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Abstract: Sauce-flavor Baijiu shows a typical sauce flavor, with a delicate mouthfeel. Its fermentation process consists of
seven cycles, and each cycle produces one kind of base liquor. The fourth cycle liquor has a rich flavor and excellent
quality. During the fermentation process, microorganisms are in a dynamic state, while flavor substances differ. This study
investigated the microbial changes of Jiupei in the fourth cycle and their impact on flavor substances. Species diversity
analysis was conducted on the fourth cycle Jiupei sample using high-throughput sequencing. Flavor substances were
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analyzed using headspace solid-phase microextraction combined with gas chromatography-mass spectrometry. Results

showed that the dominant bacteria in the Jiupei were Lactobacillus, Virgibacillus, and Kroppenstedtia, while dominant

fungi were Thermoascus, Aspergillus, and Issatchenkia. The microbial community in the Jiupei showed significant dynamic

changes during the later stage of fermentation. The Jiupei showed the richest variety of alcohol and ester substances at the

beginning of fermentation, with the relative content of alcohol, ester, and acid compounds showing a pattern of increasing

firstly and then gradually decreased during fermentation. This study conducted a correlation analysis between fungi and

bacteria at the genus level and flavor substances, revealing that Monascus, Lactobacillus, and Wickerhamomyces were

positively correlated with key flavor substances, such as ethyl acetate, ethyl lactate, and ethyl hexanoate, respectively. The

data provided a basis for comparing the microorganisms and flavor substances in the fourth cycle of sauce-flavor Baijiu,

and offered a theoretical basis for improving the quality of Baijiu.

Key words: sauce-flavor Baijiu; fourth round; microbial diversity; flavor substances
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ddH,0 11
gt 20

%2 PCR VAT
Table 2 PCR reaction procedure

MREECC) By A ] (min) TEIAEL
95 AR 3 1
95 A 0.50
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Fig.4 Dilution plots of fungal samples of the fourth round

Jiupei of sauce-flavored Baijiu based on the Sobs index and the
Shannon index
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. IR T — & FLEAY . B[R
T P SRS IR BN, AR EAT LR AR U2 R
FAERR | Tk R I i E T, ERREE 4
JREEA AT AR N, BERE L BEEERE 5 LhRRR, X S
JE I P kG B I A SO B AR G . R ERE
FEFREAE N FE A TIRET, BB e GG sl 2R
9K, 25 TR Ry R IR S A a MR Al IS4 B it 3
FIPHFPEY, AEFEE A O A e i, S A I B A TCRN
PR 25 -G =BT SO 2 P TP s RS, nT A
BB PR A AT . A ATPHTR . B A HL
iR, I HeA: I TEAT I . 25 1 SRR . LRG0t
IREEIR, TR I A DUFE IR A R T I v 1A%
O AR W AL FE Al B & 1Y Lactobacillus (LR AT
J&) . Kroppenstedtia(vi ¥ T P &) . Virgibacillus
B ZEHIAF B ), LA BB 1Y Thermeascus (Wg K
THERE) . Issatchenkia P BE0EHEE ) | Aspergillus
(78 o AR ISR USSR A B, S 4
ZREMA Eb, BRI AR 2 AN, H sy i
5 i E ) 2R S 50 PUFS IR IS, el o &
FEMEAR T AR 2R PE A ARRIEN 1
22 FEMURIREREI IR XRIREL
2.2.1 PSR I R KSR ST 43T S PUFS IR
AR A ) 50 AR BT, 405 TS 28 Fifr,
B2 o Fl . BRI HR S5 Fh . BESE 2 Fb . H AL &Y
6 Fh, 3R 3 IR TIES Th R AL G AR XS B i,

B Eurotiales ® Saccharomycetales
B unclassified_p__Ascomycota
= Trichosporonales m Microascales

Hypocreales

B As cota ® Others
scomycota ers Others

B Basidiomycota

a 1 m b 10 -
0.8 0.8
B 06 B 06

b b

= 04 E 04
0.2 0.2
0.0 0.0

0 7 14 21 30 0 7 14 21

AFEHK (d) AR (d)

&l s

30

m Pleosporales

® Thermoascus
u Aspergillus
W = [ssatchenkia
= Pichia
| Thermomyces
Rasamsonia
® unclassified_p__Ascomycota
Monascus
m Byssochlamys
= unclassified [ _Dipodascaceae
= Penicillium
u Saccharomycopsis
= Apiotrichum
u Zygosaccharomyces
= Microascus
= Others

0.8

0.6

AR 22

0.4

0.2

0.0

0 7
AERH (d)
BB AR T AR A B )L B R R ALK

Fig.5 Composed of fungal communities in the middle of the door, order and genus of

14 21 30
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3BT OIE-FUG TR R LS ) & i (mg/kg)
Table 3 Volatile compound content of samples based on GC-MS spectrometry (mg/kg)

&Y i (mg/kg)

