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Wk PRI, 38 o ™ A A 0 Al B =5 0 0 A I8, RT
AR A AR, ORI S T JA i

R AN I (B A ) D
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P R ILARIE %8 T 1, ASBIFFE 00D e 0 Bl A
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1.1 FEMRERF

HEE PR AR AR | AR (R 14,05
ORI BEARIEAR 25 AL 580 0 R g1 o T
WA BRTTAT 2 w44 s — & e, i el L AR &
FER T BRI BR 2 ) 5 BRI, 43 #r 28, ¥% FH T 1k 2
AN S AN, e, RE T ELE AR 0
RS |l 2R R B BEIR B, B0k o b 4l e R
OXOID A FRA w3 E# , /el b TAEY T
PRI AT RS ) 5 R G AU, AR iR 9, 75 B 1
AR AR REEEM, AR, %
PR 3 B SRR A B ) 5 #4508 , 2B iRl 2,
iR AE YR A R A,
1.2 FEEFE

LB AR AL SRR 5 o JERER R 5 g AL
10 g, INZEE /K = 1000 mL, 8% pH (HE 7.0~
7.2, %5 T 121 CEEZK R KE 20 min,

LB [E AR SR AL AL TR LB W8S 37 56 i A
18 /L W BEIE Ky, B H 5 T 121 C mEZE KA

20 min,

1.3 FENEEEHE

Agilent 6890A —5975C HU /M (233 — it 33 Bk
(GC-MS) ¥, £ H Agilent {L #% 45 PR /A ] ; LDZX -
SOKBS N7 A i 1 28 VR K TR 5, I 1 HY 22 BT i B
J7;TH2-C BUEIR R IR, KT L84 ; DHP -
9162 BUEREEFAE , KRR ;SW-CJ-1F
RS TR, NG & A R A,
1.4 EWHE
1.4.1 FRSE VU)K
0.5 em BIIE A TE/NA BU10 A/ B TR,
A 20 mL FCHK, HENRS 30 s, B 1 mL A0 7K Pk
WTIC I 10 £S5 B 3 BB EE I, 4 IR
200 pL ¥4 F LB EARRE SR b, 8T 32 ClaiRE:
FEFE T E R TE 48 h, 0 E TR RS BRik A
RSV, , 78 LB R K 75 56 btk — 2 R4 o
Btk
1.4.2 FEREEKRBREREE HoEEamE
BT 32 CHHIRFEIR PR 5595 24 h J5 0 &
I TR PR DA R0 B A 359 R O e
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b, F BB T TS W5, BB b
16S rDNA X HHx DNA #47 PCR ¥ 1 2lifk, i 2 |-
A T A T AR A A BRZA w47 B R 4 5
I A A AR R AT A AT A R
REW,
1.4.3 HEHRIEFRFBEMMA 1) BEFREEEA, T
PR AR = T AR B2 AN B 100 mL LB Y485 37 3
WL 7E 32 °C 180 v/min 5F FHEMIESFE 12 h .24 h,
36 h 48 h F1 60 h, I & W 0Dy, , 345 H MR TE
0~60 h A4k, U1 mL BRSO It fFLIE
S B 10. 0wl A e B3 W A R AR SR 25 1 L
FIE A, TAHIXHEE 60% .22 C 54T FAi K 5
R ECE PR RIE IR E N A3 0D,
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B B R TR ST ] HWHMA 0.1 mL Jii ik 0.871 1 mg/mlL 1)

H1 7 44 BAT I8 VIS 5T 1) 3 25 4 SOOI /1y
4, BHRW A 0k O IS ST AR RS
FRERCE IR, BRI U G
A EE T RE MR 8 T
FIHEPR >R 0~ 5 20 S BEAR BEVE A % 5 0 A 3
PEATRAETESY , TTHR ARV 155 1031, IR

