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Physicochemical Indicators, Microbial Diversity, and Volatile Substances in the

Qupi and Quxin of High-temperature Daqu
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YANG Junlin YOU Xiaolong WANG Digiang

(Guizhou Xijiu Co., Ltd., Zunyi 564622, China)

Abstract: [Objective] This study aims to explore the physicochemical indicators, microbial diversity, and
volatile substances in the Qupi (surface) and Quxin (core) of high-temperature Daqu. [Method] High-throughput
sequencing and headspace solid-phase microextraction coupled with gas chromatography-mass spectrometry
(HS-SPME-GC-MS) were employed to compare the microbial diversity, volatile substances, and physicochemical
indicators between Qupi and Quxin of three types of Daqu. [Result] The moisture mass fraction in Qupi of the

three types of Daqu was lower than that in Quxin (P<0.05), and the moisture mass fraction was the lowest in the
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Qupi of white Daqu (WP) and the highest in the Quxin of yellow Daqu (YX). The acidity of Qupi and Quxin
were in the order of Quxin of black Daqu (BX) > YX > Qupi of black Daqu (BP) > Quxin of white Daqu (WX) >
Qupi of yellow Daqu (YP) > WP. High-throughput sequencing results showed that Firmicutes and Proteobacteria
were the dominant bacterial phyla, and Ascomycota was the dominant fungal phylum in Daqu. At the genus level,
Pseudomonas E was the dominant bacterial phyla in BP, BX, and YX; Blastococus was the dominant bacterial
phyla in WP; and Scopulibacillus was the dominant bacterial phyla in WX. Thermomyces was the dominant
fungal genus in all the samples, while its relative abundance varied among samples. In addition, the microbial
diversity in Qupi of Jiangxiangxing high-temperature Daqu was higher than that in Quxin. The redundancy
analysis (RDA) results indicated that moisture content and temperature were positively correlated with WP, and
YX and BX were positively correlated with acidity. The microbial community structure difference between Qupi
and Quxin was mainly attributed to the micro-ecosystem difference. The quantitative analysis results of 76
volatile substances in Qupi and Quxin showed that among esters, the mass fraction of ethyl acetate in WP was
relatively high; among aldehydes, the mass fraction of benzaldehyde in BX was relatively high; among acids,
isovaleric acid has the highest mass fraction in WX; among pyrazines, tetramethyl pyrazine has the highest mass
fraction in WX. The results indicated the mass fractions of volatile substances were different in Qupi and Quxin
of different types of Daqu. [Conclusion] This study provides a theoretical foundation for further research on the
evolution of microbial communities and the mechanism of volatile substances in Jiangxiangxing high-
temperature Daqu.

Keywords: high-temperature Daqu; Qupi; Quxin; microbial diversity; volatile substances
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Fig. 2 Schematic diagrams of sampling positions for Qupi and

Quxin of three types of Daqu

BE3038|2025F 6 B | RMEEVEARER

AL 3G AR 49 M 2

2 18 QB/T 4257—2011C R i K il 38 FH 4 47 7
V7D R R P K A3 T R B B AL
133 kw4 DNARR A ¥ % DNA

Z B P DR RO ST O I R A
DNA, 47 PCR 4 .
134 HiEEd 5

K H Tllumina MiSeq Ml 57 7 & , 43 7 XF 4
16S rRNA % [K V3—V4 [X | B B ITS3—I1TS4 [X it
A7 v R A, A AR TRE CEED B
AR A F 58
1.3.5 ERXWA R 9T

FI F HS-SPME-GC-MS 4 #1 K il (1) 48 & 14 4
Ji o FE G ET AL BE AR 3 g by 1 K R T 15 mL
T2, 0N 3 mL ¥ A NaClUE &% 50 uL N s
W . HS-SPME-GC-MS % 14 : £ 60 °C %% 1£ F i
1k 10 min, A% B 40 min; 3 £ 135 & R 260 °C, fig
W 2 min 5 E 31T GC-MS 7> B % . M5
SE B AT A S B 4 R MR A S E i NIST 4 b
% 5E i % HALEE KT 80% I % s 45 s Bl 2-2 3
TN AR, SR T ARA — b vk 6 % 5 R )
BEAT S BT AT .
1.4 HEGITRAE

