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Application of Highly-tolerant Zygosaccharomyces bailii in Sauce-flavor Baijiu
MU Jizhe, LIU Zhiguo,SUN Renjie, LI Chao, LIN Liangcai, ZHANG Cuiying”

(School of Biological Engineering, Tianjin University of Science & Technology , Tianjin 300457, China)
Abstract: Traditional Baijiu brewing is an open fermentation process, and the microbial community succes-
sion and metabolic activities during brewing are easily affected by external environment. Therefore, to address
these issues, it is feasible to isolate and select core functional microbial strains with high tolerance and apply
them in production. In this paper, nine yeast strains with high tolerance were selected from the fermented
grains of sauce-flavor Baijiu under dual stress conditions of high temperature and high acid, which were identi-
fied as Zygosaccharomyces bailii. The fermentation and flavor compound synthesis of these strains were charac-
terized by simulating Baijiu fermentation. The results showed that strain BM09 had outstanding growth perfor-
mance under 37 “C, 16 g/L. acetic acid, 110 g/L lactic acid and 14% ethanol, with high ethanol and ester pro-
duction capacity. Therefore, it was used as an enhancing strain in the actual production of sauce-flavor Baijiu.
In situ fermentation indicated that BMO9 improved the raw material utilization of sauce-flavor Baijiu in the sev-
enth round by 29.80% , increased the ethanol yield by 63.10% and ethyl acetate by 85.17%, while reduced ac-
etaldehyde by 70.37%.

Key words: tolerance; Zygosaccharomyces bailii ;sauce-flavor Baijiu ; ethyl acetate ; functional microbial agent

7 LA
Fiicks 2B H M= F . SR AT RSB F AR SR GBE PR A RS T A ,2024,45(10) : 142-
149,189.

MU Jizhe, LIU Zhiguo,SUN Renjie, et al. Application of Highly-tolerant Zygosaccharomyces bailii in Sauce-flavor Baijiul[J].
Food Research and Development,2024,45(10) : 142-149,189.

AT H TR R H (222Y)DSS00050)
VEH I HEP4% (1998—) , 58 (W) , WLt , WFFE 5 1) AR T A% .
SEAGVER KR IE(1979—) , & ), 2042, T, F 58 05 vl SRA R R A o



BRAKAR

RRtASHR

202445 A
FasEE 108

143

e ] I S A A Y 7 S AR R R T s L 2
AR E A EEA RER A, P E
st Tl B HE 2 AR A2 A A Y R R R R —
AL R B AR, AR Y R R S A L
A T 5 A 0 i e A i 72 A g XU AT 37 37 A A [
P XA, T T R T R %) 7 S Rt JBT o 1T 1 R
T R AR v TR A e T 3 v U L K TR A 4
e TR R TP B TR R R IR B A 4 Y AR KO
PR, S BUFRHR T R R BT AN R A da ik
DA K 0 RUBA 6 i 45 A= 7 Il jE DRIt , 2 7 B A e T
MR ST BE A Y LA T RS Z BB M i AR A T
FEHOARA B T Al B2 i 2E 7 R 1, S TR B

P 2 T PR 3o o AR v ) SC B U ) 2 — |, AT
53 A TR P B AR A TR T B, 7 G A rh B 3
TR OCHE BB BT PE AN AR BE LR R
P 5 R R 118 R i R A, O G AR IXUR A i L
AR, PR G R R RE A R HLP I
) T B AR O R 1R A 7 B E R S, HRTR
W 4 A 6 75 A8 I G vh 2 4 B 40 9
Bl S35 FE HAR A TR RIPG ERE | SR S5 B
TE O B LD RE e B se T SH R RE R 5 B R e
U 2 R P B R Y b, X B T v TR 7R Y
RRAE , BRI R B R SRR SR RGBT A%
B EEREIX 4 BB I e Aok AR v B RO B RES,
#Hﬁﬂ?ﬁ%@(Zygosaccharomyces bailii ) 15 =4 IA
o Uil (S P 3 (o R g Ly T
R ZERIES S 7. bailii 1F 0¥ 7 0 P A%
TREMEEE , 70 AR i B o DL T e, o I b
AW AT IR 70% DAL R E N LA I
1ECTRIEY T A B A7 ISR SR, R
FEH A BB A PO R rh R 1R AR,
BB FEH A T B A T I AR 7 R e R Y
WFFE i WLAGE . PR, B BT R AT S22 VERE , HUR 1%
PEREOL S O FE AL G WEBE, OF I & T oA TR R (4 &
T 147 R AR S BA% 8 P R P9 L R AR A
BAEZNNHE.

