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Fig.2 The changes in starch and reducing sugar content during fermentation

AL,

0.1 A

0.1

Starch content/(g/L)
MmOy
R

~ AN

EIN\NNANNNNN\\WN

w

M.
“I//II/II//J}

-
<
—

23 RARREBEEFERENTH 24 RRREBIESDSBHEWL
WA B2 1t 2 AT LU TR 0~3 d N, P 4 Sy ROK e T a8 m s i i A T ] ) A2

WA P AR B, R R WA A R R AR O TR TR T I 0 SR TR BT SR
Ko 76 3~22 d N, 9K BE SR 0 45 76 22 d ik r R IE PR ST A RS AN S B A PR VR T, JF HLAT
B RME 9.5°, XABrBORBERFHEAT R A LW R ENT AR R R o, Sl & i
RS () RE B30, SO RS B R =k, 7F 29~64d A 131.92 mg GAE/L,0~15 d P BB 7 = bl & i
P TR B2 TP 22 T AE 64~94 d TR FE Ve Fa IR ) A% H5 0 T S o, mT R A e DY R
1%, WIRER KBS IR U ) —Se R ARl W Sh AR IR R, R AR I — SR 0T, A0S |
RV ARIORE R AR K B R o I RS Rl tzﬁ: AR AR B JEORE T B B PT, 15 d
YRR N, SEEREWEEEAHE 5, BB RS EEOrS A LHE BRmik

R B e, 375.63 mg GAE/LO
12 - 500
10 - =
=
: ISR W — S anl
s 0 \ a4
g [ ] %ﬂ i/i—‘i/i g
BE 6t i 3 r‘/
g S i & £ a0l ot
i & s A
e o,
= °
£ 200
O =—m—m—n ?5‘
= [
_2 1 1 1 1 1 1 L 1 1 100 1 1 1 1 1 1 1 1 1
0 1 23 4 5 6 7 8 152229364350 6494 0 1 23 4 5 6 7 8 152229 3643 50 64 94
K T B 1) K eI [R]
Fermentation time/d Fermentation time/d
3 ABIEBEEETL B4 EBSESBEENTH

Fig.3 The changes in alcohol content during fermentation  Fig4 The changes in total phenols content during fermentation



388 hoE g

o 2024 4E45 10 1)

25 AEIENAHBEEEENE

Xof e T sk e P B A A T T RS K OE 2T 4 2
SO AT . WS iR FERE 33 AN Mo R RE
B 1] (Firmicutes ) 1748 £ 5 1] (Proteobacteria ) A 32
BT, KEEO~2d N, BTGB 4w RN, )R
RETE ) 3 B BE AR 5 2 K AR B T 1A 3 B 3k
2 e KAE, N 83.35% ; bifi J&i , JEERE TR 1T 0 #H X = )3
BG4 10 K i KAH 40.15% , i A2 I 16
TR AR T BE N 59% , 33 Ul B 7R K 7 A8 1 T % 1
of R ERETR AR T MR BR ] L Li
A6 S Ao A5 B R 0 4 A T I I R A
2 IR RE TR ] AN AR TR 1 2 TR s vl 3 2 104 40 B
e [ 76 3 7Y 22 0 A PR A o2 T v
[ A & 3 A 1 s A e o R v ) 2 AR A
FRRE X SO RF 5T 3¢ B JRERE B ) AN AR 1 1) 2 o [

I #7714 1] (Proteobacteria)

I /251 (Firmicutes)

[ #5311 (Cyanobacteria)
[/ ¥i1 (Actinobacteria)

I #9417 (Bacteroidetes)

I %4 ¥5 1] (Chloroflexi)

[ e-#7% %11 (Epsilonbacteraeota)
[ 4T #1] (Acidobacteria)

I ##%#4# 1] (Deinococcus-Thermus)
[ #5411 (Patescibacteria)
[ 344t Cother)

100 - —

=3
<

®
>

A
Relative abundance/%
g 8 & 2 2 3
T T T T T T

—
>
T

=

W %

P ity 44 P

Sample name
5 TTkFHEEMEARSH

Fig.5 Distribution of bacterial structure

v\\Q% “\\QZI‘\Q\:A\

and composition in phylum

2.6 WEMBEENESHEESN

R EY) a-Z#EPE i Shannon RAE | 5 %L
BK, BEVE ZAETER S ; Chaol 45 BUE FRAGHHE
i i E ) OUT #CH |, Chaol 48 508K, LW T #E +

