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Abstract: Daqu is the saccharifying, fermenting, and aroma-producing agent used in Baijiu
brewing, and its maturation is crucial for obtaining high-quality Daqu. Previous studies have
explored the microbial community composition and diversity before and after maturation.
However, little is known about the changes in the functions of microbial community. In this
study, based on the analyses of enzyme activities and volatile compounds of
medium-temperature Daqu before and after maturation, metagenomics was used to analyze the
differences in the composition of microbial community and the potential functions, with the aim
to explore the microorganisms involved in changes in enzyme activities and important volatiles.
The results showed that the moisture (P<0.05), starch content, liquefying activity, saccharifying
activity (P<0.05), and fermentative activity decreased, while the acidity and esterifying activity
(P<0.05) increased after Daqu maturation. In the meantime, the composition of volatile
compounds changed significantly (P=0.001), with significant decreases in the contents of
aromatic alcohols and esters as well as significant increases in the contents of pyrazines, ketones,
and higher fatty alcohols. The relative abundances of Mucorales (34.8%—23.0%) and Eurotiales
(34.3%—-20.1%) decreased in matured Daqu, and functional predictions showed these changes
decreased the gene abundances of a-amylase, a-glucosidase, alcohol dehydrogenase, and
alcohol dehydrogenase (NADP") (P>0.05), resulting in lower levels of liquefying activity
(P>0.05), saccharifying activity (P<0.05), fermentative activity (P>0.05), as well as aromatic
alcohols such as phenylethyl alcohol (P<0.05). In addition, higher relative abundances of
Saccharomycetales (2.9%—16.6%), Lactobacillales (14.9%—23.6%), and Bacillales (0.8%—3.8%)

http://journals.im.ac.cn/cjben
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were observed after maturation, and they were conducive to improving the gene abundances of
alcohol O-acetyltransferase, carboxylesterase, decarboxylase, (R)-acetoin
dehydrogenase, and (S)-acetoin dehydrogenase (P<0.05), resulting in significantly higher levels
of esterifying activity and pyrazines (P<0.05). The microorganisms involved in the changes
in enzyme activities and important volatiles before and after Daqu maturation were studied
at the gene level in this work, which may facilitate further rational regulation for Daqu
production.

Keywords: medium-temperature Daqu; maturation; metagenomics; microbial community
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AT =E B TF R . Guan SRR F 488 10 AF 5

&: 010-64807509
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iz £} 18 H (unclassified Saccharomycetales), Zhang
SR PacBio M HLAL T A 3 4~ A A6 4
Himia i, &S B, &Ik
LRTA R . 2R ZE AR 14 R (Paenibacil lus) Fl 2 ¥ [G
P J& (Rasamsonia) A X 4= B2 T [, M 2F fil A1 14
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B 3 A H (BUSA K, matured Daqu)f?)
KA a4 R TV M BB I A R A A
ORI A IS O MY R EE A, it 184
FEA
1.2 KEEBHLIEFRSHR

Fie I8 QB/T 4257—2011  FRIE A i 18 4 #r
D5 ) BHRE 4 TR R I K il BEAL R AR, AL
Ko, ANEEREE . WH SR WD, Bk
J1. RIS MBR T .
1.3 KHELAMELEN ST

Fie BRI 06 28 2 iR 8 A TS [T AH fl AR B/
AR 0 3% - 5 3% B A )7 15 (headspace solid phase
microextraction/gas chromatograph-mass spectrometer,
HS-SPME/GC-MS) A4 % P AL & W 8 K6 0 A
EMESERE BL0.5 g BE S 10 mL f A
NaCl AW IEAS T 20 mL Tz, A 2 uL
2-FWEV K (0.08 mg/mL, PIFR). K 50/30 um
DVB/CAR/PDMS Z£ UK TE 55 °CA-AF T T2 4
B35 min, SAHEIESEMF: DB-WAX (K
30 m, P42 0.32 mm, JBEE 0.25 um; J&W Scientific);
HA M EAEAR, WHEN 3 mL/min; FHERA
J¥-oh 40 °CA#HF 3.5 min, FLL 5 °C/min f#4 3
60 °C, FfJ5 LA 10 °C/min J#E] 230 °C, KRG
PREE 8 min, FTilk 55 #OREE 250 °C, &1
PR 230 °C, Wyl EIY, B fadiiuE
33-500 mVz, KA NIST 17 JFRigE AT & M5
M, LA AR U T AROR St X A5 fb S W EA T
I3
1.4 K= DNARRE. XEMWERSESE
W FF 54

