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high-temperature Daqu based on electronic nose
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high-temperature Daqu based on electronic tongue

SRR AR R X 8 B 5 T Al (P<0.05)
T T A 9% R AR AU AR A T 1 R gt SR
R, TR 0 R R R AL, X Z.
Guo %5 R FH o 5 6 JH A 6 7 R P 9 Al A=
PR T TR HE 2 R AR 140 43 W 4 SR A — B
2.2 AERBEERAHERSHEESH

MiSeq i 38 20 3 285 5 W | 3 P i € v T K il
AR 1668 986 457 5, i ik i & 45 il 5 15 2
1 620 839 & i) T4, o P 8 #i HR 97 % AH
LIRS A 14 045 4 OTU, - & FES &4
54 028 5575 H1 2 266 4~ OTU,, A[A] 6 5 i K i
YUY Chaol $8 %%, Shannon 8§ % FI13E T Bray-curtis
FEES Y PCoA 254Nl 3 frw , Hovh ) A1 b) A A e
(S0 SRR Sl B A NS REEEF R B3 (P>
0.05) , FHIE 3a) 1 b) Al %1, gl il A S il 40
B2 Chaol F5%043 51K 2225 3098 H1 2743, -1
Shannon #5803 ] 4y 4. 42 4. 88 Fl 4.25, 5 Mann-
Whitnay #:5 & 38, F A0 19 Chaol FEEUE &
TR (P<0.05) , 1M 3 A2 €4, 5 i K M Y Shannon
R AR 22 53 (P>0.05) o X UL il
AR T R e TR 3 R S TR R
I A0 PR =2 ) ) A 1 2 A /N, B 3e) AT
R E AR A S B X L M it — 4
RIS =G BRXT FAZny R 5, iR il AR A s 0] 43 A
TES—ZBRANEE =2 BRx 2 oy, St e ih
FEA S5 B B A3 B R A ok 13 BT 1 o R gt ) A
TR AR 5 A AR AL, i ot i) 4 TR T T 25 A A R
R, S RTSCRRRRIE T 45 R — 2

It £ OTU 585085 e (4 LR R B, i 7 1) 3
YEF 22 N7 368 M@, BT AR AR T
1. 00% , AR €8, e i A iy v %) 00 3 240 1 11 R 32
MR RN 4 Fr7R . B 4a) AT 3 FhEE S
TR il B B A W B B DL JEE BE B T ( Firmicutes,
53.50%) Jif 2 1] ( Actinobacteria, 38. 79% ) 75
JE 1] ( Proteobacteria 6. 97%) & 3, Mann-Whitnay
Ror g A L, JEERE TR 1] 7 it v S K AR X B 2
B (P<0.05) T B T )RS T 1 1T 7E ARt e iy
S AR N e i A (P<0.05) o IR 4b) R,
(e B I s Bl b 3 i € | W oL E )



25060000049003 Eﬂﬂ 03 {751 )1]. tbd
R 2. il R BE B A Kok B R A SRR .5
5000 8 T
I
NS ° )
—_— NS ° I
4000 - = Ns —— : * ° °
L T =+ 2o |
Crl o |
. e O | .
- . N .
3000 | & - = I
ﬁ e 2 o __®_
° g 4r 4 S o
£ 2 g < o |
S 2000 | 1 = S o : o
-0.2 (OlN) | [
:f :
1000 - o ! o omii
0.4 I o © gmﬂ’
-V | il
0 1 1 1 0 1 1 1 |
iy (=1 v} 21ty Hilfi b -0.2 0 0.2 0.4
13 g5 PCoA1(23.34%)
a)Chao 135%k b)ShannonFE$X )3 F Bray-curtisfE B I PCoA LS SR

A3 RREAEZEKEHA K Chaol 3544 Shannon 45 £ F= 3k T Bray-curtis £ & 49 PCoA 4R
Fig. 3 Bacterial Chaol index, Shannon index, and PCoA results based on Bray-Curtis
distance of different colored high-temperature Daqu