@“;&*

PP & Pt b ) SC BB ) e kB S R v TR
BETR TS IR T TAEAS ) A e B By, £ S AEHIAS
), d BHOK 7 2 90 18 i T el oy A e DI 34
148 E S AR RS R

BEA A 6 B 7R 8 KF B ARAG 22 4
J&  AX TR T 1% EE A 8 2K, 4 il 2
A I8 (Enterobacter) FLER & J& (Lactococcus) .
BT R H 8 (Kosakonia) 12 W & (Pantoea) R LR
M B & (Pseudomonas ) . i 75 11 B J& (Klebsiella) |
F B B JB  (Pediococcus) 1 B & i #1 H )@
(Cronobacter) o o i AT BT Ja F1 3L 35K 1 s 78 & 8%
U 7 S AL 32 A U O R I 1) A S,
B BRI TE S TR s A 22 1 P TR
J& G Al , — SR T A BN, &
BRI )N Sy i K, 75 00 25 2 B0e 3 W s 7 A

I % #7%)% (Enterobacter)
I i v )@ (Pantoea)

I S 5/ 1% )8 (Pediococcus)
] ALER )R (Lactococcus)
[ 137 88 (Cronobacter)
|:| w15 A (Klebsiella)
0 % a4 )% (Pseudomonas)
[ IR0 KR (Kosakonia)
0w B )R (Leuconostoc)
I /% 3k %)% (Enterococcus)
- A Cother)

100
90

80

E L]
I | |
_------=
(™ | o
"l
-l
50
40

30

RS ED: S
Relative abundance/%

20

10

0
“\\Q““\\Q\“\\@‘“\\Q$“\\Q&“‘\ “\\

il 44 B
Sample name
E6 BAKTRESHEANSTH

Fig.6  Distribution of bacterial structure

o o
\} “\\Q “\\Q% ﬂ\\ez\\q\z\\qﬁz\\qg

5

and composition in genus

B i 7 R T R L AR R, 2R
FEEAERT 3 d W TR, 76 4~6 d XBSA A T,
ORI R R R T B R LS o, T RS WAL 9375
ity v JEORF R S T IR ORI A S R



244 10

RAERGE P A BB RENFHLREFSEE FHMEELR 389
1250 p= 2.20—05. 1.000 p =0.00049
1000 I 0.999 T
o. .. 0.998 T !i
hr e -...m**ﬁ ir
w | B *!*”iﬁfﬁ oo =
S I — o
$ E S § ¢ £ 3 3 8§ 8 £ L& $ £ £ § £ § 8 § S EELEE W
(3.) (b) :MIF&
- 1000 e ==
p=29e-08 p=4.e-06 :wr\v
8 11 - 800 . MIF38
— -le’%
62 ' | 600 -‘
Mot F
c &= --—q.-.-‘--.*___‘,_ --* [ o -
4 400 T . ¢ & Tk
) . ‘jl m
g% % 2 » & x 32 3 = BRI £ £ £ 8 ¢ £ & & %Eé i £
(c) (d)
B7 WMESHMEMLE
Fig.7 Bacterial diversity curve
B KRR AE O d, T S A A W R 2 700t
%, HEANREER I E(0~3d), ZFEHEIRET 600}
R, AT RE & PR R T A W 7 L B B kT 50, T FE R -l — £
ROAR, SR SRR K BRI g, . -
ST AE 3-10 d, Z M ROE TROE Ry T 1 T
RRESE AT AR R A MBIt Kk K ;52 = i
W% RO HEAT, PEA LA (96 d),Shannon I =
Fil Chaol $§ %0 /1N, 32 i T % e 301909 155 7 355 toor =sia
W AN E TR EZBHEY A K I S B @ 10000 20000 30000 40000 50000
ZFEPEI B R mefﬁﬂ .
B 2 T 2 W ikl A 1 0 e
Yﬂ‘o U\@ 8 m%] ,ﬁﬁ#&%%{ﬂﬂ?%&ﬂ@im ’ HH Fig.8 Bacterial sparsity curve
LR A%, LAy B 56 RE A kA
P FN B TR AP REAS B, I 5 R nT R | 5 ) o % A5 ) 2.7 PCoA 7 #f

