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Abstract: In order to analyze the high-temperature Daqu bacterial taxa and their physicochemical properties in Linyi area,
Shandong Province, Illumina MiSeq high-throughput sequencing technology and pure culture technology were used to
analyze the bacterial taxa of high-temperature Daqu in Lanling wine, and then the physicochemical indexes were
determined by conventional detection methods in this study. Finally, the correlation between bacterial taxa and

physicochemical indexes in Daqu was explored. The results showed that the main genera of bacteria in Daqu were
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Kroppenstedtia, Thermoactinomyces, Saccharopolyspora, Staphylococcus, Rhodococcus, Weissella and Bacillus, et al.

Bacillus subtilis, Bacillus licheniformis and Bacillus coagulans were cultureable dominant bacterial isolates. There was a

large difference in saccharification, esterification, alcoholization and liquefaction between the 15 parts of high-temperature

Daqu. Kroppenstedtia, Staphylococcus, Leucobacter, Rhodococcus and Weissella were significantly positively correlated

with esterification, fermentation, alcoholization, esterification and liquefaction (P<0.05). Thus, there are a large number of

core bacterial taxa in high-temperature Daqu in Lanling wine, and there is a significant correlation between various bacterial

genera and physicochemical indexes, which further provides a reference for the improvement and enhancement of the

quality of high-temperature Daqu in this area.

Key words: high-temperature Daqu; high-throughput sequencing technology; bacterial taxa; physicochemical indexs;

correlation
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Fig.1 Box diagram of bacterial species accumulation in high-
temperature Daqu

FHIEL 1 AT, BEE R RR SR B i, BSR Y
Fh SR — B RFLE T, AR T R AR R
/N, BAFES 15 AFES T RS R BU LT R, iX
RGN AARTITE IR LT s T il b ira e
Yyfh. R TT I, ASIHES AR Sl e R R R A
JESEATHTIEER
22 EiRAKHAE RS T

GAABIFFE N BT AT Il PR X B i>1.0%
PIANEA T AN W RSN EA T TR, XA o
<1.0% MIAIEE T 1RSI R “Others” . &858 LX)
SERT, 15 e iR R i e 4 1) 13 17T, 29 N
54 4~H. 120 MR 224 AN JE o IR Z BRI E
kI 2 B S HE S A AR AL, AT SR HASP E A X



%4548 5 19 1| W o A=A R N sy e AP e i S S v <127 -
A Unclassified{ = = '] n [ ] . ] ] [ L] = = (] s PN %)
Others{ = n n . - . - n . . ] . . (] ] | 20
Proteobacteria{ @ ® = ® = H = ® EH = = "= = N W 40

W 60

Actinobacteria{ @ = = H ® H = m H = H = H = = m<xo
Fimicutes{ Il ll l§ @ H = B B = HE = E = B B
NI I I I I T R e
NN NN R SRR R RSRO e
Unclassified{ @ ® ® = mn = = " E = =m

Others{ = = = = | | | I
Enterococcus{ = = = = = ®m = " = = ®E = = =
Leucobacter{ = [ ] [ ] [ | [ ] [ ] [} [} [] [} [ ] - =
Lactococcus{ = ® = ®m = ®H = L] L] = = m = .
Delffia{ = = = = = =m = = E = = = = = L
) SEBIAEXS & 5 (%)

Bacillus{ = = ®m = = s m " = EH s« = = =

| 20

Weissella{ = = = m H = ® = = = = = = (o

Rhodococcus{ m ®= = m m H = E m = = = = u |[[M6O
Staphylococcus{ m |l = B = = &= = ®m = = = = m
Saccharopolyspora{ ® = = ®H ® H =1 H = H = H = =
Thermoactinomyces { = = ® ® H = H = H = H = B
Kroppenstedtia{ @ = Il = = =« = H ®H H =~ = =« N =
N O N> N DO NN YD > G
NAENEN VISRV ERVIRN RV VI O RV

K2 SPHAENT S E>1.0% M T (A) FIZE 8 (B) 4311

Fig.2 Distribution of bacterial phylum (A) and genus (B) with an average relative abundance of >1.0%
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Fig.3 Venn plot based on OTU level (A) and waterfall plot of core OTU with an average relative abundance of >1.0% (B)
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FEIC, 20 R R AL T PR P EREE
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A FH =8 B AR 22 B vl i 7R R il
NI TR I 3L, AW it— 28 5155
2lidHFE IR R AT BE SR A A AR T T s S
ESE, ARIMEE T 16S rRNA FLPH T 414 L 21 P 53 5 PRl
PRIVRGER T, G55 AnE 4 s .

