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Abstract: Volatile flavor compounds play vital roles when evaluating the flavor and quality of
tobacco products. Pretreatment is always required owing to the wide range of flavor compounds
and the complexity of the tobacco matrix. Solvent extraction (SE), steam distillation (SD) , si-
multaneous distillation extraction (SDE), supercritical fluid extraction (SFE), and solid phase
microextraction (SPME) are methods commonly used to extract and purify volatile flavor com -
pounds. Among these methods, SPME coupled with headspace (HS) sampling has gained con-
siderable attention in a variety of research fields because it combines sampling, extraction, con-
centration, and sample injection into a single procedure to deliver advantages that include convenient
and simple sample preparation, small sample volumes, high sensitivities, and convenient operation.
In this study, HS-SPME coupled with gas chromatography-mass spectrometry (GC-MS) was used

to analyze the volatile aroma components in tobacco leaves. First, extraction efficiency was

W5 B #9:2024-10-10
* BIEEZR A Tel: (029)88966176, E-mail: dengnan@xjtu.edu.cn.
HEETE i E A A T B4 28 7R IR H (KJI-2022-10) 5 77 E 0 202 7 7 24005 & 200 5 (11020222008).
Foundation item: Science and Technology Project of Shaanxi Tobacco Province of China National Tobacco Corporation
(No. KJ-2022-10) ; Key Research and Development Project of China National Tobacco Corporation (No.
11020222008 ).



- 794 - @ i %43 5

optimized by carefully evaluating multiple parameters, including types of solid phase microextraction
fibers, extraction temperature, adsorption time, and desorption time. The number of chromato-
graphic peaks, total chromatographic peak area, number of identified compounds, and internal-
standard peak areas were used as indices. The optimized protocol involves incubating tobacco
powder (1.0 g) under 80 C, extraction with an 80 wm divinylbenzene/carboxen/polydimethylsiloxane
(DVB/CWR/PDMS) SPME needle for 30 min, followed by desorption from the fiber for a sufficient
time (8 min). These conditions led to a 1.6% RSD for the internal-standard peak area across five
replicate experiments; hence, the developed method is highly repeatable. The volatile aroma
components in tobacco leaves obtained from five different production areas were analyzed using
the optimized parameters. A total of 107 volatile aroma compounds were identified, among which
ketones, aromatics, and heterocyclic compounds accounted for more than 70% of the total volatile
aroma components (excluding neophytadiene ). Tobacco leaves obtained from the Shangluo region
contained the highest amount of total volatile aroma compounds, followed by leaves from Ankang,
Hanzhong, Baoji, and Yan’an regions. Orthogonal partial least squares-discriminant analysis ( OPLS-
DA) was used to determine the main differential components from the various production regions,
which identified 14 differential compounds (primarily ketones and alcohols). This study provides
a theoretical basis and reference for further exploring key volatile flavor compounds in leaves
sourced from different production areas, as well as for identifying flavor-indicator substances and
improving the quality of tobacco leaves.

Key words: headspace solid phase microextraction (HS-SPME) ; gas chromatography-mass
spectrometry (GC-MS); orthogonal partial least squares-discriminant analysis (OPLS-DA) ; vola-

tile aroma components; tobacco
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Table 1 Volatile aroma compounds identified in tobacco leaf in five production areas
Compound R.etenti(.)n Tons (m/z) Contents/{ p&/8)
time/min AK BJ HZ SL YA

