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Abstract: [Background] Cereal protein of raw material can provide nutrients such as nitrogen sources for
the growth of microbial community, and then form a variety of metabolites during Chinese liquor
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fermentation. Cereal protein includes albumin, globulin, kafirin and gluten. However, the regulation of
cereal protein on microbial diversity and metabolic diversity is still unclear. [Objective] This study aimed
to reveal the key cereal protein that are significantly related to microbial diversity, and the effect of their
regulation on microbial diversity and metabolic diversity. [Methods] The cereal protein was determined by
Osborne’s method; Identification of microbial diversity and metabolic diversity via HS-SPME-GC-MS and
high-throughput sequencing during fermentation with 4 cultivars of sorghum. The key cereal protein was
verified by simulated fermentation in vitro. [Results] The cereal protein of 4 sorghum was significant
difference (ANOSIM: R=0.85, P=0.001); The bacterial diversity of sorghum S4 was significantly higher
than others (P<0.05) at day 5 of fermentation with 4 sorghum; The metabolic diversity of sorghum S3 was
significantly higher than others (P<0.05) at day 5 of fermentation with 4 sorghum. The contents of albumin
and globulin were significantly correlated with the dominant bacterial diversity (R2=O.34, P<0.05;
R*=0.58, P<0.05) and metabolic diversity (R*=0.58, P<0.05; R*=0.36, P<0.05) at day 5 of fermentation.
Thus, they are defined as the key cereal protein; In vitro validation confirmed that the dominant bacterial
diversity and metabolic diversity would increase with the increase of albumin and globulin content. When
the albumin content is 3.0 g/L, the dominant bacteria diversity and metabolite diversity are 0.72 and 0.65,
respectively; when the globulin content is 3.0 g/L, the dominant bacterial diversity and metabolite
diversity are 0.66 and 0.81, respectively. [Conclusion] The study revealed the regulation of albumin and
globulin in raw material on the diversity of bacteria and metabolites, and providing a new perspective for
improving the controllability and quality of Chinese liquor fermentation.

Keywords: Chinese liquor fermentation, cereal protein, microbial community, metabolic diversity,
regulation

BRIz Hhis B AR B A R U, AN F1
B R . N L R Ak
B R, AWIReaE A TR P i A K AR AR R
EEEFRP R . AU, AT LU AR
AR KRB B 4R THEERST )
I, RIS YRS % 6 b A 0 A= K AR Y A
FEAERT, X T £ b A 0 D R s ML o B R s i
Ly B A AR

TR R Zﬁ%ﬁﬂf@iﬁ@,wiw

W BERS TR S A2 2 e 2R MO,
ﬁﬁﬁ%%ﬁi%%ﬁﬁﬁﬁi%ﬁ%%ikﬁ
PR E MA@, U0 Niccum SEF5Y 2B
e 2 RE RS A R TR L
Johnson “FEMFFRFIAGUE Y M 5 U BEAAAE
BEMAESY Wi, g ki, A
PRI W) Z ARV ERT UAE PRV 25 S AR A
PAEH.

ey 2 RE R T sz B R N pH!M |
FRUPIN G PRS0 o 28 025 R L A TR s D

e, ] oA R el P ) R A BRI R R R Y
J o BUAT W53 W4 0 iy R S R A U 2y
THEWIRETS T S e A 520 o JEURHE] Y
ZE 5l R B R P R BT AL, R
RN (1 22 5 9K S A R R B e
A= 255 Ui B R R TR Y 22 S UK Bl A W AR TR
TRty 2 SOV L SRR IE0RE R 11 SR X B3k
A= B A 7 1 22 B A UK S A P 1 A 3 8
KR IE R L, A EHF 55 YR
RO IR A PR e e A AR PR 52

AHITELL 4 MR XA S AT EXT R,
Pr4 P rp S E R 4UR, FAMTEER
PRI . BHEEA M E A5 AR R P RUEY)
LA I 2R E R R o SR T3 700 P 4
ARG AR, 875 4 P ki e
A W B AR 7 W 2 A 2 A DR A S i R
I, O g A b 22 0 56 Uk ok 2 OC B 2R 11 i i
P, DU I B At 2 T £ i PR oo 4 i B A3
1k o

