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Table 1 Composition of Daqu inoculum in the treatment group

251 Groups

R FIFP S S A Inoculum types and proportions

CKUEG mim AR M)

Ge i 5
CK (Traditional high-temperature Daqu) BREREI 5 (n/m)
N LA BHHE L
Synthetic microbial community 1 SCY62=10%:10%:1(m/m)
N LA ARE 2

(m/m)

Synthetic microbial community 2

AR ZF AT I BLA4 : R B (A TR TCL: R/ MRB R RPL: 58 [ 7 PV3=1:5: 1): BUpi iR

HbAR ZEAFF IR BLAA : BRI (BT B TCL /MR B R RP1=1:1): BREEERE SCY62=10°:10%: 1
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Table 2 Sensory testing standards for high-temperature Daqu

5

FE i Samples R
Scoring criteria

HMIL(2043)
Appearance (20 points)

i (40 43)
Aroma (40 points)

W 1A (40 43)

Cross-section (40 points)

F i g ~g0 ZRRRBE AU R AWERESIAR WSRO A, LA RE
High-quality high-temperature Daqu St IR O HI Rk W AL
SR ON 7090 ZRPNAE, FAME R BRIk, W7 RO 5, A B v
Medium-quality high-temperature Daqu TR ROGH T W] I S Ly/ae
R ONL —0 RABUNEAR G, R, AR, AR WA, 5, A0 iUk

Ordinary-quality high-temperature Daqu

R LR A 2% R TR

EN/US SN %=

1.8 SiRAMEIERES X
W B i w2 52 90 “CHUKIR LT 1% , 7875 150 min
Joi WD ZE 30 “CHER R, FEAh I Ay = 3R T o o
(9 14 %6 o FHE TR % S A A 00 oo T M FR R I8, IR Ui
JEHS 1K 28 °C 55 2 K 37 °C 55 3K 42 °C, HEFR A e 5E
BT e AR BB K W D, g 2R 2% 26 30
28 “ClEE & W 30 d.
1.9 SiRK KRB FIEL Y RGN
FEARTRAL S B8 F 25102 vk . 1 & P Rl
FHTOUAS [ f3 A% B -0 I56 B ARG I, A6 D0 1k 2
HRSCRk[ 26 11T .
1.10 HEIE
i BLASTP ¥4ETUARFE AR 1 24 LR )7 1) 5
NR B# PEFEAT Hoxt , SRAF P R A J& 43 2525 7KF 1Y
YRR RS B0 R B V5 AR, oA

BRI 3br ¥ il SPSS 23.0 #FE AT, IR i 2
P28 7 22 0 W LA (i, P<<0.05 s Bt By (3%
P25 55 B Origin 2019 5K 1R22 45 R Pk B4 B 24
R BT RE S E 3K, S5 R T A
22" FR

2 FHRE5HMH

21 BRAFER.ERUSERMNMRESHE
A

F3INRERT R L CE T MR EER
R PR e S 0 . e SEE R, MR B E A
AR5 P JE #73  J, FLTE D7 ik 1 434.05 U/g. iR
P09 5 AL S ) d5em, i 2 856.06 U/g. BEFAT
TR P R S R R S T SR,
413.96.6.73 U/g.

R3 ENEBEUENESR

Table 3 Results of enzyme activity of strains U/g
L3 TERH HEAL R YRR TR P 11 BRI N i AL it
Strains Amylase Glucoamylase Neutral protease Acid protease Cellulase Esterase
ZERHLE R PV3 291.95+2.60b 2856.06=1.34a 8.6440.20a 4.984+0.01a 8.0440.06¢ 28.85+0.21b
/MR ERE RP1 1434.054+0.78a 1612.81+2.28b 9.18+0.04a 5.07£0.07a 4.2940.13a 23.33£0.13a
g TC1 32.74+0.75¢ 1502.1940.55¢ 13.96+0.44b 6.7340.24b 7.48+0.10b 22.73£0.40a

[N BR R A R SRR 22 53 B3 (P<<0.05) MR E R RR 22 5 R 8.3 (P>>0.05) . TR, Note: Different letters in the same col-

umn indicate significant differences (P<<0.05), while the same letters indicate no significant differences (P>>0.05).The same as below.