K Omega 2> ] Soil DNA Kit (Omega
Bio-Tek)F2 A LA B DNA, F-XHEEUY DNA
PEAT R E B o SR IIFRMERY Tllumina TruSeq
DNA SCJE il £ 5256 i F2 (Illumina TruSeq DNA
Sample Preparation Guide, Illumina)f4 &l 5 3C
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150 bp.
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contigs), RJEETALTURE S 74 #1THE K
FIEE R, 2 PSRRI &
17 51 4 (uniprotein set), #5175 FEE L
HCXT SRR 9 —3, SR TR A i
B 7 B SR EAY HS 57N (transcripts per kilobase
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Xt e R
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(National Genomics Data Center, https://ngdc.
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il o 3 %43 43 M7 (principal component analysis,
PCA)F1F A543 H7 (principal co-ordinates analysis,
PCoA)XJ K F R1E 5 B9 vegan Fil ggplot2 £ 5E A% ,
[FiF, 3&F Hellinger &R A Anosim 24T
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(analysis of similarities, AHMRIMEZHT) KA R 15
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x1 XREBXHFBFRKXAELIER
Table 1 The physicochemical parameters of fermented
Daqu and matured Daqu

Fermented Daqu  Matured Daqu

( X£s, n=9) (X£s, n=9)
Moisture (%) 14.53+0.58* 13.28+0.50
Titratable acidity  0.068+0.007 0.075+0.007 (NS)

(mmol/g)
Starch content (%) 61.63+2.84

Liquefying activity 0.88+0.05

(g/(g'h))
Saccharifying

59.23+2.39 (NS)

0.83+0.04 (NS)
826.70+35.20* 707.26+£36.07
activity (mg/(g-h))

Fermentative 0.019+0.002

activity (g/(g-h))

Esterifying activity 1.51+0.08
(mg/(g-d))

The mark * represented a significant difference, and NS (not

0.018+0.001 (NS)

1.81+£0.12*

significant) represented no significant difference (significance
level: 0.05).

WEZEA, BB M A YRR R 5
M, 2R HS-SPME/GC-MS TE AP il o6
3| 62 FERMEAGY), 4346 15 P L 17 Fhig
.11 FIEEZS . 4 RIS S FOSEE. 5 b
MEEEAN 5 FPHABEY) BT (B 1A) . KRS
FERMEACE W SR 751 (1 307.8+155.2) pg/kg
FI(1 374.4+298.4) pg/kg, JoiE &M 5F(P>0.05).
PCA FlI Anosim 43 #7157~ RN K th i8) 38 & M4k
EWH A B2 5 (P=0.001) (K] 1B).
SRR MR, KB 23 B
BHEE(E 1A), Hd 8 FpE LEfSe /01 B/R 1)
KR bR Y IR, E LI HREIOM Y
FlEZ, WZE Z W (phenylethyl alcohol), B-Z. %
7K £ T (2-phenyl-1-butanol) Fll 57 75 i Jt 2, i
(isopropenylethyl alcohol), DL 2 22K — R — T
fi (dibutyl phthalate) 1484 —H iz — 5 T Fg
(diisobutyl phthalate) (& 1C). E.F 5% & B
i1 IIRE B e eb TN R TN DN 21
B L 5 TGRS ), 2R A A
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Figure 1
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The volatile compounds of fermented Daqu and matured Daqu. Heatmap (A), PCA analysis (B),

and LEfSe analysis with LDA>3.0 (C). The yellow nodes in figure C represent the volatile compounds
without significant differences before and after Daqu maturation.
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23 AR S ORHE S s e, AR E T E A
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Kitlbr E Y B (& 1C).
2.3 K AERRIE BRI RS E AR