A LA,

PCoA J&—F UL 1Y FH St WF 57 FE AR B 7% 2H i



390 hoE g

2024 4E55 10

(8RB B8 22 S M 19 D7 100 AR 93 2k PCoA X
KA AU PG & e 2 A v 40 B B2 0 TR R 4 A R A
RIEFEATPPAL . R 9 TR, #E PCoA Bl 530 6
ARG 43R 6 A FEHRE T (R 0 d) IS
(KB d) TR (B2 d) TR (5B 3~10d) .
Wy (K38 d) S (R EE 96 d) & & T —
SRR BN S A KSR,
3~10 d 4 AR V) AR S5 A B I B Y 25 5, 3R
A DR B TR 11 VG S 40 A 0 R R A 3K A B ) B
P OL S TR B R AN E

28 BURERFEMEWEHEHEXMESHT

T W — 2 AT R A R O e T AR AL
W S5MAEMZHEER, FIH RDA JTURSHT,
3BT P TR R DG AR I 9% 48 1 3 B i 22 TR A
2 (Ac) .pH A . JE€ B (St) ML 5 (Rs)4 > BEALIA
TAR R TR 2209 RDA 4347,

K10 7R oK A 28 P v & A f rh 4 Fh
AR 5 B A 0 R RE S BE T 10 48 BR ) A 22 1)
2R o B Sk iR BEAR R AR DG PE I RN, s
SUFIRR 22 0] 1Y) 3 2 5 i Sk 09 1 A 3R A Se R 1Yy
IE A, B0 5 E A OG22, Al A 2R B A DG,
K10 PR T BT 67.82%, FELET
1t RDA1(55.16%) . Al 9 FLER G E (R T
J& N BR A R 5 R R B AE A DG | 1 TR | B R
AT E . T T R s A0 e R R S 1A
Ko ABREYE ZWEE AT EE T E s A
SLE OB S pH A | TE K FE JrObE #7552 1 AH G
SR BT T B 5 e ) B K k5 B SCikie
B AL S A ARL, T pH{EL L € 3 A T X L #5
AL 52 45 R AR AR

3 #Hit

AR SR A oK A 1Y 190 A I e A o AL IR T
AR AR A LA ol A R AR A R 7 R 8
T 300 36 oy WL S K St S SO, T R BT 2 R ad
JEOHE 7 A2 KT 3 O R 750 20 Rl IO 5
BB E RAA, pH {ELE: B S Iell /1N 5 38 0Pl /)N )
e, BRI L Z A IR, K 0~3 d AR
AREBE, R 3~15 d NSRS B 1 mE H, &
M 22 d IS B de KR, 7 ¢ I A S0 T 0 B2 S i Dk
/N S U R S A I T T %) 388 i g 384,

0.8
0.7
0.6
0.5
0.4
03
0.2
0.1
0.0
-0.1
-0.2
-0.3

PCo2(13.4%)

05 04 03 02 01 00 0l 02 03
PCol(23.8%)
9 PCoA ik
Fig.9 PCoA curve

0.5

e
=3

LY 2
RDA2(12.66%)

'
L
=1.0 0.5 0.0 0.5

Ao 1
RDA1(55.16%)

10 BUHEFEREWEE RDA 57
Fig.10 RDA analysis of physicochemical factors

and microbial communities

KR WA A TR R4S
R, Al e P AR T BT RS BE T 1 O 3 2R
PR, ERAH R E R R Z R T ek
W m LR R o ok A A e o A o B B AR A
HEAT EARAR I BT, 45 5 W« I A FE AL 7E PCoA &
By 6 AR A SRR IR A 22 5 sl i
RDA 73 #r BEAL K7~ F sl A ) 22 1) B9 22 4k e B
i 0T (I8 3 T T ) SR B K, T p LR | T o s st
X DG A T s Y 2 I B AR AR

g5 LRIk e Al A R R T B T A B AL
7 Al A P fe v e sh A2k, HERAL N 13
M A A O AR 5 TR AR I X oK A R 9 ) 2R
FER TR AL A — 5 B ELE AR AR



%24 4% 4 10

RER GBI WL BERMANFERRESHRALE FHAER 391

[71

& % x #t

LIU H L, SUN B G. Effect of fermentation pro-
cessing on the flavor of Baijiu[J]. Journal of Agri-
cultural and Food Chemistry, 2018, 66(22). 5425-
5432.

