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Succession pattern of microbial communities of fermented grains during the fermentation process of
automated Xiaoqu light-flavor Baijiu
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Abstract:In order to explore the fermentation mechanism of automated Xiaoqu light-flavor (Qingxiangxing) Baijiu, the physicochemical indicators
and the structure of microbial communities were analyzed by conventional analytical methods and high-throughput sequencing technology, and their
correlation was analyzed. The functional genes were annotated in combination with the Kyoto Encyclopedia of Genes and Genomes (KEGG) and the
Carbohydrate Active Enzyme (CAZy) databases. The results showed that during the fermentation process (1-15 d), the moisture of fermented grains
ranged from 66.16% to 68.83%, the pH and starch contents decreased from 3.38 and 14.47 g/100 g to 3.33 and 8.61 g/100 g, respectively, while the
acidity increased from 2.13 mmol/10 g to 2.24 mmol/10 g. A total of 4 dominant bacterial phyla (relative abundance >1%), 3 dominant fungal phyla,
7 dominant bacterial genera and 7 dominant fungal genera were detected, respectively. The Pedicoccus and Meyerozyma were highly significantly
negatively correlated with pH value (P<<0.001), and highly significantly positively correlated with total acid (P<<0.001). The starch content was highly
significantly positively correlated with the Klebsiella, and the reducing sugar content was highly significantly positively correlated with Mucor (P<<
0.001). The results of KEGG analysis revealed that the gene functions of the microbial communities were mainly related to metabolic functions,
among which the metabolism of carbohydrates and amino acids accounted for a relatively high proportion (10.97%, 8.66%). The results of CAZy
analysis indicated that glycoside hydrolases (GHs), glycosyltransferases (GTs) and carbohydrate esterases (CEs) constituted the key enzyme systems for
carbohydrate metabolism.
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D3 .D5.D7.D12.D15) , BUREF A A S e 42 1) 1358 v
BN FOR AL WU, IF e IR A 35T, Sr W 2 A4S
T-20 CR AT, & H .

AN T A TREP AN JCK G FR AR Eh R AR R A A
Wi IR TEK Sl i PR AROR W R A (o
GRS ) < U T RR R Ak A A B A T 5 PR 2 A
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SR 51 #1338F (5'-“ACTCCTACGGGAGGCAGCAG-3')
1 806R (5'-GGACTACHVGGGTWTCTAAT-3") X} 4 i
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PITSIF (5-CTTGGTCATTTAGAGGAAGTAA-3') FIITS2
(5-GCTGCGTTCTTCATCGATGC-3")%f ELHITS K 474"
H, PCRY" 1414 & (25 pL) : 10xPCR Buffer 2.5 pL, it E %
B4 ¥ = W5 FR (deoxy-ribonucleoside triphosphate , dNTP)
Mixture(2.5 mmol/L)2 wL, R E5 4 (10 wmol/L)450.5 uL,
Tag DNAR 4 (5 U/pL)0.2 pL, BEADNA 1 pL, $zE K
(ddH,0)18.3 pL, PCRY" 4 £ 4 . 95 CHIAE 5 min;95 C
305,55 CiB k30 5,72 CHEH145 5,30 MEFF ;72 CL
FEA10 min, 973G 45905 B A DU A5 4% I PCR™ M) 26 11 |
T 75 AR R 2R B2 H] 247 Ilumina NovaSeq i 38
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Ry R 5 8 0 AT 1 f RN AT S | 1 S R T Fastp
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control,QC) ., % A ¥R 5 ¥ 9114 FE AR T°50 bp 144 T 2 {H
(Phred score ) ik 7°20, &% A A& H 6 3 (N) 1Y reads, fie 24
BY 5 5 (1) i %) K S reads (pair-end reads ) F1FK Yiireads
(single-end reads) , bl J5 , A FH §F 2 A MEGAHIT v1.1.2
X AN )RR AR 1) o3 S0 2 7 9103004 7 & BF (Contig) 4%, IO 4
T K AR IEF300 bpi Contig,, $%£% , % FiProdigal v2.6.3
AT 20 3 15 3] 9 Contig i 47 1 3% 4 332 HE (Open Reading
Frame, ORF) T il , ORF & 45 — Bt th i I 2% 0 1 Fl 28 | %
7 FEE 1 BLAT 5 8 1 ST R I A% R T 41 A L SR Ak
b Gk H R R K =100 bp 36 K P 51, I HE Bl i R
R 751, i FHCD-HIT vaA. 7545 fr A B AR 300 H 1 5
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K R TR-BE-TE T R B sh AR e R B R ) (3~
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PR A i 2 B A 0 R I AR R 2 e g ol R e A T AR
KOS S ] (T~12 d) , K5 & R AT R %, H167.62%
B 2267.06% , 3X 1T Al 55 & W= #C B0 K 43 78 % DL TSRS
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K 5 R (R T 2 68.83% , 1X 5 & B A i A 2 kAR
WK BB ) il R TS 5 K DI AR OERY, 6 K B3 ~5 d
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2 R T R T IR T A T U ORI K R - SE A il S
PERE SR AV R D M e Ak N T M TE RO RS ~15 d
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I 3 35 40.5% , HoJ5 PR AT 68 2 AR 25 7= A B4 Ak it R 40 B
TERYEED R T SR RS K A A vl R T A % I
3~12 dia] P, 0 SR 7 e R R R 94, F10.090 mg/g
FAIK 220.050 mg/g , & W I i BE 1 R B A 0 % 5 7 A T
12~15 dMAE] P, 3 J5ORE B s A BT 8s i, 34 0 22.0.058 mg/g.,
PHE AL R Y 728 fb P BT % T ol 2 v IR £ 3 114 S 20
1E % B FE (3~15 d) i, pHAHE 1 3.383% #i Ik 2=3.33, 1fii
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Table 1 Determination results of physicochemical indicators of