22 BE@BEFELZEYRNESER

SR FH/INZ2 43 B 3% 1) 5 B — 1285 B 700 00 4
P2 HS-SPME-GC-MS #6545 540 36 4 ff i .
ke ) 33 Fh B LMY I, AP BRI AL G 5 Fh
MRAAE Y 1250 BRALG ) 8 Fh ERESAL G 5
i S HL A 3Fh . HERPEY I A R M R £
(12 BLA4, Horp b A< 25 FLAT T BLA4 B bk 7 I Y
MR RE 1 Ao, S ik #1 109.22 mg/kg, i HiAt 4 £k
FL TR A i (1 O F S R

23 BRAHBREITMNER

AR g R B R AR AER , CKR T3
WA 2 IR MR, BANE R, CKMEEIREA
RO IR T 22 A KA 22 s N T3 IO RE 2 s 2228 K
AURAA IR Z A I IO SURE
PEIIE 70~90 73, % 5E A il P oKl . N T A
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Table 4 Volatile components of a single solid state microbial agents mg/kg
L& W#FER PR . -
Compound names Uninoculated Ve ReL el Blad Sevez
TEPEE 1-Propanol 14.36+1.81 0.66+0.09 5.0841.68 0.4974-0.24 21.704-23.48 0.634-0.16
5T Isobutanol ND ND 1.44+1.25 ND 0.10+0.14 0.01-0.02
E )% 1-Pentanol 0.18+0.03 0.10+0.04 0.6740.22 0.3340.39 0.15+0.16 0.084-0.06
IEC I 1-Hexanol 0.18-+0.02 0.29+0.09 0.374-0.10 0.49740.03 0.110.00 0.244-0.03
1E 3 1-Octanol 0.1140.01 0.5040.44 0.2440.17 0.3040.10 0.1840.12 0.2740.09
2,3-T [ 2,3- Butanediol ND ND ND ND 139.457-105.20 ND
B Furfuryl alcohol 0.5540.01 0.27+0.38 0.25+0.01 0.51+0.06 0.28-0.02 0.45+0.15
3-HIBREE A B 3-Methylthiopropanol 007 0.00 0.1020.00 0.134:0.05 0.084-0.02 0.1440.01 0.074-0.00
T Acetic acid 11.18+0.61 16.40+7.71 15.7475.34 12.5740.17 129.834118.98 11.93+1.70
5T 1% Tsobutyric acid 12.02+0.72 52.1+34.07 35.4+19.02  30.05+18.38  257.51+112.49 35.9948.11
T Butyric acid 7.11+0.03 7.07+40.04 7.1640.11 7.0740.03 10.850.56 7.29740.20
3-HIIE T 3-Methylbutyric acid 16.63+0.25 16.66-+0.29 17.2740.29 16.35-+0.07 123.43+38.47 19.65+1.84
%R Valeric acid 1.5340.01 1.5140.04 1.5640.09 1.48+0.01 1.75+0.05 1.484+0.02
3-HIIE R 3-Methylvaleric acid 1.194:0.00 1.19-40.00 1.1940.01 1.19-40.00 1.6040.03 1.19--0.00
4-HI %2 4-Methylvaleric acid ND ND 0.014-0.00 0.0140.01 3.5540.95 ND
CLfi# Hexanoic acid 3.89+0.06 3.98+0.62 4.414-0.90 3.64740.07 3.7540.06 3.6340.24
FR Octanoic acid 0.2440.00 0.24+0.02 0.2440.01 0.23+0.00 0.24+0.01 0.24+0.01
ZE % Benzoic acid 0.91+0.11 0.32+0.16 0.324-0.17 0.3140.18 0.7240.35 0.3340.13
A HER Lauric acid ND 0.15+0.00 0.16-£0.01 0.14+0.00 0.14+0.00 ND
+PUR Tetradecanoic acid 0.14-0.00 0.17+0.07 0.164-0.08 0.1320.04 0.204-0.06 0.144-0.05
LR Ethyl acetate 0.01-£0.00 ND 0.01£0.01 ND 0.2840.35 0.014-0.01
TR Z 1 Butyl acetate 1.1540.00 1.14-+0.00 1.2070.07 1.14+0.00 1.15+0.00 1.14+0.00
+ DUz 2. Ethyl tetradecanoate ND 0.21+0.01 0.23+0.01 0.15+0.04 ND ND
HM M TR Coumarin ND 0.54+0.29 0.03-0.04 0.48+0.68 0.84+0.04 ND
+ /N2 Z. 1 Ethyl hexadecanoate ND 1.06+0.94 2.7040.81 0.2470.33 ND ND
2,3-T i 2,3-Butanedione ND ND ND ND 28.25+14.85 ND
FIENEA Hydroxyacetone ND ND ND ND 0.54+0.77 ND
5% Tsovaleraldehyde ND ND 0.0440.02 0.0740.04 1.264+0.27 0.04-0.04
T Vanillin 0.5240.02 1.5040.09 1.65+0.41 1.04+0.47 0.724+0.16 0.27+0.38
Z. {81 Eugenol 90.6743.72  97.89431.85  103.7718.73  91.554-36.86  3696.794-3 087.36  95.6274-26.18
PO SEnE R Tetramethylpyrazine ND 0.63+0.54 0.52+0.47 0.3240.14 109.22+19.30 0.57-40.40
AAAE Curcumin ND ND ND ND 0.2+0.04 ND
7% Phenol ND ND ND ND 0.52+0.03 ND
RN I i} B
162.634-3.91  204.70455.80  201.95+28.30  170.37=57.10 4 535.43-3484.26 181.267-33.21

