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Effects of distilled grains on environmental factors and
microbial communities in the fermentation of light flavor
Baijiu

TANG Jie, RUAN Song, LIN Bin, CHEN Qianjin, DU Dong, XIA Jinyang, JIANG Wei,
YANG Shengzhi, YANG Qiang, CHEN Shenxi’

Hubei Provincial Key Laboratory for Quality and Safety of Traditional Chinese Medicine Health Food, Jing Brand
Research Institute, Jing Brand Limited Company, Huangshi 435100, Hubei, China

Abstract: [Background] Environmental factors affect the microbial growth and metabolism.
Therefore, understanding their influences on microbial community succession in the semi-open
fermentation process is of great significance for the production regulation of light flavor Baijiu.
Distilled grains play a role in regulating the fermentation speed of Baijiu, while their effects on
microbial community succession are still unclear. [Objective] To reveal the effects of distilled
grains fermented for different time periods on the environmental factors and microbial
community succession during light flavor Baijiu fermentation. [Methods] The high-throughput
sequencing on PacBio platform and multivariate statistical analysis were performed to reveal the
microbial community structures in two different groups of fermented grains. Monte Carlo
permutation tests were conducted to determine the effects of environmental factors on
microorganisms. [Results] The fermented grains prepared with distilled grains produced in
extended fermentation period (EG) had lower water content and higher acidity, amino acid
nitrogen, total free amino acids, reducing sugar, and residual starch than those prepared with
distilled grains produced in normal fermentation period (NG). The fermented grains with EG
had higher bacterial alpha diversity (P<0.001) and lower fungal alpha diversity than those with
NG (P<0.05, P<0.001). A total of 28 differential bacterial indicator species and 15 differential
fungal indicator species between groups were identified. Water content, acidity, amino acid
nitrogen, reducing sugar, residual starch, and total free amino acids had effects on the microbial
community structure (P<0.05). Among them, water content, acidity, amino acid nitrogen, and
total free amino acids were associated with the microbial community of fermented grains with
EG, and reducing sugar and residual starch were the main driving factors for the microbial
community succession of fermented grains with NG. [Conclusion] The effects of environmental
factors on microbial community assembly in the fermentation process of light flavor Baijiu with
distilled grains produced in different fermentation periods were revealed, laying a foundation
for the controlled brewing of light flavor Baijiu.

Keywords: light flavor Baijiu; distilled grains; environmental factors; high-throughput
sequencing; microbial community
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Table 1 Physicochemical properties of normal fermentation period distilled grains (NG) and extended
fermentation period distilled grains (EG)
Variables Normal fermentation period Extended fermentation period distilled P

distilled grains (NG) grains (EG)
Water content (%) 68.20+0.52 69.15+0.33 0.06
Acidity (mmol/10 g) 0.60+0.01 0.70£0.03 0.01*
Amino acid nitrogen (g/kg) 0.39+0.01 0.47+0.01 0.00%**
Total free amino acids (%) 20.26+1.09 26.43+0.79 0.00%**
Reducing sugar (%) 0.57+0.06 0.43+0.06 0.05*
Residual starch (%) 6.09+0.26 4.98+0.14 0.01*

*: P<0.05; **: P<0.01; ***: P<0.001.
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Figure I Dynamic changes of cultivable microorganisms during the fermentation process using two types
of fermented grains. A: Numbers of yeasts. B: Numbers of lactic acid bacteria. NG: Samples fermented using
normal fermentation period distilled grains. EG: Samples fermented using extended fermentation period
distilled grains. Different lowercase letters indicate significant differences at the 0.05 level. The same

below.

T T R B Y v FH ) NG ARSI 5 Vs
RIS RN RAERE 02 d PJUk FRE, A
T, EKEESS ARG A B EIRGE, BHMEHEG
BCRE WG 2 IR A A S & T NG Bkl
RS R S R EUE IR R R & b
Fhita#s, KRy 3 RPN, b5 AELF-22
W AR, H¥RMH EG BlrmE: B2 &
B e T NG FORIPES ; 05k AR v
¥R R BT 3 R PG R, 3 d Ak gE A
TRENEES, H¥EMAH EG B E 4 )5
BEFIR AR VE R = T NG FCAE RS
24 BRELZEBIEPHNEDEEEWES
2.4.1 HENFREITEER OTU BE oD
{1 2 ol e S RS A e 2o A T 20 PR
BEACI FE 345 1 227 577 45 CCS 541, F
FEA 10 229 ZKJFH, 9T% ALK - R 23RS

601 1~ OTU,, ELIRFEAN 7 IL4R15 3 129 847 %%
CCS 741, FHr=H: 26 082 £&741, 97%HIH
RIS RAHAT 93 4~ OTU., Frfa REA B B
M2 (B 3) SR W 25 S RE A% 72 70 B 55 FF i vh
WEEMA RN, AT T IR S5 -
2.4.2 Venn B &%

wE 4A s, A 2 FhEOR & B 4G A
SE AR AN R 35 39 4~ OTU, ] EG FCHEE
MR 0 dFRA I OTU A 86 1>, KIEFLS gt
FEATHY OTU %0 H & 22 4, mMifdif NG Bk
M & 0 d 45 A 1 OTU A 25 4, K BESE A4y
A1 OTU £ H 2 33 1~ HEAEamaIAg 46 4
OTU, ffi/] EG FCAEHRE: &1 0 d F7A 1 OTU
A 661, KEEZSRBIREA R OTU 20H & 21 1,
MAE ] NG BCRETNR: <% 0 d ¢ A #Y OTU A
254, RIRES A REA I OTU £k H )& 32 1~(K1 4B).