Neophytadiene Gt —4) 20.99 68, 82,95 14.8 8.58 14.25 18.51 9.34

Ketones (fi3)
Acetoin (3-}23£-2-T ) 4.43 4,43, 27 0.04 / / / 0.01
1-(1-Cyclohexen-1-yl) ethanone ( Z, FBE 3 24 ) 7.56 81, 109, 43 /001 / / /
6-Methyl-5-hepten-2-one ( B 5 5 J i ) 9.36 43,41,69  0.10 0.14 0.09 0.10 0.06
1-(1H-pyrrol-2-yl) ethanone (2-Z it I ) 10.65 94,109, 66 0.13 0.11 0.10 0.09 0.2
3,4,5-Trimethyl-2-cyclopenten-1-one (3,4, 5-= H 323K 1.4 - 1-Ff ) 11.38 109, 81, 124 0.05 0.03 / 0.06 0.03
2-Acetyl-5-methylfuran (2-Z, ft-5- 1 5w ) 11.38 109, 124,53  0.04 / /  0.07 0.03
1-(3-Pyridinyl) ethanone (3-Z, [ i E ) 11.47 78, 106, 121 0.03 0.02 / 0.05 /
6-Methyl-2, 3-dihydro-3, 5-dihydroxy-4H-pyran-4-one 12.45 43, 44, 144 0.74 091 1.08 0.74 1.25
(2,3-4(-3,5 F K -6- 1 H-4 H - i -4-i )
6-Ethyl-5, 6-dihydro-2H-pyran-2-one (6-Z,3%-5,6- % -2 H-ML I -2 ) 12.55 68,97,39 047 0.17 030 0.67 0.27
6-Propyl-5, 6-dihydro-2H-pyran-2-one (6-183£-5, 6- & -2 H-it g -2- i ) 12.55 68, 97, 79 047 / 023 / 0.04
2-Imidazolidinone (2-IBK ik k¢ i ) 13.09 86, 30,28  0.08 0.09 0.13 / /
3-Ethyl-4-methyl-1H-pyrrole-2,5-dione (3-Z 3&-4-F 3L g -2, 5- i ) 13.66 139, 67,53 0.17 0.11 / 0.25 0.12
B-Damascone (K i) 16.02 177, 192, 123 0.06 0.04 0.05 0.09 0.07
(E)-B-damascone (B- K i) 16.03 177, 69, 41 /0.05 0.05 / /
(E)-6,10-Dimethyl-5,9-undecadien-2-one (7 3L il ) 16.41 43,69, 41 043 039 035 049 0.27
5-Hydroxy-3-methyl-1-indanone (5-5%3-3-H1 3 1-Ei i) 17.38 147,162, 119 032 0.28 0.32 0.38 0.32
Megastigmatrienone 1 ([ & =J&H{d 1) 17.91 190, 148, 175 0.12 0.06 0.12 0.21 0.13
(E)-6,10-Dimethyl-5,9-undecatrien-2-one ({45 %' = i ) 18.08 69, 41,81  0.03 0.02 0.04 0.04 0.02
Megastigmatrienone 2 ([ 57 = 4 i 2) 18.12 190, 148, 175 0.36 0.19 0.42 0.66 0.37
4-Hydroxy-B-damascone (4-3%3E-8- S K 5 ) 18.52 69, 41, 121 0.14 0.10 0.19 0.20 0.12
Megastigmatrienone 3 (5 5 = 3) 18.56 190, 148, 175 0.09 0.04 0.09 0.16 0.09
Megastigmatrienone 4 (5 5 =} 4) 18.70 190, 148, 175 0.34 0.16 0.43 0.62 0.35
Benzophenone ( — % I ) 18.77 105, 77, 182 0.03 0.02 0.03 0.05 0.03
3,5,5-Trimethyl-4-(3-hydroxy-1-butenyl)-2-cyclohexen-1-one (4-(3-#JE-T 18.91 108, 43, 152 0.81 0.35 0.61 2.52 0.66
I HE ) -2-¥8 O 0 -1 )
3,5, 5-Trimethyl-4- (3-hydroxybutyl) -2-cyclohexen-1-one (4-(3-%2 3t T %) 19.59 135,108, 93  0.03 0.01 0.02 0.07 0.03
-3,5,5- = H LI 205 - 1)
a-Cyperone (a-75 fff il ) 19.73 218,91, 147  0.10 / / 0.19 0.07
Nootkatone (i) 19.73 147, 121,79 0.10 0.05 / / /
2,3,6-Trimethyl-1,4-naphthalenedione (2,3,6-= H 5 Z5[iH ) 20.33 200, 172, 118 0.12 0.06 0.13 0.17 0.07
Farnesylacetone (4 %X 3 4 i ) 21.76 69, 43, 81 0.19 0.11 / 023 /
7,9-Di-tert-butyl-1-oxaspiro (4,5)deca-6,9-diene-2, 8-dione 21.88 57, 205, 55 0.44 0.25 0.44 0.56 0.52
(7,9- T4 T 2E-1-5 2418 4,5]%%-6,9- -2, 8- )