fermented grains during fermentation process

TER/ & IR ) R/
(@100g)  (mggh P mol10g)
D3 66.16+1.01b 12.12+0.14c 0.090+0.004a 3.38+0.01a  2.13+0.03c
D5 66.31+0.75b 14.47+0.22a 0.084+0.002a 3.38+0.02a  2.14+0.03c
D7 67.62+1.06a 13.76+0.66b 0.070+0.006b 3.37+0.01ab 2.17+0.01b
D12 67.06£0.92a,b 12.22+0.21c 0.050+0.008c 3.36+0.01b
D15 68.83+0.88a 8.61+0.26d 0.058+0.006c 3.33+0.02¢c

T RG]/ 5808 22 53 18 35 (P<<0.05)

BEA IKAM%

2.23+0.01a
2.24+0.01a

22 KB RPIEBEHRAEY SRS
2.2.1 4 4 Alpha % # P 4 A

ACEFE U WLiE 5 45 B, RN FF % & | Shannon#g %L
S W Z A BV Rl R S S B LR A e AR,
Shannoneven# %5 iz WA V& th )R A1 1Y 35 20 M GBI 1
A5 )R sk R I I U B TR Alpha 2 KRV 3 B
SR FR2 ARV A, TE R W3~ 15 dIAR] N, 40 o 1V
BT BV I Ace 8 B0 e LG TRER R H, HLAN R BE
T Ace BB T HL A ; 4 T I 7 S EL RV 1 Ace s £ 73 7l
TEJ T d\5 diY, Aceds Btie i, 921 600.66 .1 887.67 , H: it
PRI AT BB 2, & I T B0 T 1) T R O RN R AR R i T
20 P P 2 I B, T % IS S pHRRAIG 7 9% 5 g m R 2L
843 440 T R RV IR 41 1 Shannonds B 7E & BE3 ~15 diY
[B) P 5 R 3, P 3420 2218, R I KE & & T A 0B A7
LA W RE V% 22 R M T DY L1 Shannondg B2 “ TF- -7
Wehas X ] R 5 & e AR oM A TR 5 RS & I A A G
ST REAE AR i A 25 0 AR 51, 41 7 74 Shannon s 4L
o TR, R Z R T U 4R 7% Shannoneven
FRBOR AR RS 037 Ik 2£0.23 ; B 4 £f 7% Shan-
nonevendg £ IR & “ Fr-FE-FH 7 P Sk, K 1#ES di, Shan-
nonevenH £ 5 (0.32) , 7 W] EL B REI& 0 A A XT38 20 5 &
P12 dBHA BT R B, 28 B O D B E VR 3 ST B BRI ; R R 245
(15 d)m&A 1 TH(0.31) , R Z MG TRE, SHH
TR I A R B R R S A i B R Ak — 30 S5 IR R
TR R RS T AR .
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Table 2 Alpha diversity analysis results of microbial community in
fermented grains during fermentation process