73 il 48 H] UNITE A1 Silva N2 2% $0¥E i, DL 3k
T 97% H AL K S 1 #8 /E 4 25 5 J0 Coperational
taxonomic units, OTU) 18 & ¥ 51 i3F 47 F B A1 41 i
Gy K VE RS B, PR QUIME B X A A i AT
Chaol 8 %1 . Shannon #5 £ 1 Simpson & %1 73 #7 , X
F Origin 2022 %K 11 % i 9 Fh AH X == FE A2IR B, 2R
F IBM SPSS Statistics 23.0 % £ i 17 & 2 1% 5 47
# A Canoco 5 ¥ 14 #t47 RDA 43 #7 , 1# H Simca #&
4 3 AT W B /N = 3 ik (PLS-DA) 4 #1 , £ H
TBtools % £ £ il AH 0T == B #v i o
2 #iRk5ihwe
2.1 R AHAY B OB IR L S AR

K Gy R4 B R FE L BE AL 5 AL FE AR
F T PF O iR Ol i AR 5. UK A i & A AR
7E ) i FE R 5 AR I AR KR B Y A R )
Ko HHR LA A, 3 FhoR th ) il B K 43 BT & 4
BB AL T 0 (P<0.05) , HoHd WP K 4 &
I3 BURAR , N (7.50£0.15)% : YX [ 7K 20 i & 7 3

1.3.2



Vol. 44 No. 6

55 55 N (13.10£0.18) % 5 H ¥k & BX 1 /K 43 it &
30, N (11.10£0.34)% . K il 78 % B2 i 3 R
EAG, KRR R, 16K B4 B 25 5 7=
A E il DR, R TR I AR T WP K o B EER.

=1 3FREMEY BN BRI IR AR R

B A% SIRKM T E MO HBLER MEYSEENER YRR

B M & » WP A Shannon i #( { £ X . Simpson &
B/, RPWPHAYBRRZREERTE .

F2 TERBREPAEMEELN o SHMEDH

Table 2 Bacterial and Fungal o diversity of different types of

Table 1 Test results of physicochemical indicators for Qupi
and Quxin of three types of Daqu
- K53 IR 43 B BRI/ WAk J1/ T/
% (mmol/g) (mg/g-h) °C

WX 10.80+0.42° 0.13+0.01¢ 83.65+1.35"  30.20+0.55°
WP 7.50£0.15° 0.08+0.01° 67.15£0.95"  25.20+0.63°
YX 13.10+0.18" 0.20+0.01° 36.22+1.08°  35.50+0.51°
YP 7.60+0.20° 0.12+0.02¢ 29.78+0.73°  30.30+0.95°
BX 11.10£0.34° 0.30+0.03" 45.34£0.98°  33.10£0.85"
BP 8.50+0.19¢ 0.17£0.02° 35.67+1.35"  28.30+0.92¢

T [ GUAN R NG RSN R ) P B R b 22 57 225 (P<0.05)

FH ORI 50 3 B, Kl 1 R 2 R R T R
T A 0 B 0 R 1 D5 T O R A TR R DA R B
A HLER AR, 2 Tk AR W 5 A A I 4 IR
BG4 BEAR W, 3 Ol e it B R it O 1 R FE K
N :BX>YX>BP>WX>YP>WP, } " BX % [ %
> N (0.30+0.03) mmol/g; WP [ R J& i ik , A
(0.08+0.01) mmol/g.

EH W Ak R 25 AT A, WXORT WP I BB AL
T Al 2 P SR R, o, WXOBE AL 77 8
N (83.65+1.35) mg/(g-h), YP ¥tk ik,
W SR, AL D 4R br 2 T2 6 S 500 s m , b
1 SR E T /N2 R R T RA, I B 5
il AR 25 I AH 6
22 HIBKHIPEE M OB MEY SN S
221 aZHESH

Ry W FE & 58 BRI 7, SR UG R A 4 B ik
G IR SR b B S 315 3 562 667 5K A AT
Hil, o 4 R 284 048 25V H B 278 619 % . o &
FEVE AT DL R R R B AR W E R 2R
TR AR Y BE VR R AE o A DR B b 40 B R
W B RN 99% LA B, 3R B R IR
AN RE S LT BT A A W R Y B A
o, g B AT IS S B RE R4 B R TS
FEW Z AR s W . R 2 W, X T 40
M 7% » YP ' Shannon #& % f KX . Simpson $& %1 &
NS RPYPIAEMHE ZEERFEE N T H

Daqu
g g oty Smen Guel ace  Span R
iz EIZE- QR I F iz %
BP 131.00 2.11 135.00 133.58 0.29 100
BX 121.00 2.02 123.00 125.03 0.30 100
- WP 114.00 1.64 125.67 133.19 0.40 100
WX 70.00 1.18 79.55 81.84 0.45 100
YP 105.00 2.30 111.56  116.23 0.15 100
YX 118.00 1.85 126.25 124.13 0.30 100
BP  294.00 1.48 364.71 337.01 0.54 100
BX 209.00 0.91 244.84 253.71 0.74 100
o WP 339.00 2.93 372.11  366.71 0.15 100
S WX  222.00 0.89 283.18 283.58 0.75 100
YP 228.00 1.53 263.36  272.71 0.46 100
YX  225.00 0.93 333.00 387.22 0.73 100