FHIED 4 WA, FEREFR AL oy B8 40 BRATTE 53
BMRBSERE S 5 BT Y 10 R, 43528 Bacillus
TR ZEAUAT IS (B. licheniformis) . ZRGPIVVIRZF
AT & ( B. sonorensis) . 1822 ZE WA (B, siamen-
sis) . MR ZETRAT A (B. subtilis) . BESS ZE AT B (B.
coagulans ) IR E R ZEAIFT B (B. paramycoides),
BR B & (Pediococcus) T W I HE H BR1H (P. pento-
saceus), FLFTH & (Lactobacillus) T FI5L ] AR FLFFE
(L. graminis), Lactococcus T~ WA EQFLER TR (L. gar-
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Fig.4 Phylogenetic tree of some bacterial isolates in high-temperature Daqu
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Fig.5 Relative abundance analysis of bacterial isolates

vieae) Fl Weissella T 112517 WEER T IC B8 (W, para-
mesenteroides) . ANWFFRIE—2LX1 25 A PR 4325 MRS
HEAR) LR AR B B (e — R Al B 0 S e o B0
BRRECR A 43 L) 3T T geih, 2R NE 5 s

RS I S R o= TN S = 7 SO S S
Bacillus WINE 5325 RIARFRXT B S B2 90%, Hidr
VL B. subtilis. B. licheniformis A1 B. coagulans iX 3
A AR Sy 3, AR X S A5 G 2 37.5%. 20.0% A1
15.0%, M3 )& T Pediococcus. Lactobacillus. Weis-
sella F1 Lactococcus W A0 TH 53 B R ILAEXT & 2 2k
2.5%. BRUILZAN, 456 2.2 mal P AR R R K
2 B IS HELSAY AT, Bacillus 7R Rl it £k
PR . WU SEPY i9FE R, Bacillus “—FhE
VLRt R iR AR AR, HA el i R b e i 22
FhoK fi i, HIANTERS B . S5 1B . NE TS . 2T 4E R
IR SROMH IS5, MM E 53— 5t 7K g AUX R Ak
G reAE . JEst MiSeq T RARFAT R ER, 228
T SR TP AOLHEE 35N Kroppenstedtia . Ther-
moactinomyces . Saccharopolyspora. Staphylococcus .
Rhodococcus . Weissella 1 Bacillus %, {H % JH 8l 5%
FEFE AT A T =2k Bacillus 1 Weissella,
PIE G R —E 22 5. SRR R A e 5 4l e 53
B AR P AR5 IR B ISR IIE IR SRR A O,
TE 5 SEWTFE b L E— 2Dl “ B IR A 27 U5k, il
SUREaTE A T = Tl T = S L DO PN il =S ek 7 ST
A753 85, T LB R R P T RS IR E M S R T
FEFZHEAILR
24 SR AHEIBIERRI ST

FRAb P IO R 5 1] R i o T 4 A P R AR AR U
ASHI T S Al H B BRI J7 X0 =2 B2k 15 43
W AIRR L | K38 i | ZUIEIRRAS A RS VER)
i BTSN 5 D JJEEFRRRIEAT 1O E 43T,
HAE R 1 s,

1 R B RE R S Hr

Table 1 Analysis of physicochemical indexes of
high-temperature Daqu
FRAEFERR FEE A R/MA, BeK(E) Az
%)% (mmol/10 g) 1.20 1.10(1.00, 1.60) 0.20
KA E (%) 8.59 8.60(8.22, 8.94) 0.21
AHMREA (gke) 3.67 3.55(2.76,4.52) 0.59
TR (/100 g) 2.00 2.00(1.83,2.08) 0.07
TER E (%) 54.57 54.20(50.90, 58.50) 2.73
HEHEFTE R (%) 15.72 15.65(15.02,16.97) 0.50
B4k 71 (mg/g-h) 257.93 200(7.00, 633.00) 210.22
BEfE S (mg/50 g2 7d)  145.93 149(0.00, 412.00) 109.87
KEF1(g/0.5 272 h) 0.10 0.07(0.05, 0.26) 0.06
L1 (% vol) 223 0.3(0.00, 7.90) 3.11
Wikt (g/gh) 0.73 0.42(0.13,4.75) 1.16

