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Application of pyrazine-producing Bacillusin the production of
Maotai-flavor Baijiu in Tianjin
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ZHANG Huan!, DU Liping"!
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and Engineering, Yibin 644000, Sichuan, China

Abstract: [Background] Pyrazines are closely related to the flavor of Maotai-flavor Baijiu.
[Objective] To screen out the Bacillus strains with high yields of pyrazines for Baijiu
production and provide a basis for improving the quality of Maotai-flavor Baijiu. [Methods]
After primary screening and secondary screening, strain J1 with a high yield of pyrazines was
screened out from 50 strains of Bacillus in the brewing process of Maotai-flavor Baijiu. The
strain was identified by 16S rRNA gene sequencing. The conditions of pyrazine production by
this strain were optimized by single factor and orthogonal experiments. Finally, the fermentation
performance of the strain was evaluated by simulated fermentation and in-situ fermentation.
[Results] Strain J1 was identified as Bacillus amyloliquefaciens. The optimum fermentation
conditions were as follows: inoculum concentration of 10’ CFU/mL, Saccharomyces cerevisiae
to J1 ratio of 1:100, inoculation of J1 two days after inoculation of S cerevisiae, and the
fermentation temperature raised to 50 °C. Under these conditions, the content of pyrazines
reached 322.48 mg/L. The simulation experiment showed that the strain J1 produced rich
pyrazines. The content of pyrazines in the Baijiu obtained by in-situ fermentation was 480.87 mg/L,
which was about 10 times that of the control group. [Conclusion] This study can provide a basis
for improving the quality of Maotai-flavor Baijiu.

Keywords: Maotai-flavor Baijiu; pyrazines; Bacillus sp.; in-situ fermentation
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VRIS S AE AR A B S SRS e g o IR Il
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Mo SR, AR AR &b R A 5 A 2 9
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A 8 e Ot T4 o A T T ) e TR
HHEE .
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FLE, A5 B2 e R 2K o ) S 2 L A7)
N 34%, T E R A E . R A P AR
F14) il S 2 0 W) 5 oy A R Iy R A, 328 R PN ot
Xof e il K R A 9 K B ZF AT I (Bacillus sp.)
PRI B4 A 0 Tl ot S 7 1 2 0 A AR T 1 A AR AR
L I INTOE = 1 B e s - S i 7
WA Tt A Ak 56 P S X e 2 AL S A
FEEN 275 A AU ONE 1 X e i R il R P
RIS KR OGR4 B, R B2 AT R
Sk G Y AR B B A G, BT RE I
A= WA SR B R AR 25 S ma ik R 2R A5 )
i . BRIk, @R AMEES iy SR i i s
W TE ok SC AR S LA S O R s
— AT AT IR AR

H 0K Ut KB R R 2o R rp i Oy ik 3=
BT < (1) KT8 B i sk h A TR R 5 4% e R il
PEATENE R Y (2) FEAERGE R TR LA
L HEAT IR R R A A R RN ZE IR T, PAek
3 I RUR 5 BT TR E SE U AN TR A R
R 0 B H — AR AR TE R 2 484 1 (Bacillus
amyloliquefaciens) XJB-104 FH T &k il [ 75 & 8%
DU P RE R 1 P2 K 202.54 mg/kg ., ANHIFST S
I AT B0 S0 AR ZEAUAT A Hh O e
MRS AW TR R, X B R UEATTE A5 LB AN
Gy TS T, T DR 2 IE S A
PRPREE A . PP . RN LA B e ]
TR S5, W0 AT 08 254 i T TR 40
RN R EEd, DL & 52 By AR 7 Aok g
FACE Wi, HE I A KU T

1 MR5r%

1.1 &

50 R ZFFLAT A, S0 = DR (0 18 T 11 T R
4R M R IR R B2 £ (Saccharomyces
cerevisiae), ‘LHLIELEAN AR F]

W . K G A A PR 2 A P R
FE ) SRR FH AT s
1.2 FERF S

2,6- HIJEMEWE | 2,3,5,6-DUH Rk | 2,3-—
LS T 3k e, 1 32 se Rk TRl i
Py A BRAE] 2-H Ebnb g | 2,3- H BL b |
2,3,5- = I ELNkgR | 2,3- T F L5 2 LR | A
Fit, BT TR (R ) A R ] RS Rt
FIFIZNE DNA $BGAR &, g wREA
B

SIS U(GC-MS), ZHEE R
BAWRA A EREFRA, W5 %Y
PR AR F s B B8, HITACHI & Al
PCR ¥, SCAME( i) E PR 5 A RA R 3t
FEHI 7&K, Bl W TP AR .