222 ATFINEKRFLEMAEMEA B ZHFEIH

Bl 3~6 H T R o 1 35 O AH R S R A b A —
AR FE S R T 1% MR S 1 . % A 2 m iR
KMl A &l By R R 15 AT
I8N 45D H 67T MRS AR . £TTKT
I+, Firmicutes- Proteobacteria >y K #H H 1 £t 34 41 15
Il , Firmicutes £ WX F£ & o 1 40 X5 3= B &7 L oM
84.26% , Proteobacteria 7£ Y X Ff & o1 1 AH X F /&
N 96.40%. [RII, BB LA H 71T .28 N4
64~ H 142 4%} 235 N )& , H  Ascomycota A
HE ], Ascomycota 7E FT A B i b 1A 3 52
bt 35 8 K, 78 BPLBX A B AH 0 3= B o5 LG A il oA
95.52%.94.80%. 1+ B TR BT, il K
M5 2 B 7E ) K °F L Firmicutes N £ 5. X5k
SO RIE 5T R W, e A B v R Kl LT 2 R DL
Ascomycota Jy F E AL % B ], Ascomycota 1 ]
Saccharomyces & [ 10 B 1& i 72 0 4 &= % 2 1 BE BF
TR T, A 2 T 2 77 2085 g v ) T R R

1t J& /K °F I, BP.BX.YX LA Pseudomonas E
NEEMRAME)E, HAEBP.BX.YX H HIAH XS F
FE o EL 2y R 52.43%.53.53%51.41%; /£ WP H1,
Blastococcus(61.56%) 5 F ZL AR 4 17 J& s /£ WX
Wi, Scopulibacillus (62.77%) A £ B AR A 40 1 J& ;

165



Journal of Food Science and Biotechnology BE 3038|2025 F 6 A | ERE5EVMHEAREZR

100
80
X Actinob .
S 0 B Actinobacteriota
17 [ Bacteroidota
N L
A @ Firmicutes
E 40 @ Firmicutes A
@ Proteobacteria
20 O Others
0
YP YX WP WX BP BX
it
B3 TIR-FaymuitastF &k
Fig. 3 Relative abundance of bacteria at the phylum level
100
80
e [l Ascomycota
% 60 @ Basidiomycota
Eeo @ Glomeromycota
g 40 @ Mucoromycota
= [ unclassified Fungi
20 O Others
0
YP YX WP WX BP BX
it
B4 1TKRFAEE BT F L
Fig. 4 Relative abundance of fungi at the phylum level
100 W Achromobacter
W Acinetobacter
@ Agarivorans
80 W Blastococcus
B Cronobacter
o O Halomonas
:\\__J 60 W Kroppenstedtia
i{_ﬁ W Marinobacter
f:id B Oceanobacillus
g 40 W Paenibacillus_G
=z B Planococcus
B Pseudomonas E
B Rheinheimera
20 @ Saccharopolyspora
O Scopulibacillus
@ Sphingomonas
0 .
YP YX WP WX BP BX B Weissella
o O Weizmannia
HA

B Others
BS AKFomBEimstFisit

Fig. 5 Relative abundance of bacteria at the genus level

166



Vol. 44 No. 6

100

80

60

40

AR B 7 H /%

20

YP YX WP WX
B it

Bo6 B&AKFaEEMATFE L

Fig. 6 Relative abundance of fungi at the genus level

Weissella T J& 47 7£ T 3 Fh K il A AEAH 0 =5 B2 (5 T
Y AK 5 Scopulibacillus 1£ WX 71 [f A1 X6t =F B &5t
B N 62.77%. fERE Y, Thermomyces N #
35 BB g 72 BT A FE R R, HE YXUBX,
WX, BP I A X B B2 i O 85.53%.
85.87%- 86.44%73.32%; YP ¥ fis ' Thermoascus
(66.12%) 7 F 2 AL % K W )& ; WP # & f
Rhizomucor(33.01%) N FEMA B HIE . &R
F W], Kb AS [F] AL BT S B B0AE W B R AE A SR L
ZRAP R AN FEE S AAE - EER, B
e A AL IR R PR ) 2 R A R O D il B AR
F e, X5 MR AT R . R
Tk K o) AR ok R e s R TR HE O 1 DKl e ot O
I 5 AT 3K 65 °C , K 22 BN ey i 1 ol A ) A
PAAFIG o PR, IR B R AE R, fl B 2 T
i, B A PR S 2 T R R, X R B
IR T N AN RN o X 7 e S 2 E N )
FOAR B [ 5 82 W A% vh i AR ) B R A A K
R 0 B A B,
223 KW AEYD S L ZIEATG AR X AT
Kt ) 2R A PR AR A 6 LB AR W i AR K
J FAT N B A R 5, 2R T R A A B
TS R FLE B R g A A iR K i #E
A4 BRL 7 50 FL AT 35 Ak A 4 i 9 R R R a0k EBCAE o
EhEHEATT 10 ANEE LB EEES K