ABIF 5 8 a e R LR 0 A5 A N A R
e 9 MRIFH-HA IERE , X HL g i TR TR T
CBEVEREFEAT R, 1) HIASE L) e 1 i 0ok 1L e P
B L2 RUR ) 5 64 A i EA T R GEVTA , B2 5 L) BMO9
PR T 9 & 8 I A 7 WA =i PR
o FH T 7 AL S R L AR VR, DU R AR SE
T A T N LR H AR B T A B T 44 AT L 2%

1 MREFE
LT AR IR
R R P L T B A S B T

P B 152 85 5 75 % B (veast extract peptone dex-
trose, YEPD) 1% 5% 3 . 20 /L i 29 H , 20 o/L %5 11 ik
10 o/L FEBEIR K}, B 4K pH, 121 “CF K 20 min,

@%ﬂ{% .':[:'. *ﬁﬂ!ﬁ%%ﬁﬁﬂ‘é (yeast peptone dextrose
agar, YPD) 15 #2 3& . 78 YEPD £5 3% 3 HpnEi g 2%, A
SR pH, 121 °C'F K 20 min,

WL & 32 35 (wallerstein laboratory nutrient agar,
WL)REFR 5L 22 2R a3 2k . AR BRI E R AT [R
O EE RERE 2R TV R BT R AT LA
B CEFURE (B 0T al) RS hEh VS IR R R IH R
B AHERAN (35 R AR AR - IR AR A IR A
Al R AR BRE R (4R A AR - R
b REAARFN AT IR LR LR LTE LR 4
Bif CIE PN SOl R TR S BRI R (BSh
TEal) g RR T AR A FRA R 5 TEoK OB
FPGER R BUT BE (X oA al) - il 22 stk
AR A BR 2 ) 5 1 75 U - T8 B3 (35 000~40 000 U/
mL) 1L (140 000~150 000 U/mL) : L1 45 HiEVE A=
B A BR 2 ) 5 B2 1 2 F (50 000~10 000 U/mlL) : B
B (A5 AR I KA PR H

T K AR B S 1 kg, 3 20 H 0, 45 M i SR
5KENE A 1:3(g/mL) ITA 3 L 60~70 “CHY A KK,
TE 60 ‘C N #IAL 30 min, 28 J5 THEEZK IS H, iz
90 “CJ5 ¥ 1 mL (4 it /& U o - UE B W AT WAL
20 min, WALZE W5 L 76 121 °CF A 3 20 min, 2
Je A K ZE JEARF, S RV IR E] 60 °CL A 2 mL Hl
FEBEHEACAE A 4 he FRbBA 25 o s B 28 40 °C,
N 1 mL A ERYE R B TE 40 ‘CTF/AKIBAER 2 he ¥
HZEZRIFEH 4 22070 13 UEAT T W, Fr b e 4
% 8.12.16 “Bx, % .

FhFREFR5L AEWEE Jy 8 °Bx 1 12 °Bx MK
BIA 0.5% WITEBHE Ky AR —Fh 3557 o — 49
PR FRFE 121 °CF SR KB 20 min 45 .

WA K WS A 6 LIWE I 16 “Bx BY/K AR Ry
WA R FERFR L, 121 °CF iR K 20 min 554
12 A5 E%

MS204S 434 K-« il B A BR A R s UV-
5100B AN EI T B eHT G A FR A 7 5 Agi-
lent 7890B “AH {4354 . 1200SL i AH (4 3% 1% : SE [ Agi-
lent 73 7] 5SJ511C 3730 1 78 A K T £ L IN613C f8 kit
Ki et HE SR B 5 (i) A7 FRZA W] 5 Stab MIT 7]
BN IRE D R A . B A YR A IR A A
SIEMAN M-100 2E 9 1% A IRV TG /R @ FH A R A
) PCT-200 7Y 2R & e = 5 7 36 9 384 - FE [ Ep-
pendorf N T ; Syngene GeneGenius 4 H sh I % &
4t . 5 [H SYNGENE 2\ 7] 5 S-9288 . fit 5 « Il 41 fuf /R
BHEATBR 22 7] 5 SULS10 4948 FL I S s « B 4



2024 4E5 A

gy s RRARSHR RLRHA
A CERE) B A BRA A SEAMIEZS s I T B SR - AR PR IR B 77 2
1.3 JiiE B LB S mL BN 50 mL B.04%, 7 000 t/min B