FHER 1 Al %, U AR SE 09 & TR il 7 220 1R B
{E>4 1.20 mmol/10 g, /K53 F i~ 8.59%, & FLMR A
RN 3.67 g/kg, K43k 2.00 g/100 g, TEM & 5= N
54.57%, HEHA TSN 15.72%, Bk F1°M 257.93 mg/
gh, iEML 74 145.93 mg/50 g-7d, K J1k 0.10 g/
0.5 g-72 h, Witk J1 -k 2.23%vol F 1k J1 M 0.73 g/
g-ho FEMRERARX 11 WHEALIEPRAT AR, Bl E
WAL 7 AR Ak T W BE B B AR R, dn v 25 43 ) ol
210.22 1 109.87., AWFFEHE H, KEIF G525
B, BT il s PNTRLBE B s, AT S TR TR AR 152
i OB L T T R, BEE B SRS BEAT,
i1 Dl BEAT PITREAIR, S 2 SO AR I s T
Kb S0 T, 5k EeS, eE A= A
WrAR BN HES T R lRfb 7 09 AR, B b mT HEm),
A & B DR v MR B A AS [R5 82 341
IE ST AN E], A=A T [al—Ht R it iiie
IRl f S22 RIS . BRitb=Z 41, Kfhigi{k s
FIRA T BB D SRR, Be/IME 43528 0% vol
1 0.13 g/g-h, B AESTHIM 7.90% vol Fll 4.75 g/g-h.
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5F HFU X 7] BB AE T Kroppenstedtia. Thermoactino-
myces. Saccharopolyspora 1 Bacillus %5 J& B A
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e iR T A AN R, SR 052 2 R AE AL
SR HAR X S AR e T B RO AT AR —, X
A B AT S BOR M AL D7 AN A6 5 BfE S IR 30 -
RN PR BEAE A28 A 3202 il 1 il b IR B A AR K
W LA GE Ry FNER 11 5 45 B 0% Sl T T i, 3 FL A IR
BT AR A 45 B S 5 R A SR DA AR A R A
JoPO2T Y B EA BRI e R A U i EE A
Yy, R T EUR R AR BT R REAR
2.5 EnRAHPHAEZERSIEAEFRRX S
BorgRRM, il b AR R AR L S T A 8
YRR S R, AR mr iR Rt B e FE bRl
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Fig.6 Correlation analysis between dominant bacterial genera
and physicochemical indexes
MU P<0.05, Fom BB EHIDENE; ¥+ P<0.01, FR
S8 TR 2 IPS e

H 6 AT, 22 Bk s iR Rt T AN SR S
PUCIEPR IR E BN EIRMIAHIE R R . Kroppen-
stedtia 5P )1 5 BEIFAH(P<0.05) . Thermoac-
tinomyces G FEMR S A S W EFENAHL(P<0.05), 5
TS = 2 W B AH O (P<0.05) o Staphyloco-
ccus 1 Leucobacter 355 & g J1 A b 07 &2 b 25 1E
M FHK(P<0.05) . Rhodococcus ‘S5HaAL 715 3 T AH
H(P<0.05) . Weissella 5 IR E L& TAHC
(P<0.05), 5 H BT & & MW AL 14 5 W EAHSC
(P<0.05), 581k J1 2 e 25 1EAH & (P<0.01) .
Delftia 5 TR BE 5 8. 35 1EAH C (P<0.05) . A WL 45
B, T SPEESAG O, BRI SHR s ¢, ik
15 WA TER AT OCEER, kT UL, AR[EI4NpE S
FEAE A AU AR P AT 77 A KR R TS PR 3R e

AR 4, HREs ) SV E T E— S 1R FUE T
K pg B AL S BT . (EAS — RS, A5
Bacillus 5 < i BE AL I3 R Ak 0 39 52 910 il 25 40 2¢
PERO, SR — IS TEASHISR TP I RIS BN SIE., S8 H:
JE PR AT GEAE TIN5 T, — AR AR T == 52
MEEY 15 AT HIARE S AR B AR XS AS . H I X
ey I i AR B A R A B TRy, AN
MiSeq I8 7B A AN 25 A4 25 1 i h b 5
AT A TORIRFIZE T ARZS I ERR, PR TTASBE I 24
H Y25 IE 7T BE 5 2 T Al IR HORTS th S5 1A E—
FERIZESE . HAT W, FE R e o bl i s 2R
FERTTFIIREAS R B, [RI 7R H AR IR HORXT
R b B ZE AT PR REIEA T 53 28 S g p Sk gt —
AT 5T bR D R A D 1 SCER T, Xt T AT
FRAE IR FNIL S ZAR S B
3 g

A FEXT 22 B2 15 53 v vk DR i % 248 TR S B
FNEAARP I AT T I E ST, S5 53R R B, Rith b2
FrE O AN R 2SR, SR8 T Kroppenstedtia
Thermoactinomyces . Saccharopolyspora. Staphyloco-
ccus. Rhodococcus. Weissella. Bacillus. Delftia.
Lactococcus. Leucobacter F1 Enterococcus, 3& T ¢l
B F2 ¥ R & Bl B. subtilis. B. licheniformis 1 B.
coagulans A ] ISR 425 kR . Kl a1k
J3. BRAE DT WAL T IR JTIX 4 DR BRI 22 5 EL
K, BRI | K8 i U IERRAS AR 55 7 121k
a2 585/, [ B Kroppenstedtia. Thermoac-
tinomyces. Staphylococcus. Leucobacter. Rhodoco-
ccus . Weissella 71 Delftia 5 2 PALIEPRIBIAFAEE
I ZRAAHIEIE SR, 2 N Sl U i X BRIP4
Yot PR FE Y AT BT AR AL LR AR T AR
YA 4% . RIS, FE T nl 53R ik S5 UL A2 TR
() A i 25 53, TR e SEpTFE ol — 20l B E 224>
SRAE R IFHEIEAS R i, A “ B FREH 227 1T
EEX T A TR PR ARIE 7005, W RE S i e 2 kth
HR OGS PR B AR A 0 B HAT B
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