il HLH
FEA Acels ¥t S};agngzon Shar;xﬂ;(gﬂl{even Acels ¥t Sl;al\én%l(on Shar;xﬂ;(gﬂl{even
D3 1145066 342 0.37 138433 191 0.26
D5 1967200 3.27 0.33 1887.67 242 0.32
D7 21600.66 2.86 0.29 176567  2.11 0.28
D12 2151433  3.05 031 155733 161 0.22
DI5 1604333  2.18 0.23 143400 223 031

222 Y H A AT

FETF TRV K V- & 1 o A v T 1 40 TR PR A 45 R
PEAT oM, S5 SR DL, b P LamT e T o A v 9 s A
WAL T (A >1%) , Hor | JEBERR T (Firmi-
cutes) 7E & I3~ 15 dI R AHXT 3= BB S I, i1 56.9%3
32 88% , Ho 5 K AT B S HAE R M 2R 8% (pH 3.0~4.0)h B A
S e B, L R 1 RN PR A e R P ST AR S
B #8025 JE B ] (Proteobacteria ) A %F = B 128 Wi B AIG ,
25.3%% %5.1% ; AT 1 1] (Bacteroidota ) 7£ & %3~ 12 d Y]
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V) AH X A A (CF 4 A X 3 B A 12.4% ), (H7E & 15 dRs A
XFE R TR R 2.1%, 1 RS Kk IS 094 o R M A
(pH 3.33) By 8 & J1 47 &P it 28 141 ] (Actinobacteria ) 7£
3~12 A [a] - ARG S B (3.2% ), A 1S dERE ARG
FIER0.1% , 2 B HAE /N 75 7 29 005 & e R B v il = 5%
SIS
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Fig. 1 Analysis of bacterial community structure of fermented grains
during fermentation process based on phylum level (a) and
genus level (b)

P B b RT 0, g ik A v P s b A 7 S Al e R
(FXFFBE>1%) , 3- B ks FUFT # & (Limosilactobacillus) |
Bk & (Pediococcus) AN Sl FT 1 J& (Acinetobacter) {3 5.
Jitd 4 J& (Pseudomonas) . 7L ER # J& (Lactococcus) BT [C B
J& (Weissella) 1 ZE /T 14 )& (Bacillus) . o4 #r& LT R
R ELRAEE A FEERE3~15d2% LA AR
E A KT A I8 B B R 1E (45.3% ), Bl AR A 7R3 1 7K
(15 diF43.6% ) o 1% P JE HA Bt i [m) 280k e g g,
PRI LY 0.5 g/(L-h) , RE P B AR 1A R pHOT-# i] %
AR R 2 R AR 3R A T 1) O ) R D Y

FERTA @ AR = FE TR R I R v e ot R RELS d
i i528.7% , SA7 I FUAT b s 2[Rl A4 i 1 rh 5 W i A Ak
PR TR o AN SIFT T Jas 1 B T i A i 13 Bt AR B o
5 (0500 18.7%M115.2% ) , {H B J5 U T B, A 1S din
I3 AR 2.3%F11.2% , 2% B LA IR Al IR B R M: 25140 R 1Y
TP AE G, X R I A B AR Ak HL A R U I A, 3L
BRUA R 20 S 0 2R AT 1R R TR & S WA A 4 —

o], HAE X B 0 1 3.1% .5.8% F12.6% , 76 XU Rij 14 A=
TR TR R A T TR T Re R A AR,
223 AHEBEM AN

FE T 1K i@ 7K T P ask i v T 1 TR R AR 45 R
ST ULIEI2, I 2aR] 1, E & I I R v AL 3
P (X FEE>1%) , Hrf, F# 5 ] (Ascomycota)
F1E %% 1 '] (Mucoromycota ) A #5 %F 1 # 2E BE | AR X =F
JEZ F>90%, 7 & BE3~12 diifal Py, Ascomycotaf A Xt 3=
PR ETHES R BEAS IR BT R 5 2 41 ), Mucoromy-
cotalfy AN 4= B2 A2 fb ka5 Al i, 4 RIAE 1] (Streptophyta )
TEREA S e JA ) N DR ARG E (R R 081.5%~3.0%) o