1.3.1 eyt 52 PR e B (Y i 16

B A A T T G 10 g AT 90 mL TG B A B R
KETF 250 mL T =M EaRA, # 30°C.
180 r/min 54 FHE% 1 h, W H 1 mL #2724 2
T FRIE T, 30 Cfr k5537 48 b, B B IR A T 8% G
K ZWEH. pH (M 2.0 B9 YPD “FHx |, 30 CRIE 1 3%
4~5d, PRI 3 R 4F 1 S T R AT A4k RO T
4°CEH.
1.3.2 i S2 4 e 1 T Pk 1) 2 o
1.3.2.1 JEASFMES KA A AL

VRIS EE g aliAb J5 1R B ik LA R 6 0% O =0HE
WL i g2 4k BREFR,30 “CHE 9% 2~3 d JE WSS, 0 SR VK
TEASHFAE 5 S AR WS « ) FH 35 22 YL (0 1 7E A T~ L

Ly 2 min, B F I A 20 mL 5% & & W% B
VST, IR TER 7 5 8, 2 2 hs A 20 mL SR ZE ol
RV 7 000 r/min 5.0 5 min, B2 YR 3 K 0B
H 50% .70% .95% £ B AR PE M 1 IR, TeIK L BE
PRI, 7 000 r/min B> 20 min J5 T AST BEBE A
37,4 000 r/min 2.0 15 min, FFARFE S % TR )G
T AW R I i 7 e

A AR - 225 (B T B9 RRAE 5 2 T
HEAT A B A AR 500, 60 15 M 2 e 6 e VR[] 1k 3K
5 RUR [R5
1.3.2.2 WD T EY R E

S 2 A O T iR AT R L R S 1 )
FEAIANEE 1 fiiR

®1 WESIHFT

Table 1 Sequence of the primers

R ¥4 5'—3 i a2l PCR £ & /bp
NL1 GCATATCAATAAGCGGAGGAAAAG
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NL4 GGTCCGTGTTTCAAGACGG
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Fig.1 Location diagram of samples during in-situ stacking

fermentation and pit fermentation
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W, I 0.22 pm JEMEEE , 4350 A FHBROAE 2 A v
W 2P B i FUXBR P T 7 1
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Table 2 Sequencing results of strains

%' AALE R 741 ID) AAMBLEE /%%
BMO1 Zygosaccharomyces bailii(KM055467.1) 100.00
BMO02 Zygosaccharomyces bailii(KM055467.1) 99.83
BMO3 Zygosaccharomyces bailii(KM055467.1) 100.00
BMO04 Zygosaccharomyces bailii(KM055467.1) 99.83
BMO5 Zygosaccharomyces bailii(KM055467.1) 100.00
BMO06 Zygosaccharomyces bailii(KM055467.1) 100.00
BMO7 Zygosaccharomyces bailii(KM055467.1) 100.00
BMO08 Zygosaccharomyces bailii(KM055467.1) 100.00
BMO09 Zygosaccharomyces bailii(KM055467.1) 100.00

P 2 AR, 9 BRTE Y F S BE Sl 600 bp A2 4 .
F2e 2 AT, XX 9 MR EATIN)F LLXS 2RI, 5 Z. bai-
lii (KM055467.1) [A] 5 A8 {81 BE 7£ 99.83%~100.00% 2.
], F L AT AR 3X 9 MR B N FE L A L)

AP IR ZE RN ER 3 iR .

P26 3 AT, 9 AR e A B AR ARG 4 SRR P
— B0, e T A RN TR A AR TR S 2R
VER, Ho R WEHE A R AW T RN 22 2R RE A
P IO K B 5 IR R AR iR A I 1 BT A b AR
FLbE O BE . TR FLIR MAT TR , b BE A5 4 R R R
S FUAE | LR FLER , BT AFA  ACHE | R B s
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Table 3 Physiological and biochemical tests of strains
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Fig.3 Colony and cell morphology of strain BM09
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Fig.4 Growth of strains under different temperature conditions
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Fig.5 Growth of strains under different stresses
R 16 ¢/L(pH1.62) , H 1 BMO9 B AER B 10 000 %
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Fig.6 Growth of strains under 14% ethanol stress condition
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Fig.7 Metabolic characteristics of strains under fermentation of

sorghum hydrolysate
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HEAFASE W, T T Bk BMO1~BMO9 B % [ 3 & 14 I 2%
% F B B2 AY 12, Hirp BMO9 % % 5 )i f b, 7¢
72 h J5 ¥EAKE E ] ; BMO1 . BM02 . BM03 . BM04 .BMOS .
BMO06 Jz BMO7 £ 96~108 h 1 [] 43 51l 2 A f e 319, 1
BMOS % I3 i f 18 , 76 144 h 5 E AR @ . ik 7

(b)Y SR AL B T B AR BM09[(66.93+0.51) g/L],
HEHER A £ B i B KT R B AY 12
[(68.27+0.62) g/L], HHIE 7(c) A%, KK TR 5 L8
P Z [ A SE T R2 A 0.913 0, A1 e RLAF

], R GC ARG 3 2 B ok I T 7 A ) 22
KR T, 25 R UL 4.