1.3 EHFE

LB }i g5 Hi(g/L): EAb4N 10.0, BERER M 5.0,
EMAM 10.0, T 121 °CKE 15 min.

A R R BB B 57 Bk (yeast extract-
peptone-glucose, YPG, g/L): WERE 70.0, HH
i 30.0, FEEEE 10.0, BEERE %% 30.0, pH 7.5,
F 115 °CK i 20 min,

P R SR AL . MR 2 — o R 1 R 3R
SRR R R LA 11 PR AT, BK LG 101 TR
18 h 580, F 115 °CZEHE KA 20 min,
T e PRV e BV 5 1 TR R 28 107 CFU/mL
il B TR AR VA, 2 5% 1) 42 - 42 o 28 K T 1) v
15 37 J vp AR [ A e
1.4 SFEMWEREKRGRS L BT

¥ 50 BRZE AT B R T LB 55373 ,35 °C,
200 r/min 7%4k 20 h, P FEHKE S 10" CFU/mL
TR, % 10% 3R R 15 mL R Bk 3%
P2 135 mL YPG ik, 35 °CHiF 5 dJE
KRB TEZE 50 °CH4Es 2 d, MM G

A =L
=B o
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1.5 SFEWEEKRESERS LB
=4

FEAT) 07 0 5 1% 1) 4 ZF AT TR TRR L e 5%
(IR R 2 150 g WIARRRERES, T
35°CKRIE 7d, FHmiliBEZE 50 °CCEBE 3 d Jadhl
KW, ZEWIA AR R b A Y R
1.6 S HrHN

PRALFEARAGINE « AR CERIE AT S e ) 131
Xof 2% TR T s A T B AL 200

MR AP S RAIE . S 08 T A
FR I SR I TOUAS [ AR A B i B AR -
Ji%E AL (GC-MS) /b KER 1 7 Fhikig
AL P bRE S G BGE MR, AR 6
WeBERBRE, DL 1.111 mg/L AT VA 8 N A
DAME R 250 & W VR B 55 N BR VR BB 22 B i A
b, DAMEBRZRAL A e i B T T AL S N bR e
IS ORI bR, TFEIRIA G IR
LRMERREN LR, ARl 2R e A U 1 TR .

HAbYE KA Y B e . it ik
FrE AT E , FERH bR T e A

JEE BT B RE IR A AR IS 25 SCHR[15]
A7, B 6 & EHAMELE R 54
RN N A IR SR PE, 4 BIAAER .
. EF . WA BE. BRE. TR, SEBEk.
LR AYE 10 D5 A 725 & PRI (0-5 47,

® 1 MERELSYIIRERLZ

0 FRFBAIAR], 5 ARRFFEN R E).
1.7 SEMWEEKRNEE

iz BESCRR[ 16190 A9 I B R TIE 52 0
EEHI> T2 58 o ) A0 TR 35 PR 2 4R B
BB RO LN 4] DNA, PCR $H9A 2 (20 pL):
DNA #ifz 1 uL, 1E. 514 27F (10 umol/L)
(5'-AGAGTTTGATCCTGGCTCAG-3")#l 1492R

(10 pmol/L) (5-GGTTACCTTGTTACGACTT-3')
# 1 uL, #4li/K 7 uL, 2xAccurate Tagq Master

Mix (dye plus) 10 uL, PCR ¥ #5544 95 °CHi
AEPE 3 min; 95 °CARE: 15s, 55 °CiB kK 15,
72 °CHEAH 15's, 30 NMEF; 72 °CFIEH 5 min,
K MEGA 11 #1948 # (neighbor-joining, NJ)
5 bootstrap {H K 1 000 H RS &K BT .
1.8 SrEMEREKAERIZML
1.8.1 BREFRRARK

FeBRO1S B, MRPRSEERA = S5, MR
LE BRI (5% . 10%., 15%. 20%). FRPEEeE
FUFAFF AP LFI(10:1, 1:1, 1:10, 1:100),
FHEE R EE(10°, 10°, 107, 10° CFU/mL), %7
A ) CRE PRI B B 5 0—7 d)  THIEIREE (35,40 .
45, 50 °C)XT B LR P 1 Y 52 o 1 B0 46 7K1
R 10%, HEFPLLG] 1.1, AR
107 CFU/mL, HEFPE AR RS 0 d (RP
[FIHERT), F 35 °CAE 7 d, THELZE 50 °Ck % 3 d.