100 - m Ascomycota
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Fig. 2 Analysis of fungal community structure of fermented grains
during fermentation process based on phylum level (a) and
genus level (b)

FH P20 A 0 T 1% R R s R I B 7R A B T R
(AT = FE >1% ) 43 3] 4 #R %5 J& (Rhizopus) | P 9 1% B J&
(Saccharomyces) .l % J& (Aspergillus) . & %% J& (Mucor) .
Be R EHE & (Pichia) GEAAMAE YN R % +) & ( Cyberlindnera)
FIHFHI % B} & (Meyerozyma) . AF R B8 W11 1203,
Rhizopus) A7 =F B 7 K B3 ~5 Al 3 & 42, KBS distAf
Xof 5 B i i (43.78% ) , il i HAH X = B2 Bifi 45 4 I 4 147 38
WrREAIK . RhizopusPH H = 5 VE ¥y i R 40, 76 & AT i = &
TERY B K A R Sk S SRS K T A T R A I
[F] J& & 5% B ] () Mucorf€ & 7 dBF, A X =F B ey, &
RhizopusHt: 7] 2 5 1051 W (4 55 1L D) € . Saccharomycesft
AEXF = BEAE R WS~ 12 dIAR] g s in , Jf T2 122K 58 %
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7.10%) ,AF 0 T B R HF B UAE D RE , R E S 5 B TR AR
FNR DA™ W0 A= & W55 3k 229, Pichial Cyberlindnera
ARG = B AL T AR R AR & I 5 0 s R s 1
RS 0] g 5 LA S A B 8 R AR AL R )
HHKPY Meyerozymal) A X =F B8 AIK (9 M 1%~2%) , H I
B AR A R TR I i T BB 0 A 2 T 35 e e T
RETETNG = Vi B 5 % 32 B e W I B PR35 vh R 438V A 1Y
ihedE e,
24 BACIEAT L i AW AR KT
24.1 BT E 4 H B WA K AT

FHAL AR bR 55 4 T Jm R A OCE 3 A IR DL RT3 .
EI3TT AT, K 43 B i 5 FLRR A 28 BF (i [CIR 22 2L AT A s
(Lentilactobacillus) . i ¥Rk & J& (Pedicoccus) . 3 B2 #T 1 J&
(Lactobacillus) FHH 4 L A% ¥ & J& (Lactiplantibacillus) ) &
TEAR G, S et 2L TR X v 1 B P S e K oA R T
AP LA BTG PR R AR R A, K G B SN ST T
(Acinetobacter) & % . 35 1 A 5& (P<<0.01) , i 7R % B & fhi
B RERT T 8 0 PR B8 1 A A R
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Fig. 3 Cluster analysis heatmap of correlation between physicochemical
indicators and bacterial genera

pH{H 5 F BR 5 J& (Pedicoccus) &t = i &b 3 i #H %
(P<<0.001), 5 2F f#F 14 J& ( Bacillus) A [CIR 2% LA 1 &

(Lentilactobacillus) % . % 7 #H 5¢ (P<0.01),, 5HE Y 31
FE T 18 J& (Lactiplantibacillus) . %5 ¥T 1% J& ( Brevibacterium)
5 I 3 UM 6 (P<<0.05) , 2% BH 2L 2 11 3 ok [7) 780 sl S 70 L 7R
RWEF= A AR | 3ok B AIC PR B pHL, 22 10 490 o) e A
Jrsfb A B 5w g i pHIA 5 A 8k 18 )& (Acinetobacter) |
1 BA 0 17 J& ( Pseudomonas) & i 35 1F 40 ¢ (P<<0.05) , 5 H
B JE AH e PEAS L2 (P>0.05) , fi 71 8 R R 55 0 R 3 AF
T J& (Acinetobacter) 55 i A4 K A B W g 0 il /B AT, HE 5
BN PR TR T ST 0 55 R 5 b MR R R AR v S R B 5 AN B
¥ B J& (Acinetobacter) . i ¥} 1 J& ( Pseudomonas) 43 %]
55 R B 3 67RO (P<<0.05,P<<0.01), 5 A BRI &
(Pedicoccus) 4 ¥ 14 J& ( Brevibacterium) A7 FCiR 28 3L AT 1A
J& (Lentilactobacillus) & /& & 8. 3 1 AH ¢ (P<<0.001) , 5 H
b A1 Je8 A OGP AN | 3 (P>0.05) .