R4 FEAEKESRKBREBEGETRRLENNTE

Table 4 Yield of flavor compounds of different strains under fermentation of sorghum hydrolysate

- JAMEE/ (mg/L) TR/ (mg/LL)

itk AL 2RO i SR ST KW
AY12 1.21+0.03 5.63+0.65 43.56+2.47 172.01+13.51 45.75+3.33 22.26+7.41
BMO1 1.26+0.01 25.50+1.16""" 57.32+1.82™ 127.04+4.807" 55.21+2.31" 19.37+1.24™
BM02 1.31+0.14" 33.01+3.57"" 75.18+4.29™* 152.89+15.37" 65.50+5.87"" 19.76+0.66™
BMO3 1.25+0.07™ 28.89+0.27"" 67.34+1.59" 136.65+4.22* 57.34+2.72*" 17.93+0.93"
BM0O4 1.22+0.08™ 33.38+1.85"*" 66.19+2.18™ 222.92+6.83" 126.03+4.26™* 13.77+4.16™
BMO5 1.29+0.05™ 23.88+4.96"*" 66.85+1.73*" 132.96+4.16™ 59.05+2.63*" 16.97+0.15"
BMO06 1.43+0.17" 20.72+2.75" 64.68+1.90" 218.96+1.23" 123.82+0.66""" 18.01+1.25™
BMO7 1.42+0.22" 29.42+2 91" 63.43+1.37" 211.00+1.35™ 119.35+0.57"" 18.58+1.34
BMO08 1.41+0.33" 25.84+4.07"" 60.69+2.74" 210.81+2.52™ 120.52+4.17 17.81+0.94
BMO09 1.53+0.06" 36.29+1.19"*" 44.61+0.87 168.22+6.33" 45.78+3.26™ 20.56+0.63™

W WA EE DL AY 12 X BRIEAT 4387 :ns FOR TR EMEZE T+ RIRTE P<0.05 KV N A WM 2257, = 3RRTE P<0.01 KN A W%
P2, # o RIRTE P<0.001 7KF- N4 BT o FORTE P<0.000 1 K FA B HEER

FEHEABRE N FRXEFHAE S 2
fif 25 W Jor = AR R B BURR /0T, B 3R 4 AT AT,
BMO1~BMO09 1 £, g £ B 7™ it 1 2 = T BRI % Bk
AY12, 72 AY12 LR LBEF= 511 4.24 £5~6.45 5, Hir
BMO09 1) LR LR 7= 5 e e, 4 (36.29+1.19) mg/L. 75
A ALH BMO9 1Y FLER £, 1 57 e I 3 v T TR 1 R
AY 12, IEAh, i Gt F I i XU A i, 2 e v
S AP W R, AR TR AR TS, PR A 1Y
PEORR B Z R RN EH . i R
BMO1~BMO9 119 /55 9% [ 7™ 1 R R B B AY 12 fA7E 2
S, Hor BM0O2 .BM04 . BM06 .BMO7 K BMOS %) &5 4% it
PR R R AY 12 (9 1.10 455 ~1.51 %, i BMO1 .
BMO03 .BMO5 J BMO9 1% i1 9 B = & 2 FRIB e BF AY 12
) 91.319%~98.48% , S & AH

A X DA R TR 32 1 L &% 1 B ) R AL & 1 6
fiE J1 4347, BMO9 B AR TE TR 1R \FLIR M £ Wi 2
PEJT T R B K, 53 INE B 1 K P TR BE ) o %
BEE PRI, BEE BMO9 1E Ay it Ak 11 390 107 FH 19 7 AL
FP SR A 7= R TR R
2.4 SRAREA R A & A 00

R 1 3 1) AT AR T 32 14 B 20 AT RV, P10 ke B )
SEAL TR PR TR BMO9 1E S 5 Ak TR PR 1117 6 A 8 P
AT A 7 K BB UE , DA SRR R TG 1R A BRER KA R X B
H TR Bk BMO9 15 379 LA Fh & Ry 10° CFU/g W8T 58
T ERW R B R R MERR A TR B B R A K E Y