PR S e TN 5% ISR
YRR AN, E3RAS 189.9 Gb JFUIAEE, R
FE)R 195 188.2 Gb AR T IR gt . %
BriE Fola, X Sef RO R L B3] 480 4
H(3 432 4@ 14 422 MFl, HAFHEXF R
top 10 3 H (top 20 L& . top 20 HLHFNHAY
ZHAEX N 93.6% (79.6%. 59.3%) (K 2).
1E B, L3RR CF AT T >2.3%) %
- i T & % W H (Mucorales) . # %% & H
(Eurotiales) . [#%+} % H (Saccharomycetales), F
#F5 H (Lactobacillales) #1 2E #3141 i H (Bacillales)
(Kl 2A. 2B). LA IA B CF XA 32 FE>2.1%)
13,4 B 45 25 )& (Lichtheimia) . #2%% )& (Rhizopus) .
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Ja e DU B J& (W ckerhamomyces) Fl A 22 EE 5k
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FEXS 2 B >2.1%) £ 76 B0 QT s (Wei ssella) . ]
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(Byssochlamys) . % % [X. F J& 1 A 25 Ja 45 2 R
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(AP B8 LB 10T AR S Sk K B
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PR 22 U8 ITS 431 P SR FRSE Y 1 5
WP, FETES I ImGr k. % H PP i B3R
WEALFESE T reads . ST PN, ALk
R ET reads Y7 R AT POHTTREYI A, AR M
ORGSR, HIHS AT . A RO
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REMITRAE D R IRAR B, (A A 4 AR KL
FEPHERCRA . Yang FEPER T HHER
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FE 0 T3 R 3 e o R A D P e A e 7
FeF R W RETE L) PCoA TRk
XA PP R I AR AS i, (R IR 22 RO B 3
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M UAE PR I A5 40 228 BIE AT UE RS,
PG R I 25 0 2 U L VR S A L
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Figure 2 Microbial community compositions at different levels of fermented Daqu and matured Daqu.
Fungal (A) and bacterial (B) communities at the order level, fungal (C) and bacterial (D) communities at the
genus level, as well as fungal (E) and bacterial (F) communities at the species level. The mark + and red

color represent the microbial groups with significantly higher relative abundance in matured Daqu
(significance level: 0.05).
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Figure 3 PCoA analysis of microbial community composition at the genus level (A) and LEfSe analysis
based on major (top 20) genera with LDA>3.0 (B). The yellow nodes in figure B represent the microbial
groups without significant differences before and after Daqu maturation.
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Figure 4 PCA analysis at the KO level (A), LEfSe analysis with LDA>3.0 (B) and the compositions (C and
D) of microbial community potential function in fermented Daqu and matured Daqu at the KEGG pathway
L2 level. The yellow nodes in figure B represent the pathways without significant differences before and after
Daqu maturation. Pathways related to metabolism (C) and pathways related to genetic information processing,

environmental information processing, and cellular processes (D). The mark + and red color represent the
pathways with significantly higher relative abundance in matured Daqu (significance level: 0.05).
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Figure 5 The TPM abundances and microbial sources of key enzymes related to liquefying and saccharifying
activities. Glycogen phosphorylase (EC: 2.4.1.1) (A), a-amylase (EC: 3.2.1.1) (B), glucoamylase (EC:
3.2.1.3) (C), and a-glucosidase (EC: 3.2.1.20) (D). The mark + and red color represent the enzymes with
significantly higher TPM abundance in matured Daqu (significance level: 0.05).
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Figure 6 The TPM abundances and microbial sources of key enzymes related to fermentative and
esterifying activities. Alcohol dehydrogenase (EC: 1.1.1.1) (A), alcohol dehydrogenase (NADP+) (EC:
1.1.1.2) (B), alcohol O-acetyltransferase (EC: 2.3.1.84) (C), and carboxylesterase (EC: 3.1.1.1) (D). The
mark + and red color represent the enzymes with significantly higher TPM abundance in matured Daqu
(significance level: 0.05).
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Figure 7 The TPM abundances and microbial sources of key enzymes related to phenylethyl alcohol
metabolism. Phenylpyruvate decarboxylase (EC: 4.1.1.—) (A), aldehyde dehydrogenase [NAD(P)'] (EC:
1.2.1.5) (B), aryl-alcohol dehydrogenase (EC: 1.1.1.90) (C), and formaldehyde dehydrogenase (D). The mark
+ and red color represent the enzymes with significantly higher TPM abundance in matured Daqu
(significance level: 0.05).
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Figure 8 The TPM abundances and microbial sources of key enzymes related to pyrazines metabolism.
Acetolactate synthase (EC: 2.2.1.6) (A), acetolactate decarboxylase (EC: 4.1.1.5), (R)-acetoin dehydrogenase

(EC: 1.1.1.303) (C), and (S)-acetoin dehydrogenase (EC: 1.1.1.304) (D). The mark + and red color represent
the enzymes with significantly higher TPM abundance in matured Daqu (significance level: 0.05).
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