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Effects of Solid-State Fermentation on Volatile Flavor Compounds in Cut Tobacco

LU Ting LI Yong LI Shaoyang WANG Meng ZHU Baokun ZHANG Wei'
(China Tobacco Yunnan Industrial Co., Ltd., Kunming 650231, China)

Abstract: Solid-state fermentation of cut tobacco was conducted with a commercial brewer’s yeast strain under
different conditions to obtain the products with different flavors. The different aroma compounds in the fermented
cut tobacco under the three conditions with the highest mass fraction of total volatile flavor compounds were
analyzed. The results showed that the mass fractions of alcohols, aromatics, ketones, esters, aldehydes, acids, and
heterocyclic compounds were significantly increased in the cut tobacco after solid-state fermentation under
different conditions. More flavor compounds were obtained after fermentation with a solid-to-liquid ratio of 1 g:1
mL and an inoculum amount of 1.0% at 25 °C for 36 h and fermentation with a solid-to-liquid ratio of 1 g:1 mL
and an inoculum amount of 2.0% or 3.0% at 25 °C for 24 h. In addition, the mass fractions of classical aroma
compounds such as (E, E) -farnesol, furfuryl alcohol, phenethyl alcohol, guaiacol, tabanone, damascenone, and
dihydroactinidiolide varied in the cut tobacco fermented under different conditions. The cut tobacco products
with special flavors that were obtained after fermentation with the yeast strain can enrich cut tobacco products.
The results provide a basis for the application of commercial yeast in cut tobacco fermentation as well as the
production of cigarettes with special flavors and the improvement of cut tobacco quality.
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Table 1 Design of single factor experiments for solid-state

fermentation of cut tobacco
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W24 KB 241,30 °C, BT B A 1.0%, B EE 1 g1 mL
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Ho  RWEE24 0,25 °C, FA TR H01.0%, BHRLE 1 gl 1 mL
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M K24 h,30 °C, BERNT L £ 0.5%, BH L 1 g1 mL
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H104L K24 h,30 °C, F 0 017 3 202.0%, BHELE 1 g1 mL
HILH K24 h,30 °C, B R0 it 5 $03.0%, BHLE 1 g2 1 mL
H1241 K24 h,30 °C, TR > $01.0%, BHRLE 1 g22 mL
$134H RKWE24 h,30 °C, R T E 7 %0 1.0%, BRI EL 3 g24 mL
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H154 K24 h,30 °C, E TR > $01.0%, BHR L 3 12 mL
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Fig.2 Effects of fermentation conditions on the types and

mass fractions of volatile flavor compounds
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Table 2 Effects of fermentation conditions on the types and mass fractions of alcohols

of B8 2H I 2 ) It EREN S 5510 41 B iR 511 AL B2 R
Ji ) i 1 )57 B 3 U/ ¥ 5% k43 B/ 1 I 4y L/ 5T 5 4 L/
(ng/g) (ng/g) (ng/g) (ng/g)

ZE — 23250.09 1321091 12 743.68
1- T — 191.40 97.02 132.23
1-c B2 — — 46.92 —
1- T fZ — 136.52 — 75.02
113 i — — — 23.60
2,3- T2 25.07 — - -
(2R ,3R)-(-)-2,3-T % — 967.13 511.90 336.77
2-CLFE-1-%E W — — 175.05 —
2-F 1T I — 740.29 1053.53 1009.25
2-2,3E-1-THE — 62.08 — 66.10
2-2,3-1-C 50.67 70.28 171.58 27.36
3-C M- 1T 51.33 73.98 37.19 —
3-FR-1- T 18.37 6 696.28 7277.01 7876.74
3-F 3 1- R — — 32.20 27.81
6- I 4k -5 - B A -2- 8 — 168.08 155.68 —
R-1,2-1 — 1% — — 131.62 —
2-T HE-1-F IF — — 227.56 —
pRUSTEN 24.90 — — 88.86
2- 1 B -6-PE I -1- 17 20.71 — — —
($)-4-HE-1-C 1 51.47 89.46 121.89 46.81
1-P3 B2 — 229.95 — —
1= 0 -3- 1 — 42.36 — —
97 B 80.44 294.48 260.58 145.76
7 B — 89.79 100.17 49.04
E+ =R 21.22 — — —
3,3,5-Z HHEH 2 g 59.99 — — —

STHEER O 37.84 — — —

-2l — 64.19 — —
(E,Z)-3,6-T —J&-1-BF 32.79 86.52 167.47 77.09
3,7, 11-= 1 J-2,6,10-+ =5k = )i -1-% — — 56.74 —

TS, 6-F G -3-RE — — 510.33 —
A,2,6,6-00 FF B -1-3F CUI -1- 74 89.35 — — 64.68

AR 168 131 1521, EE=H LHPTREBEER,EHNH T T 8, )
W B b WL B s, TR A R T E B R M E Rk, S A-S5- A -2(3H) -
BB S, I AT OE ARk D O BB Wk e R R R 4 04 B 3N T 5.64 £ L 4.50 fiF .
SHMBI0HA TR 2,6,6-=FIE2-F -1, 38245, HAEFH & 2 HRHHEE KK,
G- TR CH% B WD BB o B oy ) o IR A A 1.80 Bk Ah, A D 8 i ORI B A AR 3 B R A,
L2t fem VM ERR IR R AW, /£ BIHME 1TAML D 1-(2,6,6-=H H-1-3F &
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Table 3  Effects of fermentation conditions on the types and mass fractions of aroma compounds