Y5 AR AE0d ABTd A% 14d AE21 d A#230d
Al LR TR 0.12+0.01° 0.09+0.01° 0.17+0.02° 0.28+0.03° 0.31£0.02°
A2 FLR 2T 2.99+0.17¢ 1.25+0.23° 3.74+0.56° 4.5140.59 7.01£0.70°
A3 2-HAE R+ =k 0.02+0.00* - 0.01:£0.00° - -

A4 DL-F &2 L1k 0.46£0.01° 0.33+0.02¢ 0.56+0.00° - -

A5 BRIAMR — LR 0.28+0.03¢ 0.25+0.02¢ 0.4140.05° 0.60+0.06 0.87+0.05°
A6 2-Fp 34 - TRR TR 0.32:0.00° 0.110.00° 0.68+0.12¢ 0.78+0.06" 1.17+0.05°
A7 14-(2-23E LRI HL) -+ DU BE iz FF e 0.08+0.03" 0.01+0.00° 0.04+0.00° 0.03+0.00° 0.05+0.00°
A8 (E)-10--Liiel-8-p — 2 H g 0.07+0.03" 0.01%0.00° 0.02+0.01° 0.02+0.00° 0.03+0.01°
A9 LR TR 0.22:0.00° 0.23+0.02¢ 0.37+0.06° 0.45+0.03" 0.56+0.01°

A10 LR TR 0.22+0.03" 0.08+0.01° 0.29+0.06° 0.2120.00° 0.24+0.02°
All TISkEfR TR 0.04+0.00° 0.61+0.24° - 5.29+0.53" 0.06£0.01¢
Al2 [1,1-XOA FE]-2-2E % H Tig 0.05+0.00* 0.01+0.00° 0.03+0.01° 0.02+0.00° 0.02+0.01%
Al3 PR 2 R L TR 0.31+0.02° 0.21+0.03¢ 0.28+0.02¢ 0.40+0.03" 0.48+0.04°
Al4 SR L 1.14+0.10° 1.31£0.31° 1.24+0.18° 1.7240.06° 1.78+0.17*
Al5 R WA 4 T L 0.02+0.00° 0.01:0.00° 0.02:£0.00° 0.02:£0.00° 0.03+0.00°
Al6 TS BRI R 0.02+0.00* 0.02+0.00° 0.02+0.00° 0.02+0.00° 0.02+0.00°
Al7 Ja v AN o 0.07+0.01° 0.04+0.01° 0.10£0.03" 0.05+0.01° 0.07+0.01°
Al8 9,12+ /\J& TR L. Tig 1.46+0.11° 1.85+0.26" 1.15+0.37¢ 1.94+0.67° 3.31+0.64"
Al9 CRR IR 0.17+0.01° 0.75+0.16° 0.47+0.10° 1.12+0.25° 1.30£0.21°
A20 2,5-F /N H R 0.01+0.00* 0.01+0.00* 0.02+0.01* 0.01+0.00° 0.02+0.00*
A21 9,12-/\ " J R IE iR 4.40+0.02° - 2.74+0.70° 1.74+£0.59° 2.15+0.30¢
A22 MR TR 0.030.00° 0.05+0.01¢ 0.08+0.01° 0.10+0.01° 0.20+0.01*
A23 KRR Tk 0.310.00° 0.02+0.00° 0.03+0.01° 0.05+0.01¢ 1.960.00*
A24 BEHARR . L TR 0.01£0.01° 0.0240.00° - 0.030.00° 0.02:£0.00
A25 FRERR 2 R - 0.02+0.00° 0.01::0.00° - 0.12+0.03*
A26 9,12,15-/\filk =R .1 0.10+0.02* 0.07+0.01° 0.06+0.01° 0.1240.01° 0.13+0.02°
A27 I 3.75+0.28° 2.95+0.43¢ 5.45+0.68" 5.68+0.75° 5.43+0.66"
A28 SR 0.30+0.04° 0.10+0.01° 0.1120.02° 0.070.00° 0.08+0.02¢
A29 T RRIR £ iR 0.01+0.01° 0.02:£0.00° - 0.03+0.00° -
A30 AR 0.07+0.01° 0.0420.00° 0.07+0.01° 0.06+0.00° -
A3l e 0.210.02° 0.07+0.02° 0.1120.00° 0.20+0.01° 0.15+0.00°
A32 1L bems 0.01+0.00* 0.01+0.00° 0.0120.00° 0.01+0.00° -
A33 AW 2.90+0.19 2.10+0.41° 3.7740.55° 4.26+0.18" 4.28+0.27°
A34 +—2 8% 0.010.00° 0.01£0.00° 0.01:£0.00° 0.01:£0.00° 0.01::0.00°
A35 —a A 0.01+0.00* 0.010.00* 0.010.00° 0.01£0.00° 0.010.00°
A36 T 0.49+0.05" 0.16+0.00° 0.19+0.00° 0.09+0.00° -
A37 a—~ (158 238) - KRR 0.09+0.01° 0.65+0.14" 0.09+0.02° 0.1240.01° 0.17+0.01°
A38 EC R 0.32+0.02° - 0.3740.01° 0.35+0.01° -
A39 FRAER 0.11£0.01° 0.07+0.01° 0.09+0.02° 0.11£0.01° 0.19+0.03°
A40 AR 0.02:£0.00° 0.02:£0.00° 0.03+0.00° 0.03+0.00 0.04+0.00°
A4l 7 1.38+0.00° - - 2.33+0.00° 0.08:£0.00°
A42 11,13- 32 5L Y 24 -5-Hefie F R 0.01+0.00° 0.0120.00° - - -
A43 [ PSTiE 5 ot Y A 0.01+0.00° 0.01+0.00° 0.01+0.00° 0.02+0.00° 0.01+0.00°
Ad4 I 0.14+0.00° 0.150.00° 0.12+0.02¢ 0.15+0.01° -
A45 EN 0.02+0.00° 0.01::0.00° 0.02:£0.00° 0.02:£0.00° 0.02:0.00°
A46 4-Z SRR TS 0.1120.02° 0.08:0.00° 0.1240.00° 0.19:0.00° 0.18+0.01°
A47 1,2- -4 0E-1,2-2, i 0.03+0.00° 0.01::0.00° 0.03+0.00° 0.03+0.01° 0.06+0.00°
A48 TN R e 0.02+0.01° 0.010.00° 0.02+0.00° 0.02+0.00° 0.04+0.00°
A49 2-Z LN 0.06+0.00 0.03+0.00° 0.07+0.01° 0.07+0.00 0.11£0.00°
A50 N-FP L2t F st - 0.02+0.00°¢ 0.01:0.00° 0.312£0.01° 0.05+0.00

