e Ao ﬁ M (7308 ca £ (ARFEIUE) FSTA
b ™ a ¥ AAE S BRI SR IS T HEFHIOBTICSTPCD

® B I 4 M =® SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY EABCET RCCSEEIZUFAREH
&ﬁ - B - ik - XTH - %E hEEYES R S inoMediEEIH hERHIZOERRA
hEEREET

TR 7= Y FR B R 2 T B RO 1k R R R B BT AR R e
kO, 2FF, 25, 2K, #E, FOB, BRI, RER, HAR

Screening of High-yielding Tetramethylpyrazine Bacillus and Its Effect on the Accumulation Process of Maotai-flavor
Liquor

ZHANG Ying, LI Xiaoxiao, LI Jinghui, LIU Xiaomin, XIE Xiangyun, LU Jun, LI Changwen, ZHANG Cuiying, and XIAO Dongguang

TELR R TE View online: https:/doi.org/10.13386/j.issn11002-0306.2021050066

T BRI A HAB S TR

Articles you may be interested in

190 SRR T R AN AR B 2 AT T A W B LA AR A2, 3T — B it
Detection of Acetoin and 2,3-Butanediol in Fermentation Broth of Bacillus subtilis by High Performance Liquid Chromatography

B Tl RHE. 2020, 41(17): 253-257
T R 1 B o TG S L) ST 9 0

Research Process on Off—odor Compounds in Quality Defective Liquor of Maotai—Flavor Liquor

i Tl RHE. 2019, 40(19): 333-337.344
VAT P TR R I B RGP DI R ZE AT B ) O

Selecting of functional Bacillus strain from omagari and fermented grains of Luzhou—flavor liquor

i Tl RHE. 2017(07): 151-155
b3 X A 18 K o ot B 4 52 )

Effects of Storage Temperature on Quality of Maotai—flavor Daqu
B Tk RHE. 2018, 39(13): 128-135,149
13 1 DX A T T el R TR ) 0 R M
Isolation and identification of thermoactinomycete from Moutai—flavor vinasse in Moutai region

B Tl RHE . 2017(08): 199-202
— PR 4 R AR A R AT B S S AR AR LA

Optimization of induced fermentation conditions for a high—yielding Bacillus subiilis of metallothionein

B T RHE. 2017(17): 130-134

KEMIRE AT, RAFEZ PR


http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2021050066
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020.17.042
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2019.19.058
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2017.07.021
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2018.13.024
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2017.08.030
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2017.17.025

543 % 4 2 B Tk BHE Vol. 43 No. 2
2022 4F 1 H Science and Technology of Food Industry Jan. 2022
KA, 2T, AR, S, ) I PR RE N 2SR A A O o R LG 7 R R R B AR AR [, B TR, 2022, 43(2):
142-149. doi: 10.13386/j.issn1002-0306.2021050066

ZHANG Ying, LI Xiaoxiao, LI Jinghui, et al. Screening of High-yielding Tetramethylpyrazine Bacillus and Its Effect on the
Accumulation Process of Maotai-flavor Liquor[J]. Science and Technology of Food Industry, 2022, 43(2): 142—149. (in Chinese with
English abstract). doi: 10.13386/j.issn1002-0306.2021050066

veiy DO R RENE SE AT R % i a2 B Hox
e T L HER U RS )

sk L, EEE,EE, W, BHEIE, A B K, B, B
(lL.REABRKFAY ISR, X Z 3004571,
SN B & 8 R A RS, NA= IR 564501)

v

i EARSGFEALOQBTOTEARESS, AARAKESRGER TS B E BHRFRAFH, ET& 8 EY
BXImin, 2l SHEEOBARAK. 23834 RBRAEL —HRS Ao TP Lk eys Effx H R B P
o9 PR A E A 1222 mg/L, K& ARRFBAHA GTBL-168, i B k69 A F 38 K ik 4% 0% 3% 5% #=
7% (viw) BB EFAQEREREATEEAKRBNE KB, HEARRTLEBREAFPOTEAREZOSEHAR
B, BPEMEN TR ERK, WP ARSI EERG 24.88%; HALKREARTAERAL, AL {4
BBRA T3 A, HRFIOATHE GTBL-168 09 Rt AR EE A B LMY R K, MEBEMNZOIE AP F 5
HAESFERYA TR G0, AHRHERRIEPOEAFLER T L,
KHBEIR: HE AR GIE, A F A, W T bk, T80, RARA