Total volatile compounds

I :NDF/R AR . Note: ND indicates not detected.
24 THiREAXHIBUIERNELR
e T A B A I S S5 R Nk 6 TR , A E K
i RRBE BT BT B R ) o3, 3 RO 1
HAT % 2 5 (P<<0.05) o /K &t fie e i 2 2 b A
T A LRI o PRI e i CK %A

N AR 2 M Pk 9 T d5cm , 9 0.64 U/g, 2
CK 19 1.28 % . AL AL T 4 & B Fp N T
FRUAE AV pT R A w8, L P e A T TR R 1 it B
WAk g B iAk 143 52 330.1.86 U/g, H CK 43542
1 5.89 FN46.54% . HEAh N A MU HE 2 1Y th Bl
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Table 5 Sensory scores of high-temperature Daqu

CK(f& G bk i)

1 G S
AL Groups CK (Traditional Daqu)

N T A 1
Synthetic microbial community 1

NTA s 2
Synthetic microbial community 2

L)

Cross-section

fiiid

FEDOLH, BANE 6O, AL . SRR REEOLH, 2RO, K0, ARk REDLH, 2/0E 0, 5 K% A TR

HATRR ORIk . WTIIAR 2 2, B 22 2R 1S I ELJG S0k, NI JK P (80 55 L T A i EL DG S ke, P TS0 5 L (LR 224 K

Description

2%, BAT RAFAII AT

22 KRB YRS

AL, A D B, 1L

845 Score  86.00+2.65 93.00£1.73 89.00£1.73
F6 KpnEILIER
Table 6 Physicochemical indexes of Daqu
. K/ % R FE /(mmol/10 g) Witk J1/(U/g) KB/ (U/g) w1/ (U/g)
251 Groups . L . N . . .
Moisture content Acidity Saccharifying power  Fermenting power  Liquefying power

CK(f&5: 1%

R (1’?%’?’!—”—[) 5.9440.14b 2.33%£0.13a 56.00£1.00¢ 0.504=0.01b 0.044-0.00b
CK (Traditional Daqu)

P
}\Tu{ﬂclil'ﬂfl . . 7.57£0.12a 0.9240.04¢c 330.00£4.00a 0.144-0.02¢ 1.86+£0.21a
Synthetic microbial community 1
T A2

AT R 5.21£0.14¢ 1.47£0.07b 100.00+3.00b 0.64£0.03a 0.20£0.02¢

Synthetic microbial community 2

161 Bk 7153 33 100,.0.2 U/ g, He CK 23 5l 2 55
T 1L.79F15.004%.
25 ETRKENMEMBEEDN

BT R B Y e A R N s 1 s o AE
B R b CKON LA R LA U i 2
A P REVE B053 3 396,481,220 Ff, CK rp {35
Wi J& A Lichtheimia , Circinella , Syncephalastrum , ¥%
Fi N T 80w A 1Ry Kt vh s S B R O Lich-
theimia . Circinella .Rasamsonia , 7 N T4 5 i 7 2
1) K i o L35 B TR 8 SN Lichtheimia , Circinella .Syn-
cephalastrum, TEANGJE K- b, CKON A B HE
LN TA R 2 S s 2800 531 315,349,230
B, CK W 4L #41  J& A Bacillus . Staphylococcus
Pediococcus , HRh N T2 U HE 1A HE A8 340 B
J& A Bacillus . Staphylococcus . Saccharopolyspora , %
TN TG IR A 2 19 it rb 0 3540 1 J& 4 Bacillus
Staphylococcus Proteu.
2.6 KH R BEEER XY RS

R 8 P 0 B A I 45 R A T 2A B s, A
T8 TR A M R i, Herb, N T i A A
R M4 R AL E W AP S 1k 69 B, el 1% G B il