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



560 [pGRESTHEN Microbiol. China
A 74~ B 070
7| 0.65 _
_0.60
= 70F b
< S 0.5
=} 2 I
L -
=5 o £ 0.50
5] =~ L
8 Z
266 5 045
= I
64 k 0.40
0.35
62 I
1 L 1 1 1 1 1 1 030 1 1 1 1 1 1 1 1
0 2 4 6 8 100 12 14 0 2 4 6 8 10 12 14
Fermentation time (d) Fermentation time (d)
& D 32F —a—NG
0.30F 30k
D025t Sk
2 5 26t
= | 3)
go 0.20 g 2wt
E 05t § 22r
— Q
g £ 20t
2 0.10f ERP
S S i
g =
0.05r 16
14
0.00 0 2 4 6 8 10 12 14 0 2 4 6 8 100 12 14
Fermentation time (d) Fermentation time (d)
E s5p F o3
—=—NG 16 A —8—NG
4r —e—EG ——EG
o 14 b
£ gk & b
=~ < b
5 =
=] h d =)
5 d d d d @ 8
g ! d & o
L g d 6 fgh elg
0 d d d d d
_1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Fermentation time (d) Fermentation time (d)
B2 ZEMEBERPHEERFHHNSTNL A K5B: BE.C: ZHERSA.D: QIFEEER. E: &

Figure 2 Dynamic changes of environmental factors in fermented grains. A: Water content. B: Acidity. C:
Amino acid nitrogen. D: Total free amino acids. E: Reducing sugar. F: Residual starch.
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Figure 3 Rarefaction curves of bacterial (A) and fungal (B) community in fermented grains.
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Figure 4 Venn diagrams of bacterial (A) and fungal (B) in fermented grains.
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244 WMEBREWEREENSTK

2 3 AP EARIE R T NG #1 EG
TACLARES T e A P o R v A A AV 5 B A R o
& 6A AT, R PRI s b LR 32 SR R o Bk
(Saccharomyces cerevisiae) . 5 & 75 T 1B /% £F
(Wickerhamomyces anomalus) 1 >k 4 %5 (Rhizopus
oryzae)%5, X% 2 d J5 S cerevisiae i ML ,
o7 4% 32 AL (R 2 E>95%) . K EE 0-2 d,
i F NG B A S cerevisiae A KT
i EG BCRETERES, (H A0S TR AH X 42 B
B, XSRImEEAEH NG FORTER  EH o

ZAEME T EG BRI 45 R — 2.

Wl AW B HE FEAEANE
(Levilactobacillus brevis) . Fii-1-FL#TFi(Lactobacillus
helveticus). [T # (Acetobacter pasteurianus).
Wkl W LA B (Limosilactobacillus pontis) Fig#4 51
i G (Weissella confusa) 25 (K] 6B), K BERT 3 K
ARHME & R (50%), KR 5 32 LIRS
PRI FIFLIR A 3 o L. brevis AT 7E K& 21
RS INE TRE, BT EG ORI % i A
XFFEEAR T NG FCRE R ; L. helveticus 7E
RS B, BT EG MBS 15512 P AH X

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



EBiE F | KA REREPIMER T REEMEERRNT 563

A 100 I

80

60

40

Relative abundance (%)

[ Other fungi
B Lichtheimia ramosa

[ Unclassified Fungi

[ Unclassified Ascomycota
B sampaiozyma ingeniosa

B Colletoirichum aeschynomenes
B Rhizopus orvzae

Il Unidentified

B Wickerhamomyces anomalus
[ Saccharomyces cerevisiae

20
0
SE 20 A 20 Y L6 DO 29 N I
Fermentation time (d)
B
100 Il Other bacteria
B Komagataeibacter intermedius

80 B Lentilactobacillus buchneri
= B Gluconobacter frateurii
& B Bacilius velezensis
8 [ | Gluconobacter oxydans
8 60 I cetobacter tropicalis
g B Acinetobacter baumannii
= B Kichbsiella preumoniae
£ 40 B vveissella confusa
% B Limosilactobacillus pontis
~ B cetobacter pasteurianus

20 B Lactobacillus helveticus

[ Levilactobacillus brevis
0 1 1 111 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 | 1 1 1 1 |

8§ o Ly L§ X Lp L

Fermentation time (d)

Fl 6 ABELEPEEAMMAREBEZNSETL

2 X

Figure 6 Dynamic changes of fungal (A) and bacterial (B) communities in fermented grains.
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Figure 7 Special microbial communities and their effects in fermented grains. A: Fungus. B: Bacteria. The
ordinate displays the taxon with significant differences between two groups, and the horizontal axis
represents the LDA score of each taxon; Taxonomies are sorted according to the score value. The higher the
LDA score is, the more significant the difference of the taxon is. The color of the bar chart indicates that the

taxon corresponds to the sample group with higher abundance. The lowercase letters represent difference
indicator at the specie level, p: Phylum; c: Class; o: Order; f: Family; g: Genus; s: Species.
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Figure 8 PLS-DA analysis of all variables in fermented grains. A: Score scatter plot. B: 200 times permutation
test plot. C: VIP chart. D: Loading plot.
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R2 ABERTRTERRRFESN
Table 2 ANOVA of all variables in fermented grains

Variables F value P value
Acidity 8.33 0.010*
Amino acid nitrogen 32.42 0.000%***
Numbers of lactic acid bacteria 6.35 0.021*
Total free amino acids 11.38 0.003**
L. brevis 7.05 0.016*
L. pontis 6.48 0.020*
A. baumannii 5.94 0.025*
A. tropicalis 15.04 0.001**
B. velezensis 26.46 0.000%**
L. buchneri 7.16 0.015*
K. intermedius 22.56 0.000%***

*: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 9 RDA plots (A) and correlation matrix (B) of microbial communities and environmental parameters.

*: P<0.05; **: P<0.01; ***: P<0.001.
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