2) FEFRMREE AL o A R0 7= v bk 42 A
F 100 mL LB W ARIEFRIEE P 0 57E 26 °C .28 C .
30 °C 32 CH134 CHMF, T 180 r/min % F %
HRESE 24 b, IE B OD o B 1 mL BRSO
TUALIERRE S B 10. 0 L & B 178 W0 A R AR R B
25 AL T v P K O3 IS AT IR PN
B TENAR SR OD o B 5E A R BEIRFE

3)WEFRILMIRL AL, DA B SRR YR
FERE Ay B JRC ) AS T Y LB WA J2 56 LAWI B LB
VRS 5 5 % R FH 422 o P 0 77 A TR R 2 o 3
BREFREE FE 32 °C 180 v/min S5 R LB 3R
24 h J& , M 5E W OD gy M1 mL B R 250> L 3 1k
FLUBHE S K 10. 0 WL & FE b 35 WRE A R AR B IR 25
FIALHI S0 v, S8 7K 43 5 AT IRCE P f 38 Ao R
BN AR5 0D, B2 SRR

4) FiFR R e, LR IR AL 1 B 5%
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AL IR EE R — S AN AL S, C AN [
TeHLER R PEAL G 23 | DL H A I S Ak el iy 55 37 3
XPRE L, FHEERERAE 7 5 T AR b 2 2% B 3 kv 7
32 °C 180 r/min Z5/F FHEMBE SR 24 h 5, M E TR
0Dy o W1 mL BRSO G ALUEBES K 10.0 L
KW LW AR AR IF R 25 I HL 5 v, Pk
Sy IGHEATIRCE PR 8 A B VRN A5 43 F OD g, B
TEBARTCHLE
1.4.4 BEWRAE EBEBREWESNE M HEEML
Be Ty R R I A 1 T R 3% = & s Ak, AR AR T
L - e O T AN % I S R 1 D)
ANSERT CH,CL, ZEH 2 WK A HLAE T 48 C 44
TIHEZRMRAE 2 0. 9 mL, SRS I A HETCIK B R A G
Ko DAL 7 Ry 3% 3k g b B8 #E A 3 1) & 1 L

CIRAE CTRAE W AR Y, i 98 I J5 3547 GC-MS
53R,

GC 4 1. Agilent HP -5 MS 4 3% 4% (30 m x
250 wm x0.25 wm) ; PEFRE TR 280 C; 8N &
4l He(99.999%) , i A 1. 0 mL/min ; B2 7 FHE A
WA FE 50 °C 445 4 min, RJ5 LA 2 °C/min 1T+
T EE T2 240 CH5H A, RS 1.0 pl,

MS 2% 1. 1% i 2k IR B 280 °C, B F U I B
230 °C, UG BE 150 °C; i B8 5 o i T %+
(ED) , P RERE 70 eV LR IS ] 7. 0 min; R H]
AR, AR TR EF (m/2) 35~ 550 amu,

FEMERE BT . GC-MS BB T R & 2§88 TR
1% T A3 MSD Chemstation Data Analysis 43 5 | 3
T NIST 20 J& 46 2, 26 BUUC L B K+ 85% 1) i 1%
BT T . S A IERGERE Co—C,y, IER
PEOR B F8 BT 40 B 1, TR Ak & W 0 O B8 15 1]
WARBEREOTA AKX, IR G YR IER 85
RAE (3% (1 B3 48 25, R SR AG 2R X1 b ofe
G WIS UEARSS & 1 7 s T A B e v i &
BRI S5 LA CRR AR LT AR,
KPR TAE Sk 7 & i
1.4.5 EHREZHEMAKERHNE KM EE
RN T IR Py 3 35 B b O e B AR SR A T S 3R
24 h J&5 B0 1 mL BT 6000 r/min £ N &0 7 min,
FF LW, WA 1 mL JCRK R G R KA
FE 1000 i, BEETEAE S 14 535 A0 10, Wit
KA 5 Y 5% , % BE2H 35 50w S TG
Ko W AT LH AN BRZH =5 0 A 32 C 2R T 2%
P14 8% 96 h,