100-

100- ]
P =
V%2
| i
£ 50- E50-
: HoAth
KREE
Weissella
25- 25- [l Pseudomonas
B Staphylococcus
lﬁ-ﬂﬂ | Rhodococcus
REFE Bacillus
[C]Proteobacteria Kroppenstedtia
[ Actinobacteria Thermoactinomyces
0- W Firmicutes 0- B Saccharopolyspora
il iy Loyl iy Hilh
a)yLH ] by L H AR

A4 RERESE KRS P LS a8 1 Fo ik B om R MR

Fig. 4 The composition of dominant bacterial phyla and genera of different colored high-temperature Daqu

W& (28.95% ) FI L3R 16 J& ( Rhodococcus, 7. 96%)
S JE TR RE TR ] 5 R i 2 TR & ( Thermoactinomy-
ces,21.07%) 5. % 32 Wi A 18 18 J& (10. 06% ) | 2 41
FFof R (8.94%) | Hi % BR i J® ( Staphylococcus ,
7.23% ) BRI [CTH & ( Weissella 5. 55%) ; @ T2
T ] R 2008 3 & ( Pseudomonas, 1.79%) . 4
Mann-Whitnay £ 5 & 31, ¥ i i il 4 1 s i
BIrxs & 1 0 m TR (P<0.05) , HAe st by

SER AT i 40, 13% , e B il P 5. 84%
P v 5 2 2 T R A R R 1) S R R X W
TR (P<0.05) , HAE b i 7 AR S 5 5k
17.91% , 1M 76 &l AU 0. 71% 5 1 2 il v 218Kk 1R
i RV B A 1 - AR G A R T
B (P<0.05) , Z 7R b iSRS 55 1
SR 17, 73%F0 12. 74% A TE H il A0 e il op 48T
5.00% . e il HCE TR 1 o 20 2 0 R T e i 1 Ui



25060000049003

6 -

03 )], tbd

TR R UL 1 g AR A B A, LA A R
M e R B AR R R SRR R R 0T 2B AR
W S ZAEN AR —, 5 a i h i ER o
P S T EE A BRSSO AR AR IE ARG G
IS (PN LR R N By I B ey S R e
BHYIM O MiAE AR B 5E 0 1 B
JRBA N RN R B A AN R ey, Hit,
B [ RIT T g v o S S8 A X 5 1 W A R R T R
it SRR B R A B B AR A Rl
AR 1 ) T B AE A SRR ) 3 (4 B THT
FEREEMEN,
2.3 MABHEESXKMRZ BMNEXES T

AN TR €8, v i K b O A R 5 RV i S5
Z (A3 FCAr M 2 S &l 5 i, B S T,
BRI A B) A D~ Fn (MP) 0. 778, P {H
0,002, 383 T FE VK (P<0.01) , RPIARA]
P v R ot DR A B 5 XU B = ] B A
A A

AW FE I — 25 %] i il K b O A 7R e 2 ]
KA ATE 8 5 KR b5 Z 18] (19 Spearman AH C
AT T 508, 25 R 6 Fias . IR 6 ATl R

M=0.778
PfE=0.002

NMDSI
BS5 RRAAEHERXEGFPREADEA RS
Tk s T Z 18] 0 5 K o AT 45 R
Fig. 5 Results of the Procrustes analysis between the
dominant bacterial genera and flavor indicators

