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Table 1  Determination results of conventional chemical composition of tobacco
leaves prior to and after fermentation
A DR/ % WEE/ % WER/% SR/ % SRS/ % EEREEE/ % B ik 02
CK  5.13+0.08" 1.29+0.02" 1.02+0.02" 3.79+0.06" 19. 82+0. 11" 17.11£0. 12" 5.2320.06" 1.26+0.02°
FJ  5.41+0.27* 1.20£0.03" 1.04x0.02° 3.27+0.06" 29.56+0.09°  21.65+0.23* 9.05+0. 18" 1.15+0.04"

T PR R AR/ NG TR R AT B 25 5+ (P<0. 05) .
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Table 2 GC-MS analysis of volatile aroma components in tobacco leaves prior to and after fermentation

#51 B k(g g)

Frit(pg-g)

el

%y

CK FJ CK FJ
2R H 2.58+0.05"  4.01+0. 19" 1,7,71%?!3%—
e . . =IR[2.2. 17.90+0. 50°  18.21x0. 63°
— yjffaﬁf 0. 39+0. 03I 0. 41+0. 03' 1.0(2.6) | Bk
zt:@; 2. 18+0. 05] 6.83+0. 14 | ks 0.05+0. 01" 0. 120, 01°
: /XJ“JF _ 51520 13} 11.2520. 36 —+k 0.44£0.02"  0.560. 05°
4—%;&:%—} ;3i_mlﬁl 1. 34=0. 05‘ 4.72=0. 05‘ — 0. 8200, 04 L 8720, 11*
FH 5L B0 0.11+0. 01 0. 08+0. 02 o — 0.28+0. 02" 0. 4040, 03°
2,6,6-—=H}-2- b a SES N a b
W1 4e—m 0-20£0.02"  0.27x0.03 LRVl 1. 170. 07 0. 84+0. 06
e T 7.36£0.23"  10.79+0. 17° Bt I 188.74+5.39"  268.36+10. 52*
A b . k- (-)-5-
LR AEEER  0.72£0.04>  2.1620. 12 HHE-3-(1-FHE  17.4820.37°  22. 1820, 43°
it FE P 2.21£0.10*  2.20+0.11° LRI -
o 4-(2,6,6- =3k~ ‘ ‘ TCAEA N — 0.53=0. 01*
[UEES %)3 ?%ﬁ%z 1@_1 0.35+0.04*  0.35+0.02 N 226.966.43" 313, 2411, 86°
B3 2 ] 12740, 05" 2.350. 05" AR 0.85+0.03"  1.17x0.04"
FG =W 25.07+1.42"  30.44x1.30° | 4 HLRAK Efﬂm 0.41x0.01°  0.40+0.04°
2 3 6- = Il 3 1 ' PR 11.18+0.19"  20.47+0.74"
4= 25— i 0.30+0.02"  0.64:0.03 N 12.4450.23" 22,040 82°
LR 1.54+0.07*  0.83x0.04" e P 0.97+0. 02" 2.97+0. 07"
KR — 0. 78+0. 02° 2— 2 Tk Lk IR 0.23+0.01° 0.20+0. 02°
iNas 40. 47+2.05"  55.61+1. 96" 5—H L g 0. 39+0. 05" 0. 72+0. 09°
e 0.43+0.01°  0.37+0.03" || "KW o jF T Loy 0.07+0.04°  0.10+0.01°
‘ R 3.55+0.07*  3.63£0.13° 3—(4j,§é1;g§—u:ﬁ3% 0. 81+0. 05* 0.30+0. 02"
T s 0.28+0.03*  0.21+0. 02" N b
EUIE =S /I 2.47£0.17°  4.290.21
I 4.26+0.11°  4.21x0.18" | &% % 2- 2. TR LNk 0.21+0. 04" 0. 27+0. 06"
71:0%%%;5@52;% 0.70+0.02°  0.46+0. 04" 7 /Mt 0.21x0. 04° 0.27+0. 06"
ot EREZT g g1s0.08 2.35:0.03
ERtE iR B 9.78+0.20"  2.94%0.20" AR SR SEE sOOE
. 7 JPR TR i 12.64+0.30"  22.25+0. 38" 2,4- BT HR — 0. 19+0. 02°
H AR — 5 — \ S =
SRR —HR — b a LS 4-HHF-3- b a
(2= 230 ) e 3.48+0.17°  4.27+0.26 TR 1. 84+0. 04 2.98+0.24
SRR 0.87£0.07"  1.420.07° L 0.47+0.02"  0.36=0. 04"
N 27.47+0.76"  31.34£0.95° iNan 4.72+0. 14" 5. 88+0. 33"
J e S + ke 0.08+0.01*  0.13+0.01° A 324.15+10. 18 498.09+16.73
AR R, T,
2.2 RETIEHEMELEMEESES ST RS 2R RS Rk A PLIRZE 2R A A