FESAS:Q815 ERFRIREE: A X EHS:1002-0306(2022)02-0142-08
DOI: 10.13386/j.issn1002-0306.2021050066

Screening of High-yielding Tetramethylpyrazine Bacillus and Its
Effect on the Accumulation Process of Maotai-flavor Liquor

ZHANG Ying', LI Xiaoxiao', LI Jinghui', LIU Xiaomin', XIE Xiangyun', LU Jun?, LI Changwen’,
ZHANG Cuiying', XIAO Dongguang"”

(1.College of Bioengineering, Tianjin University of Science and Technology, Tianjin 3004571, China;
2.Guizhou Guotai Distillery Co., Ltd., Renhuai 564501, China)

Abstract: In order to increase and stabilize the content of tetramethylpyrazine in liquor, 13 strains of Bacillus were isolated
from Maotai Daqu samples, and 5 strains with excellent protease production were selected through the preliminary
screening of protease transparent circle test. After a liquid fermentation test, a functional bacterium with high yield of
tetramethylpyrazine was screened out. The content of tetramethylpyrazine in the fermentation broth was 12.22 mg/L, which
was identified as Bacillus licheniformis GTBL-168. The seed culture solution of this strain was inoculated into the sauce-
flavor liquor accumulation culture at 0%, 3%, 5%, and 7% (v/w) to synergize the fermentation with traditional Daqu, and
accumulate acetoin and tetramethyl in the glutinous rice grains. The content of pyrazine increased, and the increasing was
the largest when the inoculation amount was 7%, and the yield of tetramethylpyrazine increased by 24.88% compared with
the control group, the overall changes in physical and chemical indexes were obvious, and the amino nitrogen and total acid
increased, the addition of Bacillus licheniformis GTBL-168 had little effect on the microbial structure of the accumulated
fermented grains. With the increasing of the inoculation amount, the abundance of Bacillus and other dominant bacteria in
the fermented grains also increased. It would lay a foundation for the application of functional bacteria in the process of
stacking fermentation.

Key words: Maotai-flavor liquor; functional Bacillus; tetramethylpyrazine; acetoin; stacking fermentation
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U FH Lk B (tetramethyl pyrazine, TTMP), J&—
FRISR I RE, BAG R . A nl Rl 4, vl LIAE
SRR ZR NG, TTMP a2 P 775 A 81 28 XU 4 ot
P ZH L ST, W T P — 2 P P, ZEAS [R5 75
B AT P B AS[R], e A R P S e . T
Ry I AR o TTMP 322802 Pl 2 A AT o & A S &
J8, — 7 A 38 S W PR ads A5 = A D R R, 7 53
FREERAE G TE N a- L BEFLIR, 16 o- £ LR R
BEAVE T A B CARIA; 55— 07 TR Pl i It
R SR AT A R A A, I AR R AN 2 R 2 A Tl
PSP TTMP

1 S B e R S TTMP BOfAE iE mkefsse
IR e P v Y R RN R TR, 1R
A AR LA R N R T RE A 2 R R A T AR B
ZH A, AR BRI A = 2 R 2R PP Sk B v ik ngg
KA IR F] 175 pg/L, A AR FHEF S T
33.6%. 7= #EESEC @ U ZEHUAT B B-010, fH2
FRA Y i i TTMP & 5 0.4 mg/L $2 /& 3
1.8 mg/L; 5K & ™ KE 55 7= TTMP 25 #9 AT P PRk 12
AR B P HE R ORISR TR S B R, 4
K, SR I BE TR XIB-104 5B b TTMP & & M
0.06 mg/L HHNE| 1.39 mg/L; FBEFFEED s iR
T 53 B AR 381 114 M A 2R AT RS I ) 253k, v 2 R
Bis v, e FERR VD T 20 BURE, 285 S R A B AR S i o

