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Effects of the functional microbiome on the microbial community
and volatile flavor compounds of the upper-layer fermented grains
of Nongxiangxing Baijiu

GE Huairui', ZHAO Yun!, CHEN Feifan', WEI Chunhui?, LI Wenyao!, HUANG Zhiguo®,
MA Lijuan!*, DU Liping"?, FEI Lifa*, SONG Ruixue*

1 School of Biological Engineering, Tianjin University of Science and Technology, Tianjin 300457, China

2 Key Laboratory of Industrial Fermentation Microbiology, Ministry of Education, Tianjin Key Laboratory of
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3 Liquor Brewing Biotechnology and Application of Key Laboratory of Sichuan Province, Sichuan University of
Science & Engineering, Yibin 644002, Sichuan, China

4 Cangzhou Yuhe Liquor Co., Ltd., Cangzhou 050051, Hebei, China

Abstract: [Background] In the fermentation of the upper-layer fermented grains of
Nongxiangxing Baijiu, there are widespread issues such as low raw material utilization rate and
poor flavor quality. [Objective] To improve the yield and quality of Nongxiangxing Baijiu from
the upper-layer fermented grains. [Methods] In this study, functional microbiomes (with high
yields of amylase and ester compounds) were used for enhanced fermentation. [Results] The
results showed that the enhancement with the functional microbiome increased the starch
utilization rate in the upper-layer fermented grains by 23.6%, the content of ethanol in the crude
Baijiu by 33.3%, and the content of ester flavor substances by 31.4%. At the same time, the
functional microbiome significantly increased the relative abundance of Lactobacillus,
Limosilactobacillus, Pichia, and Thermoascus while decreasing the relative abundance of
Bacillus, Kroppenstedtia, and Aspergillus in the fermented grains. The changes in the relative
abundance of these microbial genera led to significant differences in the content of 13 volatile
compounds such as caproic acid, caprylic acid, ethyl caproate, and ethyl acetate in crude Baijiu.
Spearman correlation analysis indicated that moisture, reducing sugar content, and acidity had
significant positive correlations with the main microbial genera and were important driving
factors in the fermentation process of fermented grains. Analysis indicated that the functional
enzymes and their abundance of the microbial community in the fermented grains showed
significant differences at different fermentation stages. It suggested that the microbial
community changes in the fermented grains were the main cause of metabolic differences at
different fermentation stages. [Conclusion] This study systematically investigated the effects of
functional microbiome disturbance on the physical and chemical properties of the upper-layer
fermented grains of Nongxiangxing Baijiu, the succession of the microbial community, and the
synthesis of volatile flavor substances during the fermentation process, providing a reference for
optimizing the brewing process of Nongxiangxing Baijiu through enhancement with functional
microbiomes.

Keywords: Nongxiangxing Baijiu; functional microbiome; microbial communities; volatile
flavor compounds; biological disturbance
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o PR RS Rzl —, MAT
EAMABZEE, AW S A FEE RS, BE
HLOMRIE . BEMIZE . MLVRSS KOS F IR S
Pt e XU 1 5 ) 2H RS RN S R D T T
() A 2T e A TR G A S b D P ) AR
=, Ui e, A s o AR
PR, R AR ) [ A5 e 25k A P
TP A 2 AR R AT . ARl . Rk
R, R RAWHERENE %,

HET, WAR FERE T2 .0 MEEa
TE T2 N RS 19 0 2 #R0E, RIor 2R . o)
JZZERA)ZANES T A R S8k
P acd B2 45 2 RS 0 BRAL TR AR . U VR 4L
BRI 2 5. fBilan, FEWAECR &
IR e A Y L e T sk ARt PN T JE AR O
AT e il Wl e L A U O S A
R T ad R AN ) 23 R o2 & 0 AR A DR DL S A
PENE s sh &2k, 45 &I T2 KR
FRUEM & L B L S E R MR, 35
HAMEY R A 28 . ok, ARt Ak
BB BT E R T AR MR AR R, &
B R B Z AR B LT
W 2T, ST AN )2 R R ARG
H VI AT R T A IR it J ¢ 25 5 [

