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Abstract: In order to accurately identify the potent odorants in flue-cured tobacco (FCT) leaves with “glutinous rice’-like
characteristic, different Yunyan 87 tobacco leaves with or without typical “glutinous rice”-like characteristic from Yunnan province
were used as materials in this study. Firstly, volatile compositions and their relative content was analyzed by headspace-gas
chromatography-ion migration spectroscopy (HS-GC-IMS). Then, the differential volatile markers between typical “glutinous
rice”-like and non-“glutinous rice”-like tobacco leaves samples and the key chemical contributors to the “glutinous rice’-like
characteristic were identified based on the relative odor activity value (ROAV) combined with orthogonal partial least squares
discriminant analysis (OPLS-DA). A total of 57 common odorants (including monomers and dimers) were identified.
2-Acetyl-1-pyrroline (“glutinous rice”-like), benzene acetaldehyde (fruity), nonanal (citrus-like), and 2,3-butanedione (sweet, buttery)
are characterized as differential flavor compounds between typical “glutinous rice”-like and non-“glutinous rice”-like tobacco leaves
samples, among which 2-acetyl-1-pyrroline is a key contributor to “glutinous rice”-like aroma, the other three compounds play an
important role in modifying “glutinous rice”-like characteristic flavor of FCT. The results herein would provide chemical basis for the
accurate regulation and the evaluation method development for “glutinous rice”-like characteristic odorants in FCT.

Keywords: flue-cured tobacco; “glutinous rice”-like aroma; volatile key odorants; headspace-gas chromatography-ion migration
spectroscopy (HS-GC-IMS); relative odor activity value (ROAV); 2-acetyl-1-pyrroline
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Table 1 Volatile flavor compounds in flue-cured tobacco leaves with or without typical “glutinous rice”-like aroma characteristic
by headspace-gas chromatographt-ion mass spectrometry (HS-GC-IMS)

Relative content/%

No. Volatile flavor compounds Retention time/s Migration time/ms ~ NMI NM2 CK

1 -M  Nonanal-M 506.293 1.479 23 3.78+£0.05b  4.60+0.10a 2.71£0.10c
2 -D  Nonanal-D 507.243 1.943 58 1.40+£0.00b  2.31+0.12a 0.89+0.07¢
3 2- -3,5- 2-Ethyl-3,5-dimethyl pyrazine =~ 451.751 1.220 32 0.73+0.06¢ 0.69+0.07¢ 1.32+0.03b
4 -M  Benzene acetaldehyde-M 406.380 1.257 61 4.33+0.05b 4.51+0.14b 2.48+0.09¢
5 -D Benzene acetaldehyde-D 406.380 1.53792 3.67£0.06b  3.99+0.14a 1.26+0.06¢
6 Methyl-5-hepten-2-one 340.762 1.175 31 21.95+0.18b  15.674+0.13c  24.61+0.14a
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1
Table 1 (Continued)