B A% SIEXH LA OIBUER BEYMSHMENEL YRR

W Aspergillus
W Cladosporium
[ Dioszegia

W Filobasidium
B Gibberella

@ Holtermanniella
W Issatchenkia
W Millerozyma
W Neoascochyta
W Podosphaera
W Preussia

B Rhizomucor

B Thermoascus

@ Thermomyces

[ Saccharomyces

@ Vishniacozyma

[ Zymoseptoria

[ unclassified_A4scomycota

BP BX B Others

il P A R 7 HEAT A SG M  #T

WE7CO PR, MAET S, AR KRR
M5 M AW m MK R, WP S
Agarivorans Blastococcus 2 1E # % ; YX.BX 5
Halomonas « Pseudomonas_E \Rheinheimera 5 1F
XK 3 YP WX 5 Saccharopolyspora-Kroppenstedtia-
Scopulibacillus & IEFH G . WG ¥ 542
(B8] 1) A0 ¢ P AT %0, Blastococcus 5 B¥ A6 71 2 1E
X 3 Halomonas + Pseudomonas_E . Rheinheimera 5
T P55 K G B A A IR R RO AR OG . A AR AR
I8 98 R B, Saccharopolyspora- Kroppenstedtia F
LRV T R PR B ) A ASOR AR T R K, g2 TR
I8 A8 ) LA 40 T

WA 7o) Pros , M E TS 5 A [F] S 8K il
55 APy 2 (B A < M T A, WP 5 Issatchenkia
Rhizomucor.  Holtermanniella.  Vishniacozyma
Gibberella. Aspergillus = 1 fH % ; YP. BP 5
Thermomyces 2 1IE# X s NI B T 5 AW
2 8] B A0 9% M W] R, Issatchenkia~ Aspergillus
Gibberella %5 FL T8 18 J& 5 i B V7K 40 ot & 4 $ 2t
FH K, Thermomyces 5 i J& WAL ) 2 IEAH G . H
W Thermomyces {F 3 — P A K b IR I FEAR i (1 32
LA 0 B T, L A R R O il R
L TR, 72 AR 1 22 il AR K A B A Bl T 1T M A R
PR TR 5 I T T 6 2 IRV (9 T il 7 A 27

167



168

Journal of Food Science and Biotechnology

PENEE PN ESE: F A e Y P c)
HL, WX 5 R K 43 T & 4 BRI FE 52 IR AH 5K s BP
R RE B OE A G, A A 2 v i oK it B A R 6
IR W 00 A 2 1 2 T R B, K o R B 4 R IR
Xof A I A K R R e A K, LB Ak KR 1 TE
AR SRS R E EEEM, B
B2 A W BEVR SR . AE D BETE AR K AR

2
: YP
R : ©
1} Kroppe\r’lgredria
KO TR A HL Jeabacle
Halomonas
— he copulibacillus
§ Pseudomonas
= L e NG
8 Spngomonas o Tl
g M4
5 0% © i
~ -1t
Blastococcus
Agarivorans
,2 -
@)
WP
73 1 ; 1
=2 -1 0 1 2
RDAL (48.57%)

(a) 4HT&

BE303H12025F 6 A | RREEYRAFR

1% DU R R R e BRAL 1R AR R 2 B R R
P A 51 RS IR I E T v DA B i T A A AR 7 R
W2 B A pH I 5 7200 X 3R B T % A R e i K
bR L O B AR S PR B 2 R e T SO R
Y e Vi 45 K 22 5 1) B R TR 2, il Bl B AR
PR 1) 22 St AE — € R B2 B RE % A R il B2 L 0 Y
AR TR S 22 5% .