Table 1 Standard curves of pyrazine compounds

&Y P thE fih 46 [l ) 5 7 XA R
Compound Standard curve regression equation Correlation coefficient R?
2-H FL Mt R 2-methylpyrazine y=0.029 9%+0.030 5 0.992 4

2,6- —HI JLAE % 2,6-dimethylpyrazine y=0.018 7x+0.044 4 0.999 7
2,3- " H LML 2,3-dimethylpyrazine y=0.033 7x-0.358 4 0.990 6
2,3,5- = HJLnk % 2,3,5-trimethylpyrazine y=0.048 2x-0.320 2 0.994 9

2,3- " H E-5-Z, FEmE s 2,3-dimethyl-5-ethyl pyrazine y=0.094 3x+0.231 6 0.997 7

2,3- T HH LS T J i g y=0.026 5%x+0.058 0 0.995 1
2,3-dimethyl-5-sec-butyl pyrazine

2,3,5,6- VU I Bl 2,3,5,6-tetramethylpyrazine y=0.057 5x%-0.164 3 0.996 6
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1.8.2 EXIRIE

TE BRI 2 00 25 R LAk b B A A
i, PHTIECIREE, 1Ek 2 Fras. RLEmhEE
ORI bR, R A A R S R B
et 51
1.9 fRilLE

B 5 kg TS, % 10%FE A K, AR
FE B AN AR L 35 °C R . 2 d JE e tifh Kk T
S F IR 107 CFU/mL BT RE T1 E 52
N, 35 CCHERLATE 1 d, FHEZE 50 °CHEF A
M2 do B ABERF, Bl OBEIAE &
B A, 35 °CATE 30 d G 45 ol . XF REZH A
B, KREAIE S S 40 58 M A o A SIHERY
HEFRGE ORI H 55 HORE , 78009, 00 WA ik
WeEraL,

1.10 R %E%

AR TI R S 7 R U (0 RRE IR
DRAGL T, B b S R Ak J1 0
T4 7 e kB R, B 25 kg BEREEAK
M, e B Rk Y K I A A A 2R A
FRU, AR AS B O, BT & RN A3
(R Ry, BAE 7 IE R AT MR R TR RN
R o Xk REZE BBORR ] S5 A1 1438 I B 422 O A
fitsrr, SR AUE THFME. f537d)5
HEIRORE , R /N TR 2% 5 TG e 2R
B 53 BRI BRALFR b L TR rp i i iR i
oA M DR A o

x2 EXRERITERSKE

1.11  #HIEAE
BN AT 3 UCPAT, R Excel 2016,
Origin 2018, SPSS Fll SPSSAU YE4 T8 AL FH

2 ER594

2.1 SFMERFEAENTER

YPG H5 575y 2R A i 4 4t n] E A T
GRS YR/ e, BRI, R
FHT L 50 Ak ZF A0 13 o AT AQ I A st 2
EEWIRI R, XTH 50 Bk ZE AT 7 ik v Bk
71, SEEEARME 1 PR, mEL AT, Tl
WERE BRI 5 BRI 202 J1 (828.1 mg/L).
K1 (233.7 mg/L). W (218.9 mg/L) . K5 (133.3 mg/L)
F1J5 (112.2 mg/L), KHILESEX 5 FRZEAATH
HEAT RS
22 RE#ERSLBERFER

SR TR A B A A0, 2 (A ME AR L 72
WERITHEAF IR 5 PREFAUFT B 7 [T 28 R e o ik
w20 e, REESS AL ANER 3 R, SRR
PRI W Ah, HAR 4 $REFHAT M RE G 5
e R RRIR | R SE B SR A T A ARG K
MR, BIRR J1 IR RE AR, R R
310.47 mg/L, HILEERER PR J1 #17/525000
23 EHIEELER
231 EEFLEEER