HIFE R AL S AN g 68 R, oAb A T4 A
2 09 it P 2 PR 5T % 2 e, o4 855. 40 mg/kg,
JECK Y 1.954% . CKOA T A R 1A RE 2 Kl
T AR IR & 43 R 12, 27,20, 27 ,506. 90 mg/
kg, FHIE T CK, N TG R AE LFIER R 2 (19 K it 4331
PR T 165 MA13M5, A, B Rl A T4 0 B
A K AT v K gl o O R R . CKOAT
B B TE LA R R 2 Ky o R SR R 40
11. 36.31. 90,56.73 mg/kg, Hi lt F CK, #M A T &
BB LRIGEHE 2 73048 & 1 2.80 F4.99 4% .

TR Hh B i v e v TR AU R 1S AR AR
A€ 33 - J5 i B R SRS TG s 4 ME A B . & SR
Pl 2B [, el 70 R R KUK 0T . CKLA
A BB RE LR RE 2 A B 0 5 43 SRS S 50
66 I SAFME R EY L. SRR E AN T
TR S %) R T 4 w2 T R TRV 1 v 4 % PR T )
Ho BRI B T R RN T A
BERE LAl B R el 2 183. 51 mg/kg. LAk, HERp
N T A BT R 1R B 2 & 5 A TS I v D R R ke e
f & 43 30 K 0.76 . 2. 74 mg/kg, H CK & 1 (1) 105 1%
PR R T 4.03 F114.61 1%
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W Lichtheimia W Syncephalastrum | Rhizopus Mucor W Penicillium [ Elaphomyces W Macrophomina
[ Aspergillus | Rasamsonia B 7alaromyces [ Absidia W Fusarium W Umbelopsis " Choanephora
W Circinella W Apophysomyces W Paecilomyces Wl Phycomyces [0 Parasitella [l| Wickerhamomyces [ Others
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Percent of community abundance
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CK(fe gt AT B L N I 2
CK (Traditional Daqu) Synthetic microbial Synthetic microbial
community 1 community 2

1) Groups

W Bacillus Proteus [ Thermoactinomyces | Scopulibacillus Candidatus scalindua Others
[ Staphylococcus [ Streptomyces  Paenibacillus Unclassified Firmicutes'  Unclassified Bacillaceae
Weizmannia W Pediococcus I Shewanella W Saccharopolyspora Mammaliicoccus
Kroppenstedtia W Desmospora W Klebsiella [ Streptococcus Virgibacillus
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1) Groups
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Fig.1 Composition of microbial community of fungi (A) and bacteria (B) at genus level in Daqu
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Fig.2 Heat map of volatile flavor compounds in Daqu (A) and fermented grains (B)
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e TR Y BE R E 5 UMR B BT
P A RO i R R R A B 2 AR
WEFERI T /INZZ SR DR, K e ek DR o 0 125 0 32 1)
A ZE AT B TR B 5 EC AU R B AR B R R
W AT 20 A1 43 i) o 86 o 1 285 A 7 O e L 49 4 2 T
AR RN T A B R AL G B il 7 =
TR I 45 R W], A A R 2 it Pk
W f i, CK OB ) 1.28 %5 o HliAk 1 Fsgifk 714
SRR N TG U A 0 it B, e Rl T
A U L Pl e ) & CK Y 5.89 7%, WAk T /&
CK 1 46.50 i, ;X 7 BE5 N T4 B #E 17545 6 [G
PIHE A O, MY 3 PR E P TR Hh e [ I 5 22 b
AT 1 i v T I LU 0 IS PR B o FEAP A
A U R 2 109 il BB Ak 7 AR T 43 i) & CK
179 F15.00 4% o Ml 3% 1 e A AT 5% e K i A 344 48
PR R IR B AL 1 AR T R I R AG T HE
AT B B AR ) L AR ST SE S R, T e 4%
LA R[] il R P R0 AN ] B R AR ) N T o A
oK S X e iR A AR A T RO Ak g S PIR R T
P o X R I R 2R AT JE KT I i A R R S5
G0, KB 3R R B DL S FL B & Ry Lichtheimia , 1
PN IR N Bacillus. VAN T4 W BE b 322 R 5] il
PERY R K M A AE D R R AR £ 5, X S HEXR
I SRR /N AR B 4 AR ) SORE R i ) K T B
fﬁﬁ%[gojo

AAZ ol £ G 1 1) il e 0 2 Fb N T A B B 1Y)
i Tl SR R R A3 0 A I H 68 N 69 b 44 k1 My o
BT o Hrh RN TS B 2 00 th B i 45 R e
T B, e CKI 1.954% . 4 &M b Y 248
0RO Y b I S XU 114 B B A oy
U R R S T ATl 2 TA B BRI
R N T A B R R A T
CARAFTDY F LR ) B . 5 CKAHEL, 2R A T
B LB LRITR R 2 Kty it B Y S AR IR 5 8 03l 42
fe 1 1.65 R0 413 4%, D HE Lk g 5 o oy i B e T
2.80 F14.994% .