UK B2 FOxT BRZH AT 45 5. 0 g, INARFR 53
R 50% 1 £ B - K F 50 mL, i A4 [n] 3 42 B
1.0 h U85 ARG B0 50% ) £ B Wokb 2
PRIV A 25. 0 g, B GARAS RS2 30, U
MR ECY) 10 mL, A 15 mL 27K, FF 10 mL — 4
HBE ZE IR O, 5 0F S e )2 0P Mk 4 %2 0.9 mL
J& AT GC-MS RIS 54T, 43T 7 k[ 1. 4. 4,

W RIS 0 25 08 R SR A7 7K 43 A, SR 5 46 1
WEAN 2.9 em [REKZH 9.1 em BIFIRAHESL,
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2.1 FOEEKRGIEERSH

BTG 95 KR AR - 2 T 43 B 20 R4, HEA T
WAR LRI E S, KB C1-3 .C1-6 F2A X-12,
T-9 X 5 BRAN B 17 68 1 ok, R F 1T 154
ERULE 1, R 1AL F2A AR & B LR
RN, S BB A B (B B A, HL A R A A
WEE AT IR SR T F2A AR AT R 2
B A AR R T
2.2 EHREEERSW

F2A KRB B VE LS E 1 s, ME 1]
S, TR B N 35 B FL 1 B R S R BN
FUWIE 255 Rl A 288 . F2A R RS
REMWE 2 B, B2 iH, F2A HikS 2k
M BE 25 76 FF B ( Bacillus subtilis) )¢ 243K, H 5
JX123316. 1 il MG833866. 1 % Jy Pl i) — 57, 1 1t
B2 F2A TRAR Ry 2 FRLRT 14 i il e 2F AT I T
PR T PR 25l SR B A ) O o (CCTCC) |,
5K CCTCC No. M20231273,
2.3 EHREFEZGHRUERIH

AN TR R 75 A i) 2 P 9 TR T 5 SR R T

& ODg,, WE 3 Fi7R, B 3a) ATAL 3555 24 h B,
TR 1 WA B =5 550 K S 7 A W 3,
FHA AL R 5 AE AR D Gl A SR AR, i B
TR BRI EIEM AR i S, W FRET R 24 h

K1 FInEERGREFNFLER

Table 1  Olfactory smell evaluation of milky

flavor-producing strains 5

n # oy BE
L Tl L L 7

C1-3 8.8 8.8 7.8 7.6 33.0
Cl1-6 9.1 8.7 8.1 8.2 34.1

F2A 9.2 9.0 8.9 9.0 36. 1
X-12 8.6 8.8 7.3 7.4 32.1
T-9 9.1 8.8 8.0 8.5 34.4

A1 F2A A EELS
Colony morphology of F2A strains

Fig. 1

Bacillus subtilis (MG833866.1)
99
—‘ Bacillus subtilis (JX123316.1)
52 F2A

Bacillus mojavensis (ON908931.1)

4 Bacillus halotolerans (OK083728.1)
Bacillus halotolerans (OR436938.1)

98

i—

Bacillus vallismortis (KX984111.1)
Bacillus nakamurai (MZ234615.1)

Bacillus siamensis (MH040979.1)

Bacillus velezensis (OL851720.1)

39
47
50 Bacillus amyloliquefaciens (NR112685.1)
7{ Bacillus amyloliquefaciens (OK083711.1)
—_
0.0010

B2 F2A HARE RAAAH
Fig. 2 Phylogenetic tree of F2A strains
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B KA 5 A BT IR BN B B, By R e R4
T 24 h B AP R DR AL, A% G 0, R R
Tho & 3b) AIHL, FARAE 0~ 12 h A= RKELNE, 0D,
GEAGIEIN . 12~48 h X B I I T A a5
WK, A TR E . 48 h JFAEK BT
SEW, 0D, BETE 4.5 o472 b W R 2R I
F2A BPLIERG SRSl 24 h,