KR o A 44 e PR S5 GC-MS 3 M &
U2, MR 2 I, & BTG M 2 4 e
46 PR MEA ULy, Herb as 0 IR v 4% e M il
O REZIH 324,15 pe/g, KR TR R MRSy MR
2170 498. 09 peg/g, I, & P4l v 75 1 i 2k
B R AR R R 9 25, 43
B WS RIS BRZS R A LER IS kR |
TRIIEMBMEY R, S AR R4, KEEA

RAKMB RS EHAY BT, 04T T
118. 44% .43.95% . 37.41% . 14.09% . 38. 00% . 77. 17% .
73.68% 28. 57% M1 24. 58% , HHp B K £, T
TR Y SR 5 0 T 2 1R SR e > 00, T 85 o - 14
AEFR WY B % 2L, K+l
ME T =IRG8 N R ), T R
MHTTHR TAE R ER, B 0 = 2 28T T F ke
FHAY , AT 4 -3 0 -1, 3 -
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prior to and after fermentation of tobacco leaves

10 20

OPLS-DA of volatile aroma components

ASCHTHEST. OPLS-DA A1) F A7 53 A 5 5L
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Fig. 4 VIP of volatile aroma components
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Table 3  Screening results of differential aroma components in tobacco leaves after fermentation

FRRT vIP P{H HFRWIT vIP P1E
IR LT 1.11504 0 7 1.106 67  0.001

FEL 111474 0 | 3-(4,8,12-=HR+ =t nkm  1.103 44 0
SV JFRIR H i 1.11424 0 R R R 1.101 07  0.001
KW 1.114 02 0 7,10, 13— 7585 = MR H R 1.100 45  0.002
PR R H TR 1.11389 0 AR TR 1.09258  0.001
B X BT 1.113 52 0 IE+ ke 1.091 78  0.002
e 1.112 93 0 4- A HL -3 - 1 - 25 1.090 52 0.003
KE - 1.11270 0 5— Lk Mg 1.086 75  0.002
BT 1.112 46 0 B o I ST 1.086 75  0.005
J-(-)-5-HE-3-(1-HE2FE) O 1.11040 0 LAV el 1.071 63 0.007
KRR 1.11024 0 2,4- T BB 1.068 83 0.008
2,3,6-=HH-1,4-Z5 1.10955 0 ot Ry 1.067 47  0.013
FH A 3075 T ) 1.109 33 0 SRR L] 1.065 66  0.017
Z Ak 1. 108 82 0 |2,6,6-=HF-2-FiF-1,4-"H1 1.04708  0.010
TeAE R M 1.107 14 0 ke 1.046 48 0.029
SRR (2-2. 50 Big 1.106 70  0.023 + ke 1.028 68  0.016
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Table 4 ROAV of characteristic aroma
components in tobacco leaves prior to

and after fermentation

FHRYT R 3 ROAV
ZFx (ng-g") FHIE CK  FJ
R 10 & 10.29 13.17
I R 0. 037 A 1.56 1.35
LT 31 WA 8.70 22.44
FH 5 B A7 Tl 0.05 R 0.44 0.26
KE - 50 R FH 29.36 35.45
HEIA NG I 1,27 FERE 2.87 7.10
e I 5 P i 0.06 Pl 8.82 17.23
B—E% =T 7 B WE 507 1.72
[ 5 = ST 2.05 FHFE  100.00 100. 00
| 0.065 AKRF HEFE — 2.56
7% H 0.99 FuY N .72 1.22
R 0. 005 1ERT 14.16 11.93
ZEABBERENEE  176.78 HTHE 3,47 4.66
R L5 R 0.4 i i 3.39 3.84
FEAH R 5 JEW /SR 44.60 67.25
T 54 i 3.87 9.76

2- TR Sk g 58.5
5—H L g i 1. 11

SR 0.92 0.66
TR MR 1.56  2.37

2-IETHMEE  0.005 B 0.28 0.33
2-Z RN 0.1 IREERAES 0.84  0.89
Xt iy 0.167 K 1.87 1.18

BIRT 1, XER LA s REE I RE, H
A S MR e R A B A ) 5 SR g
BA TR ZERBEBENER Y ROAV K T25 X
HRZ, H ROAV> 13X Afi 15 52 56 21 i) T R T Oy 58
o s S B AT AR A Y R R A 0 T | R
FS— H Ik /A9 ROAV KT 25 (X IR4L, H
ROAV>1, X A3 5230 41 () £ A TR 28 4 5 Ak, 52
B2 v 4 0 B AR | B I R R SR S A R |
TR 2SR A 2 — L IEFE L 1) ROAV KT 25 X B
A, HETWER) ROAV>1, R, E IRy O K e e
I LN A -y N W TN B e T )
i SRR R P T | R B T B S - R
FEUR T A R RN PR R RE R 1 A R sk g K, B
R 2-1E T Bemkmish AR Y BT ROAV ¥R T 1,52
I T I Y DG B o . RN 3, BT TS
TREEG M b i 25 5 W T, AR