B CKLON T A B RE 1A RE 2 Hi4E iRk
it o3 i T e R R AR T, DA R BT I 4 A DU
i1 50,66 A1 SA TR KM BT . bR N LA A
BE L PO B A B2 RIS RS RS AR
Fr A . BRI RE SR e A 5 R A,

TR 25 T REAS A A<, B2 I 2 X 1T XL
2 R ELAT Tk A 0 AN, 5 CRAT L, AT
A R 1R R 2 22 T I Y D R R b R R )
AR T 4.03 81 14.61 4%, RN TE W EER L
G5B i o % R A R R R T v Y R
WE i

g5 1 RBIFGE R 3 Rk P TR (% G007 2 T
MR BF BT BB ) 1R R 1 RR A 2
FEURF AL £ T —FoRG AT 00 N A B . SR
B TR AR AT G B 2 A7 ) 512 56 2 A 174 5 Y K
i A 25 SR B B, RN T R A 14 R T R Y
A& I AR T 340 L 3 A% Gt Bl B 0 BRZE At 2 4
o [V N T A B B il S 4R v A i B TS 1 v b
LM R () 2 . RN T A B A S 1) D 9 K
ol T P A R T v R e e XU 2 43 K B A5 T
AT ELAT Y AE 1 R FH A (A

53 37 ik References

[1] WANGB W, WU Q,XU Y, et al.Synergistic effect of multi-
ple saccharifying enzymes on alcoholic fermentation for Chi-
nese Baijiu production[J/OL]. Applied and environmental mi-
crobiology, 2020, 86 (8) : e00013-e00020 [2024-05-09].
https://doi.org/10.1128/aem.00013-20.

[2] LIUH L,SUN B G.Effect of fermentation processing on the
flavor of Baijiu[J].Journal of agricultural and food chemistry,
2018,66(22) :5425-5432.

(3] kfadr . Al A: = HoR B LML db st Ao Tl ikt
2015.SHEN Y F.Complete book of liquor production technol-
ogy [M]. Beijing: China Light Industry Press, 2015 (in Chi-
nese).

(4] B R0 At R M ARl A v ISR A W RV 2 1 DX
R R ML LT ). Rl oy a4, 2017, 44(2) £ 384-393.
LIANG C,DU H, XU Y.The succession of procaryotic micro-
bial community and the flavor components in the storage pro-
cess of Daqu [J]. Microbiology China, 2017, 44 (2) : 384-393
(in Chinese with English abstract).

(5] BEEUAE  BXSCLL, IR, A5 1 TS oA 4 o JFE DXL
TE IR W AT 58 1k e [T ). v IR R, 2023, 42/(5) : 22-27. LI
ANG M H,ZHAO W H,BAI W D, et al. Research progress
on the influence of microbial flora of Baijiu Jiuqu on flavor for-
mation [ J]. China brewing, 2023, 42 (5) : 22-27 (in Chinese
with English abstract).

[6] LIHD,LIUSY,LIUY B,etal.Functional microorganisms in
Baijiu Daqu: research progress and fortification strategy for ap-
plication[J/OL]. Frontiers in microbiology, 2023, 14: 1119675
[2024-05-09]. https://doi.org/10.3389/fmich.2023.1119675.



246 LS PN S S 1 43 %

[7] TIANN,GUO X,WANG M Z, et al. Bacterial community di- ~ [16] #J8, RN , K&, 25 S Mo E Y e ig s 2 B 5 %
versity of Shilixiang Baijiu Daqu based on metagenomics [J/ AR R BT T kR [T, nT A REYR L 2021,39(8) : 1013-1017.
OL]. Journal of food biochemistry, 2020: e13410 [ 2024-05- YANG X,SONG L L,ZHANG Z P, et al. Research progress
09 ].https://doi.org/10.1111/jfbc.13410. of synthetic microbial community enhanced controllable solid-

