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M — 26 5 2 D XIFR AU T Y N T2 Ak
S RRAFAE T Al al Bk A B dh b IR
A DR AR BEAR B R 2 AR
E= IR (VR MO RS SN £ (SR R4 1) = A
HAFafpi, pu R Rk (2,3,5,6-Tetram-
ethylpyrazine, TTMP), X4 )15 J& )15 h
f 355 P A e, E AT 5K/ Bl bk I i A e
PRI B PE T, AR 7O Ml I8 0 119 A 20
GrPEl, TTMP 5 776 T 45 Ff A R i o, s 7 1
FL M BN 98 505 B RS b TTMP 19 &<
BIE 2 10 mg/kg, HoAG#5 R F A B T8 A X
WRAYIE AL, LA, TTMP ib REWA T K I £ it — 7 1Y
il FiE PR e DI RET,
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R Z T BE R R Y& s S AR R R
3 U FR) R T I S T A P T A B R Bk A U
CABIAFNZ 0 2 8 A SO AR L TTMP, AN i &
TES IR TTMP 7 B i B2 o A7 S 5 e A, 2R
A0 A R e R e v 2 0k 48 ™ A AR
AR RA R, PRI Y 2 A
TR R A R T 25 W A T L TTMPRE A
T SN Bk ) 2P U R 7 <A R Y TR AR | 2F TR A2
TTMP f97= A bR, 75 21 2 Bkl B T 32 T s v
TTMP 7=t B9 ZE B AT . Zhang 2812 i R i rp
Fifi e 1 ki " TTMP B i SE 453 25 MU AT B (Bacillus
amyloliquefaciens ) , 2 5. PR 2 w7 T A 4k | 75 3]
Ty REEK M ] 4 1.2, TTMP fe i 77 i 15 5 1.28x10°
mg/kg.

5 T R UL A R 2 Ak ) A AR 2 AR
g 2,6-— H 3Lt (2,6-Dimethylpyrazine, 2,
6-DMP) .2,5- — HI JLNILIE (2, 5-Dimethylpyrazine
2,5-DMP) 2-Z H—6-FH LMt % 2,3, 5- = H it
W (2,3,5-Trimethylpyrazine, 2,3,5-TMP)!", it
R T A o & A H AR R,
Xof Il A O R G H D 2R AT R R R
TE T B LL B B A 2R TR, SR AR AU v R A A
T B 3 dk B AT Mk R W) o R R B ) Y 2 Y
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FFEE, = DS 8 28 B AT B9 (B. wvelezensis ) e B
TTMP B 5205 7 1 ARk . U1 30 28 I AT 11 D9 e 4
B E VEHE T R VLS A 44, R Bl 44 o
VE NS ZF BT B AR W B R R A I
J'& ,2016 4 D1 35 it 27 60T P H5 8T 515 2 B i 44 1
R H T AR R DU ST 2R AT I R AE B AR R
oA T AR MR R O AR sh ) T E
B YEamzaEmN, HaELmBeihhmn
VEJH B Al #8532 561 o Jiang S50 1o 43 Br 21
il TR it 3o 2 HP st A 0 Bh A5 AR Ak KU AR 8T 0 1 A
KMk, 2 B UL 3T 2 MO AT TR I 2 XU )
25 TF AH O 5 He A5 K iy v 422 R kS 5 25 i AF P
UL ST 28 MO AT I, TTMP R 2B R & i i 35 04
I, 0T I RUBRARAE A SC LA AR AR A K
12 i 0 2 A9 EL AT TTMP 7 A BE 77 4 DL 38 30 28 f AT
W CSL.11 i R K BRI 11 F TTMP 1
SRS L 45 A TIMP LR VLI 07, B I+ 1
FLIE S R WA, AR TTMP B R =77 4k,
TG K I s A A e D BR IR - | S B 3 il b
JoT B 28 Bl

1 MRlEF*E

1.1 REHH

L11 R MRS R bR DLSE 2 A
FFH (B. velezensis )CS1.11, 505 H E bl A%
FH T P A R R D R B TR R R B g b (RVDH
LRG3l ) PR 10 22 TR H A T RS
J 7 2-W3E-3-Pifl] (i%4igt ), 78 Dr.Ehren-
storfer A ;a—Z8 Wy (/AT 469 ), L3R 1% 1k 2% 3K
A PR T oK LER (98%) . ZAB WA (97%) DU
FENE R (98% ) A AR (AEARIAH ), 1 22 sk A
R BRA ) 5 L 2R (AR AU ), b
YR BR A T e i B o e sl g, W A
[ 2 48 L2 iR A IR A A