BT BEAL AR AR 45 2R W3R 5, KIS BT R KR )
AR ILE 6.
®5 BERTEHNZBARE

Table 5 Contents of starch and ethanol in fermented grains

o X} a2l SRAkZH
Al KRB B —— — — —
VER % L (/L) VER%  LE(gL)
WEARR TR 10.85£0.34  0.65+0.03  11.87+0.14™ 0.61+0.02
MR BRI 4.81+0.10 0.84x0.03  4.00£0.12° 1.37+0.01"

T ins FOR TR EM 2R #FIRTE P<0.05 KV T A B FE 2w
FIRTE P<O.01 /KT A BE2ER

¢ 5 A0, A8 BMO9 AT L 35 45 v JEURE R
R R A R Y B R AEVE T o A B B IR A
TERY M (10.85+0.34) %[ A5 5] (4.81+0.10) % , AL 41 3¢
3 M (11.8720.14) % F# AL F (4.00£0.12) % , TE K3 F| HI 2
P T 29.80%, HE S RALALE ) O BE S R
FRE T 63.10% , IO HE A1 (1) (0.84+0.03) g/L 27+ %]
(1.3720.01) g/L. iXEE5FUESE T & i P FF H- 3 5 1
BE A AT LS 3 B T IR R R i D R AN
S ERE T R SEBR A ), H AR RS B REAE
Shy i A TR R R T O AR R R R BRI S AR 2 (H
I At A PR e Bk s AL B B A A
P TR SOV P 1 SIS S48 1 1 Sk sik Ak B 700 1
PP AR PR, FE0 P i i B 4 T T 13.47%~25.97% .
AR L A 5200 58 P — Aok v T e P L B % Jd, G A e
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BELE 9 7 20 0 A2 ™ ob i A T, JEORER T R 42 5
20% , LFEF e Tt 13% . el DUEWT , iy i v iR
TR AE I A 72 B TR I e, SR i ke e W 1 AN
FR AT A5 S PR AR 7 ] A AT R T-Be o

Ro EHHPRKMEEE

Table 6 Contents of flavor compounds in different samples

PRI XFRRLLTGRE (mg/L) R IER AL AL AR (mg/L)
o 15.29+1.84 4.53+0.98"*
R 19.25+4.99 23.51+3.06™

LR T 13.15+0.53 24.35+2.20™*

FLIR 1 161.84+16.21 154.49+16.31™

IEPIE 6.82+1.58 6.87+0.76™
ST 6.80+1.58 7.78+0.49
gl 19.25+0.28 20.70+1.17"
K 13.81+0.86 14.68+0.86™
7% 123.37+10.08 111.69+6.30™
LR 40.70+3.57 42.74+3 47
TR 37.99+0.56 38.16+0.73™
TR 3.48+1.17 4.17+1.00™

Tns AR WA TEZE S+ 3RIRTE P<0.001 KV FAT W& TE2E R .

i 6 nI A, B R AL A R ) O TR RS &
5 5 B 43 oA (24.35+2.20) | (4.53+0.98) mg/L, X HE 41
W R O R O TR S S5 154 5 o (13.15+0.53) |
(15.29+1.84) mg/L, LR L TR . 4 & T 85.17%, &
i 5 S REAIR T 70.37% , 33X T MFE HL 4 6 e BE I T 9%
T B P T AR RS v, AT LA A N B v R 2K
Pt AR O i, AR T EGESS 6 501K 5B 7 3Bk
P4 TS A T 1 e LR O B IR A [ A

3 it

e E A R AR T2E R T — N E S
PR | R CREY TR R85, 3XRE B IR B0 T RE S A 90 11 T
SZHE ST HR E  BERE (YT 52 e 0 B | 7638 75 Y P R
R R AEDIREVE R A RS . AW ST LAE i
Wy e 1 AR 7= )R E bR, A 7 B TV s
ERAT T O BRFEE-HE A Wb, 8 X it 2 58 ) AR
PR RE A PEAR XT L, 2B H T —RR S L e B
PR A FE B A B BMO9 {1 R s Ak i 77, A7 A
KRR . 45 FF I BMO9 Y35 b 1 2 i 1 9 7 R
PSS 7 Fe Uk i b R R R 5, (i 2 B a8
63.10%, W 1A 1 2 1R TR & e 3 7 85.17%, ikt &
A s 70.37% , 0035 T 7 5o R R R 2R AR
FIBAR o AT 5% 25 SR X TR B A T B 7 75 28 P T R
Tk AR A Th e 7 SR AL T BES S HE M I BE
VGBS 7 FE U S P 45 SR % D e T 751 14 g FH A 1
TR AR U E D R SR T S
%o A, A SEBLE A R O RS OE AR PR R T

AR T BRI SR
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