R 5%, BEET A S BTG TTMP &8 6.81 pg/g,

JEXTHRLZH Y 3.03 %, WARE TTMP AEX EH 438 >
0.028%.,

TTMP FZEF Y | 2 R RIS 2 7 P g
P I 2 T R I Y SR, A SRR
BrRpa R, A HE BRI T o B i B U, A R T AT
AT R AR AR, & E Y TTMP., dNEL
BB R, R 8 R R AR P g e DR AR
P R BE T SR AR AR, IR SRR AT IR AR S
TTMP 6 ek 2z BIRR S . ASHTIE A Fe A 2 P K
g P i s A 1 BR S TTMP B9 AR 270 4F 8, I
P HAD PR AN BN F A R WSS 5 S U IR Pt
ATHERRES A, PRI HOAC ZEFAT RO HERURS R R 52
ma, B AR R A P A e T R T AT, BAE
3 T R R R AL HE AR R R R S B g TTMP
i, M RACEE PP 1 o
1 MRS E®
1.1 MRS5S

RS . mIEOR T SN E S A F; &AMk
B ARG AR . R . FE . EhRSE YShE
FEAATAE; DU SEnkgR | 2N oK 20 Aibal,
IR T AR AR 4y A BR S Wl s DNA H2 G
& IEBEPR AR RS H] o

7890B S AHEM LY . 1200SL VAHGIEIL £
IR A R ) ; CX21FS1 RIAY BiMss H
A< OLYMPUS <3%t; LD5-10 .08 Jb 5T B A ES

AL

1.2 ZXFHE

1.2.1 ¥EFRESEW] S iEnnctil. LB 5357
e FE R 20 g/L, BERER By 5 g/L, NaCl 10 g/L, pH
7.2, F 121 °C KB 20 min,

EE AR IR R RS H . T E&EER 10.0 g, A
B3 g, AALEN 5 g, BERRE 4N 2 g, BiUIE 20 g, nzE
K E A2 1000 mL, pH N 7.0~7.2, 121 °C K
20 min.

— P FEEFE R BCH] . LB R AR
20 g/L, BFRHEHY 5 g/L,NaCl110 g/L,pH 7.2, F 121 °C
KB 20 min,

ARUH R BRI IR EE M BCH] . 12°BX & R/K R,
BEEER K 15 g/L, K,HPO, 5 g/L, NaCl 5 g/L, pH ¥
% 6.0, T° 115 °C K% 20 min.

EAS LW IR R . SOMNE SIS 5 56 RZEN S
HHIE

0.1 mol/L PBS Z&w#: A # (0.1 mol/L KH,PO,):
1.361 g KH,PO, T 100 mL Z%if#7K; B (0.1 mol/L
Na,HPO,) : 1.78 g Na,HPO,-2H,O & T 100 mL #%
K A W5 B IR 1:19 Y LR A, pH N 8.0,
T 115 °C {BF#KE 20 min.

1.2.2 S B B 1 2T oA B AR I 4325 S ik
1.2.2.1 AR BRECKHIEY 10 g, IASH 90 mL
TCEE AR BRER K 09 = MR, 7£ 85 °C 7K 10 min, LU
200 r/min FEEAE 37 °C YR FRFL LY 5, WeHL
iR 1 mL, A SS9 mL JCE A FEEL K 1A
N, RIS, ¥ IR BRIk S BE, PR REE] 1<10°°,
BB RS A 1x107%~1%x107° 4% 1 mL 435 45 55,
LA 37 °C 5535 24 ho SrE AR R TE &M TRRR,
HEitkRIkaifth, T-80 °C TFBIKIEAAAT -

1.2.2.2 @S- E S TR YE 85 RS
RISy 443 2545 20 04 B AR FH 1 2 1 B DS B R A
BB S, DL W W E B S8 hnit ATl . F etk
LS HEAER B ES B D B iR ekt b, 37 °C {38 ks
F= 1 d JoWsgs B BB /)N, 36 FH BRI 375 HH B 1
= D(mm) FE % EAS d(mm) B FL{E (D/d), 2B H BE
7R GE BH PR A TR R o