Relative content/%

No. Volatile flavor compounds Retention time/s  Migration time/ms NMI1 NM2 CK

7 -M  Benzaldehyde-M 312.332 1.148 52 1.65+0.02a 1.57+0.03b 1.42+0.02¢
8 -D Benzaldehyde-D 311.626 1.469 71 2.43+0.02b 1.88+0.03¢c 2.81+0.02a
9 E-2- (E)-2-Octenal 421.497 1.325 64 0.81+0.01b  0.61+0.01c 0.97+0.01a
10 3,5- -1,2- 3,5-Dimethyl-1,2-cyclopentanedione 422.261 1.191 83 0.55+0.02b 0.42£0.00c  0.57+0.01b
11 2,6- -4- 2,6-Dimethyl-4-heptanone 306.023 1.33179 0.31+0.01b  0.27+0.00c 0.34+0.01a
12 5- -2- -4- 5-Methyl-2-hepten-4-one 325.726 121473 0.35+0.01¢c 0.39+0.02b  0.43+0.01b
13 Y- -D Dihydro-2(3H)-furanone-D 276.793 1.300 63 0.4440.06¢ 0.79+0.04b 1.51£0.15a
14 2- -1- -M  2-Acetyl-1-pyrroline-M 280.102 1.127 37 0.12+0.00b  0.12+0.01b  0.07+0.00c
15 E.,E-2,4- -M (E, E)-2,4-Heptadienal-M 370.724 1.196 56 0.74+0.04b 1.91£0.07a  0.26+0.00c
16 2- -5- 2-Ethyl-5-methylpyrazine 350.293 1.204 41 0.20+0.01b 0.53+0.00a 0.15+0.01¢
17 E,E-2,4- -D (E, E)-2,4-Heptadienal-D 367.226 1.620 27 0.36+0.01b 1.63+0.07a 0.11£0.01¢
18 Octanal 357.117 1.41045 0.43+0.02b  0.57+0.01a 0.39+0.02¢
19 Sotolone 495.389 1.219 69 0.47+0.01b  0.41+0.02¢c 0.71£0.01a
20 Diethyl succinate 703.475 1.294 62 0.62+0.03b  0.46+0.00c 0.67+0.02b
21 Ethyl benzoate 639.893 1.264 33 0.35+0.01¢ 0.39+£0.00b  0.58+0.01a
22 3- Ethyl 3-hydroxybutanoate 299.829 1.171 22 0.24+0.02¢ 0.22+0.00¢ 0.38+0.00b
23 2- -M  2-Acetylfuran-M 270.504 1.120 08 0.29+0.00a  0.22+0.00c 0.23+0.00b
24 Dipropyl sulfide 252.079 1.157 01 0.44+0.01c 0.54+0.02b  0.72+0.01a
25 2- -3- 2-Methyl-3-furanthiol 232.841 1.146 39 0.71£0.00c 0.72+0.01c 0.84+0.00b
26 -D  3-Methyl-2-butenal-D 197.585 1.354 87 2.16+0.03b  2.54+0.02a 1.25+0.01¢
27 4- -3- -2- Mesityl oxide 202.262 1.446 06 0.40+£0.01b  0.28+0.00c 0.62+0.00a
28 Cyclohexanone 261.414 1.146 45 0.37£0.01b  0.46+0.00a  0.31+0.00c
29 2,6- Pyridine, 2,6-dimethyl- 252.604 1.087 60 0.39+0.02b  0.36+0.00b  0.23+0.01c
30 5- -2(3H)- -D  5-Methyl-2(3H)-furanone-D 241.900 1.377 12 0.31+0.02a  0.26+0.01b  0.21+0.01c
31 3- 3-Heptanol 252.266 1.323 48 0.32+0.00a 0.29+0.00b  0.20+0.00c
32 2- -D  2-Acetylfuran-D 271915 1.439 64 0.23+0.00b  0.13+0.00c 0.24+0.00b
33 Butyl acrylate 258.772 1.264 31 0.26+0.01¢c 0.32+0.01b  0.27+0.01c
34 2- 2-Hexenal 231.788 1.518 97 1.23+0.02b  2.1540.04a  0.53£0.01c
35 5- 5-Methylfurfural 318.137 1.128 22 0.18+0.01¢ 0.18+0.01¢ 0.21+0.00b
36 5- -2(3H)- -M  5-Methyl-2(3H)-furanone-M 242.592 1.124 83 0.18+0.01b  0.18+0.00b  0.12+0.00c
37 v- -M  Dihydro-2(3H)-furanone-M 277.281 1.082 43 1.09+0.08¢c 1.18+0.00¢ 1.07+0.00¢
38 E,Z-2,6- (E,Z)-2,6-Nonadienal 604.029 1.37593 0.46+0.05b  0.57+0.03a 0.15+0.02¢
39 2- -3- Dihydro-2-methyl-3(2H)-furanone 205.976 1.075 17 0.38+0.01b  0.39+0.01b  0.31£0.01c
40 -M  3-Methyl-2-butenal-M 198.085 1.092 51 0.28+0.00b  0.28+0.01b  0.15+0.01c
41 Cyclopentanone 193.093 1.105 12 0.17+0.00b  0.14+0.00c 0.14+0.00c
42 E-2- (E)-2-Pentenal 184.235 1.360 45 1.05+0.04b 1.61£0.08a  0.35+0.00c
43 E-2- -2- (E)-2-Methyl-2-butenal 177.149 1.334 44 2.38+0.07¢ 2.68+0.07b  3.13+0.02a
44 1,4- 1,4-Dioxane 157.985 1.321 83 7.38+0.28¢ 8.67+0.05b 8.53+0.10b
45 Dimethyl disulfide 178.599 0.986 12 0.57£0.02b  0.4+0.01c 0.39+0.00¢
46 2- 2-Butanone 133.477 1.248 72 1.39+0.05b  0.95+0.01c 1.88+0.01a
47 2- 2-Methyl-2-propenal 130.574 1.218 67 4.59+0.01b 3.88+0.03¢ 5.08+0.08a
48 2,3- 2,3-Butanedione 127.349 1.182 61 8.11£0.06b  9.67+0.09a  6.36+0.08¢c
49 Methyl acetate 116.381 1.194 63 1.6+0.04b 2.56+0.09a 1.33+0.02¢
50 2-Propanone 105.414 1.112 49 12.2£0.16b  9.32+0.09¢ 14.91+0.03a
51 -M  Acetic acid-M 140.897 1.057 07 1.64+0.03¢c 2.05+0.02b 1.59+0.02¢
52 2,5- 2,5-Dimethylfuran 167.993 1.031 03 0.31£0.01b  0.23+0.00c 0.22+0.01¢
53 2-Methyl-1-propanol 149.174 1.372 14 0.94+0.01b 0.68+0.00c 1.53+0.01a
54 -D  Acetic acid-D 140.647 1.156 90 1.25+0.20¢ 1.35+0.17bc  1.68+0.04b
55 2- -1- -D  2-Acetyl-1-pyrroline-D 280.641 1.477 08 0.02+0.00¢ 0.03+0.00¢ 0.02+0.00¢
56 Decanal 742.224 1.541 65 0.60£0.00b  0.65+0.04b  0.41£0.02c
57 Furfural 221.652 1.083 19 0.18+0.02b  0.15+0.01bc  0.14+0.00c

