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1.1 FEMMEIRF

V13K 5t 25 #60 FT B YUNM-4 ( Bacillus velezensis
YUNM-4) , B AR 4% Tl K 2% S0 =8 43 4 i 32k ; 2F
Ak FL Tl | R T R0 i U e T R Tl A BR B AT
ONEL I, 200 87, SR B3F, P H mE A X
LLeHE W B 1 A M e b BOBUTe 35 B3 5 R AT,

JPG P T A BR B A ] R SR B (4
Bral) , RET & TR 4040 TA R E oK R
T(ortra) , REETOLERE R RARAA; 2
R 2R CBE AR UE S (3T al) | dbat A R ERH A R
AT,
1.2 FENEEIEHE

SANPLUS 8505 # % 2 i 2l A%, fif 2% SKALAR
5756890 GC/5973 MS BRI (GC-MS) X, &
Agilent 23 & ; DHG - 9143B5 — Il 8 o, P I 55 X
THHRAE R i ST e bR A PR R YB-150
R 22 D) ek B AL, R T 48 W R A RS A PR
) ; DLSB-5L/10 AU ¥ 51 AG FR A2, L i T4
g A BRTFAE A 7 SHZ-D (1) Rk R LA
2 WA TR A BRAF
1.3 FEEFRE

LB AR SR 5 SRR 10 g, FERRZ B 5 g, &
1b4h 10 g, 2£487K 1000 mL, pH {EHTTE 7.0~7. 2,
BEE T 121 C R RZEIAAF T KT 20 min,
1.4 EWHE
1.4.1 HESTEAEM BRI SIS R E A
BE RS BRI B R, B2 2 FRE) 100 mL LB ¥ i85
FREEL HE 32 CAMF FHEREESR 36 hlgFl Pl T
6000 r/min Z57F F B0 7 min, F2 25 WS, JHEHE
FBG K B A 1 43 06O B T o TR TR
T B ABE 2 OD . F 1. 45 T 5 T 1A Uk i R e 7
10° CFU/mL, fE R RE W A H . B 10 mL AR,
RYETALI 25 3 A 0. 05 g £F 48 £ 0.2 g I
Wil AN 0. 4 o v M2 R, IC A B A B E P Dl
20 000 U/mL AR R 10° CFU/mL A B i B[]
A=Wyl
1.4.2 JEREERE  HERAFRIC30 g MM B 4.5 mL
T 6 0[] A= 40 ) R0 2 50 W 2 0 o 2% T, P E
P K B A K R E 30% , BT EAS T, T
32 C &M T REE3 d, ¥ Frid Mo 15 & w4l ic
Sk B 5 4 W it 45 0 G B K B AR AR O s R IR AL
ICN CK, H4l%E 3 NEELE,
1.4.3 JAMEKERZE S5 B PS5
FERTIA RIS ME BRI (YC/T 31—1996) 1l
FE A EIKE
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Fflg SAEHYB M S s k) (YC/T
160—2002) ' (KA B AR A AR E
LEVRENTEY (YC/T 162—2011) 107 Fi1 ¢ HH BE 7 40 2 i
o BIIIE SRR BhIE) (YC/T 217—2007)
T 5 R 2 AR SRR 5 5 SR P (AR 2 % 0 R o)
i KRR S SRR (YC/T 159—
2019) 10 AR B BB TS OB B SR FH O
FAREH S BRWE S (YC/T
161—2002) '/ 52 40 v AR
1.4.5 JEARHEREEWESNE 1) MetHE L%
TR R ORI, PRI 25 g Ab RS A RE R 1
it 40 B, A 782 2. 5 h; P 22 ORI A 2
FIRJE A 50 wL 0. 871 mg/mL A ZFR 2 Z g N
PRy, B —E H 1 JCK B R 6, # e — e, & T
50 CAKBBTWAE 1 mL, 1HHHLIER, R5ET
EIEH T GC-MS £,