1.2.3 =7 TTMP BRERITHE S 0T 28

1.2.3.1 &7 TTMP RBRIYITiE  —d535: Ko
R ZFEAT R aTE b5 33 A LB Fh g BL 5 3R
24 h,

AR W Fi6 5% FeRh B9 AR 50 mL G
¥R ALY 250 mL = A, LA 200 r/min 7% 3 TE
43 °C T EF7 84 ho AR A lELs R i, FIH
HPLC Al 2 PR HH Z AR AR P L nbb g 5
1.2.3.2 5T RAYIE DNA $2BGRF &% 4%
T B 2 B AR R DR 2H DNA, F H 44 328 51 9
27F/1492R #4T PCR $"34, PCR ;=35 th _Lifg &M
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20224 1 A

BN TINS5, R PR IETT 16S rDNA JF471)
A I
1.2.4 HIARZEAUAT B GTBL-168 X #57 AY p3 i HEFH
AR R R I 7% BRI RS, A
A~ 250 mL =M 403 120 g, Pk i & B
TTMP & o i D R, B HR B AR i 4%
0%, 3%. 5%. 7% B LbBlEEFh -+ ISl R RS
1, #1506 JRLA I, 30 °C HEFH 12 h, 37 °C HEFH
36 h, TE TG S5 A4 0 b s ZE J7 AR 2 7E 45 °C T HEFR
24 h, [RIEHASOPA T2 56, 00 HE AR o) S AT 19 218
WAFD TTMP & i, BRALFE AR A RS A4
1.2.5 ZABEAE ELARTIN T EL R ERRRE S T AL
. BUA TR 2 mL, 12000 r/min 250> 5 min, BX 77,
FHFBhAH 5 mmol/L B4 M B B2 7 W B: 10 5 )5 A
0.22 um MFRFLIERSEIDE, PR

HEFURETRAASE T AT AL PE: B 10 g #8550 100 mL
FERKHE S 30 min, 12000 r/min 25.0> 2 min, B I
W 0.22 um M7KARREEE RS SEA TR L RSl

2 RO AR 01 £ . Aglient HPX-87H (1, i 4%
(300 mmx7.8 mmx9 um) , £ M %8 A7 7% 22 46 I &
(RID) (45 °C), ##& 65 °C, FishAHN 5 mmol/L AIHF
WRERVAUR, TH3%A 0.6 mL/min, PFEERE 20 pl.

>R A HPLC il & AR WA & i, il i MRk 3617
CABMA R RE 550 BT, B e EHE 5 F2 28 y=190998x—
52137, R>=0.9935,
1.2.6 TTMP &= AyRm 77k
1.2.6.1 RESRTH TTMP B9ME T FREL A ETAR
. BUA TR 2 mL, 12000 r/min 250> 5 min, BX 7,

JH 40% Z M BE 10 1% )5 A 0.22 pm A3 FLIE
R uE, HAEUERE

12 OAH L35 S5 (1% AL A Eclipse Plus Ciq
(4.6x250 mm), 224} (Ultra Violet, UV )Rl &%, DL
fiz: 7K (v/v)=35:65 YE ML BIAH, #EiEL 40 °C, Tk h
1 mL/min, KM% 278 nm, FMIETE] 45 min, $EEE
& 20 pl.

KA HPLC ) & e TTMP & &, il ok
PRiE#E4T TTMP B2 =578, AndE T 5N y=
63.563x—0.4614, R*=1,
1.2.6.2 HEFURERE b TTMP BRI v RS AT
ALFE: B 50 g HERRER FRES RS iR I 5 mL JoK
ZLBEFT 200 mL ZE M /K #EAT 28108, 2B 100 mL 1
4y, KA 48 0.22 um JCHLIERSIIE S HEEREE T
SAHETESHT, ST S TTMP &&.