112 Kigedi FRFHEOAKRR SRR LB Bk
BE R AR B R K IR RG22 SRR [20] 1
REEFREI T . THER 4 o/L, HE MK 10 g/L,
4N 3 o/L, Biflg 20 o/L,NaCl 5 g/L,pH 7.0, &
SRBEEFEB T 288 T 75 ¢, 0 % 25
g, IR21JE %A 250 mL H#EJEI, LA 25 mL /K, B
5K pH H.,

12 UE{5iEF

7228 W] WA SR EE T, LA A BT AR A
BT ZWY=2102C 1H iR IR % B 5248, L& Ik
ST AR il i A FR 23 7] 5436GC/EVOQ TQ/PAL —
U H AR B AL, 3 [E Bruker Daltonics 23
A] ;DB-5MS i, 55 [ Agilent A #] ;50/30 um
DVB/CAR/PDMS [E AR5 # B E, 96 E Supeleo 24
A,
1.3 Hi%
1.3.1 7= TTMP Bk H
1.3.1.1 iFEF L E AR ARG E KR
PRl 2 LB WK & I 1% 37 H v, 37 °C 180 1/min
Big% 14 b, BRUDE RO JC B A BRER K B0 BE R 3 K
Jei A LR E R 108 A4 41 A /L B TR ARV IR
10 mL B &R TR 15 W L4MTF, BHE 30 cm
HEIBE 90 s Ji 28966 B2 i RS U A7 T I 3R 1% 77 56 7 Ml
1,37 CHEF% 36 h, Pk VM LK ik el 5 /T Vs B
Fb (DId {8) KT 2.20 B9 =78
1.3.1.2  ZAHIAIL AR BRI I ¥ DId HKT
2.20 WY AB B | $5 P T A 2 1 RK B R Bk
37 CEFE R FF 48 h, WiFR&i e, WU W AE
4 000 r/min F &0 10 min, B F¥E W 0.4 mL in A
4.6 mL i {43050 (a—Z5 M 10 /L, JTE/KWLER 1 g/L,
AN 40 g/L) IR IR, T 37 CE&IFEF
40 min , DAAS R I 15 3 56 R 06 B 7E DK 522 nm
A 000 7 W O B TR RO O BE R T 0.70 1 B BR HE A
S0
1.3.1.3 77 TTMP ARS8 bk G i 44400 i 145 2]
FI8) T R 42 A 380 A Y R A PR B 3R b 37 °C (180
v/min $EIREE IR, il A O R 108 A 41 i /mlL (1)
BRI AR T, DA B 2% A 181 25 % e 835 75 35k vh il i
72 h AR AR K BT A O 1:2 T 167 /L Rk 4k
SEWE T2 h, e BII0SE TTMP 2 6 ih Bk i & g
BB LR i
1.3.2 WARPEREM E  F% 1.3.1.3 7 7 ok 2
AT BT T ek YA 4 o T )l 855 3R B v 37 LR BE
3% 84 h, 4y HIHLRE 3% 12,24,36,48,60,72,84 h 1y
R TR S B R | VR I T AN 2 A ) R R
H oo
1.3.3  PRPRZESES DAl B 3R A O al
WO 2% R EE R 37 C PR ECh B H 1R, %



5523 % 45 8 1 #

S

N AT F RAT ) vg P bR &

B ek E AR R B 177

a

FE 00 J2 U O A= 4 5 Rk TR & Y 40% ,50%
60% ,70% ,80%I % TTMP £ 25 (Y 52 1) 5 LAk
WINER 50%, % 58K & 4 5 o SRR 22 S
B 10% ,20% ,30% ,40% ,50%I} % TTMP Fl 2
=S DL TSI E: o 50% oK & 20%,
AL N 2% ,4% ,6% ,8% ,10% I Xif
TTMP B &&= 520 LUK 22 U i oy 50% | fin /K
WO 20% ., R ER 8%, AR KRR 0
32,36,40,44 ,48 CHfXF TTMP £ 2 & A9 520 5 LA
W0 IR 50% . KA 20% . HE R
8% , & Tl 40 °C, %5 5813 H Bt $F 82 (0,1,
2,3,4 W)X TTMP FUZR 5 (952 00 5 & [ (] 45
72 h,