[81 A5, bk, 2R vkuk, 45 . 935 T 1 T Re S A 9 1 I B 5 state fermentation system [J]. Renewable energy resources,
e [T]. R, 2024,43(3) : 1-5. TAN Y, YAN P, LI B 2021,39(8):1013-1017 (in Chinese with English abstract).
B, et al.Research progress on the application of functional mi-  [17] WANG S L., WU Q, NIE Y, et al. Construction of synthetic
croorganisms in sauce-flavor Baijiu[J]. China brewing, 2024, microbiota for reproducible flavor compound metabolism in
43(3):1-5 (in Chinese with English abstract). Chinese light-aroma-type liquor produced by solid-state fer-

[9] WANGJL,LUC S,XU Q,et al.Bacterial diversity and lactic mentation [J/OL]. Applied and environmental microbiology,

acid bacteria with high alcohol tolerance in the fermented 2019,85(10) : €03090-e03018[ 2024-05-09 . https: //doi.org/
grains of soy sauce aroma type Baijiu in North China[J/OL]. 10.1128/2em.03090-18.
Foods, 2022, 11 (12) . 1794 [2024-05-09} htTpS://dOi. org/ [18] TANG J,RAO J Q,ZOU Y F,et al. The community assem-
10.3390/foods11121794. bly patterns determined differences between the surface and
3 B 43 7S R S i 4 S o

[10] VERRER, WG/ AR 26 . e A MU i 42 B R o BURCR the core microbial communities of Nongxiangxing Daqu [J/

. £ 23 =i . - 3
PEDIREEIBFFELI]. B dh B, 2022, 47(8) £ 14-20. WANG OL]. LWT, 2023, 183: 114936 [ 2024-05-09]. https://doi.
HH,GAOJJ,L1Q T,et al.Study on eukaryotic community org/10.1016/j.1wt.2023.114936.
in fermented grains during strong-flavor Baijiu fermentation (107 &6 [ FhPAT . S 25 . 5T @ BEF 40074 B i
.F sci hnology, 2022, 4 :14-20 (in Chi- L s o o o e 4 vt y
| 11-Food science and technology. 2022, 47(8) :14-20 (in Chi I 2 o B DR M0 e 2 R (),
nese with English abstract). - 2021,42(18) : 80-85.HAN G Q. SUN X P, WU P F, et al.
C11] XU 80, EAER A5 577 BRI RE RO 07t 48 M Hi . . N )
igh throughput sequencing-based analysis of microbial com
FRPERFSE (1] B 5 kW Tl 2021,47(23) : 311-318.LIU A — . o
munity structure and diversity during Baijiu fermentation with
W, LUAN C G, WANG D L, et al. Screening, identification . . .
mixed-strain xiaoqu [J]. Food science, 2021, 42 (18) : 80-85
and fermentation characteristics of yeast with high-yield of es- ) ) . .
0] Land © on industries. 202147 (23) : 311 (in Chinese with English abstract).
ter[J].Food and fermentation industries, , 47 : - N N -
o ) ) (201 fsebtist . /Il i 7 20 5 i 2 R A v D ). JE
318 (in Chinese with English abstract). [ o ) o
[12] FhEIRK. KBS 25 ) T 5 T 1 V1R K 2%, 2022.QU G Y.Construction and application of
o . synthetic microbiota in light-aroma type Chinese liquor started
S aemE Gk (T o E AR, 2013, 13(8) : 239-247.
) ) by Xiaoqu[D]. Wuxi: Jiangnan University, 2022 (in Chinese
SUNJ Q,LIUW W,ZANG W, et al. Community composi- N bab \
. . ith Englis stract).
tion of moulds from fermented grains of Maotai-flavor liquor Wit BgHS Aa q‘ rae N
. . . . [210 XSdalr . He 8 AN ] s 28 ol R B R AT 3
and their enzyme activities [J]. Journal of Chinese Institute of “
5T AL R Y =R L Y L CC
Food Science and Technology, 2013, 13(8) : 239-247 (in Chi- FUR I RE BTS2 (D], 3B ;BURE TR 2022.DENG C.
nese with English abstract) Characteristics of high-temperature daqu with different grades

[13] %5 WK% T A5 e A (3 R B 9 5 KUk ) for Nongxiang-Jiangxiang Baijiu and the function of dominant
SR A T 5 3 [0, o R AR . 2020, 39 (4) : 1-6.LUO J thermophilic fungi[D]. Wuhan: Wuhan Polytechnic Universi-
ZHU S L, WANG L, et al.Research progress on the composi- ty,2022 (in Chinese with English abstract).