SRS S5 %A HP-INNOWAX (30 mx
320 pmx0.25 pm); ZSNALEE 99.99% A FETR
R 0.8 mL/min; #EAE FTREE 200 °C; Kl #5152
150 °C; 7 FHE, R IHIEE 50 °C, £+ 8 min, LA
5 °C/min F+Z 150 °C, {445 15 min; BEREAF 1 pL;
SRR, STk 1001,

SR GC R HEFRRE S o TTMP & &, il sh

PREEHEAT TTMP 158 1 53 A7, ARdfE I 3 5 #2 hy y=
212.9x—230.85, R>=0.9995 .
1.2.7 HEBUREPRS LIS bRAIIE  FRBEAIMIE: SR
PRI R FE 7N 7R FRUEART I : SR FH BRI
SAFLIRAS AN E - TR BE T SR I 5 - 2EMR
B, EARZIE DB 34/T 2264-2014[E 25 5 A% 43
IDARE YA
1.2.8 FHIEEEEIRH ot
1.2.8.1 FEMHIRHEE K 100 mL PBS Z8Hii(pHS.0)
FIPEEEAE S 7 TR A, A EQ i = F nB TR G A,
FFH 200 mL PBS £ P b e ng it 3~5 . 1 UE
7E 7000 r/min. 4 °C 55 F 5.0 10 min, WA ICHR A
P T—20 °C 154F.
1.2.8.2 FEEL AT WAL AL =
WRIR AR LW B A FR A FIEAT 16S F1 ITS )3,
% 18 QIIME2 dada2 irMrim 247175 KMesl, OTU
A, T BB 50T iR 2R R RO R R 40 A
(AT
1.3 #EAIE

i SPSS23 43 B 52 56 B P, 4% SL g 4 H
3 IR, I a2 (ANOVA) Jr i 474347,
FiE ¥EHI L P<0.05 BY/KFEl AT 405 . it 225
Sy BT T AS R SE B B R 00 R . T A B R 4
Origin F A2 Hl A AR K . BE T Illumina MiSeq
MFF-5, BER AR R &S THHITLH]
2 FBR5HH
2.1 SFERMENGFRETEERN S B SIFE

B AT 53 i 2 1 o A ) B R 1 Sy TR s A R 2
AL N Y5, [FI R XU BT 0T, 2R i3 — 20 53
A, A AL TTMP #2438 T RTIRY iR .+ 18
1.2.2.2 W97 3304 788 1A il BH R S 56, A5 L7 Y
BBl EAA S5HE @Al HC {H, 4558k 1 .
PRER 144 1% HC {E K, UhHH H A 15 3838 b T i 2
)43 R RE J s, BRI P=2 AR 09TE J1iemr . Bk
% HC [HARKT5T 1.3 TRRRIE TS G & 1 o

1 #EWIE HC H
Table 1 HC value of the transparent circle
wfgS  EEER(mm)  EPEER(mm)  HCHE(D/A)
144 10.00 24.00 2.40
10 12.00 21.00 1.75
168 10.00 14.00 1.40
152 15.00 20.00 1.30
90 20.00 26.00 1.30
163 28.00 36.00 1.29
37 14.00 18.00 1.29
138 14.00 18.00 1.29
24 24.00 30.00 1.25
125 24.00 30.00 1.25
122 34.00 42.00 1.24
208 25.00 30.00 1.20
198 32.00 34.00 1.06
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2.2 7 TTMP FHRMFERFESEE

FIVE 1) TTMP i AR AR AN 2 o A il 4%
125 Fi 1.2.6 1Y J7 ¥ 0 2 & 19 VR T £ A R
TTMP &, SCI0LS R 1 s, 5 BREZFAUFT B
T 2 #k77 TTMP, F ARk GTBL-168 77 Z A UA
N 17.51 g/L, 77 TTMP &84 12.22 mg/L, X
MR 1 ARV, ik GTBT-144 B A
= B9 2B BTG 7, (= Z iR /b, Ak GTBT-
90 ZAMUWAS A2, AR FAREE JIAHXT AR, ¥R G
% TTMP, NI, %572 TTMP B9 BE 3 7# 2k 5 [a] it
HAT R 0= 25 Al CARUARE T, 12 PR A T REA G
A S E Y TTMP,