Aromatics (F5&F3)
Methoxy-phenyl-oxime ( H 4 FA K5 ) 9.01 39, 117, 105 / / / / 0.06
5-Ethenyl-2-methoxyphenol ( 5-Z % %&-2-F S 3L 2K 1)) 14.86 135, 150, 77 0.40 0.41 0.28 0.23 0.29
6-Methylquinolin-8-amine ( 6-H 3L -8- 1wk &z ) 16.92 158, 157, 130  / / / /  0.56
4-Ethenyl-2, 6-dimethoxy-phenol (3£ £ ) 17.88 180, 165, 137 / 0.03 / /  0.05
Fluorene (%)) 18.29 166, 165, 167 0.05 0.03 0.04 / /
2,2",5,5'-Tetramethylbiphenyl (2,2 ,5,5"-PU F B 55 ) 19.33 195,210,180 / 0.03 0.05 / 0.03
Phenanthrene (3f) 20.61 178, 176,76 022/ / / 0.09
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Table 1 (Continued)
Compound R.etentit')n Tons (m/z) Contents/(pg/g)
time/min AK BJ HZ SL YA

9-Methylene-9H-fluorene (9-3F I 5£-9H-% ) 20.61 178, 176, 179  0.24 0.07 0.15 / 0.10
Fluoranthene (7% &) 23.54 202, 203, 101 0.05 / / / /

Heterocyclics (Z¥ %)
1-Nitrosoazetidine ( 1-3F fi§ 2 & 4¢3 T k%) 8.06 30, 41, 86  0.02 / / /  0.01
2-Propylfuran (2-74 & I ) 10.20 81, 53, 110 / /017 /  0.09
1,2,4,5-Tetrazine (1,2,4,5-P41% ) 10.21 28,27, 82 /002 / / /
Pyridazine (k%) 10.91 80, 51,52  0.07 0.12 0.12 0.09 0.05
Dihydrothiophene ( — 4% BEW}) 13.16 85, 86,45  0.08 0.06 0.09 / 0.02
(E)-2-(1-Pentenyl) furan ((E)-2-( 1-1845 %) ) 14.12 107, 79, 94 / / / /0.02
6-Amino-2, 5-dimethyl-1H-indole (6-% %&-2,5- " H J&- 1 H-M5| g ) 15.95 40, 159, 156  0.08 / / 0.18 /
3-Methyl-1-phenyl-1H-pyrazole (3-M1 - 1- 4 KLk g ) 16.92 158, 77,51  2.07 0.57 1.40 3.48 0.53
1-(1-Methyl-1H-pyrazol-4-yl) -3-piperidinamine ( 1-(1-F 5&-1H-nf g -4-FL ) -3- 17.43 124, 137,42  0.43 0.36 0.15 0.46 0.15
WR I fie )
2,3’ -Dipyridyl (2,3 - AL ) 17.60 156, 155, 130 1.44 0.73 2.05 3.62 0.88
Cotinine (M itk 0 i ) 19.66 98, 176, 118  0.12 0.05 0.13 0.31 0.07
3-Ethyl-3,4-dihydro-2( 1H)-quinoxalinone (3-Z,%£-3,4-—%(-2( 1H) - " Uz 0k i ) 20.51 147, 119, 176/ /002 006 /