I e, AN, EREmT, SF. R ALY R
VI RE V& 2 RETE R BUAL TR R 0 H2 ()] AT 5
H k&, 2021, 42(2): 178-185.

HU X L, YU M, WANG K L, et al. Diversity of
microbial community in pit mud of Luzhou {flavor
Baijiu and effects of physical and chemical factors
on it[J]. Food Research and Development, 2021,
42(2): 178-185.

R, KPR, AR, S ORE RN
P[] EERE , 2021, 40(1). 29-32.

YU J Y, LIU G L,BAT W D,
progress of rice flavor Baijiu[J].
2021, 40(1): 29-32.

TAO Y, LI J B, RUL J P, et al. Prokaryotic com

munities in pit mud from different — aged cellars used

et al. Research

China Brewing,

for the production of Chinese strong—flavored liquor
[J]. Applied and Environmental Microbiology, 2014,
80(7): 2254-2260.

ZHANG M Z, WU X F, MU D D, et al. Profiling
the influence of physicochemical parameters on the
microbial community and flavor substances of Zaopei
[J]. Journal of the Science of Food and Agriculture,
2021, 101(15): 6300-6310.
HU X L, DU H, REN C,

anaerobic  microbial

et al. Illluminating
community and cooccurrence
patterns across a quality gradient in Chinese liquor
fermentation pit muds[J]. Applied and Environmental
Microbiology, 2016, 82(8): 2506-2515.

WANG H, HUAN Y G, HUANG Y L. Microbiome
diversity and evolution in stacking fermentation dur-
ing different rounds of Jiang—flavoured Baijiu brew-
ing[J]. LWT-Food Science and Technology, 2021,
143(2): 111119.

BRI, SR v e I R a0 A T A 2R R
MUERID. Bih SRR T, 2015, 41(9): 164-167.
LEI Z H. Analysis of Baijiu brewing microorganisms
by high —throughput sequencing technology[J]. Food
and Fermentation Industries, 2015, 41(9):. 164-167.

B3, fE, RS, SR [EE R SO R R

[10]

[11]

[12]

[13]

[14]

N V0 UE VRIS 2 R S B R 1
P[] BREE, 2023, 44(20): 165-174.
XIAO Q, HE P, ZHOU R P, et al. Comparative
analysis of microbial community diversity and
physicochemical factors in pit mud of Luzhou flavor
Baijiu of different pit age and location[]J]. Food Sci-
ence, 2023, 44(20): 165-174.

Wk, WopR, BAK, . 5T T
YR ISRZ AR W B v A K SR A PR 1 A O A
[J]. &fRlaE, 2021, 42(18): 111-118.

ZHANG M Z, WU X F, MU D D, et al. Correla-
tion analysis of pit mud prokaryotic microbial com-
munity structure and physical and chemical factors
based on high—throughput sequencing[J]. Food Sci-
ence, 2021, 42(18). 111-118.

L, VPN, BTHE 3, S-TAEAK IR L vk
I 5E 38 J5URE & B R UFSE[)). ' A Ak 4, 2008, 29
(8): 534-536.

ZHAO K, XU P J, GU G Y. Study on determina-
tion of reducing sugar content using 3,5-dinitrosali-
cylic acid method[J]. Food Science, 2008, 29(8):
534-536.

FEARIRE. AP A SR M]. dE st A Tl R
#, 2005 96-162.

WANG F R. Brewing analysis and testing[M]. Bei-
jing: Chemical Industry Press, 2005: 96-162.

HE J M, YIN T P, CHEN Y, Phenolic

compounds and antioxidant activities of edible flow

et al.

ers of Pyrus pashial]]. Journal of Functional Food,
2015, 17. 371-379.

ot LHEN, RTER, S WA AL A B
2 P FRAL A T SR Bl W T 9 25 4 22 S T[],
BAFRE, 2020, 41(6): 207-214.
ZHANG H M, WANG Y L, MENG Y ],

Analysis on differences of physicochemical factors

et al.
and prokaryotic microbial community structure of
new and old pit mud in Luzhou flavor Baijiu fer-
mentation|[J]. Food Science, 2020, 41(6). 207-214.
B, RASC, BUNE, SR ALY D) he g e Al
3 U8 BEAL AR AR XS e 2R BT[], R AL 4L, 2010
(2): 86-90.