AR 5 U R A W b TR VAN 45 R A
W 0Dy, WNFE 4 Fi7R, HFE 4a) AT 01, B 3R R A
32 CHF, A K L W AL =5 5k A 0 A
T LS B R B A A W] S 4R T, SR AT
RIFAPEREAR . KRR T 32 CHl A A b
G, JBLPERE N, AR R, A ]G, B IR IR
KT 32 Ch, Bl HIHRTTEA S, FEAR,

o) R BB AN AR
B3 REZIRM L LA REEFNERRE R 0D,

Fig. 3 Sensory evaluation and 0D, of fermentation broth at different culture time
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Fig. 4 Sensory evaluation and ODy, of fermentation broth at different culture temperature
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B SRR AR T A TN B
A —E M SRR, RO R T, iRl 6b) AT %,
IMAGAES BT A ey AR K iR, 25 b Al
FZEAFT I F2A PPEIE SRR BT AL S
2.4 MEFEE F2A KB EEREWRS ST
Rl B ZEAOAT T F2A & I T W 32 B R R 4y
GC-MS 78 R WK 2, W3R 2 AT, 25 [ R 0
HR TR LA D F2 B0 A TR R R TR R 5%
W2, LA S DEIe I ey . MR ZF AT T F2A R
IEW Y 2- PR AR -3 - R -2 B AR 7 i A

BRE
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Piz
a) KB L ERUREIFMEIR

A5

7.58 peg/mL, XS 1 R BUMG R ZEHLFT T RE AR 1K
W), FELA T AR R R A AT
KT R BRI W & A . A Al 2R AT
F2A KB L35 BOH 8 & A o 4 S o A & R
M 3,5- " H -4 4- W R -IF MR, X 2 B4
REZARE v e — B AL B i .

2.5 HEFAETE RAEZEMENHLZESH
M RAMR S

2.5.1 REEREHEMHFRB ST S 14
RN B 2R A S i LR 3, R 3
AR, PR 4 B v R S 71 AR R M A
g3, FLr s B S 58 AR LAY 36 i, K R 2
AR 49 F, 25 14 M2 KBEE &2 K,
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3.0F
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Fig. 5 Sensory evaluation and ODg,, of fermentation broth with different carbon sources for culture media
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Fig. 6  Sensory evaluation and ODy, of fermentation broth with different salts for culture media
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Table 2 The results of GC-MS analysis of main aroma components in fermentation broth of B. subtilis F2A

Fht/(pg - ml)
t/min RV bR ORI ZpE KR

B B SR
10. 90 865/867 RI.MS.S 2-FR -3 Fe -2 IR I i — 7.58
13.24 10001000 RI.MS.S ZEI5E — 0.08
15. 69 1180/11850 RI.MS .S TR 0.29 —
15. 81 1192/1194 RI MS.S LRI AT — 0.03
16. 40 1195/1197 RI.MS.S 4-H F LR — 0.06
17. 10 1200/1200 RI MS.S E+ 2k 0.18 0.12
18. 60 1269/1270 RI . MS 4-HH-5-(B-FR L ) BEME — 0.51
20.71 1380/1381 RI.MS .S 24TR 2.42 —
21. 88 1400/1400 RI MS.S +pukse 0.08 —
24.10 1471/1472 RI MS.S 3,5- R AR E — 0.10
25.19 1500/1500 RI.MS .S BTkt 0.11 —
25. 60 1511/1512 RI.MS.S N-(2-#2.3) LBE% — 0.02
26.30 1514/1513 RI MS.S 2,4-TRUT BB 0.03 0.05
28. 60 — MS INE 3-SR 1, 2-a] IR -1,4- — 1. 14
30. 88 — MS 3-HE-6-(1-H N IE) -2, 5-IR%E 1 — 0.18
31.94 1749/1750 RI MS.S 3|k 7, it — 0.35
33.50 1796/1795 RI MS.S ANEAMMEIE[1,2-a] MEHE-1,4- — 1.91
34. 60 1803 RI . MS.S M (L-ffi-1L-45) — ik 1.18 2.53
36. 40 — MS 3,5- -4 4- T W IE-F O R ER — 0.37
36. 80 1850 MS INE-3-(1-H R R ) Mg [ 1,2-a] ML -1,4- i — 2.30
43. 60 1907/1908 RI.MS.S WHER-=2m) K 2.55 5.93
45. 40 1934/1935 RI.MS .S INE-3-COREEH ) Mg I 1,2-a] MEE-1,4- — 0.27
45.71 1964/1963 RI.MS S FEAE R 0.17 —
47.00 2398/2399 RI.MS.S 2,2 H LR - (4— P Jk— 6— U T LR ) — 1.32
49. 50 2549/2550 RI MS.S AROR R —(2- 23 ) iR 5.88 5.38