2] eaZ i [ 14
T: 20 ?? = TTMP F12 EN
Sl | o g
st | 0
Q@Vb é@V\% Q&O\ e@&\v

K1 SRR S, TTMP 54
Fig.1 Content of acetoin and TTMP in liquid
fermentation broth

AR 1.2.3.2 WL, BRIk GTBL-168 Il)¥ 45
SRPEAZ = NCBI, Jf#E47 BLAST [R PR Fe T, Bk
GTBL-168 55 1l A< ZF FFF B %) [R) P Pk 35 2] 99% LA
I, JH MEGAS.0 R Rgi K BRI (E 2) ., il RS0
KBRS AR GTBL-168 %5 S — kR A< 2
FUFTEE (Bacillus licheniformis) o
2.3 HIREFEATE GTBL-168 XIS ERSIE g
PRI

T P A = B v, SZ R [E] 0 Rl . AP R

TR ZR M, T 0 XUR A AT AN, 365
AR ) v TR R AR R v R ) T2 e e IR A
YEM . TEMERG R IN A DI GEZEALAT BRI S5 A4 G K R 19
[RIHERUR I, 5200 CRURESS A4, s ) B L bR 2 252
], DA T 32 M) VP 14 o

R ER 1.2.7 e HEBUS AT O BRILFE bR, 45
SRUE 3 s, FEHEBUS RS BUE iR b, A BT
Xof FRZH SIL56, TREZFATAT BRI ER I HE R R a5 2 Ak
FEPRFE ML A e, SR 7% B, BRI A
FLR S EA TN, EIE AR IR SE TR R
£, TR B S A T o M ZREAEAT Bl T = 2R,
M A S VR pH & 7.0, TRSTREIR BE 4 R, ANid T
T B R AEVE, PRI Z R A& o0 B 22 55 AN I
=, AT R E AW E 7% B, A/ —EM
&,
2.4 MIRZFHATE GTBL-168 XifEfEE: th 2 {81
1 TTMP & 289520

PRIV 1.2.5 F 1.2.6 43 B DRSS b 248 4R
14 B RSTS84 vh TTMP [ & i, 4552 a1l 4 fr
7, JINPR LR S A LH TR v AR R 2 B Bl Y
B B, MEEFE R 7% 8 AR E E
6.05 g/L, B %FREZH 2.23 g/L 3N T 171.30%, &)}
TTMP & EAA T3, M 58 7% &=k
2.66 mg/L, FEXTRBLHIEIN T 24.88% . Hudkil 2B 1A
FE AR TTMP f8GE pH b 6.5, AR RMERLSL 5
r Z B AR R R, T TTMP B8 hiE B4 /)N, al g
JE T AR R R B R, HAR R b & o g b,
AFIT 2 ABIRZ S B TTMP .
2.5 MREFHAFTE GTBL-168 MR IS E B LAY
Al

KA 16S. ITS M)FHEARITEINAS R D BE 3
AT HERUR I 52 55 J5 WORETTR: vh 8 A 0 A T 2 R 45
Mo X5 A T AL 3, 45318 ROEdE, J5 2k
YR e o 5 S VAR AP S S 4 OB =l i

29l Bacillus subtilis ANC1(MN372379.1:1-1397)

0.05 sal Bacillus tequilensis YNA17(MK473914.1:2-1206)

Bacillus velezensis 2628(MT611650.1:21-1417)

95 Bacillus amyloliquefaciens ANA25(MT122819.1:43-1399)

| GTBL-168
100]

Bacillus albus J20A11LARS(MT378532.1:1-1305)
44) Bacillus cereus FDAARGOS_781(CP053991.1:5062095-5063560

27
Bacillus salmalaya 139SI(KM051837.1:19-1472)

Bacillus licheniformis SCDB 14 nome(CPO14842.1:11951-13349)

El 2 Ttk GTBL-168 16S rDNA 3:HFH R % & B W
Fig.2 Phylogenetic tree of strain GTBL-168 based on the 16S rDNA gene homology
e AR 0.05 R fEIEE LB, BRAG A E W0 L KERSIR; GTBL-168 FRHiAR LA B 168 S kK KM051837.1:19-1472

ZET R HkR GeneBank B %5,
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20224 1 A

JBAAR (mmol-10 g™)
i bt .