AR, R SRR A Yy kAT
sRAC R E, AMUAEDS W2 ks & i XUk, (]
B I8 BB 4 6 & B AR, Bilan, He 50N DISg
7 ZF fFF 1 (Bacillus  vel ezensi s) Fl Al 5 2 f #F
B (Bacillus subtilis) I F K ilissfb & B, AT
KA R Py REVR TR, RIS 1 o i v nk g
EEFER AL S P & i, AR DA e A s
i R Hh B 1 R T KUK BE T A, B
AR NORKE 2 kR U A RN R T ) 2R I
BT R B N R L, AR TR Y 4-2
F2-HEAIRW | FIRAER . 3-HE TR A,
DY H SN R 5 i I 2 R o Tong SIS —HE D
ST 2E AT 1 (Bacillus velezensis) DQA21 FHF
WA AW AR R, Z5RERY, MAEYREE

gERSZ R T E R, T XU T A
BT, HPRE. BB, BRS RS BIE
BT 19.1%. 81.1%. 25.9%, HAI L, ZhfE
DGRYE Y WA SO =N A SR vk
—EMTHEER . R, R AAFEDIRE A
TR A Ak DL o TR A 78 PV 2 R T 5 5
o 2 ML A I 5 AR X B A

Ry A TR A Y T 2V I SRR
fn JT, ASBIE SR SR FH AR VA A TR 1T V% v O e A
1) 1) 15 77 E R T R IR 2 A5 0 1) 28 LT TR RN 1
B TR G & BE, AT DI Re i AE Y
s A0 HIT S T h e R TR A L TS RAL 4
b BB TR A RS, RS R DI RE T
A= W IR A o Al R A R 2 T I R T R
M A FH S HEH 5 A AE s ma AL, DL Sk ad ik
Thrge i A= Py A w4k i 7 SO0 Ak v 7 Y 1 T PR
RS E

1S

1.1 &

Hi1 A ZEA9FF T (Bacillus licheniformis) DY55
ik ¥ 1% £ (Saccharomyces cerevisiae) NJ . 54 &
TE U £ (W ckerhamowyces anomalus) YC, 74X
S 2 PR o

AW 255 2 . Rl . =R
A v N T I R
1.2 EFE. FERFIFMNESE

B3 H R B 7 25 4 (yeast extract peptone
dextrose, YPD)R A K 23 (g/L): BEEHZ L)
10.0, ¥k 20.0, Fi%HE 20.0. YPD [&{K%;
FEEE: FEMARREFRIETIMA 2% 0B s R,
LB i kE: 37380 (/L) . A 10.0, [EEHR B
5.0, FAAL4H 5.0. LB BIARE R RIS
FEMA 2% BE T S EE, BT
AR IR AR A E] 2R 2-C TR
PR IBR (g ey, [ 2548 Bk~ R A BR A
Ay BRER . FPIEIR . JOKBRERAN . WRERR . A
AAedh, REtmifbsi AR5 iRk . %
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. O, BREEY, bR REERA
FRAE], BEFRAE, Wil T RAESA R A Al
RURE DL, ZBE USRS A PR A M
PCR{¥, Eppendorf Aw]; #HFH, R WS
Mri#s il A BR A\l ; £ Hk, Sigma-Aldrich
oy S A TS, LR A R
ANCIE
1.3 KREERBEEMABEIZ

W T BETIUE W TR R ) £ AR R RS, F R
Fikk DY55:NJ:YC & 100:10:1 £ Fb 5l 1 45 LR
AR ENE R DYS5. NI, YC AH 451
A 1x107, 1x10°, 1x10° CFU/mL, ZAFURE),
Fi 10%3 Fh it (LATR G B f o h ) #e R 21 e & AU 1
W 2R GRS A 30%8 K ih), #EA1)E

Hh A

Distilled grains

AT I B T RS R 20 emx13.5 emx7 em FYE
Rt brh, HEEE T REA P REE,
K FHHe A R (8 A 7 T AR S2 06 = E AT R
W, EUARAE AR A 1 iR, SE) A0
R T R ) S o T R KRR AL A P e R ) I
1rdiil, 19-21°Ck3d, 22-24°CkREE5d,
33-35 °CA MW 10 d, FFi 30-32 °CA ¥ 10 d,
328 do FRHARS I3 M7, 2B
50, 7. 14, 28 KRFEVEATAS G H3R 190 5E o
4 AT A RN ER 1 TR
1.4 AEBESIRIEF RS

Z: 2 v ] AU T 0 A ) % T B B T
B KA . IR TERE . JERY IR . SR kG
TrEAIE : B100 g AEAREE T 500 mL —

g

" R 3
#f &) £
HIREREY

B
Distillation Fermentation Pack into boxes

Jore

Non-grain group

E1 REZABELRBBRUESLABIZ
Figure 1
Baijiu.