M D p 0.05

Note: ““M?” fepresents monomer and “D” represents dimer in volatile flavor compounds. Different letters indicate significant differences (p < 0.05). The same as
below.
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Fig. 2 Fingerprint of volatile flavor compounds in flue-cured tobacco leaves with or without typical “glutinous rice”-like aroma
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Table 2 Relative odor activity value (ROAV) of volatile compounds in typical “glutinous rice”-like and non-“glutinous rice”-like

2.

' ROAV

No. Volatile compounds gi?silz)tllg;l(mg-kg'l) Odor description M NG CK

1 -M  Nonanal-M 0.002 10.49+£0.87b  13.41+1.43a 4.12+0.24c
2 -D  Nonanal-D 0.002 3.89+0.34b  6.71+0.67a  1.35+0.12c
3 2- -3,5- 2-Ethyl-3,5-dimethyl pyrazine  0.00004 100+0.00 100+0.00 100+0.00

4 -M  Benzene acetaldehyde-M 0.0012 20.02+1.65b  21.94+2.72b  6.29+0.36¢
5 -D Benzene acetaldehyde-D 0.0012 15.2840.25b  16.61+£0.59a 5.25+0.27c
6 Methyl-5-hepten-2-one 0.01889 6.44+0.54b 4.83+£0.44c  3.96+0.07c
7 -D  Benzaldehyde-D 0.1 0.13+0.01a 0.11+£0.01b  0.08+0.00c
8 E-2- (E)-2-octenal 0.012 0.38+0.03b 0.30+0.03¢  0.25+0.01c
9 2- -1- -M  2-Acetyl-1-pyrroline-M 0.00002 32.24+1.63b  34.90+3.68b 11.16+0.95¢
10 Octanal 0.01 0.24+0.03b  0.33+0.04a  0.12+0.01c
11 Sotolone 0.0006 4.34+0.41c 3.97+0.56c  3.62+0.08c
12 2- -3- 2-Methyl-3-furanthiol 0.005 0.7940.06b 0.83+0.09b  0.51+0.01c
13 2,6- Pyridine, 2,6-dimethyl- 0.003 0.72+0.09b 0.71+£0.07b  0.23+0.01c
14 Butyl acrylate 0.0015 0.96+0.05b 1.26+0.15a  0.54+0.04c
15 2- 2-Hexenal 0.03 0.23+0.02b 0.42+0.05a  0.05+0.00c
16 E,Z-2,6- (E,Z)-2,6-Nonadienal 0.0011 2.36+0.45b 3.01+0.41b  0.41+0.05¢
17 Dimethyl disulfide 0.0084 0.38+0.04a  0.28+0.03b  0.14+0.00c
18 2- 2-Methyl-2-propenal 0.025 1.02+0.09b 0.90+0.08b  0.62+0.00c
19 2,3- 2,3-Butanedione 0.005 8.99+0.78b 11.26+1.06a 3.87+0.13c
20 -M  Acetic acid-M 0.001 9.08+0.79b 11.93+1.07a 4.82+0.18c¢
21 2-Methyl-1-propanol 0.033 0.16+0.02b 0.12+£0.01c ~ 0.14+0.00bc
22 -D  Acetic acid-D 0.001 6.92+1.07b 7.78£0.41b  5.09+0.03c
23 2- -1- -D  2-Acetyl-1-pyrroline-D 0.00002 5.54+0.47bc  7.89+2.01b  3.04+0.07¢

GEMERT!?]

Note: The sensory threshold data of aroma compounds refer to GEMERT!!?], which is the threshold in the air.
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flue-cured tobacco leaves with or without typical “glutinous rice”-like aroma
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Table 3 Evaluation of smoking results of cigarette flavor substance addition test
2AP 2AP “ 7z
Group 2AP concentration/(ug-mL") Addition amount/puL 2AP concentration in cigarette/(mg-kg™") Aroma intensity
0 10 0.00 0.00+0.00
1 0.625 10 0.01 2.00+0.47
2 1.25 10 0.02 2.90+0.57
3 2.5 10 0.04 5.00+0.67
4 5.0 10 0.08 8.20+0.63
3 2’3- s & 7 s & 7
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[17] (4]
ce > [18] (X3 9
[2] 3] [22] cc
ROAV
(19] ROAV
[20]
23
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