2)GC-MS 144, GC 4kt HP-5MS o i
(60 mx0.25 mmx0. 25 pm) ; 2N E 4L He ; JEAE &
N1 pL #EEE TR R 230 °C 5 E# A 1.0 mL/min;
A 10 ¢ 135 2R 10 min FHEREF AR IGTR
J& 50 °C, Lk 4 C/min THEZ 280 C, #14F 10 min,

MS 25 #: THREE S 270 °C 5 & F IR IR 0
230 °C ; PUBLAFTIRE N 150 °C 5 B T4k sl EI H
THER N 70 eV ; Brid A E y 35~550 aum,

FETF NIST2020 %548 1, % K 0 19 7 <0 o3 iR 47
MS & T, R F bR R ST &, RN R
(pe - g IHEART,

S o TUREER x Wi E

S84y, FIH SIMCA ( version14. 1, Umetries , Sweden )
BEAT RT3 (PCA) Al OPLS-DA | IS 25 i
BPE(VIP) >1 AT ¢ K50 P<0. 05 SARYE , ik
AR & IS 2 S B T OGRS G
B B XU S LIS R A 6T e A, 398 T 7 228
M TR S 22 5% 4 38 1) SR B SO 4y, i 4
e A DG SCRR B BT, 45 G SCRRFRE B8, A R
SPRT iR RA ZAEERCYE (3-AFC) I iR
B RBE AU B 28 (1) — = 00T ) ( GB/'T 22366—
2022) B A S BRI £

FHAXH SRS BE . ( ROAV ) J&=—Fh &5 4 B 1155
ANTRIHE S P S XU BT R R B ) 8 A, WK A
WURFAE B SR AR | AR RE 45 S5 A S A0 0 &
e H i R DTREE . — A, 2 ROAV =1 B} #
R TR A A BRI S I
R KB R PEI T 5 25 0. 1 SROAV<1 W 35 & PEY)
T A SRS HAT F BB VR, R4 Bh
B o KU B 1) SRR 5 4 ROAV<0. 1 B 4
S M O A MR A XA BEBRAR /N

2 55

2.1 REEHIEEMERLFER S S0

e I i HA i R 2 o I 2 SR LR 1
HIZR 1 AL, 5528 FOOHIRALAR LE, R B2 R 40 35 4
AR 5 e SO BB 5 WA L A SR L
A B AR A (P<0.05) , Horh 40 i e 7
FIE S L4 8 35 AR, OB 5 B o D 5 2 O
B L34 RN, WS R, e A v OB B i
Rty B g, D P A TR A R, R

: AR A A AR R AR TR 53 A, R A R L
1.5 HiEsbE FEHITE 6~ 10 HYIE Bl N BN &, 33— L0 Bl
XS HOW IR A e A 8 ok LA TIEI B MR Sk MET il fE e
A1 ABEATE et AL xR 4R
Table 1  Conventional chemical composition of tobacco leaves pre- and post-fermentation
Hu BREE/% WEE/% REE/%  MWEHEE/%  SBREEE/% SEHESE/% B B L
CK  5.13+£0.08" 1.29+0.02" 1.02+0.02" 3.79+0.06" 19.82+0. 11" 17.1120. 12" 5.23+0.06" 1.26=+0. 02"
FJ  5.41+0.27" 1.20£0.03" 1.04%0. 02" 3.27+0. 06" 29. 56+0. 09° 21.65+0.23"  9.05+0.18" 1.15+0.04"

i RS A bR NE TR R AT B E 2 5 (P<0.05) .