LIAO C, WU S W, HUANG X H, et al. Compar-
ative analysis of physical and chemical indexes be-
tween functional cellar mud and ordinary cellar mud
of special aroma liquor [J]. Brewing Technology,

2010(2): 86-90.



392 HOE R A IR 2024 455 10 141

[16] EMs, #kE, Fo, S5 45 AR iy w2 b i parison of rice wine polyphenols with different raw
fis $ 1k 38 br 09 A2 £k B EE (D). PR B4, 2019(3): materials and their antioxidant properties[J]. Journal
59-64. of Chinese Institute of Food Science and Technolo-
WANG P, JIANAG C, CHANG Q, et al. Changes gy, 2021, 21(2). 327-333.
of physicochemical indexes of fermented grains dur- [23] YANG Y J, XIA Y J, WANG G Q, et al. Com-
ing the production of soft sweet Baijiu[J]. Brewing parison of oenological property volatile profile and
Technology, 2019(3): 59-64. sensory characteristic of Chinese rice wine fermented

[17] 5KEE, FEol, B4E, & WA AW &R R by different starters during brewing]J]. International Jour-
G T B AL R A AR AL B OF ST (). R RFE, 2021 nal of Food Properties, 2018, 20(3): S3195-S3211.
(10): 53-56. [24] WANG L, WANG Y Y, WANG D Q, et al. Dy-
ZHANG X, WANG Z K, ZHENG J, et al. Study namic changes in the bacterial community in Moutai
on the changes of physical and chemical indexes of liquor fermentation process characterized by deep
fermented grains during the fermentation of Luzhou sequencing[J]. Journal of the Institute of Brewing,
flavor Baijiu[J]. Brewing Technology, 2021(10): 53— 2015, 121(4): 603-608.

56. [25] WANG H Y, ZHANG X J, ZHAO L P, et al

(18] F2EH, RASC, BRHE. RE T O R & o #E Analysis and comparison of the bacterial community
YA AL B B AR [)] & Tk B e, 2012, 33 in fermented grains during the fermentation for two
(9): 108-110. different styles of Chinese liquor[J]. Journal of In-
ZHANG Z M, WU S W, LI K F. Study on the law dustrial Microbiology & Biotechnology, 2008, 35
of substance change during the brewing of special (6): 603-609.
flavor Baijiu[J]. Science and Technology of Food In- [26] WANG X S, DU H, XU Y. Source tracking of
dustry, 2012, 33(9). 108-110. prokaryotic communities in fermented grain of Chi-

[19] BT, FEHE, X0b, . 55 E& R gk B R nese strong—flavor liquor[J]. International Journal of
PR A W R AR R AR B AR AL B A ). P R R, Food Microbiology, 2017, 244. 27-35.

2020, 20(8): 162-167. [27] ZHANG W X, QIAO Z W, SHIGEMATSU T, et
JIALY, GUO J T, LIU S, et al. Changes of mi- al. Analysis of the bacterial community in Zaopei
croorganisms and physicochemical indexes during the during production of Chinese Luzhou - flavor liquor
fermentation of light flavor Baijiu[J]. Journal of Chi- Journal of the Institute of Brewing|J]. Journal of the
nese Institute of Food Science and Technology, Institute of Brewing, 2005, 111(2). 215-222.

2020, 20(8): 162-167. [28] #p3ElE, B, SKHL, 5. RUE BN A b AL TS

[20] =i, JRUE M, @b PO, AR R AL I A R I i T, DR GG AR W AR A R BFSET). TR R

g SUR LB R R TR A N N TRl 2022(4): 30-37.
2019, 45(11): 52-57. YANG M Y, MENG Q Y, ZHANG Y, et al. Study
LI X, QI J S, HANG S H, et al. Changes of on the physicochemical indicators, functional enzyme
physical and chemical indexes in fermented grains of activity, and microbial changes in Fengxiang fer
Du Kang Wine Luzhou flavor Baijiu[J]. Food and mented grains[J]. Brewing Technology, 2022(4). 30-
fermentation industry, 2019, 45(11). 52-57. 37.