of different colored high-temperature Daqu

PRI ZL KB i 0 2 3K 0 =3 Z A A7 7E 12 3 1E
FHICIC R (P<0. 05) , [F] AR B0 o s AL 35K 1 s 44
HAWRIEART I WIC W3C W5C Rk hr v 1)
SR AFAE 535 TAH DGO R (P<0. 05) 1 5 SRR AR
) WIW W28 R ERAE bR AR IR TEBR J5 R A
FUER B AA7E R & IEAH G OC R (P<0.05) . A,
BTG 5 iR s =2 ) 2R A R 5
B R R T B Z AR B IEAC R (P<
0.05) , BT QT B 5 2F F AT 18 8 =[] | e IR 0 4 A
JB 5 BR A B Z A AE B A E R ((P<
0.05), % W R EE 8 5 WA br P i W1C
M W3C FA7E R IEAE KR (P<0.05) . [AlI), #
S0 PGB e R0 e IR I 2 R S 4 5 R OR A W 3 TR AR G
KE(P<0.05) fHESBRIGARH B W3S S k45
PR AR IR MR JE R A RS MR B A77E W UM
KRKF(P<0.05)

CA T &I, Mo A s e K i & el
o] DLA W R ) T B WY ) R R 4 R
R, E A AN RS2 —, IOk, BRI
AT ) 3 B, R BR B 5 W 28 4 o 1 A A
ORI oA 2 T v R R AR ) ORI
1 i 2 3K 4 TR 5 G N 25 R v R R IR R O
AHOCHY R R 22— [ B 2% e 380 20 35K T T 349 45 e B
I T B R 2 1R O e =2 ) A A W 3 B A G OC R
DN BR ] BB B 7 A A IR RV R I BE ), 5 2 AE
SRS Y S R b S, BUIK
B 5 R T B Z AT W IEAHC R R, =
ORI & Wk b XUBR A B 1Y) B B Tk X
AR o SR I A DG, [R5 — 2R )R
TSGR EZ R, 2R R 5 e 2 o2 ke 18
BRI 22 )[R B A7 A B 3 IE M DG 56 3R, Y. Zeng 251
FIRIFSE A I, SX PRI B AT 43 307 LR K B RN o= TE K
it , 2 A OB Ak ) R K T O i DTk, LA
TR 8 TR 43 100 o A A Ay 7 2 N 22 SR TR 1Y e
73 5 3 W A 2 0 7 T Re A, R R R
K i 2 B A LA AR SR Al i > IR, A
JEEE T2 b 0 AT A B TR TR | 2T KR
J& IR TR JE A5 T R AR R P S A A
MR T R R s R R AT R L e



25060000049003

TR BRI, % 1 P B R B G R Ay Uk o U S AT R

E‘E‘:E‘
=

03 {751 )1]. tbd

Pseudomonas

Rhodococcus
Staphylococcus 05
Bacillus

0
Kroppenstedtia

-0.5

Saccharopolyspora
Weissella

Thermoactinomyces

“m

S &S >
&L &&’k ﬁ&éﬁ‘ @é{v«g&

EEEE g

| Thermoactinomyces .
0.4

Kroppenstedtia
0.2
Pseudomonas

0
Rhodococcus

-0.2
Staphylococcus

Saccharopolyspora . 04

Bacillus

%ék @g%% I 4 @’s’k

bYRH AR R -5 XK R 2 [H]

TR E 3R KW PR 2 h B2 8 B 0 A B 55 Rk 48 47 Z 18] 89 Spearman A8 5% M 57 45 R

Fig. 6 Results of Spearman correlation analysis between dominant bacterial genera and

& @ ¢ & OO L
\*‘\‘-&"&é}\ {“Q «\&\ fb“\ o°° \0(\0 L“LV SEE QX\&
‘(\\\0 & Qe\ & D 3 » &
& & & R
& T o
<
a)L AR 2 [H]
A 6
flavor indicators of different colored high-temperature Daqu
A= 2 2 PN =N
SRR TR R A5 AT A TR )