PPE J1 TSR, AR, R
AR, Jet)s e T RE A, K 2 ok,

Table 2 Orthogonal experimental design factors and levels

IKF % Factor

Level A, $3fhufk s B: EFp H C: HEFpustE D: FHRIRE

A: Inoculation concentration (CFU/mL)  B: Inoculation ratio  C: Inoculation time (d) D: Temperature rise (°C)
1 106 1:1 0 40
2 107 1:10 1 45

108 1:100 2 50
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Y1k 830.0
D4 806.9
Y2
Y5 778.1
Q31— A
%2 C 749.3
C 20.
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Q6 [~ 691.7
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Q5
i 634.0
Q2 605.2
XQl1 -
XQ5 - 576.4
Q8-
o1F 547.6
XQ3 -
3B 518.8
5 XQ2 489.9
e _ Ri-
E 5 XQor 461.1
2 & D2t -
== D5r 4323
=& DI 403.5
2 e 374.7
sl s
KB 345.8
T e
Y 317.0
Y3 288.2
D6 |-
12 259.4
D3 I
ve L2306
16 R
QI 201.7
K71 -172.9
Qy4 - —144.1
BE B
o E 115.3
K4 = -86.5
J5-
K5 -57.6
J8 288
- | |,

1 YPG 5 EH 50 HREF 1T E & B = AL BRAE S EL AR

Figure 1 Comparison of pyrazine production capacity in YPG medium fermentation.

232 HTFEMFLEESER FRTE R 2 T AT 1 (Bacillus amyl oliquefaciens) .
JET 168 rRNA BEHFFIMBENRGERLT 2.4 FHFESMIEREBEZERK

WL 3, iz F NCBI Mt BLAST BJF#ET 2,41 AEHEME X L EEHE N

R FE T, TR PR J1 5 % 5 2R 84T 141 (Bacillus R SR E ARG o s, it

amyloliquefaciens) Z7 R4 KRR . FETWHIE W a5 R ILE 4. HRE N 10%E, g2k

DU FAEY e 4R Wk 11 ey W atios B S MM 22 5 B 2%, v
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Table 3 Comparison of pyrazine content in mixed solid-state fermentation

AR Nk W% & & Content of pyrazine (mg/L)

Pyrazine species Strain J1 Strain J5 Strain K1 Strain K5 Strain W
2,6- — FH JLNE R 2,6-dimethylpyrazine 0.83+0.07 0.53+0.05 - - -

2,3- " HH BENE R 2,3-dimethylpyrazine 0.12+0.03 4.48+0.79 - - -
2,3,5- = H JEnk & 2,3,5-trimethylpyrazine 3.13+0.21 2.87£0.22 0.56+0.13 1.07£0.06  —

2,3- " H Re-5- 2 Ktk 4.26+1.04 - - - -

2,3-dimethyl-5-ethyl pyrazine
2,3,5,6-VU I LA GR 2,3,5,6-tetramethylpyrazine  302.12+27.81 96.60+10.88 8.99+1.01 10.51+1.98
BULE Total pyrazine 310.47+29.16  104.48+11.94 9.55+1.14 11.5942.04 —
- WHIREMERE WA

—: No pyrazines of this class are formed.

2 EHR I EERSA)FERTZS(B)
Figure 2 Colony morphology (A) and cell morphology (B) of strain J1.

Lo Strain J1 (MK346849.1)

18 Bacillus amyloliquefaciens 277 (OR875253.1)
] Bacillus subtilis strain HX0034 (OP268572.1)

—& { Bacillus amyloliquefaciens UK2 (MT491100.1)
Bacillus amyloliquefaciens P4 (MZ618706.1)

Bacillus amyloliquefaciens 35M (MZ359899.1)
Bacillus velezensis strain AJAS1 (M4598211)

61l ——— Bacillus amyloliquefaciens strain HB9 (MT186234.1)
69 Bacillus amyloliquefaciens strain ANA2S5 (MT122819.1)

Bacillus amyloliquefaciens strain Cpl10 (MN960274.1)