1.3.4 o py PG AR S 7R 5 DR 3R B 5 0 A
TR B ik E R R E 3 AR
Sy B4R LA TTMP B2 Ok i By ff, 3 FH Box—
Behnken B2 J5 B 5F 17 0 i AL AL IS, RS
KOGt W2 1,

1 REERKER

Table 1 Experimental factors and levels table

_— KF
-1 0 1
K & A E (A% 40 50 60
K ZF (B)% 10 20 30
R EERE(C)C 36 40 44

1.3.5 Mk

1.351 HEAMEHWE HAME 28 GB
1886.174-2016 (& 44 E AR HE & f il
£ Tl Pl o) R0 PO AR P R A AR 5K
m=X (1) R,

M _AXK 1
B A BERETS (Ulg T35)= 0 ><4><N><1_W (1)

H o A——PF K 680 nm Ab I A5 Y 1 O B
K—— % Y6 % %0,97.91 ;4——8 [ b B AR R mL;
N— B A% 8 5 10— o 1) (8], min ; W——i
B Ko E o & & ,61.65%
1.3.5.2  IEMEGIE DME MBS ES I 35—
TH LKA R (DNS ) B 3300 5 22 G 493 I it % 31
B (2) iR,

VE By TG (Ulg T3 )=

AxN 1
<K 1w P

A A—— K 540 nm A AE B 0O B
K——1 45 Wl br 1f 1 2 %, 0.7994 s N——F Bé A
B s 10— I ] min s W——th B9 7K 43 F 43 &
#,61.65%,
1.3.5.3  ZABIARg M e AU bk e &
A 7ty b B R A A
A= (3) s,

. A 1
CARTA F H (g/ke $%>_K xINx W (3)

o A—P K 522 nm A I AS B W6 R
K—— B i bR o 22 215 0.7994 ; N——F B
B W——Hh K53 B 2 & 5 ,61.65%,
1.3.5.4  AMFRIED E TTMP #6245 & B RE 1o 98 B
VR, TS K WA K B S ok B R ;B 2
mL JEVR AN A E] 20 mL T2, 8% NaCl Jit i
W HE 2 300 mg/mL, WM 5 L JiE kA2 0.816
pe/ L 19 2—H JE-3—BEEAAE R AR

TTMP F o il 26 SR U MR 9 A EL 8 7 250647
PAAS [A] BE TTMP b of i 5 N AR 9 2 JE -3 B
il g T R 2 G A AN AL bR, TTMP 4 BE A 8 Ak A |, 75
B bR o M L iy Wl H 07 R . y=1.2663x-0.3991
(R=0.9997), AN[FIHEBE TTMP A5 ife i B & BEFE
T TTMP 8 5 #1 2K F§ SPME-GC-MS #47 ,SPME
FAF W25 4% 50 C O HE S INEAR Y 5 min, T F
HHL 20 min, AT S min;GC &5 HERE DR E
250 °C, B2 )7 T+, 40 CARFF 4 min, L 5 C/min T+
IR 2 120 °C, F#FF 2 min, LA 15 C/min FHEZE
230 °C, A FF 4 min, AN S AL, WHE N 1.2
mL/min, 73 A 10:1;MS &0 . EL 5 76, 71
e 70 eV, KGFHE 200 pA, B FIRIEE 250
C, i HHEFE m/z 30~500,