—_
L

[=]
L

Heit (%)
B3 HERURETS b AL TR AR O
Fig.3 Physical and chemical indicators in piled fermented
glutinous rice
TE: ARG PRI 2657 .35 (P<0.05), AR/ ING F-RERIR
ZFARE (P>0.05),

T ez 2 30
61 =TTMP YN
s L
23 £2.0 %
) £
i 4] =
- 1.5 o
s 4o
= L1.0 &
B 5 b=
N e
14 L 0.5
0 0.0
0 3 5
bt (%)

K4 MERUREE: T A0 TTMP 5 &
Fig.4 Content of acetoin and TTMP in the piled grains

2.5.1 HEBUS R AN RIRE R G 2 RE M 5T
2.5.1.1 EFFRITFEIESTT e ras R It
15951 498423 &= L E T A, FH AR BAG
1246057059 2% . 1E OTU G5 A, SHRE ALk
1T Alpha ZFEVESTHT, AIAG S IAEERETSE M) b i) 2 3
FNZAEPEPT, 435 Chao F5%XF1 Shannon 35373
IR AR E ERR AR B2 A 4844 . Shannon AT
A5 ) 22450, Shannon (B, FEVE Z A MK
=1 o Chao 78 ¥ J& J/H Chaol & ¥ fii i+ BE ¥ v &
OTU % H mFa %L, AT H RS THFh B2,
{EAR AR Fh S8 o=

B HEBUREAS I DA AR 23 DU P B0 PR an 32 2 R, 4%
FEAHARU PR A5 20 AR i BT X N, 8 43 S 2 2 80A 258
SRR ST %ﬁfﬁ(operaﬁonal taxonomic unit, OTU),
Horp, 22RP S 3% rIHERREES h OTU g £,
3L 2229 >, FrAFES A AT OTU il 1705
Chao {EAC RN F & EF5 %, Shannon (EAL R YN
Z FE M T8 B, A5 HE BUE B FE 5 19 Chaol 35 BU7E
1586.38~3107.84 = [] , Shannon 5 ¥ 7€ 5.36~6.92
Z I8, FEFh R 3% AOHEFRUREEY Y Shannon 45 % #x
=, B R 6.92; T FEAS 1% 25 35 8 (Coverage) 1E
0.9826~0.9926 2 [f], T LA 4% S B f 5¢ 34 I e 45
R EHER RIS S A B R AE E S . T LRe

2 AR T R SE T A
Table 2 Statistical analysis of bacteria community sequencing
data of fermented grains

Heh P9 OTUKL Chaof%( Shannon Coverage
GTBL168-0% 116186 1734 2467.25 6.28 0.9873
GTBL168-3% 122683 2229 3107.84 6.92 0.9826
GTBL168-5% 126503 1092 1586.38 5.36 0.9926
GTBL168-7% 133051 1166 1934.20 5.68 0.9890
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i J& (Sphingomonas) . 5% 3 Hi¥r i )& (Kroppen-
stedtia) . KV JE (Bacillus) . W1 ZE AT 5 8

(Oceanobacillus) . B J& (Virgibacillus) . FLFT
W& (Lactobacillus) . S AL 8 (deromonas) .« {8
R LR T I8 ( Thermoactinomyces) . Muribaculaceae
JE& . A, H 4 DR PR, MR X
GRS, 53 R B R PR E (Sphingomonas) | Ve
B 2 W ¥r W )& ( Kroppenstedtia) . % 4 ¥ 18 )&