3 ET 16S rRNA ERFIIHIENER JI ARG LXER  FHSHNAF SN GenBank 55 17
JAL BT R bootstrap A bR RN LI

Figure 3 Phylogenetic tree of strain J1 constructed based on 16S rRNA gene sequence. The serial number in
parentheses is the GenBank accession number, and the number at the node is bootstrap support. The ruler
represents the evolutionary distance.
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2,3,5,6-PU LML 2,3,5,6-tetramethylpyrazine
2,3- T BE-5- 2, BLnlk i 2,3-dimethyl-5-ethyl pyrazine
[ 2,3,5- = HIRENE I 2,3,5-trimethylpyrazine
2,3-ZHIBLNEE 2,3-dimethylpyrazine
[ 2,6- — H KLl % 2,6-dimethylpyrazine
200
180
160
140
120 -
100 |-
801
60 -
40 iy
20
o L=

gy
Content (mg/L)

10 15 20
Hfp
Amount of inoculation (%)

El 4 AFEHEMHEXIERS SN
Figure 4 Effect of different inoculation doses on
pyrazine content.

BB S2 DR A7 1 A VP % 114) L P bR S o s ‘B TR R R A
it I E R RN 10%0E1 7R £25256
2.4.2 AEFEMRE ST ARSI

PR BE X R R sZ AN & SA s ik
W 7 e it B A vk BE S It R, YA R
Sy 107 CFU/mL B, Snksr- ik se, Hh
2,6- " HIEMERE | — H LA Y R S ne i
RUgHE N, HHEF BT =S 10 CFU/mL B,
MR~ A, T RESE PO A E L m, &
T RCE SR RS RE e . WA L BRI R
FESEENGE, XTRRRRA AR A s mat 7 R ek
PERPHE 10°, 107, 10° CFU/mL #E471E IR -
2.4.3 R[EIEMEL G & B2 R 220G

TR VP % B ] A — 2D AL S B [ A kI
T, E TR BRI T BE 2 5 2E FUAF TR 7 A
AHEAE U AN ] 4 42 ol B ) 42 o Xk A PR
B2 i SB iR 7R BRI AR AR BR J1

PO Ay 1:10 B, MR ™ by 5 PR BEAEA LA
KT ZHEMAF R, 0™ . "REZHE N
ZEFOAT T A0 1 2R KA A AE — 2 A i A
FH ., YEERE O S I 2 50 2E AT T 10
PR RSO . BEREEERNELA 1:1. 1:10. 1:100
HEATIE 223
2.4.4 A[EIFEFETE) X & B2 RS2 00

SE R RIS P B AU S B A 7 v 1 R T
B, S50 A R SR 2 —A
FEEMZWNZ . B[R] H Bl )% & 1
HIsZIR AN SC s, TEERM RN EEREfS 1 d B2
Tl J1 ZEARAT TR, MH0R 55tk oy o F 0 ] B g
M S A, 756 3 RIS 4EAh, 2,3- " H 3Ll
AT A, FESS 6 RIgHamh, RAFE/ DR
VU SEIERE , FESR 7 REEFRES, MR A LT
0, ATREAE RN BEE SRR R G, Rk
CCAH TR, T T RAT R A . Rt
VeBEERNI ) 0, 1, 2 d PEATIEACIRER .
245 AREHERENAXENMN

TESCBRAE P b, B HERRR B AT, 45
Pl A= AR O & O B IR B T e, 2
KA. AEHFERRZm, HE i ] ik 5
50 °CAEAT o TRGEAN R B2 R X 7 ik R AR 1Y)
o, L5 RN 5D, JHERE] 45 °CLLFA Y
SRR IR A L, LR P R B3 i, 50 °C
IF SR 7 e i s, 10 e TR A A T Y AR
B, X5 Ru FIRBFRAE R 8 BRI
JETHEE 40, 45, 50 °CHEATIE SR
2.4.6 SRR AR & BEIE 32K LG

IEA IR LS UL 4 PR, HPURER =K
V- TE A I A5 R B DL 4 A (ABsCsDa) &
WA T LSS5 5 5 279.44 mg/L, 1)
W 223 A AT A& B, K D THR IR 1)
MR, HROR CHFET], BR AR

JER Wi fe /)N o
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B 2,3.5,6-PU H BEmE g 2,3,5,6-tetramethylpyrazine