3 Z5ip

AMFGY iz FH T B AR AN MiSeq i 38 50 77
FEARNREE XTIl 3 216 5 308 A %) IR it B A
MH ZREEIEAT T RGN, A3 B0 T 2518 . 3 Fhisi
0 fen TR K i XU A5 fE 0 Bl A ) TR O O T Y S
WERER, ALY EE R AIERY Iy %
TRy, I B A e m AN 5 R B A
ik @?*%ﬂ%@ﬁ%’é%ﬁﬁ,ﬂ%ﬂtﬂ%ﬁ%@ﬁ%
MR RRRAE 5 2 0 04 45 T4 A5 A 1 2 il A ot
Z I, WEZMEE . R R Eﬂz‘j 7 R
HE FHTERS R 3 Ma R b
PSR, Hovh 50 2 52 W ke 48 1 @ n A 0 Y
%Jﬁﬂ@ﬂ%ﬁk,ﬁﬁ%hﬁiéﬁ@ﬁ%ﬂéﬁ%ﬁﬁ&@ﬁmﬂﬁ
Bl B35 AR AR AE . ASBIF 5T 25 3 v R AE AATT X 5
BHi&EKIEJFﬁém@%MH%@H’Jm%,ﬂz%ﬂﬁziﬁ%
K HIAE T2 R T A & AR A TR R
R ] HE— AP PR 5 3K S A B TR S %o R KU 1
(1) LA R s AL A, R R i o B 1 S T el R R
W HF,

S

[1] WANG B W, WU Q, XU Y, et al. Specific volumetric
weight-driven shift in microbiota compositions with sac-
charifying activity change in starter for Chinese Baijiu fer-
mentation[ J ]. Frontiers in Microbiology,2018,9:2349.

ZHENG X W,TABRIZI M R,ROBERT NOUT M ], et al.

Dagqu-A traditional Chinese liquor fermentation starter[ J ].

(2]

(3]

(5]

(6]

(11]

Journal of the Institute of Brewing,2011,117(1) :82-90.
YANG L,FAN W L, XU Y. Qu-omics elucidates the for-
mation and spatio-temporal differentiation mechanism
underlying the microecology of high temperature Daqu
[J]. Food Chemistry,2024,438(4) ;137988.

GUAN T W, YANG H,OU M Y, et al. Storage period
affecting dynamic succession of microbiota and quality
changes of strong-flavor Baijiu Daqu [ J]. LWT-Food
Science and Technology,2021,139:110544.

CAI W C,WANG Y R,NI H,et al. Diversity of microbiota,
microbial functions, and flavor in different types of low-
temperature Daqu [ J ]. Food Research International,
2021,150;110734.

XIAO C,LU Z M,ZHANG X J, et al. Bio-heat is a key
environmental driver shaping the microbial community of
medium-temperature Daqu[ J]. Applied and Environmen-
tal Microbiology,2017,83(23) :e01550—-17.

SHI W,CHAI L J,FANG G Y ,et al. Spatial heterogeneity
of the microbiome and metabolome profiles of high-tem-
perature Daqu in the same workshop[ J]. Food Research
International ,2022,156:111298.

ZHU Q,CHEN L Q,PU X X, et al. The differences in the
composition of Maillard components between three kinds
of sauce-flavor Daqu[ J]. Fermentation,2023,9(9) :860.
ZHU Q,CHEN L Q,PENG Z,et al. Analysis of environ-
mental driving factors on Core Functional Community dur-
ing Daqu fermentation[ J ]. Food Research International,
2022,157:111286.

CAI'W C,WANG Y R, LIU Z J, et al. Depth-depended
quality comparison of light-flavor fermented grains from
two fermentation rounds[ J ]. Food Research International ,
2022,159:111587.

ERYF,EH ARE,E. R EAIMATERY
AR FE[T]. & %5 KL # T ¥, 2024,50
(8):211-218.



25060000049003

03 )], tbd

(12]

(13]

[14]

[15]

[16]

(17]

[18]

[19]

(20]

[21]

[22]

(23]

[24]

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,2020,9(2) :1003-1016.

FE)L,EER, EXF, 5. FeMBETHEAS
MEBHEENERBERTIN[I]. £HERBET L,
2022,48( 1) :36-44.