< 80 -

B850/ 20254512 A 4540 % 5 6 1

2.2 REAIEEMIELEESKS O

R TR J O 4 R P AR S A GC-MS A BT 25
U2, MR 2 R, & BTG M e 4 e
46 PR MR SSY , Horbas 0 BREH v 42 e M il
Sy RN 324,15 pg/ g, KL T R VR it
2974 498. 09 pe/g, Kt A T 2H v 4 P L3 b 26
B FE, RIEE R R AN 9 25, 430
NBEZE RS WSS MRS R A PLIRZE (R |

TR RY R, 525 A0 AL, Al

s W2 MESR RS A PLIRIE R A
AR F B RS A B R, AT
118. 44% .43.95% . 37. 41% . 14.09% . 38.00% . 77. 17% .
73.68% .28. 57% M1 24. 58% , HHp  FEAEW) K £, 1
IR 2 05 A5 T G R 24t 7 0y , w388 A v 1y
AEFR WY - % L K+
FE G =SRR8 N 2R A, T
MHTTHR TAE R ER, B 0 = 2 A 28T T F ke
B, AR SR> i 43K S -1, 3-

=

A2 AEWEMErTBARES RS CC-MS 5 H 4R

Table 2 Analysis of volatile aroma components in tobacco leaves pre- and post-fermentation by GC-MS

T/ (ug g

it/ (ug g

25 T K bl 25 HFRWT K ¥l
B 2.580.05"  4.01x0.19" 1,7,7-=H 3~ » ‘
—_— St 0.39£0.03"  0.41%0.03" N &;Tgfﬁ%ﬁ 17.90£0.50°  18.21x0. 63°
KB 2.18+0.05"  6.83+0. 14* s 0.0550.01" 01240 01°
NaE 5.15+0. 13" 11.25=0. 36" — g 0. 4440, 02 0. 56-0. 05
4—%&%‘—} ,3-ZMd 1.34£0.05"  4.72+0.05° — P 0. 82+0. 04" 18740, 11°
ﬁﬂﬁiﬁﬁ%ﬁlﬂ 0.11£0.01° 0. 08=0. 02* - — 0.2850.02"  0.40+0. 03
%E%i%%i%ﬁ 0.200.02"  0.27+0.03" || ~ ~ B 1.17+0.07*  0.84+0. 06"
S il 73650.23"  10.79+0. 17" %ﬂﬁ:% 188.74£5.39" 268.36=10. 52°
WL ARER 0.7250.04° 2. 1620, 12° Hgf_35( e 14803 22 182043
T I 2.21£0.10°  2.20+0.11° LIGE) -
o 4-(2,6,6-=11HE- _ ‘ P it S — 0.53+0.01°
A g;:ﬁ%’%@_f@}] 0.35£0.04"  0.35+0.02° Nt 226.96+6.43" 313.2+11.86"
B 5 >4 ] 1.270.05"  2.350. 05" A 2 R 0. 85+0. 03" 1. 17+0. 04°
FG=ME 25.071.42" 30.44x1.30° | £HLRAK IE+TiM 0.41x0.01°  0.40x0.04°
2.3 6=l H- ) . FRHE R 11.18+0. 19" 20.47+0. 74"
1,4-Z 0.30+0.02"  0.6420.03 i 12.4450.23"  22.0420. 82°
FEL R 1.54+0.07°  0.83+0.04" BlemE 0.97=+0. 02" 2.97+0. 07
R T — 0.78+0. 02° 2—- T FE K G 0.23+0.01°  0.20+0.02°
NN 40.47+2.05" 55.61+1. 96" 5 FE kg 0.39+0.05"  0.72+0.09"
I 0.430.01°  0.37+0.03" || "KM 2 ETHOk  0.07:0.04°  0.10+0.01°
wr 3_?;;_?2& - 3.55£0.07*  3.63x0.13° 3—#2&1%%—)&?%% 0. 81+0. 05* 0. 30+0. 02"
e 0-28+0.030 0 0.21+0.02° it 2.47+0.17°  4.29:0.21°
e 4.26+0.11°  4.21£0.18" || &A% 2- LT HE N 0.21+0. 04° 0. 27=+0. 06
7,10 %1%%:;%—;@% 0.70+0.02°  0.46+0.04" || /I 0.21+0.04*  0.27+0. 06"
=M AR H J Y, Y
Fr R TR P G 9.78+0.20°  2.94x0.20" 4%%@%% 2.41£0.08"  2.35+0.03"
K S JRRAR 1 12. 64£0. 30"  22.25+0. 38" 2,4- T R — 0. 19+0. 02°
?];:I\{g%ﬁé 3.48+0. 17"  4.27+0.26" LES ‘ggﬁ%;%h? 1. 84+0. 04" 2.98+0. 24"
TERVENEEE  0.87£0.07°  1.42+0.07° X H iy 0. 47+0. 02" 0. 36=0. 04"
/N 27.47+0.76"  31.34%0.95" /N 4.72+0. 14" 5. 88+0. 33"
JEk + =kt 0.08+0.01"  0.13+0.01° B 324.15+10. 18 498.09+16.73