2,3- M LAk 2,3-dimethylpyrazine

BR 2,3- H Be-5-2, BEnE ik 2,3-dimethyl-5-ethyl pyrazine 3 2,6-—H Bt 2, 6-dimethylpyrazine

— A% £ HENLE A 9 £ il il il

180
160 |

~
(e
T

—_— = =
[\
[}
T

[N
Content (mg/L)

P=N
o O
S O
— T

(o)
(=]

N
S

I
&

[\
(=]

S

200

Ju—
w
[e=)

—_
S
(=]

g
Content (mg/L)

&3

250

200

150

Content (mg/L)

100

50

13U
160

)
=
S

120}
100 |
80 |
60 |
40h .
20}

Content (mg/L

25 a0 45 S0

Bl 5 TRFHTESLXEXMBRSENTE A HAWE; B: LMELG; C. HAEE; D: JHik

Figure 5 Effect of solid-state fermentation on pyrazine content under different conditions. A: Inoculation
concentration; B: Inoculation ratio; C: Inoculation time; D: Temperature rise.

L 501 St W < 9 R R = IS Rl = [ ST O 1
ARG WE 6 R, FER 5B i &
T, MEERAS Y & 322.48 mg/L, (A
M, LR B 5 (AoBsCaDa) it = 4R RN IR Sy
107 CFU/mL, #Fh L] 1:100, J1 $EF0 6 [E]
2d, FHEZE 50 °C. K iF S50 1) Mg = i H

DR 28 A IR A IR B i e = i, Ul A IR A
AR ER AL T 2055 AR E P 5
2.5 HEIABLER

PR L RN TA PR, TEMEBUR B
LERCIY, SEI AL OB 5 X R AL,
R IR R R BRI, DL R R AR A2 K T BL
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x4 EXREPESLES~MERE DR
Table 4 Comparison of pyrazine production capacity of solid-state fermentation in orthogonal experiments
SIS A HERRE B: EERNLG]  C. EEFbetEl D JHEEE  STEHE b I 5

Experimen A: Inoculation B: Inoculation C: Inoculation D: Temperature = Arrangement of the Content of

tnumber  concentration ratio time rise experiment pyrazine (mg/L)

1 108 CFU/mL 1:100 1d 40 °C A3B3;C:D: 8.67

2 103 CFU/mL 1:1 2d 45 °C A3Bi1CsD2 42.92

3 107 CFU/mL 1:100 0d 45 °C A2B3CiD2 77.79

4 107 CFU/mL 1:10 2d 40 °C A:B3CiD: 55.03

5 107 CFU/mL 1:1 1d 50 °C A:B1C2Ds 145.57

6 10° CFU/mL 1:100 2d 50 °C A1B3;CsDs 279.44

7 10° CFU/mL 1:1 0d 40 °C A1Bi1CiD1 11.09

8 108 CFU/mL 1:10 0d 50 °C A3B2CiDs 156.68

9 10® CFU/mL 1:10 1d 45 °C A1B2C:D» 12.38

Ki 302.91 199.58 245.65 74.79

K2 278.39 224.09 166.62 133.09

K3 208.27 365.90 377.39 581.69

Ki 90.97 66.53 81.85 24.93

Ka 92.80 74.70 55.54 44.36

K3 69.42 121.97 125.80 193.90

R 31.55 55.44 70.26 168.97
9 2.3,5,6-P0 LA 2.3,5,6-tetramethylpyrazine FI T /NS A R A A, A=
2,3- " H Bk-5-Z KL S 2,3-dimethyl-5-ethyl pyrazine ’
0 2,3,5- = FFJENEWE 2.3,5-trimethylpyrazine IS SH FE X BB B AR VE RS & A% . FEME PR
2,3- W BEnkE 2,3-dimethylpyrazine
2 2,6- - HI3ENEIE 2,6-dimethylpyrazine TET, P P 7B A5 H 0 R A S5 36 4 247 LU AR Jon i 4

350 YL IR R R, A L R R Y e
300 - s ' KE| 111.04 mg/L, HAr, 2,6-—H MLk S7E

~ 250 | B R BB B A 2,3- T AL R AR T

I BRI MBS WAL 0 U P

L, A7 St AL 5 Wt n] - I B A= R TR 7
RULEECO, W LARE AL, RIS )