L —FAORK I, R

HFHUR S-HEEEFTR 6-C5-5,6- Mk -
2-f 2-FR R -3 -H H -2 - M 5, 6- A -
2H - Mg — 2 — il 55 45 A R0 A O A B
TN, 33K 2 185 RE B TH KA I 1) 7% A 8 BRI
ERFREN NGRS B T AN T o U TR 5/ i
S LG G, 3R W A A
Ree ik o 30K 6 B A 18 0 25 08 AR I 1) A R
I REF AEF M EL S WA
i, HAR IR | O RRAEIR 28 43 15 i , AT Wl 52 =5 il
AR ) S R

2.5.2 RERRESHEMBREIFNERS T £
T 14 R EELUROG AR E IR & 3 s B e 7
Fiias, B 7 Al TS 14 R T ESE M E
BLOEFR AN, 2SR, R, A —

FEMZR T, SRR ZF AT A F2A KRS 14 5
ARHAR I MR b W e kA 7 B R A A R
BRAr B EA Frie Tt AR T AU
ARG U U BRI

3 %5ip

A5 38 2o LA PE AN A5 7 1, A RE IR A 4
e 1 MR WA A R A R 2 TR, 28 16S tDNA
MR, Y58 MAL B ZE AT I F2A (B. subtilis F2A)
A B % A Ak T AT 2B O R A 8 3% B TR
24 h KEFRIRAE R 32 °C, Ky 7 3 i U AL HLER Ry
WA EALES, @it GC-MS 30T, Bk & BLiZH
fEF7 Al 2R KL 3— 1 3 — 2 — BR TR0 B 45 0 il A T 3
WAy, MR ZERAT I F2A RS 14 Fhimet
J&i , v B AR TR A A A R, A
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k3 BT 14 KA R EARRSS T

Table 3 Main aroma components of Chuxue 14 cigar fermentation group and control group