Kl Daqu

Fi9% Rice husk

Functional microorganisms

PIIIE R
Grain-added group

Simulated solid-state fermentation process of the upper-layer fermented grains of Nongxiangxing
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F1 EBXWEBEAERIASEG
Table 1

Specific conditions of each experimental group

Experimental group The amount of grain

The amount of Daqu

The addition amount of functional

number added?® (%) added (%) microbiome (%)
Group 1 (WLS) 30 Physiological saline 10
Group 2 (WLW) 30 Addition amount 10
Group 3 (JLS) 20 30 physiological saline 10
Group 4 (JLW) 20 30 Addition amount 10

— RUIIRE; . FHAREEIE, HEOh SR AR R /N EK=32:24:19:19:6.

—: No grains added; *: The proportion of grains used, the proportion is sorghum:glutinous rice:rice:wheat:corn=32:24:19:19:6.

fAd, in 250 mL KB K, SBEEER AR
100 mL ¥, RAECELNEmEEY, g
LI 3 IRE R .
1.5 WMEMEEEKRD

H Omega Soil DNA Kit £ B i & JE PR 4
DNAU'Y | i 5[4 338F (5'-ACTCCTACGGG
AGGCAGCA-3'), 806R (5-GGACTACHVGGGT
WTCTAAT-3")X 4 16S rRNA JHEH V3-V4 X
HATYHG s S ITSS (5-GGAAGTAA
AAGTCGTAACAAGG-3")H1 ITS2 (5'-GCTGCGT
TCTTCATCGATGC-3")%f EL I ITS1 X EfT4H"
H4, PCR JZ W 4514 : 95 °C 3 min; 94 °C 155,
55°C 155, 72°C 5 min, 30 RIEFF. AR
(20 uL): DNA #i#z(500 ng/pL) 1 pL, . Fi
51%71(5 pmol/L)%% 1 uL, 2xTagq PCR Master Mix
10 uL, JCHE /K 7 pLo B H 9 R Bot bt raife
Ji 3% IR AR UG A DR Iy A B A T
J¥ Bk
1.6 EHER XKL E

A TRAL B . BRI G W AE 8 mL & 20 mL
TS FERER A, A 3 g S48, SRIGTIA 5 ul
5 g/L IINFRQ-FEE . 2-Z TR . ZILES),
TE 60 °CF-fff 30 min J&5, fi AFEBCK fH I iR iE
50 min, FCABTIEHAXHEITAHT, 7E 250 °CHY
S A GE IR AT 10 min!'7),

SMETE S TR LA 40 °CHEHF 3 min,
PL 5 °C/min MFHEHECRTHEZE 120 °C, {#%F
3 min; F£ LA 3 °C/min B9 FHR T 2 240 °C,
PR¥F 5 min JERE TR 250 °C, @il E

WEN 2.9 psi; 2 A(99.9%); A
1.5 mL/min; Jii%Z&fF: EI ¥ 70 eV; JJE
230 °C; VUM AFIREE: 200 °C; 4. &
578 Fl 35—400 amu,

WA TR R B o fe oA . AR &
PEY) 0T SRR RRAE , XPRRAE 25 E AT R A, SR
NIST 2011 MS i§PERZ, 15214 WXt 9
JT, 545 R 5T i e TR AR 55 A bR A g TRT R 22
AR R 2 g AR,

1.7 BEmIT

XPZE IR I AR R T IR A, HR BT )
FIV Tl , DA RGP 5 7808 . Rl TR S5
KB R 15 NAMURE SN ES #4&
PEAT 7 2 B )Y, Zid G, BES RN HER
A IR AE i 22 (B O B S L SR A A ]
(A AE. thE. 5EF RE . 56, 1R
HEKE RGO . i 25 °C, 29 10 mL
FES B RENLECE R A 3 DB B AR
/N D e BB AL A TR E PR, X
WURE R, AR LR B AR 1-9 /37
WHEAT R T2 (1 RN IZ KRR 55, <9” 3R
R AR 5 21
1.8 BRALIE