—_—

(=)

(=]
T

FRERE
T vl - ﬁ_%f’f‘edimd ehiEd U MR RN R IE AT, R Ah
Experin:lental protocol J# % 107 CFU/mL, #Fh L] 1:100 , BBR 1 4

FhEstElhy 2 d ARSI T4 7 SIRHERA
6 INESLIEHERSABESIEEE LR B A R R A R
Figure 6  Comparison of pyrazine-producing o H o RIS
capacity of solid-state fermentation in verification ZE R A S P FE AR N3R5 s, A LIE W
xperiments. e ABEITRU B, 0L VE R A 115
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Figure 7 Physicochemical indexes (A) and pyrazine content (B) in Baijiu samples during simulated fermentation.

x5 RAULBPINASIRABEIELIEIRLR
Table 5 Comparison of physicochemical indexes of fermented grains between the experimental group and
the control group in in-situ fermentation

AL AR AR X B&ZH Control group S2E0 40 Experimental group
Physical and chemical indicators A #=fi} H A s A i} H A sl

Into the cellar Out of the cellar Into the cellar Out of the cellar
7K 43 Moisture (%) 47.00+0.79 45.40+1.02 46.40+0.48 47.60+0.98
SR Total acid (g/L) 6.40+0.52 6.00+0.61 5.80+0.55 5.20+0.47
IR JFUE Reducing sugar (g/100 g)  4.08+0.41 3.56+0.33 5.52+0.43 4.66+0.56
TEH Starch (%) 18.81+0.77 18.26+0.98 17.7440.65 16.46+0.81
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WA AR, LI 2R AT R e AR T R
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N DR T B R S 75 Xof e A R 552 3 20 5 i
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2ﬁm§1§3+F%, FEAREAE = LR S A T
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CER R ELE N EFRE ST, X 3 MG
A
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Figure 8 Comparison of pyrazine (A) and total volatile compounds (B) during in-situ fermentation in

Baijiu.
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Figure 9 Sensory radar map of Baijiu sample.

I, YR LR e B R (166.19+2.79) mg/Lo
He SF47E K il v 42 D1 3307 25 i 4F 1 (Bacil lus
velezensi ) Flfii B ZF 4T 14 (Bacillus subtilis), 5Z
B0 2H A T PR B 5 i X BR R i B9 A 90.8%. 5
SCHR P E A WF S AH B, A 5256 i 07 12 110 A i o 28
TR T R Ak 1) & T 25 A AT 0 v T 1S v A
MR, A F 480.87 me/L, [ARFHAB X
URAL G et A P, PR KUK B A
ReAp AVEESR, ARERF T A
3 Wik

MR 2 b A ) 2 9 A AR 11 T 2 1) XU
i, MRS Y SO AE SR e
P R R 2 —, HA A sl &k
S EER A AR S E AR TR
Ay, BER S 50 S R DL R B AR s
AR A B RS A UL SRR R
WAL AP FERAEY), e, 2F
WATRE T R BERE ST, R R I A b

B M, IS S RA EAER, (it
SRk A A KA R AR, JTTE KRR I e i
SRR AT AR R . B TR 25t
SIS 1 DU FH R mt 7 1 J 221 i LAtk
FAA YA AR KUAR A DTIR . A 200%™
SRS W ZEFFF IR T I, TG TR A
FER) i 2 07 B B ik Ak B 1 i B B v T
MRk, FERERIEE A 107 CFU/mL ., FRIE i FF
SRR TLERN G 1:100 . BEAR T1 R0 E] Y
BRI EELE S 2 d. THERZE 50 CRIEIL &4,
MRS W& BT ik 322.48 mg/L. FEHRAL )T
K b, HRTKZ B 58 s Ak R il i vk
PRSI R B, AHIETE I e A Y (TP
BTG WG . Rl B A R
I N R PR EE Y SRR, PLAb R SRS
PN F R BTG b, S R R B TN,
B J5 5 | AMER R BERI 22 & T, 5 Sk E A i
FEAR L, ARSI BT 0 46 TR AR S P Ak 1) & B 2 A A
B T EE i, 155 480.87 mg/L,
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