VE K 5 70T AA IS BB (Klebsiella) 5 18 B i 3 1 41 56
(P<<0.001), 5 #4 ¥ # J& (Microbacterium) 5 & 3 1F AH %
(P<<0.05), S WL B — 2 (R e F B A v ), 5 HLAth 14 ) A
FMEA R E (P>0.05) , i 55 % A7 5 & (Brevibacterium)
#i %R 22 S AT % & (Lentilactobacillus) 2 #t i 3 71 A5 ¢
(P<0.01), 5 F 5k & (Pedicoccus) 3575 [ )& (Escherichia)
5 I 3 U OC (P<<0.05) , I 5 i S i T J& ( Pseudomonas)
5 I 3 IEAH G (P<<0.05) , 2 % B8 & it 1m) T R /N o3+
BE2E A LA 52 2 ZLR B 1 56 4 AR M P B8 1 1 ), 38
D 5 At T A G A 1 35 (P>0.05) .

ZE b pHURT Gk 2 DR 8 11 VG Y1 T 40 T 0 R A O
SHEIR By PR 420 A e R A A A O S 1 D R R
J& (Pedicoccus) F1 70 [G iR 22 #L#T 1 J& (Lentilactobacillus)
S A 2% T 1 L R TR R, DT T R R L JE 5 R
WV A A0 B IR, 32 52 W 40 5 B 10 [ R (Klebsiella) 55
LR A AR ), IR R T 2L IR TR g 18 P R B O
TE 7 TR e 3 o 7K 43 Fr -tk V) o Xof 200 Jf 9% 378 e 19 5 i 1)
PRI T 0T LR TR0 P R D r A R )V . e FL IR TR
B 5 PR AL T8 bR 7E R AR & e T A AR i AR
1E ) KB
242 BAARAT G FH B A KM AT

AL AE bR 5 B SRS B R L K14, bl EI4RT T, K
Oy e 5 HGHR I £E )& (Meyerozyma) J& €25 )& ( Tyrophagus)
500 3 IE A OC (P<<0.05), 5 AL 3k % B (Absidia) & . %
FHC (P<<0.05) , 5 HAW TR J@ AH G .35 (P>0.05) , iX %
AHE B 7K 53 2 A A R T T B 2SR A A S AR, 1 Pl Ag
X 43 B TR 1) B R 20 B0 AR

Hg HI % £} J& (Meyerozyma) 5 i & 5 5 J& fb 35 1F #H 5%
(P<<0.001), 5pHZ: i B 8 35 7 AH G (P<<0.001) , 32 B &
ST (1 T T R R, 3 1 R IR RS I ARp HIA | I R AR A v iR
PESAE N ORFFR UL B & 68 ( Tyrophagus) 52 B i)
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i 3 IE 56 (P<<0.01), HpH M 8 2 7M1 ¢ (P<<0.01),
T H R P B A5 A SRR O U % T L0 £ 5 e A B
B HEATREALAE T L AT , BB R (Mucor) S5 R B 5L 1 % i
3 (P<<0.05) , 75 W13% 141 J 7T Rl T3 I 4 7L 301 01 o 4 O
SRR EFRIE | BT pH5 HoAU 1 8 AR G VE R 235 (P>0.05)

1.0
Saccharomyces .
| 05

-1.0

Aspergillus

ﬂ—

- Cyberlindnera
- Sorghum
- Patellaria

---- il

Wickerhamomyces

Oryza

Panicum

& ® & &

E4 BAERSEERBHEXERESHHRE
Fig. 4 Cluster analysis heatmap of correlation between physicochemical
indicators and fungal genera