A L S g B Meb iy L, =3 N y'
tion of brewing microorganisms and flavor substances in (221t DR FTNARIE B ) LML st BLAE AL, 2019,
strong-flavor Baijiu [J].China brewing, 2020, 39 (4) : 1-6 (in XU Y. Microbiology of modem liquor brewing [M]. Beijing:
Chinese with English abstract). Science Press, 2019(in Chinese).

[14] DURB,JIANG J,QU G Y, et al.Directionally controlling fla- ~ [23] G T iyt ™ 7 24k 3% Wy S0 19 7 6 K 7 WP RS (D 1. i
vor compound profile based on the structure of synthetic micro- DL DTl Be , 2012.JIN W.Research on the screening cel-
bial community in Chinese liquor fermentation [J/OL]. Food lulase-producing fumigatus strain and the conditions of cellu-
microbiology, 2023, 114: 104305 2024-05-09 ]. http: //dx.doi. lase producing [D]. Wuhan: Wuhan Polytechnic University,
org/10.1016/j.fm.2023.104305. 2012 (in Chinese with English abstract).

(151 3K/, Faimh, 2595 80, 2 A e mmiss e ks (241 SRAEMP XTI, 28100, 45 AN R A7 30 O it i e

RIS (T ). P R L 2021,40(3) :17-21. ZHANG
X L,WANG J R, LI QZ,et al.Research progress of synthetic
microbial community and its application in fermented food [J].
China brewing, 2021, 40(3) : 17-21 (in Chinese with English

abstract).

TS HLAAR AR AR DGR 2B [T ] b RS L 2023, 42(7)
160-166. WU Z K, LIU P L, YANG T Y, et al. Correlation
analysis of microbial community succession and physicochemi-
cal properties of Daqu in different storage periods [J]. China

brewing, 2023, 42 (7) : 160-166 (in Chinese with English ab-



o541

AN 5 N T A R AR GT R il v LR 5 ) 2

247

[25]

[26]

[27]

[28]

[29]

[30]

stract).

EE AR PR RS A A I A A R R A AL LR
WM (D). o8 - VIR K%, 2018.WANG X S.Microbial
community structure and microbial source tracking of chinese
light-flavor liquor fermentation in different environments [D ].
Wuxi: Jiangnan University, 2018 (in Chinese with English ab-
stract).

TR . A 2 AL TR I8 25 K 1 7 M A 3R B XU P B0
&R B A D ] o8 - TE R R, 2014.ZHANG R.The in-
fluence of lichenysin and aroma-active compounds by Bacillus
licheniformis in solid-state fermentation on quality of Chinese
liquor [ D ]. Wuxi: Jiangnan University, 2014 (in Chinese with
English abstract).

LIU P L, MIAO L H.Multiple batches of fermentation pro-
mote the formation of functional microbiota in Chinese miscel-
laneous-flavor Baijiu fermentation[J/OL]. Frontiers in micro-
biology, 2020, 11: 75[ 2024-05-09 . https: //doi.org/10.3389/
fmich.2020.00075.

VR, BA R, SO, 5 T B I AR 7 XK i Al R
ST LI B SR L 2021, 37(3) : 89-96. YIN L, QIU S
Y,CAO W T,et al. Analysis of Daqu enzymes from the core
production area of Maotai-flavor liquor [J]. Modern food sci-
ence and technology,2021,37(3):89-96 (in Chinese).
)%, BRI, PR3, 45 AN [ A5 e 7 A0 R lh i = W R
S50 5 BAR R T Y EE B o A [T ], B i B2, 2022, 43 (18) -
184-191.XIANG G X,CHEN Y Q,SHEN Y, et al.Compara-
tive analysis of microbial community structure and physico-
chemical properties of different grades of nongxiangxing Daqu
[J].Food science, 2022, 43 (18) : 184-191 (in Chinese with
English abstract).

JEV R ZE AT e o DRATL, A6 R T i e 1 R AR i
o T I A Al R R LT ] S R E TN, 2021, 47
(16):66-71.ZHOU T C,HE H K,ZHOU Q W, et al.Explor-

ing the source of microbiota in medium-high temperature Daqu

[31]

[32]

[33]

[34]

[35]

[36]

based on high-throughput amplicon sequencing [J].Food and
fermentation industries, 2021,47(16) : 66-71 (in Chinese with
English abstract).

BZR), BOKOG A . I P 3R A I M T R
WFoT i R L], & Tl B8, 2016, 37 (15) : 375-379.
HUANG Y L, HUANG Y G, GUO X.Bioactive functional
components in Chinese liquor [ J].Science and technology of
food industry, 2016, 37 (15) : 375-379 (in Chinese with Eng-
lish abstract ).