2 ZBR5TR
21 HEEHREIMETRAG

AT 53 06 8 T 5 1) R R N (L RE A5 118 20 1
TR 1 e fige 44 v SRR FH 356, 38 BB 40 A 2 1 5™
A SR, TTMP R 2430 18 4 BE AU 3R U
1 52 S5 AR b B 1) 2 VR R UR A T I R T AR
I W KA B AR D S5 AR d HUE (DId)
R BH TR AR 20 1 5 2% (0 BE T R | R P S M
o R A BRSO 1k 218 KR AR H (DId) KT
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CS1.11 MBIk , LA Did 1A KT 2.20 4645 M rh it
— DR AT B 47 PREA AT A IR AR AR
CABWASE TTMP & B BTIAY, TERPE 1T &
18 WA A8 5 UL b i DA ™= B e e i 2 G
Yy, BB TR FR W] AR IR e B A Y, o 47 R
Be A AR UK B RS BUR BRI A
300, I A3 60 I AS S (5 B R A G 4
RN 2, NE 2 nTLIE AR T# 234 244,
32# 33# WL KT 0.70, BEHAIX 5 ¥R TTMP 1
R Y i —c MW R R A
TTMP BLR M T, I, BRI 5 R B E A B2 0
22 FTTMP E# &%

T EEIE LR B AR, LU A R
VER BB, 2Rk i i RS R WY B i A ER K
T KB EMIE L, A5 213 T ¥ 0 & WK
F I TTMP B E TR b B0 0 BT A5 19 5 BRTAT , B4
Il R, A 0l L A% TR R A I it B B R 1 &
FERT B TIMP AR R i W 1 B, 28 M A s 7
il ith B B TTMP B AR 82 £ e T8k i A e B, 3
JEH T EKBIMA S BUR AR R s S8 5T R
BB ERIN AR T 2E BT R AR 1 DR 2 M AT
PRI 5 FH T B B B BR TTMP X 4% 17 1 7 il
BB TTMP B9 AR SR i K/NHEAT LA, AR 234#
(R BN T R R RR CSTLT, 10 B 12 18 bk [ fie
JFOBHRE 15859, AiE A THREIMARAR R, wkk
T# 324 334y TTMP B R GE ) 8 m iY 3 PRI,
EE 8 F] T 546.45,608.73,737.57 mg/kg T
8 CS111 55T 32.53%,47.64%,78.89% , B
A R T ¥ R TR R (2 3F TTMP BRI ).
2.3 RETHRAIMESRE

R JEORE R ) B 1 T R T R T R 0ok AR
TE A Bl 4 FH G il B R R | RT R EPEAR AE ) I
R AR A AR L 5 & H R A
(2 LR A JE MR A Th R OC R R IR, TE M BEAE
= b e I RE S L I LRI, £ AR
A EHES 5 T TTMP B4 8 # R, R, 7R
9 TTMP & 77 bR B 26 LG . 08 Ry BTG 758 HL
FE R B R v CAB IR AR B R AF A REAE . X & A5
BN 2 AL KR 7# 324 33# WM B Be B (g . TEA
Mg . B AR B ] AR AL T g%, A5 AL LA
2, I 2a W51, & 60 h BF 3 BR B A (A RS

R2 FLBERETRANFBER

Table 2 Screening results of acetoin—producing strains

E2S ODs»,, A ODs
CS1.11 0.112 24# 0.719

1# 0.165 25# 0.421
2# 0.071 26# 0.315
3# 0.073 27# 0.134
4# 0.099 28# 0.154
S# 0.243 294# 0.185
o# 0.197 30# 0.128
T# 0.898 31# 0.263
8# 0.235 32# 0918
O# 0.066 33# 0.928
10# 0.101 34# 0.177
11# 0.129 35# 0.129
12# 0.177 36# 0.197
13# 0.087 37# 0.277
14# 0.153 38# 0.360
15# 0.140 39# 0.185
16# 0.127 40# 0.133
17# 0.097 41# 0.149
18# 0.198 424 0.105
19# 0.140 43# 0.135
204 0.128 444 0.160
21# 0.480 45# 0.252
224 0.144 46# 0.202
23# 0.732 ATH# 0.439

¥ oL

E@ ;%B 5 =
o=

2

= o IS

E wlm

o
B 1 7= TTMP R4 G i 4 R
Fig.1 Screening results of TTMP-producing strains

PEAE IR B e, Hoh B iR 324 (14 2 1 0 1 I
o 2 469.47 Ulg T35 &l 2b AT 3 PR A9 TE
KRR VEAE R W 72 h BB R, P bR 324
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Fig.2 The results of mutant strains

performance comparison

TEN BTG MR R A B T 74.18 Ulg T55, Bkk 32#
7 E A R ER 1 T T A R TR RE TH R
FI . VR B IE PRI, AR R R R T
TTMP R S WAL F I E s, 30 0F T4 2 1 i
PR VR g 0 0 AR AR 0 B okl i B B 2 A 40 AR
S R AR 25 SR W 2¢ Bi7R, AW 36 h,
PR 33# KB A R R R A E T
43.79 g/kg T3 & TH B R L FEY) T AR Y