GUO Z,XIANG F S,HOU Q C,et al. Analysis of bacterial
community structure and taste quality of different colored
high-temperature Daqu in the Xiangyang region, China
[J]. LWT-Food Science and Technology,2023,188:115411.
CAI W C,XUE Y A,WANG Y R,et al. The fungal com-
munities and flavor profiles in different types of high-tem-
perature Daqu as revealed by high-throughput sequencing
and electronic senses [ J |. Frontiers in Microbiology,
2021,12.784651.

KARAKAYA D, ULUCAN O, TURKAN M. Electronic
nose and its applications: A survey|[ J |. International Jour-
nal of Automation and Computing,2020,17(2) :179-209.
ROSS C F. Considerations of the use of the electronic
tongue in sensory science [ J]. Current Opinion in Food
Science ,2021,40.87-93.

HUANG M Z,LI T T,HARDIE W ], et al. Comparative
characterization and sensory significance of volatile com-
pounds in Rosa roxburghii Tratt fruit from five geographic
locations in Guizhou, China [ J ]. Flavour and Fragrance
Journal ,2022,37(3) :163—-180.

I, THEEEY,F ETEFERARGHA
AaiEaXRAARI]. + EH8ERE,2020,39(9):
182-185.

A BAA, MELR,E B ERERMEN SR
B BT[] A Tk R, 2018,39(22) :93-98.

WEI Z G, ZHANG X D, CAO M, et al. Comparison of
methods for picking the operational taxonomic units from
amplicon sequences| J]. Frontiers in Microbiology,2021,
12.644012.

POLLOCK J, GLENDINNING L, WISEDCHANWET T,
et al. The madness of microbiome: Attempting to find
consensus “ best practice” for 16S microbiome studies
[J]. Applied and Environmental Microbiology, 2018, 84
(7) :e02627-17.

BRANDT M 1, TROUCHE B, QUINTRIC L, et al. Bioin-
formatic pipelines combining denoising and clustering
tools allow for more comprehensive prokaryotic and
eukaryotic metabarcoding [ J ]. Molecular Ecology
Resources ,2021,21(6) :1904-1921.

LUO S,ZHANG Q L,YANG F,et al. Analysis of the for-
mation of sauce-flavored Daqu using non-targeted metabo-

lomics[ J]. Frontiers in Microbiology,2022,13:857966.

(28]

[33]

VAN BOEKEL M A J S. Formation of flavour compounds
in the Maillard reaction [ J ]. Biotechnology Advances,
2006,24(2) :230-233.

XI X,YANG F,CHEN L,et al. Dynamic changes of bac-
teria communities in Moutai-flavour Daqu during storage
analysed by next generation sequencing [ J]. Letters in
Applied Microbiology,2022,75(6) :1486-1496.

XIA Y,ZHU M, DU Y K, et al. Metaproteomics reveals
protein composition of multiple saccharifying enzymes in
nongxiangxing daqu and jiangxiangxing daqu under differ-
ent thermophilic temperatures[ J ]. International Journal of
Food Science & Technology,2022,57(8) :5102.

QUAN S K, WANG Y,RAN M F,et al. Contrasting the
microbial community and non-volatile metabolites involved
in ester synthesis between Qing-flavor Daqu and Nong-fla-
vor Daqu[ J]. Journal of Bioscience and Bioengineering,
2023,136(3) :213-222.

CHEN G M, YUAN Y J,TANG S W, et al. Comparative
analysis of microbial communities and volatile flavor com-
ponents in the brewing of Hongqu rice wines fermented
with different starters| J ]. Current Research in Food Sci-
ence,2023,7.100628.

DOYLE C J,GLEESON D,0TOOLE P W et al. Impacts
of seasonal housing and teat preparation on raw milk
microbiota: A high-throughput sequencing study[ J ]. Applied
and Environmental Microbiology,2016,83(2) :e02694-16.
YUE S J,HUANG P, LI S,et al. Enhanced production of
2-hydroxyphenazine from glycerol by a two-stage fermenta-
tion strategy in Pseudomonas chlororaphis GP72AN[J].
Journal of Agricultural and Food Chemistry,2020,68(2) :
561-566.