ZHU B F, XU Y.Production of tetramethylpyrazine by batch
culture of Bacillus subtilis with optimal pH control strategy[J ].
Journal of industrial microbiology &. biotechnology, 2010, 37
(8):815-821

LIN J G, WANG Q Q, ZHOU S M, et al. Tetramethylpyr-
azine: a review on its mechanisms and functions [J/OL ]. Bio-
medicine &. pharmacotherapy, 2022, 150: 113005 [ 2024-05-
09].https://doi.org/10.1016/.biopha.2022.113005.
WAL, SR T, 5K S, 45 . U I AT A2 0 0 6 L S T
Ji S I HERE ST LT ] AR 2 E ST 5 REIT L 2019, 31(2) : 308-313.
XIE G Q,LIANG X T,ZHANG W X, et al.Study on synthe-
sis and anti-tumor activities of ligustrazine derivatives [J].
Chemical research and application, 2019, 31(2) : 308-313 (in
Chinese with English abstract).

F e, TR, HARAT , A5 N T o bk 45 20 3 A 1 v KUBR
Yy R 22 Sk Oy AT 7). b T R 2024, 43 (1) : 41-49.
WANG J L, YINY S, TIAN D W, et al. Analysis of flavor
substances and differences of sauce-flavor Baijiu with different
quality grades[J].China brewing, 2024,43(1) :41-49 (in Chi-
nese with English abstract).

KTz, 2R R R b XU BT R A AT T ] T
W ,2024,51(2):29-33.ZHANG N Y, LI X S.Discussion on
flavor substances and sensory analysis of Baijiu [J]. Liquor
making, 2024, 51 (2) : 29-33 (in Chinese with English ab-

stract).



248 LRI I NI <3 4 843 %

Effects of synthetic microbial communities replacing traditional
Muqu on quality of high-temperature Daqu

GUO Xiaolong', DENG Can',ZHANG Mingchun®, GAO Ruijie',
LIU Pulin', XIONG Lijun®, MIAO Lihong'

1.College of Life Science and Technology, Wuhan Polytechnic University, Wuhan 430023, China;
2.Hubei Baiyunbian Liquor Co. Ltd., Songzi 434200, China

Abstract Traditional high-temperature Daqu is produced by spontaneous fermentation, which has
disadvantages including complex composition of microbial community and difficulty in controlling the com-
ponents and content of required flavor. Wheat was used to prepare the solid microbial agents of Bacillus [i-
cheniformis BLA44 , Saccharomyces cerevisiae SCY62, Paecilomyces variotii PV3, Rhizomucor pusillus
RP1 and Thermoascus crustaceus TC1 isolated and screened from the high-temperature Daqu to optimize
the structure of microbial community in high-temperature Daqu and improve the quality of high-temperature
Daqu. Two synthetic microbial communities were constructed with different addition ratios to replace the
traditional Muqu (CK) in producing high-temperature Daqu. Brewing experiments in laboratory were con-
ducted and analyzed. The results of high-throughput sequencing showed that the dominant fungal genus and
the dominant bacterial genus of the three kinds of Daqu was Lichtheimia and Bacillus, respectively. The re-
sults of measuring the physicochemical indexes of the Daqu showed that the liquefaction and saccharification
abilities of the high-temperature Daqu inoculated with the synthetic microbial communities were significant-
ly improved compared to CK. The results of analyses with gas chromatography-mass spectrometry showed
that inoculating synthetic microbial communities instead of traditional Muqu significantly increased the con-
tent of tetramethylpyrazine in Daqu and fermented grains. The content of tetramethylpyrazine in Daqu inocu-
lated with synthetic microbial group 1 and microbial group 2 was 31.90 mg/kg and 56. 73 mg/kg, in-
creased by 2.80 and 4.99 times compared to that of CK. In the high-temperature stacked fermentation
mash, the content of tetramethylpyrazine inoculated with synthetic microbial group 1 and microbial group 2
was 0.76 mg/kg and 2.74 mg/kg, increased by 4.03 and 14.61 times compared to that of CK. It is indicat-
ed that the synthetic microbial community has potential application in directionally regulating the activity of
enzymes in Daqu and the components and contents of some specific flavors in Baijiu.

Keywords synthetic microbial community; high-temperature Daqu; high-throughput sequencing;

physical and chemical indexes; volatiles substances ; tetramethylpyrazine
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