AL, XS HAESRoMmilEe EHE
F1R) S e A TG R O, N - TG 7L G G R I Mk
CTEFLIR R IE B CABIR™ AR R 334 19T
¥y Wi | 25 [ i I WA TR bR 324, (H Bk 334#
ARG L RE Sy, PR & Y TTMP [ FL 82
T, AR KRVERE R R W T AR 324 33# i
FH T35 0l & ek 2 06 TTMP (94 F=wi bk, 5
Sy 4E 4 €S1.11-32 .CS1.11-33,

24 EBNEHFRARE TIMP XBRTHkE
BEBEHWEEZMAR

24.1 KEHRMEXS TIMP LR m T #
2 AT P A & B R b TTMP R 3R &, i
B 25375 728 0 e 15 2 19 7= TTMP 1 B B #k CS1.11-
32 .CS1.11-33, LAl #h 35 77 56 0 w0 4 35 5% 5L, % [
ABRBET MW TIMP A= il i B N R AT AR5, Bk
RN L L RE A% 52 e A Wy W 1], A
22 (RS I PR B SRR A L A, i 1B 3R]
TR MR CS1.11-33 7240 22 U8 Jin i SR 1 50%
if, TTMP A9 FR 2 fe K, CS1.11-32 e /b 22 a3
N 50%F1 60%15 TTMP FL R0 & 25 5 K
F5 109 2H O6F ZF AT B 0 2B KR TTMP (R 824
BELW B L WA R T /R S R,
i 326 1) 2 M AT T 8 03 7 o R A, o v 1 2R
FIACT- S R i A, DR e B0 22 % o+
H 50% .,

242 JKEXS TTMP B 252 m B ELhk
I3 Fr i3 R A W 0 Bl R AR B 4SS AR AR RN
BRI 4 R 4K R 20% 0}, B Rk CST.
11-32 i1 CS1.11-33 TTMP (I F B fe e, B 7K
Sy P3G TTMP 9 R B B AR, B R S rhok
oy Fr i (IR 2 i BE 2 A8 Ak RO 1 R ARG, 2
JRLAT A0 A A R R I T Bl 1 5 3 a1 7K 438
A BT B R R R, TR
WAL, RT3 A o3 R 3 22 04 7K 432 1 i
BRSSP, 805 AR i i AR A M R
TR, LR B oK 2R 20%

243 HEMpaExE TIMP BLE ) SR E K
/NGBS 52 ) JSORL ) IR e BERR B A& S BT 4D
/N T 6% bifi 7 H2 F i 5 0, TTMP (19 F 8 4
s, Bk CS1.11-33 M 6%~10% 2 1]
I TTMP R R o i # 22 5%, WAk CS1.11-32 4%



180

T 2023 4E55 8 ]

900 -

CS1.11-32
X Cs1.11-33
750

TTMP F 5 &
TTMP accumulation/mg-kg™ 13

EEEES
b 2 VS I i
Roasted wheat addition amount/%
T AN /NG TR 3R 02 Sk 8.3 (P<0.05), R Il
3 MERMEN TTMP FREM Y
Fig.3 The effect of different roasted wheat addition

amount on TTMP accumulation

Pl 7E 6%~8%IF TTMP fY L R o i 25 5%, 1
B AR B R R K R R 2 TR
TR ST S i R A TR R TG T A
ZEDEAMNBIEY, 56 % R FEEME N
8%

244 LERREXT TIMP BLRA W &6 E
235 25 MO TR AR R AR sl 6 P, 2 R
TR 32 C_ETFH% 40 CHT, bl & & 1 IR /9 Tt
T B AR CS1.11-32 .CS1.11-33 % i/ TTMP &t
BTN, IR IR F] 40 CHF TTMP (4 7 2 fx
K2 Kk BEIRE N 44 CHE Bk CS1.11-32 TTMP
(R B 5 % TR 40 CCAH F G 2 25 5 Ifi oA