(Bacillus) . 2 AFT S (Oceanobacillus ) . HA
S AN B R (Sphingomonas ) Y5 48X HEEY, AAXT=E
BER 24.55%~37.12%, H. 7 BERE A DI RE I R B 19
A AR b . Ta B TR E (Kroppenstedtia ) KX
FHEN 18.58%~38.58%, 4= JE & DI RE B £ Fl b 1
BTN, A BT 18.58% HENNZE 38.58%.
ZEHIFTERE (Bacillus ) AHXT =E B M5 DI RE R PP 5111
BESTHE I, AR 4.99% HINE 12.21%. #ET
ZEHUATE JE (Oceanobacillus ) BEE R ARG N Sekgem
JE s, EER R 3% BFRRERR, N 6.44%,
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Fig.5 Distribution of bacterial community
structure at genus level

TE: HAL AR X 2 B <1% TR 1T LD B R A3 2 43 38 27 T R 1Y
OTU ZAl; 51 6 [A].

FE S B P I B8 (Sphingomonas) ) 2 AFAE T HE
AU b, BAT RO CGHRE 1, WD) i
JRAR o A LAFHEIN i R R 7 BT SO P ORY I IR 5 1
o EZERE . B RS (Kroppenstedtia) ,
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P PN UL BRE MAZ AT e . HRTPE g b
HOVE AN . AErER ORI ws S b, S
DA AR, At . =R R HS
PR 2R Pl , 2T AEZR i, WAL I TR AL 1 7 52
FIEAHSE . ZEAUFTRRE (Bacillus ) 32 TS 2 KR Y)
JHAY 3= TR, S DU B HEnt R R, A
A ZEFAT TR R A ZF AT BT REAS 7 A= SR 1Y) 5 7 XL
IR, BT BT AR B AR RR B A R A T 5- FF e |
B-ARLNE RPR . o-ERRIRSFEH Y IUR o3, —
SEAT B ZE AT TR . BRORZFHOAT B S A B S
BEFTIGE R BTG 7, AT LARSE A IO 5 R4 4,
FLRE A 43 b B g 5 0 = BEAS TR, 5 7R R A
7% B TTMP % b B i AW A5, AT DL HC R HE RFORS 1%
B TTMP P EZEDNEER . WV E 2R HAT R (Oceano-
bacillus), FE53AG TIURIGIES | REFE &5 KB
AU AT Y e TR A% G ) i A U ] R
SRR B B, 28 S R, (HEART)
AEAR WLAIED Y HAZJ® SR L8y Ahn] LU T A T
MY B, LS SR . GERB N . G S = TR
FIUIRRAEET
2.5.2 MEBUIFR T EREREIE G LSBT
2.52.1 HEAEEWFEIRgeT  HEEas Rt
3 514831 B0 72, AR B
12870716879 /751 435l Chao $5%H1 Shannon
TEEFOR R W IR B AT 5 2 e
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FEAF B IR S IO L Y 532 A SR B2 R T $5AE
4125 ¥ 50 (operational taxonomic unit, OTU) ., H:,
235 I SE B P HERRE S b OTU B a2, 3 104 1,
A FESL A I E B OTU 4 31; Chao {HAGE
B T B FE 2, Shannon (EAC TR B 2RS4,
5 HEBUP RS FE 5 19 Chaol $84U#F 71.50~118.10 Z
4], Shannon F5%47E 1.95~2.63 Z[al, R &R 7% 1)
HEBUEES Y Shannon F8%U =, [HoA 2.63; T FEAR
[ 7 7 # (Coverage) 7£ 0.999958~0.999984 = [a], Jit
LN Py 45 SR RS 56 e S WA e o b M A ORI I A ol 2
PR AR ARE R . 7T WD RE R 0 A %o HEAR A it
TR PR S AT FITRE)
3 IR RS PR S A b
Table 3  Statistical analysis of fungal community sequencing
data of fermented grains

FEfh REUFFE OTU%L ChaofS%{ Shannon Coverage
GTBL168-0% 110955 104 118.10 2.20 0.999973
GTBL168-3% 125906 56 73.51 2.03 0.999975
GTBL168-5% 151643 56 71.50 1.95 0.999984
GTBL168-7% 126327 70 86.67 2.63 0.999958
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Fig.6 Distribution of fungal community structure at genus level
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