B TR 7 Sk ] £ 2 fARAR IR L S SRk
H7 mAMHELZLRET G4 XM

Fig. 7 Correlation analysis between microbial community and physicochemical indicators

23 KHEHEL MRS
231 Kehaydy i S E RIS AT

3 AN [ 2 20K gt ) ot Bz 0 6 AN B P SR A
76 B R T, 6 LR AT E B AT AR PR AR
W5, AT GO ER P 5 18 Bl R R 15 B Lk
SR I5T 9 Tt (A R SR 5 9 b BE SR A5 8 B I 2K A
Ji 6 Fh D5 A EAL AW 6 Tl B F A S PR )
SFfo X o B A BB R 32 B T AT HE R 1
B A e S R 8 Fas . B, WP
W) LR O TR TRy BUR R (35.25 nglg) s LR
YP(6.15 pg/g) s BER Y B v , BX H A 48 HY % o 5 77
i wmn (15.47 pg/g) s BRI LA S IR R &, H
TE WX H R 5 & 70 B0 1 (21.58 pg/g) , Hok & WP
(16.36 ug/g) Al BP(15.46 ug/g) ; BE K it LA 4
e 9 3, AL YX P ) 5t & 70 0 14.62 ng/g s L%
KA AW DY R bk g AE K it b A B,
HAE WX T & 7 30 5 =1 (34.78 nglg) » Hk 2

2
‘0
YP
Thermoascus — Podosphaera
T e 5 Filobasidium
[ AR Vishniacozyma o
= Opks BN Gibbarella---{ SHIH
bt Holtermanniella | ® &
< Thermomyces Phizomucor
Q W
= w5 i Issatchenkia o
I~ -1r 2452
Aspergillus
°
"2k BP
5 -1 0 1 2 3
RDAI (61.01%)
(b) HH
WP(21.57 pg/g) f YX(10.01 pug/g) . %45 H % W

AN T K i il K2 O R B R MR 5 K P AT AR
—EZES . H, DY R e TR o S
P77 e B AR B, TE ) R HE AR e O FR b 3 o
A s B 2R 5 R K iR I A A B R B2,
A AR R & S5 R AED . G I R I,
Fi 25 0 Jo 3l 8 A RN 1R e R A S Ak
vl S R S R 157 O (T 2P S8 - A NG s
S EBEY R,
232 K R 8 S 8 PLS-DA 547

NI FEAS [ 2 2 s i L v iR K il R 4 R
Ji 1] 2 S %, SR B PLS-DA §fi 3% H 7 A% & & % i
(VIP)>1 [R5 22 e W o, 08 ok 56 gk — 20 06
VI, 0 % AN 1R A7 B K il 1) 22 R, SR AT E R
PE L 45 B W E 9. PLS-DA 754> W& 9Ca) , #f
A5 7E 95% Hotelling [ T ~F J5 i & P , % B K
FEA TG 7 W8 4L B R QC i, HAh B (1 3%



Vol. 44 No. 6

B A% SIEXH LA OIBUER BEYMSHMENEL YRR

J

| | 2.50

1 . | PR 2.00
[ 0 A 5o
— L Eyid :
=-, D =R 1.00
= il L B 0.50
==y e 2w 0
. | | R E -0.50
| B ok oo
| D 2 om '
B D AT 150
| N Rom 200
| D kR
] L
] L xLE
= - 2-H i R
L om
= O 2, 5
I B T e
= . IEm- 6-— T3k

2, 3- - HISEm R
2,3, 5-= H L
2, 3-HE-5- 2 Bk s

B8 RS A AE R MR o AT

Fig. 8 Analysis of volatile substances in Qupi and Quxin

25 - ®BP WP vs WX
\ mBX
20 T T ~ mQC
15 / BP 2 WP
|
o / BPﬁleP} \ &NPX
/ mx2 \ mYX
5 B 1@Ex s o P2 ]
b=y B - @ 'YP h\w 1
< 0 ot P32
B -
I N
o o
240 30 20 10 0 10 20 30 40 BP vs BX
f1]
(a) PLS-DA 43 #t (b) ZSEHT

B9 TE AA K#ayPLS-DA & £ F 4547
Fig. 9 PLS-DA and differential analysis of different types of Daqu

7 AN TR IR RE A O il R R O B i QC FEA
AT RE L B &, R G R E M B T SR
FE 3RS AL Kl b, YP WP IR 41 P9 o3 B AR B

i, R YP A WP 1) #5 &V 2 A A L s YX .
BP.BX iX 3 AN B 1) K b 4% & P90 5 X ) T o Ath
FRAK M, &5 A% & 2 il oK i A = i f2 R I

169



170

Journal of Food Science and Biotechnology

S il O R B R AT 65 °C, B A 0 B
T FE AT I 62 °C o A, Kk I ok #2 iR B AN ) 2 3 5
HEREYRAEEREEFERNZ —. HER
P A 7] 268 28 K il A il B2 O 1 2 EE A 5 kAT
SIHT AR 9B AT 7R . YP vs YX WP vs WX
FIBP vs BX A 7E 27 i L5 Z R MW A, K5
% S MW 5 L BP vs BX f £ (39 Fl) , ok &
WP vs WX(38F),YP vs YX B /> (37 Flt) . %%
FR A 28 A R K i (0 R [\ AL B RE
RV R R —EER

3 g5

£ 2 F H v 38 & W P £ R BX & HS-SPME-
GC-MS SEH A, fAT 1 3 PP A [7) 28 284 K il oot 2
O 1 BEAK R bR LA 2 AR R R M 2
B] FR) 25 S R o AE BRAK 43 B D7 10, 3 R K il g it
K 73 R B R T (P<0.05) , o WP
H 7K 43 B BB AR, YX K 43 i & 0 B0k = s i
Bz A O ) R FE K/ HE P N - BX>YX>BP>WX>
YP>WP.