R ARSI, T
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e 17 R 5 e 22 e Al S BT, AT XA B0
B L, A R S R A SRS Y
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BUX P PILARE L . AR | MR A AT 5 S g i A
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Fig. 1 OPLS-DA of volatile aroma components in

tobacco leaves pre- and post-fermentation

ARSCHTEENT. OPLS-DA LRI F A% 5 306 46 5k
(R?) 9 0.837, AE LG HE L (R)) 29 0. 999, 7Y
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FRLoT £ B LS 5 R BT S A A A AR DG
PR H 1 2R R 2 O RERE, 3 RO, 4 H
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Fig. 3 Loading plot of the OPLS-DA model



- 82

254 2005412 H 95405 o

B—E% 2 12 A E G =K, 13 4 2,3,6-=H
Fe—1,4-Z8 ", 14 HHEER , 15 MK LR, 16 AR H
B 17 AR 18y 2,3- "4 -2,2,6- = H K
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33 NTCAERNM , 34 IR E LR, 35 A IE+ TR, 36
JREREER , 37 MRERE 38 Ry 2—- L EREKI 39 S 5-
IR IRG 5, 40 Ky 2-1E T JE1EIR , 41 2 3- (4,8,
12— = F e =Bk ) kg , 42 Sy 2- Z R SENE % 43
R A=A B -2 - PRy 44 Ty 2,4 - RUT Ak
Ty, 45 N 4- A I3 - B L - 1 - 28, 46 X H
Wy, VIP 38 H T B As X 43 R A5 AL 43 2 25 L (1)
DUBRTRBE , VIP> 1 )78 B DA A 02 X6 43 28 ) 0 A
BEOTHRAGAS B M & RS B A SR AR H
%, X o K 22 AT AR Bl (A 85 A0k,
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Fig. 4 VIP of volatile aroma components
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I, EEAMAE TR 1 R, RS
P X R ZELAE it R A DG PR A5 B— 48 B 22 (11) |
BEWE(37) 5P RLmk Mg (39) | — SRR Bk N TR
(23) PR CBE(3) 45 o 5 & e 20 R o BE 55 4%
U, EEAOMAAE R 1 IEE, RS %
P 2EL i P R DG MR
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Table 3 Screening of key differential aroma components in tobacco leaves post-fermentation
HES VIP P1i BFRSY VIP P1H
2K 2T 1.115 04 0 2R H i 1.106 67  0.001
FELTR 1.114 74 0 3-(4,8,12-=HEA =53 mkmg 1103 44 0
M RRER Y iR 1.114 24 0 N S RE R 1.101 07  0.001
A 1.114 02 0 7,10, 13—+ 7SHik = R FH R 1.10045  0.002
R R Y iR 1.113 89 0 TSR P R 1.09258  0.001
B4 % il 1.113 52 0 IE+ Uk 1.091 78  0.002
BREE 1.112 93 0 4-H -3 B - 1- 251 1.09052  0.003
P ] 1.112 70 0 5— I J Ik I s 1.086 75  0.002
A W 1.112 46 0 T EkE 1.086 75  0.005
() -5-HHE-3-(1-HIELZIAEE) R0 1.110 40 0 VARNEEN 1.071 63 0.007
FrB R 1.110 24 0 2,4-THUT HIK 1.068 83  0.008
2,3,6- =M1, 4-Z5 1.109 55 0 pogis 1.067 47  0.013
FH L TR 347 T 1.109 33 0 SRR ] 1.065 66  0.017
B i 111D 1.108 82 0 |[2,6,6-=H3-2-FOK-1,4-_"F 1.04708  0.010
Wiz S 1.107 14 0 B 1.046 48  0.029
AR R — (2-2. 50 ) fig 1.106 70  0.023 = 1.028 68  0.016
F 4 KRG B AR AR A AR ROAV WIRF 1, XS EEHNIEE REFE A EE, H
Table 4 ROAV of characteristic aroma S 2 g 55 B I M TR A SRS R B
i l - - Y — - e
components in tobacco leaves pre AT 8 A~ SURRBEE S B ROAV 25 F1 %
and post-fermentation
HEQ \i. /Fl S, g } - ML e
A L ROAV ML, H ROAV> 1, IX {45 & e 1 1Y)+ 0 A B O %
AR (ng-g™h) REAE CK FJ 3 A T2 LA A T A 1) Y 3 B N M e ) AR
B 10 1 10.29 13.17 15— H R R EE Y ROAV KT XTI, H
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Analysis of aroma differences in upper low-grade tobacco leaves pre- and post-