FIF OriginPro 2024 4%t K4 64 74k B
KAEE AT . IR BRATIER 2 °F- 5 (https://www.
genescloud.cn/home) X 1 A= W BE & 4T T A 49
Mr(redundancy analysis, RDA), >k IBM SPSS
Statistics 27 S AT A A Y R 5 22 iR
PEAL A W 1a] AR S, f ] Cytoscape X AH 4
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PEAT AT AL T F A L B 2% o R ] SIMCA-P 13
A T A 2 e P KUK 0 Jo 1) 1 5 SR R A T
i B /Iy — 3 H 5] 43 #F (partial least squares
discriminant analysis, PLS-DA), PICRUSt 1. H.
XA OTU 30255 B TR DN RE TN, fiff
F Castor B IEHEMRFAE 7 51) (4 AT 1 15 51 990
LI G4E DUK, SR AT MinPath FIAEA
REZFGERE, H4E KEGG B 1F i ¢t
TR B s, MRAER F S
Bl L,

2 ER594

2.1 IhEEMEEBHL X BEIRLIE
FREDEZ 00

H & 2 R A ] & T B B 1 i 2R AL
7R b £ AT, 72 R BERT 14 K, #5L50d
WSS B R BT AR
SEEYAT(WLS Fil WLW), AR SEBR2H (JLS F1 JLW)
TG v O DR o = PR AR R A B (] 2A) . K
M) A 28 R S T, TLS 20 Al /K o0& B 1S I i
BN, 5528 KEHHEINZE 64.0%; 1M JLW 497K
E B 58.0%IREE 65.0% (K1 2B). WM&
AR AL SR SRR AR AL, VAR IS T R
JE R, EX R, JLS 4iEr b
TERY R BRI ARG 36.2% % 2 & IiE 25 At
) 20.5%, 1 JLW 41 36.3%F % 19.6%,
TP ) RE TR A W 4L I T T v U R R R R
5.7%; WLS 415 JE 8 & i AR BED) A 1)
25. 1% 2 K BELE R 17.2%, 1 WLW 2400 iy
26.5%F% 2 16.8%, AN REHUA: Y4 5 W s b
VER R RS T 23.6% (Bl 2C).

TER B FE, WLS 5 WLW 41 )0 i iR
JE 5 B SE R R B kA . i JLW ZH A9
s R 5 i e TR PO R T2 T o, e T o B
. 5] 3.55 mmol/10 g (] 2D)., K& BEES 28 K
B, JLW 4 R AT A% 2 35 1 6.4% Vol, 1 LS
HIIEE T 20.2%; WLW 41 WLS 41 i {437
KRR T 33.3% (& 2E),

22 DhEeMEMABREITBEEREPME
MR R

T T L R AR E AR 3A s, H
H, BB R % £F J® (Pichia) . "E T 42 1H R
(Thermoascus) . Hi% )& (Aspergillus), HREEE
(Rhizomucor) . #(%E &4 J& (Eurotium) . 15 %5 &
(Lichtheimia) . [#£})& (Saccharomyces), Fg# 22
161 1§ J& (Thermomyces) . #8 )2 % 5¢ J& (Daldinia)
K 7 % )& (Penicilium) & A X R E . A
] J e B Bz, AHORE =F BEASAE 3 KA Pichia
(32.6%-99.1%)#1 Thermoascus (1.2%-69.3%).
Tk, A PERTURTE R H LA Pichia, Thermoascus
1 Aspergillus 3. BlAE LRI T, Aspergillus
ARG BE AR, Pichia A= B S T 5 fa BRI
Thermoascus W2 BAH R # . MEE 0 K2
14 K, WM REHUE YR ES + Pichia tHXF £
TESS 7 REFIAE|F/INB8.1%), 2 14 RJFHgnE
25.9%, 1fii Thermoascus A Xt EAESS 7 Kifik
PR (87.8%), 5 14 KIGFEIRE 69.1%., KU
PR, FE & B R B T AL A S W S
AR, EAS A S IRAZE R K. &
MEw) WS L E 8 322 Pichia
Thermoascus. Aspergillus. [ifi % & B #E4T,
Pichia ¥4 /1 & 95.0%L) I, Thermoascus M/ 2
3.0%LAT . KIS 7 K, WLW 41
Rhizomucor FHXF 3= BE M 2.1%ik % 7.5%, 1T WLS
N 1.8%F 2 JLF R 0,