I T AL, Wb R e BRI, R L
I SURABEAE PR G T 4R T Y A U, G
SR T B AR AR R R PR SRR A R
SEARTHEMHIEE fh B ST

3

i

AT 3% D3R S 27 FL AT 7 YUNM-3 141 4
Ml NS WimGEAN b PR X 3 R AR Wy R R A
A= WA, LT L BB AR AR R AT i TR AL B
ﬁrﬁﬁﬁ@%ﬁﬁi‘ﬂﬂf¢ﬁ%ﬁ4&%@“ﬂiﬁ%ﬂ?§ﬁﬁ%‘%
BT, It ROAV 43 A B S8 53 DURR BE 1Y 25 5=

SERFII 1) KBS A R KB I R
B i ROME B i RO LG R S L B A
fE(P<0.05) , Forbopsmg b & 38 m, HoAh 48 45 2%
R, 2) KIS M e 2 2 1 A R B 3 25 T W
255, FELIRESE W2E BRIE APLIRIE  wkmg2E
MBI T PSS S BT, 55 Ax)
TR LR TE T 53. 7% , iK% 498. 09 e/ g; F4 HE )
OPLS-DA BRIPATSL 560 8 52 M R 4T, HONAEAE i U
B IG IZAL TN 46 FhH5 K M A R B 43 v O 2%
32 i i BT W2 RS 3) RS
HOR TR 2K B K A B— 48 24 K L
AR P B | PR BRSO B B S - Sk
MR |2~ 1F T R A R A SRR 1) ROAV
o TR R M, 2 Y L 0 - A STk S Ok, HL
R 2—1E T 3Emkmgoh AW B n) ROAV ¥R T 1, )2
R I A P DG 7 L ) o i & T 0
e R EZE SRS, B, R HAS SO =2
B AR T TR R R v SR A7 TR 1R P ) % e Ak 22
AT LA R R T B R R

SE k.

(1] BOE,ZWH,AEY, % ZHEMEE _RA#
TAMKIE T & TR [)]. CRR LB #2023,
51(16) :178-181.

(2] Mt FEFHE S LB LD I AL ER
EAWFRIR]I]. £ HE A E,2022,12(6) .
817-824.

(3] Xl Bk, 8,4 KEWAETE RN EDK
BT AMAGLT]. F B E R 4 ,2024,45(2) :99-107.



25060000049010

(g
=

(4]

[5]

(6]

[7]

(8]

(9]

(10]

[11]

(12]

(13]

[14]

[15]

[16]

(17]

[18]

DM A AEREREE R EA L REELRE R
FAn e AR [ )], AN TA B % 4%,2001(3) ;
40-42,45.

BEGR L F G, LA, F R KB A &
HABREASEERGRZ LN Em[]]. #EEER
2 2000(1) :13-16.

FH L E TR, R, S A B A T A g R A
T R[T]. % T ¥4%,2023,38(5) : 112-118.

R, EAR, EXF, % TEARELGHTARE
EIREEAE EE R E R[] R F
#%,2008,23(6) :148-152.
BREELZ R WEIEEH B RN H &K
A E B YC/T 31—1996[ S].

B L WERORES & EHEpRmNE
H LR E . YC/T 160—2002[ S].
B R E L SR, RO ] &
W% YC/T 162—2011[ S 7.

E XML R 0 E R &
% YC/T 217—2007[ S].
EREELZR WEREESH B
# BB % YC/T 159—2019[ S].
ERMmELm WEREEH & BANNE #
SR % YC/T 161—2002[ S].
ERmHhEEERELR BEXMENEEER S &
BN TEkF R Z ARHEEE K (3-AFC) M E
W PR AR LR R BB — A3 U : GB/'T 22366—
2022[S]. b3 A El AR vE H AL 2022,
TER R A KR E PR M ey
BRERERMERREFIRS[]]. EER L, 2024,
57(8) :21-31.

LI H H,QIN D,WU Z Y, et al. Characterization of key

aroma compounds in Chinese Guojing sesame-flavor Baijiu

St 2
HeymlE #4&

K VAP B

by means of molecular sensory science[ J]. Food Chemis-
try,2019,284.100-107.

ZHEM EHH EEE, S BANEAHA-BFESE
S5HMAARFELEELNEEEERI D RLI]. 2
AR 4R, 2021,40(8) :1164-1170.

RAE,RDNT KA, 4. GRELEBR LT EN
e FE R EE DR Z [ T]. TR F R,

[27]

(28]

2017,29(12) :63-67.