AP 2 FEVEAE T 45 SRR T, 0 4l R T E
Firmicutes. Proteobacteria >4 K i i) £t #4541 1 ] , &
Hi Firmicutes ££ WX H1 AR X = 2 15 LR 84.26%
Proteobacteria /£ YX H [ A Xf F & & M
96.40% ; X E 1 7 , Ascomycota NI HAEE ],
£ BP.BX 1 B9 A0 = B2 o L 2 Bl 8 95.52%
94.80%; £ J& /K 7 I, BP. BX. YX F Z L)
Pseudomonas E  F E L % 40 W J& ; WP
Blastococcus N F B L # 4 J& ; WX i
Scopulibacillus 3 EENHAMEE. M EEIMNF ,
Thermomyces N £ BN H E &, /£ i A FE 1y
6 s WP o Rhizomucor N EEMNH A HE . R
KU AR FBALET & A EBFEME EERA
HE HEENFEE S A E—EER, HEEL
SR N /I A = el 2 7 i il 1 R
RDA 7 M1 45 & B, WP 57K & it & 4 BORE
FIEMHK, YXBX 5B BE 2 IEAH K s A A S8 A
e e K 55 Ak 2R W 22 TR]ER AR O 4 A AT, il R
1O R B A A G 72 e 2 T BUH T AR W) B R 45 4
Z M EEFER 2z —, & o B = R
fE— € F2 T b RE 08 fd R il Kz o il o0 B2 W B VR 45

BEE 30381 2025F 6 A | ERE5EMEARFER

PRI ZE 57 o DA 3 b A [ SR 2R Ky v ot 2 A Y
76 MR ALV IT, 73 B 09 BER Y R IR SR A I
WD IR S 5 B SR o R SR IR 5 A R
WEWSE. R T, 28R LBEAE WP H R
B BB AEBE SR R, IR H B AE BX I
BEBB SRR, F R AE WX )R
B m BRI R OBy T, KA YX
(¥ Joit B2 7 A i 5 It R SR AL 5 W AE K R iR B R
oy BB E WX R B Bl o . $E R R
Jo e U 45 SR AR B, A [ K it et B2 O 4 R
) B IK P AR AE — 8 72 5 o T T N AR AR R 4 Ok
PEWI BT BL R Dy 0 B O 4 A 00 5T e i K B R it T
WA

£ 3k

(1] EwSF, o2, PR, &5 . ¥ & 24Ok th 40 7 1) 2 4 1k
V). frd 5 Km0, 2017,43(5):70-75.
WANG X D, LEI A L, BAN S D, et al. Research on

bacterial diversity of Maotai-flavor Daqu[J]. Food and
Fermentation Industries,2017,43(5):70-75. (in Chinese)

[2] ZHANG CL,AO Z H,CHUI W Q,et al. Characterization
of the aroma-active compounds in Daqu: a tradition
Chinese liquor starter[J]. European Food Research and
Technology,2012,234(1):69-76.

(31423 F L ARB HIN, 45 . 2 A2 g b 3 & B K XUk )
JRIERRLT]. 5 R EE Tk, 2021,47(22):35-41.
LIU X Y,ZHU Q, YANG F,et al. Multi-omics reveal the
formation of flavor compounds in sauce-flavor Daqu[J] .
Food and Fermentation Industries, 2021, 47 (22) : 35-41.
(in Chinese)

[4] GAN S H, YANG F, SAHU S K, et al. Deciphering the
composition and functional profile of the microbial
communities in Chinese Moutai liquor starters [J].
Frontiers in Microbiology,2019,10:1540.

[5] WANG Y R, CAI W C, WANG W P, et al. Analysis of

microbial diversity and functional differences in different

types of high-temperature Daqu [J] . Food Science &
Nutrition,2021,9(2):1003-1016.

[6] ER/UBE 5, EME, . AR XEF &R E. A
T B AR R AR Ry 22 R e DO IR R R
2022,47(6):155-159.