wiE 3B Fro, T8 A R A B I
10 0 8 & £ 45 LA 147 & (Lactobacillus) . ZF ffl A
wJE(Bacillus) . ZhEFLFF ) (Limosilactobacillus) |
72 % 5 T i & (Kroppenstedtia) . 1% £ 71 14 &
(Saccharopolyspora) . ZLHTICHE(Weissella), FsFT
P& (Acetobacter) ., fEi# < [X 14 & (Pseudonocardia) |
157 1R 2% T & (Ther moactinomyces) fil K ¥ 25
#14F 1% J& (Oceanobacil lus) %5 i J& . Bfi & &
A EAT , LS Hrp AL SR s i o5 0 KAy
Kroppenstedtia (20.2%). Limosilactobacillus
(16.9%) . Saccharopolyspora (19.1%)# Weissella
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= 3.0 =
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oy =24
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< 20} 83
/ <
2
5P A !
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2 REBIREPBEREEBEAEFRNTN A BERESE; B: Ko&E; C: EHEE; D: HER
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Figure 2 Physicochemical changes in fermented grains at different fermentation stages. A: Reducing sugar
content; B: Moisture content; C: Starch content; D: The acidity of the fermented grains; E: Alcohol content.

(10.1%) % A5 j & W% 45 oK i A9 Lactobacillus
(99.8%); 1M JLW ZHIJZ i Bacillus (87.4%).

Kroppenstedtia (2.1%). Weissella (3.1%)%:7% Ky
R EZE oI Y Lactobacillus (99.8%). [A] i, WLS
Hrppy It # A Y JE B & T IR R
Kroppenstedtia (31.1%) . Saccharopolyspora
(13.1%) Weissdlla (14.4%)F1 Pseudonocardia (4.9%)
AR BN K W 2k R I A Lactobacillus (86.3%) Al
Limosilactobacillus (6.6%); 1 WLW 21| 2
Bacillus (91.4%). Limosilactobacillus (1.5%)#l

Saccharopolyspora (1.6%) 7% fy & ¥ 4% o i 4
Lactobacillus (94.5%)#/1 Limosilactobacillus (3.6%).
23 EBEPIEBACEFMEEDEEHN
MEER

TR R AT ik, EH
FIRIEINF SR REE Z B OC R, X
FLEH B R IUA AT AN 4A FiToR, K4, TER
TRSMAEYREERENIEMX, LHES
BeORmE R A s MRIE S Saccharomyces
BB EMIEMG; RS ®5 Aspergillus,
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Figure 3  Distribution of fungi (A) and bacteria (B) community structure at genus level.
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Thermomyces F1 Rhizomucor 134 45 IEAH G ; ¢
¥ &5 Penicillium 1 Thermosaccus 5 1E A .

YR BT TR BT B 4B R W, 38 S5l &
L K E i SRR YR A B B IR AOE,
BRRE . WAE & & S E R TR 45 1 1t 0 2 UM
X0 KOS S Lactobacillus HoA 4508 il TFAH 6
P£; BRFES Acetobacter il Limosilactobacillus &
A ; JEM &Y Bacillus il Pseudonocardia
BIEAG; &S &5 Thermoactinomyces Fil
Weissella 5 IE A
2.4 THEERIA 4R 3B M X T AR 2 1
R4 R A B
241 EFEEAMNEKMRS R

WAL SA FTR , AN [r] S5 56 20 10 155 2 08 J R
frp A 2] 69 A RYEMLEY), 1E 30 Fhilg
. I3 MPIRZE . 10 RhEESS . 7 RhEESE . SRR
KA 4 MR EY . Hrh, BRI
. Tig(ethyl caproate) . P& . BiE(ethyl acetate) . &
T2 % Z Tk (phenethyl acetate) . B B2 £ M (ethyl

A
Permutation test P-value: 0.002
Group
® WLS
® owiw
. ®ILS
05t Moisture ® oW

Acidity

Thermoascus

RDA2 (1.26%)
o
=

Starch
Pichia

Asper@ius
] Reducing sugar

205 0.0 0.5 1.0
RDAT (81.65%)

palmitate) )2 3-ZK N R £ ik (ethyl 3-phenylpropionate)
NE MEI, LW A O OB R
20.11 mg/L, % JLS Al T3 1 A% sesh, [H
A YRR, TSI AR JLW 4 P AR R
LBRI T E(3.55 mg/L)LARMIRAL WLW Hify
EE(11.87 mg/L)BEE T 2.4 %, A B F R
B = 3l SRR ST B 5 R . FRE W T UL & TR
(acetic acid), C M2 (caproic acid)FI~F R (caprylic
acid) A & . JLW 2 5 i ik 2 37.60 mg/L,
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Figure 6 Analysis of the difference in volatile flavor compounds in liquor of different experimental groups.
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