Ee SR BE)R (Pichia) B2k %8 (Absidia) ¥ 5 € #3 Flik
JEURE H 5 2 IR A G (P<<0.05) , 1 A HIS 5% £ J& (Meyerozy-
ma) 55 VE R FIIE SO 1 5 1 2 105G (P<<0.05) , ] fig s
A Ay T 2 2 T T, A W i e R e R S 1 R I 0
HEAER . BLAh, B & & ( Tyrophagus) 5 Ve ¥y 54K 5k 3% 1
A (P<0.01) , 5 b 5 3 47 A ¢ (P<0.05) . B&JR
(Mucor) 5 JE #3553 IEAHDC (P<<0.05) ,{H 538 JFH 2 = 1
1 IEAE (P<0.001), 3 B £ % J& (Mucor) 0 [ T ] F i
it 7= A 18 /N A3 3 R SR AT ACGY T VE B 5 A SRR 5 LA
P& A G MR 35 (P>0.05)

25 b pHURT SR 2 5% W) L T FF Vi 205 g 1) O g 3 Ak 1A
TP T AR ) 68 2 09 AR5 B B 43 A (it i 78
T PR TR ) o 7K 5 k5 e A 1740 440 R 3% e AR 3 o B B0 T
TE M 5 A JEME A A O B R T P TR AL BB (AR R R
(Rhizopus) F1E % J& (Mucor) )5 % % F 5 (40 B B2 1
(Saccharomyces) Mg HR B J& (Meyerozyma) ) 1 T 8 53 i
LR AL ROCRR ) BAOKRE | & BRI LOBEIL B 3=
HR S I DA TR LA S AR, R R A 1 ) AR D

2.5 KEGG# ¥ /X4t 74 o) e i 4
& T ik R RV G o A 9 O KEGGA 1t 3 [ o) RE 78 B
S5 RIS B SR AR 4l KEGGEUE 1 1) — 9 25
B, A0 45 10 (Metabolism ) | 3% 1% {5 B, 4k 2 (Genetic In-
formation Processing) . A & % i (Human Diseases) . ¥ 3%
5 & 4k ¥ (Environment Information Processing) . 4 ifg i< 72
(Cellular Processes ) Fll 4= ) 1 & 4t (Organismal Systems )4t
oI, Horp 1R (Metabolism ) i i A5 30 18 2k R AL
wi % OB E BAL BT A S5 (Human Diseases)
B2 A M1k £ 48 (Organismal Systems ) (14 3% PR B 7 /0

;ﬁzgm»x%m Eaarr]
IIIIII“III ‘

B S S

=

KEGGH&AZ

N
-.lllll

TR

E5 XREERERMEYEFNKEGGH §HE ¥ Ihse TR

Fig. 5 Functional annotation of KEGG metabolic pathways in
the microbial community of fermented grains during
fermentation process

KEGG 7 B 14725 119 2 90 AR 155 30 1%, 7 39 40 X 32 5
HE 4% 17 5 9 B K I Lo - 4 R ATl a4 1415 (Global and
overview maps) (32.75%) i K fb & ¥ 1% 13} (Carbohydrate
metabolism) (10.97%) .2 3% #2 1 if (Amino acid metabolism)
(8.66%) . J %% iz (Membrane transport) (5.86% ) Al K -1 il
7e 4= 2 BRI (Metabolism of cofactors and vitamins) (5.78%) .
HE 2 17 = WA Py e ¥ e TG 2 (Metabolism ) 1) —
G B, U AR I & et RE v SR KL B R IR
W) R AFAE 2 B WE R A 3 BRK AL & Al A A
2 H 235 ¥ 1) FE B A3 M AR RR W T, HLAA A 4 BRI B
W E DR, K i oE e B A8 /N s B 80 00 & i
FErh R JFOWE 5 G B A 3 5k 96 P B AR i — ZR A KUK
Py BT GF I R KU (9 B T i R
2.6 CAZy#k % B X il 7 2 f6 245