WANG Y, QIU Y, WANG L, et al. Analysis on the

differences of physicochemical indexes and volatile

components of black, white and yellow koji at high



Vol. 44 No. 6

temperature with Maotai flavor in different production areas
[J]. China Condiment,2022,47(6):155-159.Cin Chinese)

(7] 5k 1588, B8, 2804, 45 B & B Al milk Kl ie 8
HIR B HrlI]. T EEE 2019,38(4):53-57.
ZHANG QL,LV X B,QIN X,etal. Comparative analysis of
free amino acids in high temperature Daqu of Moutai-flavor
Baijiu[J]. China Brewing,2019,38(4):53-57. (in Chinese)

(8] JH /R, MRS, 2B BT, &5 L 1 1 K KUK 49 Jo F ¢ gk
Jeli]. P EmGE,2019,38(5):6-12.

ZHOU C X, ZHENG F P, LI H H, et al. Research
progress on flavor compounds of Baijiu Daqu[J]. China
Brewing,2019,38(5):6-12.(in Chinese)
[9] ZHENG X W, TABRIZI M R,ROBERT NOUT M J,et al.
Daqu: a traditional Chinese liquor fermentation starter[ J] .
Journal of the Institute of Brewing,2011,117(1):82-90.
[10] XSGR, B84 T, R SCIE, 45 8 B DX b fe il O il 2 A0
O FUE 2 A LML), P AR IE ,2021,4006):65-69.
DENG CY,LITY,LIU W H,etal. Fungal diversity in
surface and center of medium-high temperature Daqu in
Xiangyang area[ J]. China Brewing,2021,40(6):65-69.
(in Chinese)

[11] SEidie , WA %, 4 4% 5, % . % T Illumina Hiseq =18
DN 73 M7 5 7 L I O ot e R o o PR 4 TR R TR 22
[J]. b E RIS ,2022,41(2) :48-52.
MO Z N, QIU S Y, ZENG X Y, et al.

=
==X

=N
7t

Difference of

bacterial community in different parts of high-

temperature Daqu based on Illumina Hiseq high-

throughput sequencing [J] . China Brewing, 2022,
41(2):48-52.(in Chinese)

[12] m7rgy, £, 124 . R PCR-DGGE K ¥ 7& £ A Xt

e LE] T R e K R R A A I A LT ]
AW 4R ,2010,37(7):999-1004.
GAO Y B, WANG H Y, XU Y. PCR-DGGE analysis of
the bacterial community of Chinese liquor high and
medium temperature Daqu [J].
2010,37(7):999-1004 . Cin Chinese)

[13] e N B L A0 B ol A0S S A 38 . R K b a2 #r
J7#E:QB/T 4257—20110S]. dbgt: o E 42 Tl i A,
2011.

[14] P, Sk, BEam Ak, 45 . 3% 7 20 I il K it A A7 i 72
R E R R S PR AR S T L], B
W AHE ,2023,44(15) :151-158.

XIE D, WU C,BIY L, et al.

Microbiology China,

Study on the correlation

between microbial community succession and

physicochemical factors during the storage of Maotai-

flavor liquor in Daqu at high temperature [J]. Science

CilEE -5

158 A B P R A O B IR LR AT R E M S A AR R M R R

and Technology of Food Industry, 2023, 44 (15) :
158. (in Chinese)

[15] RE & W, 5. 3 & 0 B e i oK il i 12
PEREZEE AL &5 AW ER R, 2023,
42(6):95-103.

WU C,CHENG P Y, XIE D,et al.

151-

Investigation on fungal

diversity during high-temperature Daqu fermentation of

sauce-flavor Baijiu [J] . Journal of Food Science and
Biotechnology,2023,42(6):95-103 . Cin Chinese)

[16] ¥ 55, Zes, 2257, 4. bl oK i iy B s 5z 1) 24 Ak $is

PRz S AR A DN]. &S R EE Tk, 2019,
45(19):73-78.
YANG Y, LI Y R, JIANG L, et al. Study on the
difference and change regulation of biochemical indices
between parts of medium and high temperature Daqu[J] .
Food and Fermentation Industries, 2019,45(19) : 73-78.
(in Chinese)

[17] ZHANG W X, WU Z Y, ZHANG Q S, et al.
Combination of newly developed high quality Fuqu with
traditional Daqu for Luzhou-flavor liquor brewing [J] .
World Journal of Microbiology and Biotechnology, 2009,
25(10):1721-1726.

[18] KANG J M, HU Y N,DING Z Y,et al. Deciphering the

shifts in microbial community diversity from material

pretreatment to saccharification process of Fuyu-flavor

Baijiu[J]. Frontiers in Microbiology,2021,12:705967.

WAL S, RSP AL R B A SN BOR AT

EHERP AW SR B EAE 2 0] RS

REET,2022,48(19):58-64.

XIE D, WU C,CHENG P Y, et al.