[21] LI X R, MA E B, YAN L Z, et al. Bacterial and [29] mIEX%, BREEBL, R, . R EFZORE R KM
fungal diversity in the traditional Chinese liquor fer T ) B 45 5 AL M T 1 L B A ()] B R
mentation process|J]. International Journal of Food 02022, 43(18): 184-191.

Microbiology, 2011, 146(1). 31-37. XIANG G X, CHEN Y Q, SHEN Y, et al. Com-

[22] #Zig®, BT, WRE, . ONE R K T £ parative analysis of microbial community structure

Wy K Ho AL R LB (I]. P R A A, 2021,
21(2): 327-333.
CAI H Y, SHENG Y H, SHEN L Z, et al. Com-

and physicochemical properties of different levels of
strong aroma Daqu[J]. Food Science, 2022, 43(18):
184-191.



%24 4% 4 10

RER GBI WL BERMANFERRESHRALE FHAER 393

[30] LI P, LIN W F, LIU X, et al. Environmental fac- AR, 2022, 43(21): 129-136.
tors affecting microbiota dynamics during traditional XU X H, CHANG Q, SUN W, et al. Physico-
solid —state fermentation of Chinese Daqu starter[]]. chemical properties and microbial succession of new
Frontiers in Microbiology, 2016, 7. 1-12. and old pit mud in different depths of Wenwang
[31] #RAHNE, wom, IME, 5. SCEWRE T A FE R Luzhou flavor Baijiu[J]. Science and Technology of

JEE 0 2 7 U8 BB AL R RS Bl A R e AT ] R T

Food Industry, 2022, 43(21):. 129-136.

The Correlation between Microbial Community Deduction and Physical and Chemical Factors in

Xiaoqu Fermented Grains of Rice Flavor Baijiu

Li Xin, Rao Wenjun, Hu Shuai, Ouyang Linghua, Zhu Shuilan, Zhou Jinying
(Institute of Agricultural Products Processing, Jiangxi Academy of Agricultural Sciences, Nanchang 330200)

Abstract In order to explore the change rule of microorganism and physical and chemical factors during the fermenta-
tion of rice flavor Baijiu, this experiment measured the physical and chemical indexes and microbial community changes
on the 0, 1, 2, 3, 4, 5,6, 7, 8, 15, 22, 29, 36, 43, 50, 64 and 94 days during the fermentation process. The
results showed that during the fermentation stage, pH showed a trend of decreasing first, then increasing and then de-
creasing, and at the end of fermentation pH was about 4.1, while total acid showed a gradual increase trend. The starch
content is rapidly hydrolyzed and consumed in the early stage of fermentation, and tends to be flat in the later stage of
fermentation. However, the reducing sugar content shows an increasing trend within 0-2 days of fermentation, reaching a
maximum value of about 180.14 ¢/l. on the second day. Within 2-15 days, it is utilized by microorganisms and its con-
tent rapidly decreases. In the early stage of fermentation (0-3 d), no alcohol content was generated, at 22 days of fer-
mentation, the alcohol content reached its maximum value of 9.5°,however, in the later stage of fermentation, the alco-
hol content decreased. The total phenol content showed an increasing trend with the increase of fermentation time, and
the final content was 375.63 mg GAE/L at the end of fermentation. In the fermentation process, Proteobacteria and Firmi-
cutes were the main dominant bacteria, and the main dominant bacteria were Enterobacter, Pantoea, Pediococcus and
Lactococcus. The results of the principal coordinate analysis showed that all samples were divided into 6 clusters on the
PCoA plot, Redundancy analysis (RDA) showed that Lactococcus, Pseudomonas and Pediococcus were positively corre-
lated with total acid composition, Pantoea, Cronobacter, Enterococcus and Klebsiella were negatively correlated with total
acid composition. However, Pantoea, Cronobacter, Enterococcus and Klebsiella were positively correlated with pH, starch
(St) and reducing sugars (Rs), and total acids had the greatest impact on the dominant bacteria, pH, starch (St) and
reducing sugars (Rs) had similar effects on the dominant bacteria.

Keywords rice flavor Baijiu; physical and chemical factors; microbe; redundancy analysis