ELMENHORST H. The identification of maltol in cigarette
smoke/nachweis von maltol in cigarettenrauch[ J ] . Contri-
butions to Tobacco Research,1971,6(2) :70-73.
LHR L EFR, IR, E AR AR ELE RS
B B ACF AR 22 [ 1] J % AH4,2023,56(5) :56-67.
AR HEER,ER,F. EEEAT T HEH R
T AR FE[]]. HER,2019,52(4) :44-50.
REME BLH, TR, S EEE T = B R IR
HREZL)]. # ER WA FH,2013,15(3) :150-156.
MOOKHERJEE B D, WILSON R A. Tobacco constituents-
their importance in flaor and fragrance chemistry[ J]. Per-
fumer and Flavorist, 1990,15:27-49.

BEE AFF ABERE,E ETEMEFEEEFE
REEMTE ARG 2A[]]. REBEERR(FHX
J7) ,2013,14(9) :1358-1364.

KANE B ZR,E LR HMHMELEEFR
PR X [T]. &8 T ,2023,44(12) :119-125.
FH ENRAR, ZHEAR,F REESKABRAETT
LHRMBEERERE RSN [)]. AERLH#,
2022,51(9) :171-180.

AR, TR, U AT, % A0 0% M8 vt o JE a0 34— 0 Y
|RTLH R[] 2K ¥R ,2021,35(6) :1394-1401.
WL, Bl EEE AW EREAEHM HEMD
FHAERSUBG QA HF AR T TR]I]. BEH
#,2020,53(12) :27-36.

PR HAE, R, % £ T OPLS-DA A W F
FEEAERoNI] FERLEE SR, 2024,
26(12) :176-186.

BB, R A T, % £ T T 82 5 HS-SPME-
GC-MS HAXMFFE = ENEF L ALKEFLEF AN
[J]. & 5% A 2023,44(4) :232-239.

IR, R . OPLS 72 3 4 Mt 5 /N — 3 B VA AL &Y
RA[T). HEHL T 5%1F,2010,31(12) :2826-2829.
Wk, R, R, 5 A W B SR 28 By ik
B REAEARIEL ], o EDE B 2024,45(5) < 1-7.
FHAERER, ER, S HEEKBEERNAR
B A & B [J]. F BB # % 4),2025,31(1)
30-39.

Analysis of aroma difference of low-grade tobacco leaves prior to and

after treatment by bacterial-enzyme co-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.,Ltd.,Nanning 530001, China;

2. College of Tobacco Science and Engineering , Zhengzhou University of Light Industry , Zhengzhou 450001, China

Abstract: In order to explore the difference of aroma components of tobacco leaves before and after the synergistic

treatment of bacteria and enzymes, a strain of Bacillus velezensis YUNM-4 screened from the surface of Yunyan 87
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tobacco leaves and three kinds of biological enzymes (cellulase, lipase and neutral protease) were used to make a
compound biological enzyme preparation, and the upper low-grade tobacco leaves were subjected to synergistic
fermentation treatment. The conventional chemical components and aroma components of the treated tobacco leaves
were determined by continuous flow analyzer and gas chromatography-mass spectrometry ( GC-MS) , respectively.
Orthogonal partial least squares discriminant analysis (OPLS-DA) and independent t test (P<0.05) were used to
screen out the components with significant differences in the content of tobacco leaves before and after fermentation ,
and the relative odor activity value ( ROAV ) was used to analyze the difference in the contribution of aroma
components in tobacco leaves before and after fermentation. The results showed that: 1) Compared with the control
group, the total potassium, nicotine, total sugar, reducing sugar and potassium chloride ratio of the conventional
chemical components of the fermented tobacco leaves reduced significantly, while the sugar-nicotine ratio increased
significantly. 2) The total content of volatile aroma components after fermentation tobacco leaves significantly
increased , reaching 498. 09 wg/g, an increase of 53. 7%, mainly alcohols, ketones, hydrocarbons, organic acids,
furans and phenols; The OPLS-DA model had good experimental repeatability without over-fitting phenomenon.
Through this model, 32 components with significant differences in content were screened out can better distinguish
the differences in aroma components of tobacco leaves before and after fermentation. 3) The ROAV of 12 volatile
aroma components in the fermented tobacco leaves was higher than that in the pre-fermented tobacco leaves. 4) The
ROAV values of 11 components such as benzyl alcohol, phenylethyl alcohol, damascenone, B-ionone,
acetophenone and dihydroactinidiolide were greater than 1, which were the key aroma components of fermented
tobacco leaves, and could significantly improve the sensory quality of cigarettes.

Key words : bacteria-enzyme combination ;tobacco leaf fermentation ;low-grade tobacco leaves ;aroma analysis
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