—
—_
O

[

Analysis of bacteria
diversity during the production of high-temperature Daqu

of Maotai-flavor Baijiu using SMRT technology [J].

Food and Fermentation Industries, 2022,48 (19) : 58-64.

(in Chinese)

[20] BA 4, 950 , BERL R, 45 . AR R 6 2 0K il i 2 ) 2
gk R 2RV M T]. & RHE,2022,43C10)

133-141.

ZHAO C,SU W, MU Y C,et al. Effects of different raw
materials on microbial community structure and diversity
in Jiang-flavor Daqu[J]. Food Science, 2022, 43 (10) :

133-141.(in Chinese)

[21] FAN G S, FU Z L, TENG C, et al. Comprehensive
analysis of different grades of roasted-sesame-like
flavored Daqu [J].
Properties,2019,22(1):1205-1222.

(22 5k i, o oK R T8 ok T o iy B2 A O Rl 26 0 T 9

International Journal of Food

171



172

Journal of Food Science and Biotechnology

G5 R Dy Be 22 S S R LRI LD ]
%,2021.

[23] X, AN, 3 KO, % . &3 AU AL R & A H
B URHE R R W O B RSS2 R D] &R
2,2020,41(2):188-195.

WANG H, XI D Z, HUANG Y G, et al.

BT WA TR

Bacterial
community structure and diversity in different stacking
fermentation rounds in mechanized Maotai-flavor liquor
brewing[J]. Food Science, 2020, 41(2) : 188-195. (in
Chinese)

FERIRE B S, AL A Y I HLRAG ) it R
OB R IR R L], 1 ahRES2,2021,42(18):150-156.
ZUO Q C,HUANG Y G, GUO M, et al.

.ﬁ
(&)
=

faar

Succession of
bacterial community during mechanized fermentation of
Maotai-flavor Daqu[J]. Food Science, 2021, 42 (18) :
150-156. (in Chinese)

WY FEL2)N L, ER. RARERLBE R EILT
Jot T 9 40 Ak B AR BT S L0] . AR W A i, 2005,
45(2):267-271.

GUO R F,LI D C, WANG R. Purification and properties

—
[\
W

[

of a thermostable chitinase from thermophilic fungus

Thermomyces lanuginosus [J] . Acta Microbiologica
Sinica,2005,45(2):267-271.(in Chinese)

[26] JAIN K K, BHANJA DEY T, KUMAR 8, et al.
Production of thermostable hydrolases (cellulases and
xylanase) from Thermoascus aurantiacus RCKK: a

fungus [J]. and Biosystems

Engineering,2015,38(4):787-796.

[27] DENG L,MAO X,LIU D,et al. Comparative analysis of

potential Bioprocess

physicochemical properties and microbial composition in
colors [J]
Frontiers in Microbiology,2020,11:588117.

high-temperature Daqu with different

BEE 30381 2025F 6 A | ERE5EMEARFER

[28] WANG X S, DU H, ZHANG Y, et al. Environmental
microbiota drives microbial succession and metabolic
profiles during Chinese liquor fermentation[J]. Applied
and Environmental Microbiology,2018,84(4):e02369.

(29] % WL, #% K ¥, X %E 0%, & . N IR iE L R

Lactobacillus panis 3L 1 & R M 5 R 7 I S (1]
B SR AR ER,2021,40(1):36-42.
YANG F, YANG Y B, LIU Y F, et al. Identification of
key environmental factors of lactic acid biosynthesis by
Lactobacillus panis for Chinese liquor brewing [J].
Journal of Food Science and Biotechnology,2021,40(1):
36-42.(in Chinese)

[30] ¥ us , M, G 2, 55, IRAE R B /¥R R MY K S
RIRLIT. i 5 EMHR 2241, 2021,4009) : 101-111.
JIANG R G, HUANG Y,JIN Y L,et al. Study of aroma
compounds and their source in Fu brick tea[J]. Journal
of Food Science and Biotechnology, 2021, 40(9) : 101-
111.Cin Chinese)

[31]JINY,LID Y,AI M, et al. Correlation between volatile

communities: a metabonomic

profiles and microbial

approach to study Jiang-flavor liquor Daqu[J]. Food
Research International ,2019,121:422-432.

[32] HUANG X N, FAN Y, LU T, et al. Composition and
metabolic functions of the microbiome in fermented grain
during light-flavor Baijiu fermentation[ J]. Microorganisms,
2020,8(9):1281.

[33] FAN G S, DU Y H, FU Z L, et al. Characterisation of

physicochemical properties, flavour components and
microbial community in Chinese Guojing roasted sesame-
like flavour Daqu [J].

Brewing,2020,126(1):105-115.

Journal of the Institute of

COUAE G - FI AR 4D