T oA ARV NG FREFOR FF GG PITEAN R A B ) 2 0] (9 25 5 .3, P<0.05.
FAEEZE 5 Lhfsers, FHORORISFNIR2S . 76 I R 7 K 30 d BHEE: ARSI T, BRI

IIRER B RIS MR G WIS B AN A AOFP ST A I LD A% A o e e 1. R
R 1SR D) K82 ol Al N S P Y KE ST D SN =7 b ey B F S A 2R P AN TR 2 — gt AR Ao 32, T
TRAE R AT TR) R A 5 HOEAR IR AL PP B, TP B iy sl b



- 104 - @SJT\“/ﬁ*ﬁ

20244 1 A

THRIS . BR2P)on i Lh B, e ZRAERT TSR i
SNAET BT i < R IRy vh, PUKRHR( LR L . FLIR
ZBR. TR A C IR ZWR) 1 & Gk 3] 1 ik o
. AP LR ZBE(7.01+40.70 mg/kg)
SrERE, HRE(E)-9-+/\UamlR .15 (3.31+0.64 mg/
kg) . C.HR Z 15 (1.30+0.21 mg/kg) . BEFINR — 2. 18
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TR Z M 0.1240.01 mg/kg 2% 0.31+0.02 mg/
kgo MESTE 21 d & Bifsery, Hoh S s, Hak
SRR Z RIS TR SR R, Horp 2 s
T 0d /Y 3.75+0.28 mg/kg HEANE] 21 d /Y 5.68+
0.75 mg/kg, MG & AT E AL ; K L BEER 2
Pist DA AN B e s i 2R BT, S i 0.d 1Y 2.90+
0.19 mg/kg HANF) 30 d B 4.28+0.27 mg/kg, TE A& B
JEHH(21~30 &) FEARLRIEAAS . = AR BT i ik
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A G 1] DL A2, 11 HU I SR B A
FIAY B R YPFES, 21 d WS P R TR R S B
1=, AT SRR, B LR O B A E, FRIR
HIECR . a-(1-F2 3 - . AR . RH AR .
SHEERAH L, $E A P b e s IR R LR
FPNFRE, JEHIZ: 1R, AT Pl CRRAHRT 5
S, RIS BV R i Y
BN fE R, BRI R F . B 1D RO 22 s )
VEM . eI, HAAE R4 (AN S ANEiS) 19
ERA NS R EZER .

222 KRG SRR AR R
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(A25) %5 it 3 IEAHSE(P<0.01), 54 DR i HAY
IR N R TIF I, KB Lactobacillus 1F % 71
WY A B A v B EE R RIS S R, e —
PRSI REIEY; Virgibacillus 52X H R (A40) |
T bR B IR O R (A43) | 1-(TH-NEg-2-38) -2,
Bl (2- 2SS ) (A49) 5 I 2 IEAH G (P<0.01), 5
LR .15 (A2) . BRFAMR — ZL.TR (AS) FN2K 2,18 £ T
(A9) 2 B3 7 A0 & (P<0.01) ; [F AL HL, Kroppen-
stedtia SIEFHR . ME(A24) . KHIEE(A30) . KL
PE(A33) T etk LR Wik (A43) | 1,2--4-
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Fig.6 Correlation between the microbial community and flavor substances in the fourth round Jiupei of sauce-flavored Baijiu
TE: LLERRIERR, W EFRR T, a, MR S5 KRS W) Z BRI b, R REVE S5 KURAL &Y Z A AR ST
*P<0.05 WA GET725 595 **P<0.01 WA BFGETH7 25 525 ++#P<0.001 WA REG 725 .
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