CS1.11-32
BA csi.11-33

TTMP accumulation/mg-kg™ 13

. 4 6 - 8

bt
Inoculation amount/%

B5 #EMEx TTMP REMNZ I

Fig.5 The effect of inoculation amount

on TTMP accumulation

800 - = cstai32

BXA cs1.11-33

TTMP 1 &
TTMP accumulation/mg-kg™ T 3%

ER
ok
Water addition amount/%
B4 mkEX TTMP REMNZEN
Fig4 The effect of different water addition amount

on TTMP accumulation

Pk CS1.11-33 TTMP B2 & FREEH 2, 0 B A K
CS1.11-33 X i B2 3 A B0 W5 2 I 1 285 A 19 2%
T TTMP (94 550 2 BB 565 1 BB e ik
AR N 4 R AR S A 7 A TTMP 1 i 4 49 ot
JARWAFNE, 5 2 BB QI B & R E
B TTMP, i B T = B AR 2 12 S g A 7820 3 > 4
1o A IR BE AN R T AR ARG | B T S g
A RRAR HE S 2 BBy RN 5 2 i A e B
A ) R PN Tl R G DR o AT R 256 M TTMP ip {4
WA Bz B RBOR R T, B, R
KR EE S 40 °C,

1800

7 Cs1.11-32
(X Cs1.11-33

1500 -
1200
900

600

TTMP 1 24
TTMP accumulation/mg-kg™ T %

300

EE
K B L
Fermentation temperature/C
E6 REREX TTMP RREMNEIE
Fig.6 The effect of fermentation temperature

on TTMP accumulation
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2.4.5 BEREREOS TIMP LR 552 S a9t
V7 23 5% Wi T B A K B TTMP B9 A B, 3 i 4
FEA PR IR Y R R R P R S AR
Fefih g5 R 7 FroR RRE CS1.11-33 Bl 4 1+
BRI TTMP A2 5t W A, 158 B B 5 1k
FERBCIE I, I T AR A A TTMP 195 %, AR
FIF TTMP L8 . Bk CS1.11-32 TTMP 1 2
it B 0 P UK R B Se 3G s BRI, H TTMP
R BB TR L Bk, XM TR A
Tt FE A N TR 2,3, 5- = B R R | T AR
T RIS, SRR B AR f SE T R AR CS1.11-
32 AR 1), CS1.11-33 76 B[R K 5286 v TTMP
(R S — o TR Bk CS1.11-32, HAERERE,
JEREABEFEE W WA, FIBEHERTHRZE
() TTMP, Xt BE3E 5 E S TTMP 94 77 18, %
PRAESA N Z Ak e TTMP i FL 2 183848
mg/kg T4k
2.5 EBFHATE TTMP B&S&ER A @R &

TE UG Bk CS1.11-33, LA4S 22 U5 hin £ (A)
K (B) KBERIE (C)h AZAS & TTMP L R &
N FE k5, 3T Box—Behnken 3% i1 =K % =/KF
R 17 4,858 03k 3,

X% 3 AR AT RIH AT, A5 3 mHE 5 R R
Y = 1873.56 — 126.794 — 24.30B - 243.32C +
6.11AB + 80.27AC - 331.75BC - 147.224% -
108.23B% — 441.53C%, X [ AR A #4775 22 0 #r
RN 4, AR LR B 2 (P=0.0009<0.01) , %
PAIFA . (P=0.0890>0.05) , 1t AR U445 B bt
A LPRIEO , —RI C, kI C* 28 5.3 BC
X} TTMP FH 8 &5t 1 52 A b 2 (P<0.01), — K
AL TR I A X TTMP USR8 1 % & 3 (P<
0.05),

H &1 8a ]I, kb 22 TR 0 dt 5 /K 6 32 BLAE
FH e s il B T 2 ), W R BEAE R
3 Kl 8b WRIP A SN — g B, TTMP & i
B A A T Il S BN e T R B AR R B R
T A 728 AR B R TR A R I, U A R I
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Fig.7 The effect of stirring times

on TTMP accumulation

i 44.08% JINK & 28.85% Kk IR E 37.35 °C, %
ZRAF T B TN e RAE A 1 980.94 mg/kg 14 4K
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Table 3 Design and results for response surface analysis