- 5 5 X M AL 5 A R 53 H R 10 FRYREM 1AL DT & R
Ay 2/ (ng/g) S5t 5 #/ (ng/g) Ry 2/ (ng/g) JF 0y 20/ (ng/g)
KW 430.88 7374.40 6 131.49 8 631.92
7 Tk 156.90 — — —
X Ty 44.60 270.95 206.84 255.38
pRLIE=E- 1) 43.88 — — —
2- AL IR 1) 26.55 — — —
3-L KT 25.07 — 94.08 100.65
KN — 561.72 774.10 877.56
R — 701.31 — —
XL — 297.34 — —
KRR L — 463.24 — 343.93
KR H B — 138.20 — —
ESLT — 2784.42 1498.33 2 448.87
LK — — 488.27 —
F4 RBEGNERLYRMEMEE S BN
Table 4 Effects of fermentation conditions on the types and mass fractions of ketones
o XFRZARRI B 3R S 10 A NIRRT B 11 AR
Ji iy B/ (ng/g) JF 2y #U/(ng/g) Ji 0 U/ (ng/g) J iy B/ (ng/g)
ZAB IR — 4083.15 2333.85 1695.65
E S =/ 152.40 256.37 199.49 232.20
T — — — 86.04
8-F i -5-(1-H 3 2. -6, 8- —Jfi-2-Fi (£ 439.26 3320.99 294830 1979.43
6- 1 3k -5 I -2 - 26.54 695.07 164.60 165.03
6,10, 14-= 1 F-2- T fe 13.12 88.50 75.53 74.95
6,10,14-=F 35,9, 13-+ FfiKk = )i -2- — 52.11 — —
3-F 5 -p-K B 7.25 — 31.33 —
2-F-fiil — — 28.02 —
2-WR WE F — — — 30.97
1-(2,6,6-=H1JE-1,3-3F & ZJf5-1-28)-2-T M- 1-J 47.42 294.76 272.32 230.41
2,6,6-=FIE-2-FF 2 Hi-1,4- 54.49 97.88 88.28 —
2,3-5 — — 80.91 194.05
2,3-C — — — 36.82
1-¥4 3 -2 P il — 145.56 136.10 93.16
1-(2,6,6-= FHL-1-38 CMfi-1-25)-2-T M -1- i 72.76 441.87 — 230.17
1-CTH-ME % -2-35) 2, 7 120.10 435.37 — 537.51
(E)-6,10-_ 1 3-5,9-+— ) -2-f 142.54 1338.51 — 793.52
-5 B -2 (3HD - Wk i B 28.28 187.71 155.47 136.17

T -1-FE D) 2T i -1- R 55 i) 5 & 4 B xR
MMk E T 5.07 58 2.16 £, 7] DLk o %

AT TS 10 2 e AR R 3 K 1
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Table 5 Effects of fermentation conditions on the types and mass fractions of esters

A ot HEL £HL 16 2 0 I 1 EREENGES Vi) ESVENEXY) ) 11 HER R T
Jii 1 43 #/ (nglg) it 4y #/(nglg) J5 5 43 B/ (nglg) Jii 1 43 #/ (ng/g)

2T T 229.46 — — 129.79
ECR g 7.09 — — —

LT — — — 32.05
L LT — — — 1120.96
LR R 153.74 — — —

LTE-2-K LT — — 1027.72 593.39
TR 21 — — 21.23 29.15
FIR O — 2301.08 — —

K R P B — 127.19 135.76 249.84
[ 19 6 2 £ B — — 165.06 102.91
F7Skelz & B — — 629.55 871.22
RAY il 34.88 — 154.01 259.72
TR 4B — — — 372.55
T2 LT — — — 44.72
TR W I 22.35 — — —

FH R o TR — 101.15 — —

SNy — 21.98 84.15 79.65
54 O T — 1258.97 694.50 583.70
ZE 1R 1 I — 105.11 181.65 74.71
TR T — — — 316.05
WK LT — — — 57.87
KB — 375.31 347.68 336.15
o g 34.03 — 166.29 126.34
% R 2- F T T — — — 67.93
9- T INTR MG IR T — — 147.79 139.90
3-FJE-1-T BE Z R T — — 256.19 435.46
3-F -1 T EE U R — — — 22.90
TEARIR 2. T — — 49.63 85.84
AR B A T 45.19 — 168.19 155.04
(ED-9-1 )\ R £ T — — — 30.89
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Table 6 Effects of fermentation conditions on the types and mass fractions of aldehydes

5 i 1 2EL R 20 I 1Y) 55 3 4L S I 5510 4L B S0 R 1 55 11 21 S I
J 43 B/ (nglg) Ji 5 43 B/ (ngl/g) J 43 B/ (nglg) Ji 5 43 $/(nglg)
a3 — — 514.22 —
T 140.98 425.20 — —
ZE i 47.93 — 300.95 48.76
PN 39.56 — 621.68 237.57
o 120.14 — 488.59 337.93
2- T A — — — 191.89
2,6,6-= M HE-1,3-20 & Z 0 -1- 11 % 74.48 — — —
(E,E)-2,4-B& Ja 13.07 — — —
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Table 7 Effects of fermentation conditions on the types and mass fractions of acids
T ot HE 2L R 259 R I ERE N R/ 5510 4LRR A R 11 1R BRI
Ji B4 $U/ (ng/g) 7 5 4 H/ (ng/g) Ji B4 $U/ (ng/g) %’\é’x/(ng@

i 12 793.06 — — 2981.26

R 153.11 — — —

2- U TR 84.47 — 634.01 —

[SN73 72.40 — — —

3- AL R 38.52 — — —

IE % 37.34 — — —

R 26.90 — — _

2-HIHE T IR 25.27 97.55 386.73 159.32

(E)-2-T i 21.76 — — 68.19

R 9.36 — — —

3-WHEE TR — — — 193.02
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Fig. 3 Sensory evaluation results of flavored cut tobacco
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