ZHUANSUN W W, XU J,LI Z Q,et al. Dynamic changes
in the microbial community, flavour components in Jiupei
of a novel Maotai-Luzhou-flavoured liquor under various
daqu blending modes and their correlation analysis[J].
LWT-Food Science and Technology,2022,172:114167.
WANG Y,QUAN S K,XIA Y, et al. Exploring the regula-
ted effects of solid-state fortified Jiuqu and liquid-state
fortified agent on Chinese Baijiu brewing [ J ]. Food
Research International ,2024,179:114024.

ZENG Y,WANG Y,CHEN Q,et al. Dynamics of microbial
community structure and enzyme activities during the
solid-state fermentation of Forgood Daqu: A starter of
Chinese strong flavour Baijiu[ J]. Archives of Microbiology,
2022,204(9) :577.

ZHU C T,CHENG Y X,SHI Q L, et al. Metagenomic ana-
lyses reveal microbial communities and functional differ-
ences between Daqu from seven provinces [ J ]. Food

Research International ,2023,172:113076.



25060000049003 @g& 03 )], tbd
[=]

TR BRI, % 1 P B R B G R Ay Uk o U S AT R +9-

Study of the flavor quality and bacterial diversity in different colored

high-temperature Daqu from the Longzhongdui wines company

HOU Qiangchuan'*? ,ZHANG Tian"** ,WANG Junlin®,PENG Dong’,GUO Li*,GUO Zhuang'*"
1. Hubei Provincial Engineering and Technology Research Center for Food Ingredients,
Hubet University of Arts and Science , Xiangyang 441053, China;
2. Xiangyang Liquor Brewing Biotechnology and Application Enterprise-University
Joint Innovation Center ,Xiangyang 441053, China;
3. Xiangyang Jianxiangxing Baijiu Solid-state Brewing Enterprise-University

Joint Innovation Center ,Xiangyang 441053, China

Abstract: The flavor quality and bacterial taxa of black high-temperature Daqu ( black-HTD ), white high-
temperature Daqu ( white-HTD ) , and yellow high-temperature Daqu ( yellow-HTD ) produced by Longzhongdui
wine company were analyzed using electronic sensing and MiSeq high-throughput sequencing technologies,
respectively. It was found that aromatic components, alkanes and lipids were relatively abundant in the white-HTD ,
while sulfur compounds, alcohols, aldehydes and ketones were relatively abundant in the black-HTD, and yellow-
HTD exhibited intermediate levels of these aroma components between black and white-HTD. In terms of taste,
black-HTD exhibited unique taste qualities, significantly surpassing white-and yellow-HTD in acidity, bitterness,
astringency, richness ( aftertaste of umami), aftertaste-A ( aftertaste of bitter ) and aftertaste-B indicators
(aftertaste of astringent) (P <0.05). In terms of microbial composition, no significant differences in bacterial
diversity were observed among the three types of HTD. However, the bacterial abundance was significantly higher
in white-HTD than in black-HTD (P<0.05). The dominant bacterial genera in the three colors of HTD were
mainly Saccharopolyspora (28.95%) , Thermoactinomyces (21.07%) , Kroppenstedtia ( 10.06% ), and Bacillus
(8.94%). A significant correlation was found between the microbial community structure and flavor quality of the
three types of high-temperature daqu. Specifically, Kroppenstedtia showed a significant positive correlation with the
response values of WIC ( sensitive to aromatic hydrocarbon compounds) and W3C ( sensitive to ammonia and
aromatic components) (P<0.05). Thermoactinomyces and Weissella exhibited significant positive correlations with
umami indicators but significant negative correlations with sourness, astringency, aftertaste A, and aftertaste B ( P<
0.05).

Key words: high-temperature Daqu; flavor quality ; bacterial diversity ; electronic sensing technology ; MiSeq high-

throughput sequencing
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