol concentration in culture media of
different strains at the end of cultivation. Different

lowercase letters indicate significant differences

between experimental groups (P<0.05).
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Figure 8 Phylogenetic tree. The phylogenetic tree
was constructed using the adjacency method. The
numbers on the branches represent bootstrap support
values, and the scale bar (0.50) indicates evolutionary
distance. The numbers in parentheses are gene

accession numbers.
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Table 7 Homology comparison of BLAST
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Figure 9  Growth curves of two strains. *: P<0.05.

Number Similarity Name of the most similar strain The gene accession number
of the most similar strain

117 299% Kluyveromyces marxianus OMS570589.1

J23 =99% Pichia kudriavzevii KX376253.1
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Figure 10  Plate standoff results.
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Different

differences between experimental groups (P<0.05).
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Table 8 Susceptibility test results of two yeast strains to four antibiotics

Number Fluconazole Voriconazole Amphotericin B Itraconazole

(25 pgftablet) (1 pg/tablet) (10 pg/tablet) (50 pg/tablet)
J17 33.720+0.953 (S) 33.597+0.422 (S) 7.983+0.189 (R) 20.803+0.095 (S)
123 12.410+0.819 (I) 15.977+0.818 (S) 10.177+0.936 (I) 19.023+0.808 (S)

S: Sensitive; I: Intermediate; R: Resistant.
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Table 9 Hemolytic activity of two yeast strains

Number o hematolysis  hematolysis vy hematolysis
ATCC 25923 - + -
J17 - - +
J23 - - +

—: Negative; +: Positive.
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Figure 12 Electronic nose response radar chart. A, B, C and D represent the electronic nose response radar

charts of the CK, J17, J23, and HJ experimental groups, respectively.

http://journals.im.ac.cn/actamicrocn



MA Qi et al. | Acta Microbiologica Sinica, 2026, 66(4)

Fs | EEEAZS . D ERRYIID A AEMEY L
SraEE . ol A, TR (H)ALRE e
LA 5 el o 0 A S A e 7 (X v T At
42, R HGRIAEY . LB . B
X, HERYFR. ALY . RELEY .
R AW B, 117 47E 5 FiL s
R W ABLAY R TR B (I, 3R HLmEe ) o |
BB . AU Y I & R
FE . FEbigR, SREABHL, BEE
] LA il 2 i KUK P i . CK 41 7F 10 %
A o N AE R J17. 023 SR HD)
3 YIRS, HR7n Tl B RRT I AT DA R THE
VIR 25 W XU I

Sk itE— 25 W 0 e T AR 22 T XU ) 22 5
I AT (PCAYT L F S B A T 48 143
Br, HX45HRaE 13A Fra. B 2 D FE 85
(PC1-PC2) Rit TTlk#H 99.97%, Hrhi—3
B PC1 BTk 98.95% FlI%E — 3 4> PC2 Bt
BREE 1.02%, fURAFEITRERIET CK 4
AN T3] TR b & B i 04 1 2 LT BB e i 43
FERVEER . mE 13A AJH, 7R85 —F s b
J17 AR R (HY) & BB RE i 5 CKORE i 22 R] 1) 22
SR, 117 SIREMHDEESAE PC1 AN &
&, VLIHH XA B Sk ER S, 5%
TR T X I A% S L 4 i 7 {0 v ) R A — 3K

A

35[ mCK .
30] mJ17 e
25| W13 ;
< 201k
& I5f
o ¢
5 2@ |
~10} ¥
15}
:%2 I ()
=30 L L L L L L L
0 50 100 150 200 250 300 350

PC1 (98.95%)

PC2 (1.02%)

E13 KRR ERM T 2T PCA)FE R T A E

Figure 13  Principal component analysis (PCA) and sensor load analysis of flavor compounds. A: PCA; B: Load

analysis diagram.
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Figure 14 Linear discriminant analysis (LDA) of
flavor compounds.
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