Alcohols (BE%)
3-Methyl-1-butanol ( 5% /) 4.83 55,42,70 001 / / / /
(28,38)-2,3-Butanediol ((25,38 )-(+)-2,3-T ) 5.75 45,43,29 0.2 0.07 0.10 0.14 0.07
(2R,3R)-2,3-Butanediol ((2R,3R)-(-)-2,3-T %) 5.75 45, 43, 27 / /010 / 0.08
4-Methanol-1H-imidazole (4-( #3213 ) bkt ) 6.97 97,98,69  0.04 / /  0.05 0.04
Benzyl alcohol (4 I i) 10.22 79, 108, 107 0.60 0.42 0.20 0.68 0.35
(R,R)-1,2-Diphenylethanediol ((R,R)-(+)-% 1k @) 10.48 108, 107,79 0.14 / 0.08 / /
1-Phenylpropane-1,2-diol (1-ZE A k-1,2- ) 10.54 108, 107,79 0.15 / 013 / /
1-Phenylpropane-1,2-diol ( 1- 4N %¢-1,2- %) 10.65 108, 107,79 0.12 / /026 /
a-Methylbenzyl alcohol (7 & 1% ) 11.56 107,79, 77 0.42 027 0.16 0.57 0.32
2-Methyl-1-hexanol (2-H % -1-%) 11.77 40, 57, 71 / / / / 0.02
(8)-(+)-6-Methyl-1-octanol ((S)-(+)-6- J-1-3 ) 11.94 55,97, 70 /003 / /0.02
4-Hydroxybenzyl alcohol (%} #8354 2, ) 16.08 107, 138, 77 /  0.06 0.10 0.18 0.07
6- (3-Hydroxy-1-butenyl) -1, 5, 5-trimethyl-7-oxabicyclo [4.1.0] heptan-3-ol 19.11 43,125, 109 0.04 / / 0.10 0.02
(6-(3-F2FE-1- T %) -1,5,5-= W 3-7-5 5 — 36 [4.1.0] Be ke -3-B%)
3-Methyl-1-butanol benzoate (7% H R 5% I g ) 20.46 70, 105,77 0.27 021 /  0.05 0.19
Geranyl linalool (I3 35 fi i) 21.76 69, 41, 81 / / /032 /
Isocembrol (5 BEAE IR M ) 23.34 43, 81,55 0.25 0.10 0.09 0.01 0.08
12-(1-Methylethyl)-1,5,9-trimethyl-4, 8, 13-cyclotetradecatriene-1,3-diol 12- 23.48 81, 43, 107 0.27 0.08 0.09 0.05 0.20
(1-F 32 3)-1,5,9- = H 34,8, 13- 3+ DURR = H-1,3- B¢
1- (2-Hydroxypropan-2-yl) -3a-methyl-6, 10-dimethylidene-2, 3,4,5,7,8, 9, 23.48 95, 59, 107 0.04 / / / 0.18
11,12,12a-decahydro-1H-cyclopental 11 ]annulene-5,9-diol
(1-(2-F2 3 -2-3E ) -3a-F 3k-6,10- — H 3L /5-2,3,4,5,7,8,9, 11,12, 12a- 1 4
SVH-SR R [ 11 138 ) -5,9- )

Esters (B§2%)
Methyl valerate (/%2 H g ) 6.41 74, 57, 85 002 / 003 / /
Carbonic acid, monoamide, N-isobutyl-, benzyl ester (N-5 T JLORIRBEHA SRS ) 10.41 91, 108, 65 /013  / / /
Methyl 3-methylphenylcarbamate ( F 4 3L FH i -3- 1 25 i ) 11.37 108, 107, 77 / / /  0.13 0.09
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Table 1 (Continued)
Compound R.etentit')n Tons (m/z) Contents/(pg/g)
time/min AK BJ HZ SL YA