W4 . i Fin/(pg g B4y . X /(g g
dm o wmino RIS o gmg | m WM FIRMA AL Rmedl
9.52 o — 0.38 (IR’ZEéf‘S’%E’
9.56 3- i 2.41 0.31 11E) -4~ -1,
T%ijﬁ& 50. 76 7,11—?5%‘—2,7; 13.22 —
24.49 ZHR 0.36 0.53 L3R DUt 0 = 4
28.30 HKMR — 1.68 1-17
ES 28.91 SR — 4.37 2-(4aS,8R,8aR) -
()3~ 4a 8- "HIE-3 4,
6117  (IH-MEE—3- o 0.78 50. 87 4a,5,6,7,8,8a— — 17.79
AT /\17" 2-F) -
) N -2-1 R 2 pE
b 27 805 59. 08 fim 6.58 —
10. 90 2‘?_’%@2}%{ — 0. 04 N 21,54 21.61
5,6-—4-2 1,1,5,6,6,9-pBH
18. 89 H—’nttuﬁjz-ﬁlﬁl — 7.94 54.12 %—10—&2&3%—@%3‘# 2.40 —
6-2.3-5.6 (2 TR
20.99 :’ff—zH’—A 3.15  4.35 54.95 Ko 2.87 —
Ut 2~ i 2@—%15%—7%—)%:
A (3= BE LY B 55.20 -1,3,5-%F — 1.38
(E)B—S—Eﬁ%— 57.07 HFE — 2.33
31.94 gf_}#:%%_if@m — 5.28 ok 57.16 E - 431
36.96 B =HE — 0.58 57.40 Kt - 1.14
(E)-3.6- 58. 42 B W 2.77 9.22
3 59. 14 — S TR 4.64 —
.95 ey — 0.51 o o5
ik P -2~ 1 59.40 i — 2.27
o 11%££§%_ 59.84 4 5-TAFKME — 4.40
W g5 - 0¥ - 63. 62 SRR A K 1.23 —
3'”“1'2‘;@ /Nt 13.91  25.05
4 (3T I
45.59 AN 3 — 1.72 4-3p I FE-1-
mg?ji&_ o e T
3 T B _l_l J‘ —
46. 35 PR 0.93 1.42 36.27 E%;%}l{ 3.51 —
46. 67 Jl[ﬁi 5;; kﬁ@%ﬂ — 0. 49 i
51,77 AR 2T RAas — 0.01 2-Z R
6-H 5L 3 B 53.18 (4.4.0]) %5k — 0. 54
58. 68 TR JEFE TR 4.51 — _
f T 1,7,7—:E|3
. 14. — I =IRN 2.
29. 88 % <P ¢ 55.21 B2 4.37 —
61.32 BT 2.43 — Bk 2 1'};‘\(;’6”
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Milky flavor-producing Bacillus subtilis and its application
in cigar tobacco leaves

LI Tianxiao',ZHANG Dayuan', WANG Yue>’,LEI Jinshan®’ CAO Yuan',
XU Chunping' ,ZHANG Qianying™’, LI Dongliang®”’
1. College of Food and Biological Engineering ,Zhengzhou University of Light Industry ,Zhengzhou 450001, China;
2. Technology Center ,China Tobacco Sichuan Indusirial Co.,Ltd.,Chengdu 610100, China;
3. Cigar Fermentation Technology Key Laboratory of Tobacco Indusiry ,Chengdu 610100, China

Abstract; In order to solve the problems of poor aroma and strong irritation of Sino-cigar tobacco leaves, milky
flavor-producing microbial strain isolated from tobacco leaves was screened through smell evaluation in this study.

The liquid

fermentation conditions were optimized by sensory evaluation of flavoring in machine-made cigar and 0D, of

The bacterium was identified by microscopic characteristics and 16S rDNA sequence analysis.

bacterial turbidity. The key aroma components of the fermentation broth were determined by GC-MS analysis.
Flavoring effects of the Bacillus strain on the sensory quality of cigar tobacco leaves were also studied. The results
showed that one bacterium strain F2A was screened out, which was identified as B. subtilis. The preferred
conditions for liquid fermentation were temperature of 32 “C, time of 24 h, carbon sources of glucose, and
inorganic salts of CaCl,. The main milky and sweet aroma component in the fermentation broth was identified as
2-hydroxy-3-methyl-2-cyclopentenone with a high content of 7. 58 pwg/mlL. After fermentation by B. subtilis F2A
the contents of milky and sweet flavor components such as vanillin, coumarin, 6-ethyl-5, 6-dihydropyran-2-one,
and 2-hydroxy-3-methyl-2-cyclopentenone in fermented Chexue 14 cigar tobacco leaves were significantly increased ,
which significantly enhanced milky and sweet aromas. And the enhancement of tabanone, 3-hydroxy-8-damascone,
and neophytadiene could improve freshness and floral smell. After fermentation, the milky and sweet aromas of
cigars produced by Chexue 14 tobacco leaves were significantly improved, and the irritation was reduced. This
study suggested B. subtilis F2A could produce 2-hydroxy-3-methyl-2-cyclopentenone and other flavor compounds,
which provides a new way and theoretical support for the quality improvement of cigar tobacco leaves.

Key words : Bacillus subtilis ;milky aroma;cigar tobacco leaf;2-hydroxy-3-methyl-2-cyclopentenone
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