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FIESE: AYIE AN AR B RR T HE YIRS A A AR 4169

1 HMe5hE
1.1 ##

1.1.1 SRR

4 AR X R SRR AR T 2018 4F 8 HUER, 140
fFEIE 1,
1.1.2  KehHEm

JIT AT ST A0 R W] —FE R B AR S 5 G HRRR
AT 2019 4F 6 HEUH tPaHE (im A =4l .
1.1.3  EZiL7FLE

L, JbatE REBHEABRA R SEHE
DNA $2HGa7 £:(E.Z.N.A.” Soil DNA Kit), Omega
3]y OPA RF, ZHEMRAF]; WFFEHh HAhilR 3y
NoHTal, E25ER) R bAARIAE R A F .
e BE ARG ISURN ¢ 5 H: PCR Y, FEER K HH/RBH
ARAF]; AR, i T A R AT BR A
Al WA TR, ZEERA R AT,
LR AT, AR RTIRAL, SUARTEE PR 24
FRAH]
1.2 F%
121 ESAEBEXE

F 2019 4= 7 H #4735 K B 06 SR S g
ZISCER[171735, R S oK 1:1.25 B
IR, SRIGTE 105 °C 7578 45 min, 78458
AR RERG, #HeRS R 9:1 R
RE, REHREGHRER100 g%k A 100 mL #EE
P, UREEEE, 23.5 °C EE LM 28 d, FIAE
3 E A IR o T RS 0. 5. 10,
20, 28 REFFHATIRAE, FESCRES SV S, T
B AL A5 b5k 0 A A B A M AR AR A T
—20 °C, FHTFHRIC DNA BEATH 5100 7 A i A
£ F-80°C.

F1 4MSRIEAER
Table 1 The details of 4 cultivars of sorghum

1.2.2 DNA BV EENF

HERIAREL 7.0 g TEAFER:, HUE E.ZN.A." Soil
DNA Kit [ #5 1E Ui BH $2 IO 5 A i o 0 2 R 4
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IR T 3G, BAREA 3 A P47, 51978 338F
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(5-GACTACHVGGGTWTCTAAT-3)"8_ PCR )i
&% . ANTPs (2.5 mmol/L) 2 uL, 10xPyrobest Buffer
2.5 uL, 1E. &E5[#1(10 pmol/L)#% 1 uL, Pyrobest
DNA Polymerase (2.5 U/uL) 0.4 pL, ##z DNA
15 ng, ddH,O #MeE 25 pL. PCR W 45fF: 95 °C
5min; 95°C30s, 55°C30s, 72°C40s, 25 Mg
5 72 °C 10 min, XFFHA, %FH rDNA ITS2 X
WY, BNEEAR 3 AT, 5l 1TS3
(5-GCATCGATGAAGAACGCAGC-3") 1  ITS4
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DA R FIAHEE . PCR K 4544 : 95 °C 2 min; 95 °C
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0.4 pL, DNA #i#(10-50 ng/uL) 1 pL, ddH,O
FME 20 pLo AP KL FELE S . G S bR U

Sorghum ID  Geographical origin Collection date ~ Color Starch (mg/g) Crude protein (mg/g)  Tannin (mg/g)
S1 Dakota 2018 Yellow 809.53+1.47 84.5242.58 5.47+0.04
S2 Texas 2018 Yellow 862.03+2.15 90.09+2.10 4.87+0.63
S3 Kansas 2018 Yellow 777.92£5.66 108.61+1.18 5.32+0.43
S4 Texas 2018 Yellow 803.43+9.73 132.24+7.86 5.08+0.14
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Figure 1 The profile (A) and PCA (B) of cereal protein in 4 sorghum (n=3)
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Figure 2 Dynamic changes of biomass of bacteria (A), yeast (B), metabohc content (C), and pH (D) during the fermentation
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Figure 3 Dominant microbial community and microbial diversity at day 5 of fermentation with 4 sorghum (n=3)
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Figure 6 The correlation between cereal protein and microbial and metabolic diversity (n=3)
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Figure 7 Regulation of the content of cereal protein on bacterial diversity and metabolic diversity (n=3)
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