S T 3 A TP IR IR W C A Zy £ I 3 1% T B v R
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TLE 6, HEI6RT I, K P ad A2 T 1 A 4 356 D9 41 P 3R 4G
7t A WS I R B T R 2R S R R OK A G
RS R, et A2 rp |, BT 7K fi# 1 (Glycoside Hydrolases,
GHs) VX 4 B 55 (38.7%) , Hok BB L H: B 1 (Gly-
cosyl Transferases,GTs) (28.4% ) Fllfilk 7K 1k & ¥ Fig i (Carbo-
hydrate Esterases, CEs) (15.2%) , = & 4 ik 7K fb & 1% i
MR DR I AR 32 B 2 A 82.3% TG I 114 2 T 15 N
FEREIE Y B B 43 . GHsIE: 7K i 1 4 10 SC B g, HLOG
PETE K e B P i % 2 e B /R TG & A K
Z W) 5T, GH s 2k 7K A G 5 %) 22 W 2 0 o, 8 L i
S T A B W R S 3R A I, DT Sk A 4 ke T A R A
HERE AR UR P GTs7E T 5% & B b A7 B 1 98 1 B AR 15
B G B WS PR A AR AR W TE I sk R R OE R A
KRR, 52 0 & T 7= 40 10 4 BRI 7 2R B0 Y I K T
H, CEsE 2 S 5ok b & W Bs S i /K i 72, mT DK X 2

B o it Sk T AR AR A W R R R B D D2 R A AR P 1 A
KK B 2T,

100 1
m Glycoside Hydrolases
m Carbohydrate Esterases
80 W Auxiliary Activities
| Carbohydrate-Binding Modules
® | Polysaccharide Lyases
SN m Cellulosome Modules
Y 60 1 Glycosyl Transferases
H#
j;_z 40 1
20 1
0

D3 D5 D7 D12 DI5

E6 KB TE Bl B A 0 B B CAZy 1518 B Th Rt iE 7
Fig. 6 Functional annotation of CAZy metabolic pathways in
the microbial community of fermented grains during
fermentation process

AN KA W25 G R (Carbohydrate-Binding Mod-
ules,CBMs) | % i %4 fifi. i} (Polysaccharide Lyases,PLs) #ll
%l B 4 1L 8 U (Auxiliary Activities, AAs ) 78 1 % & 1 i
Tt k1535 BB CBMsRE S L HEBE SR 454, 1
S 2T Y 2845 K 53 W I R A 280 1 PLs E BEAE TR
JiE RV IR KB 2R 55 2 B 2R W o, X Ak ok AR Al B AR
AASW T2 S 550 5 N, P Bl B AR s 9 iR 475, Hy
WA, 58 1 CAZy R /K Ak 0 136 M 6 2 6 104 15 & 1% 5
AR 2] T OCHE P A PR
3 it

AHIFGE R R B ik B v 3 o D R 43 py FL R AL
FEBR B Y e LS R, X BEAL A8 bR B A A W B AT T A
KMo, IR 25 G mt# I 5 2 41 A B4 15 (KEGG) Fil
fe KA P 6 PERG (CAZy ) B X Dy RE SR EA T B 45
SRR, Rt B rh oK o i 2 < Th-BR-TH T i B AR g

(66.16%~68.83%) ,pH . J& ¥ 7 & 73 1| A3.38 14.47 g/100 g
FEAIL%3.33 .8.61 /100 g, FRJE M 2.13 mmol/10 g i &
2.24 mmol/10 g; %& M1t B oI s 0 ) 6t 44 P 3 A 7R 1]
(CREXS B> 1%) 3 MEHEE T L7 s 7ML
FELRE ; 1 BRIFE (Pedicoccus) MEHREEREE (Meyerozyma)
5 pHAE 5 135 BE B 35 7R 56 (P<<0.001) , A5 R 5 v J3 i 3%
IEAHDE (P<<0.001), VE ¥y 5 52 15 1A R I & (Klebsiella) &%
J& (Mucor) % /5 £ 5t 3 1E A0 5¢ (P<<0.001) , iX % WlpH 5 &
T 2 R T T A T 5 AR I DGR IR Bl ), T A D
D0 e T e AR AR ) 5 R R . KEGGY)
REVEREAS AL Won | R BRI A Wy VR 1 Tl e 32 B A AR
AH G %, HH i K A S P AR (10.97% ) F 2 R 2 X 8
(8.66%) Je: % R IHR 15 . CAZyIh i vE B8 IR Won |, BT
KA 1 (GHs ) L5 B il (GTs ) Bt 7K Ak & 40 g it (CEs )
A OGS il AR AL F R T R SRR KA B AR R R
T & T 42 Rl 2% SE At . AR ST A B Ak & R 210 T
Az Wy RV 5 A T A Y D [RD R A AL o R AL T B S
X /0N U A R 0 R B AL TR i T2 AR AL A Y 4
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