VEE k% AmEA TIMPRE
RS B)/% c)yrc kg F A
(A% ( o mg-kg 2
1 1 1 0 1 482.95
2 -1 -1 0 1 765.49
3 1 -1 0 1 373.86
4 0 0 0 1 846.92
5 0 -1 -1 1 288.53
6 0 0 0 1 820.00
7 -1 0 1 981.24
8 0 1 -1 1757.98
9 -1 0 -1 1716.12
10 0 -1 1 1553.11
11 1 0 1 1014.03
12 0 0 0 1 882.58
13 0 0 0 2 000.24
14 0 1 1 695.55
15 -1 1 0 1 850.12
16 0 0 0 1 818.06
17 0 -1 1427.83
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Table 4 Analysis of variance for regression model
7 AR R T 75 Fm B W% ¥ F 1 P1a hrAElcd
el 2 101 000.00 9 233 400.00 14.57 0.0009 ok
A 128 600.00 1 128 600.00 8.03 0.0253 *
B 4723.61 1 4723.61 0.29 0.6040
C 473 600.00 1 473 600.00 29.56 0.0010 ok
AB 149.47 1 149.47 0.01 0.9258
AC 25 772.60 1 25 772.60 1.61 0.2452
BC 440 200.00 1 440 200.00 27.48 0.0012 ok
A? 91 259.64 1 91 259.64 5.70 0.0484 *
B 49 323.41 1 49 323.41 3.08 0.1228
c 820 900.00 1 820 900.00 51.24 0.0002 ok
2% 112 100.00 7 16 021.26
& AR 89 362.35 3 29 787.45 5.23 0.0719
Yk £ 22 786.49 4 5 696.62
& Fa 2 213 000.00 16

T % IR 225 W35 (0.01<P<0.05) , * R7R 22 70 3 (P<0.01) .
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Breeding and Fermentation Optimization of Tetramethylpyrazine Producing Strain

of Bacillus velezensis Screened from Moromi

Wan Yuwei', Lin Chen', Yan Ziheng', Wang Jieli', Liu Junliang',
Wei Xianpeng', Zhou Shangting®?, Jiang Xuewei'*
(“School of Food Science and Bioengineering, Changsha University of Science and Technology, Changsha 410114

’Hunan Provincial Engineering Technology Research Center for Condiment Fermentation, Changsha 410600
*fiajia Food Group Co. Ltd., Changsha 410600)

Abstract In order to obtain a high-yield fermentation strain of 2,3,5,6—tetramethylpyrazine (TTMP), Bacillus velezensis
CS1.11 screened from moromi was mutated by ultraviolet radiation. The diameter of casein plate hydrolysis ring and the
intensity of acetoin color reaction were used as indicators for preliminary screening. The solid-state fermentation of TTMP
from steamed soybean meal and roasted wheat was rescreened, and three mutant strains were obtained. Study on pro-
tease, amylase activity as well as acetoin synthesis ability showed that two mutant strains CS1.11-32 and CS1.11-33
were better than another, and their TTMP accumulation increased by 47.64% and 78.89%, respectively, compared with
the original strain, which were suitable for soy sauce fermentation. The effects of roasted wheat addition amount, water
addition amount, inoculation amount, fermentation temperature, and stirring times on the accumulation of TTMP were
studied and CS1.11-33 showed better TTMP accumulation ability compared with CS1.11-32. The optimal fermentation
conditions for solid-state fermentation of CS1.11-33 to accumulate TTMP were obtained by response surface methodology
as follows: Roasted wheat addition of 44% , water addition of 29% , fermentation temperature of 37 °C, inoculation
amount of 8%, and no stirring during fermentation. Under these conditions, the maximum accumulation of TTMP reached
1 895.08 mg/kg dry basis, 2.6 times that before optimization. Breeding and fermentation research of Bacillus velezensis
TTMP high-yield strain in moromi will lay the foundation for increasing TTMP concentration in soy sauce, rapidly en-
hancing Jiang—flavor, and promoting the functional application of TTMP.

Keywords tetramethylpyrazine; Bacillus velezensis; breeding; moromi; response surface optimization