bacterial-enzyme synergistic fermentation

SU Zan',CAO Yuan®,SUN Jiansheng' ,HU Zhizhong' ,ZOU Kexing',LIU Hong',LONG Zhangde' ,XU Chunping’
1. Technology Center ,China Tobacco Guangxi Industrial Co.,Lid.,Nanning 530001, China ;
2. College of Tobacco Science and Engineering , Zhengzhou University of Light Industry ,Zhengzhou 450001, China

Abstract ; [ Objective] To investigate differences in aroma components of tobacco leaves before and after bacterial-
enzyme synergistic treatment. [ Methods] A strain of Bacillus velezensis YUNM-4, isolated from the surface of
Yunyan 87 tobacco leaves, was combined with cellulase, lipase, and neutral protease to formulate a composite
enzyme preparation. This preparation was applied in synergistic fermentation of upper low-grade flue-cured tobacco
leaves. Conventional chemical components and aroma components of fermented tobacco leaves were analyzed using
a continuous flow analyzer and gas chromatography-mass spectrometry ( GC-MS) , respectively. Orthogonal partial
least squares discriminant analysis ( OPLS-DA) and independent t-tests (P<0.05) were employed to identify
components with significant content differences between pre- and post-fermentation samples, while relative odor
activity values (ROAV) were applied to analyze differences in aroma component contributions. [Results] 1) Compared
to the control group, fermented tobacco leaves exhibited significant decreases in total potassium, nicotine, total
sugar, reducing sugar, and K/Cl ratio, while the sugar/nicotine ratio increased significantly. 2) The total content
of volatile aroma components in post-fermentation samples increased significantly to 498. 09 wg/g, representing a
53.66% increase, primarily due to alcohols, ketones, hydrocarbons, organic acids, furans, and phenols. The
OPLS-DA model demonstrated excellent reproducibility and no overfitting, as confirmed by cross-validation,
identifying 32 components with significant content differences that effectively distinguished pre- and post-
fermentation aroma profiles. 3) Twelve volatile aroma components in post-fermentation samples showed higher
ROAYV values than pre-fermentation samples, with 11 components (including benzyl alcohol, phenylethyl alcohol,
damascenone, B-ionone, acetophenone, and dihydroactinidiolide ) having ROAV>1, indicating their role as key
aroma components. [ Conclusion] Treatment of upper low-grade flue-cured tobacco leaves with bacterial-enzyme
synergistic fermentation significantly improves cigarette sensory quality.

Key words: bacteria-enzyme synergistic treatment; tobacco leaf fermentation; low-grade tobacco leaves; aroma

component ; differential analysis
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