Benzyl acetate ( Z./2 " iE) 12.33 108, 91,43 0.03 / /  0.03 0.03
Methyl benzeneacetate (4 Z i H i) 12.55 91, 150, 65 0.10 / / /  0.09
2-Chloroethyl benzoate (4 H iz -2-% £ fig) 13.96 105, 122,77 0.10 0.04 /  0.19 0.11
4-Acetoxy-3-methoxystyrene (4-Z, W48 B -3- A LA 248 14.86 150, 135,43 042 042 / / /
3-Hydroxy-2,2-dimethylpropyl 3-hydroxypropanoate 16.00 73, 101, 88 / 0.02 0.10 / /
(2,2- W FE-3- R N R T X IR )
Dimethyl phthalate (487K — FHjig — FH i) 16.50 163, 77, 92 /007 012 / /
4-Nitrophenyl 2, 5-difluorobenzoate (4-fij 37K 3k 2, 5- — F 7K H R K ) 17.05 40, 141, 153 0.12 0.06 / / /
Dihydroactinidiolide ( — % k1 #k P4 g ) 17.67 111, 43, 137  0.58 0.42 0.54 0.64 0.41
2,2,4-Trimethyl-1, 3-pentanediol diisobutyrate 18.24 71, 43, 159 0.07 0.05 0.10 0.06 0.07
(2,2,4-= W -1, 3 — B — % T iR IR
Methyl myristate ( A &5 f2 [ fif ) 19.60 74, 87,55  0.05 / / / 0.03
Undecyl benzoate (| — %R 7K iR ) 20.46 123,105, 77 0.26 0.18 0.31 0.31 0.19
2-Methylbutyl benzoate (2-H %& T £ H iR fi ) 20.61 40, 105, 178 0.18 / 032 044 /
2,4-Dimethyl-3-pentyl benzoate (2,4-— F 337 3 4 F AR g ) 20.73 40, 429,105 0.21 0.13 029 0.31 0.16
Isobutyl 4-octylphthalate (5 T 3 4-3 548 7% — R Tig ) 21.29 149, 40, 57 /013 / 029 /
Isobutyl 4-heptylphthalate (5 T 2 4-5¢ 5L 4878 — H1 iR fig ) 21.30 149, 40, 57 / 014 034 / 0.15
Benzene-1,2-dicarboxylate (2-#% Z 32K FH iR fig ) 21.49 105, 77, 123 /007 / / /
2-Methylpropyl benzoate (7 Hl iz 5 T ik ) 21.51 105, 123,77 0.10 / 010 0.17 /
Heptyl benzoate (J5& 3t 7 H R fif ) 21.51 123, 105, 77 / 0.06 0.12 0.15 /
(9Z,12Z)-3,7-Dimethyloct-6-en-1-yl octadeca-9, 12-dienoate 21.67 176, 40, 109 / 0.02 0.03 / /
((92,122)-3,7- W I -6-4 - 1-F 4\ -9, 12- 5 FR R )
Methyl 10, 13-dimethyltetradecanoate (10, 13- H 3& |- DUk iR ik ) 21.75 74, 87, 57 027 / / / /
Cetyl methyl ester (A2 H k) 21.76 74, 87,43 029 / / / 0.19
Butyl ({rans-hex-3-enyl) phthalate (T 3 (523~ -3-45 56 ) 48 2% — F AR R ) 22.23 149, 82,40 026 0.15 032 031 0.17

Aldehydes (B2%)
3-Furaldehyde (3-%f%) 6.59 95, 96, 39 /006 / /011
Benzaldehyde (7 H i) 8.96 77, 106, 105 0.13 0.06 0.08 0.15 0.1
Benzeneacetaldehyde (2-783& Z, %) 10.41 91, 120, 92 0.22 0.14 0.13 0.17 0.19
N-Methylpyrrole-2-carboxaldehyde (N-F % -2t 1% I 1 ) 11.84 109, 108, 53/ / / /0.02
1,4-Benzenedicarboxaldehyde (X7 — H [i§) 12.56 134, 133, 105/ / / / 0.01
2,6,6-Trimethyl-1,3-cyclohexadiene-1-carboxaldehyde 12.97 107,91, 121 0.03 0.01 0.01 0.04 0.02
(2,6,6-—H 31,3 —HE)
Vanillin (7 5[ ) 15.81 151, 152, 81 0.05 0.04 / /  0.03
3-Ethylbenzaldehyde (3-Z, J&2 F ) 16.66 134, 133, 119/ /0.02 014 /
3,4-Dihydroquinoline-1-carboxaldehyde (3, 4- % 4 thk-1-H & ) 17.53 132,161, 118 / 0.10 025 / 0.13
5-[ (E) -5-Hydroxy-3-methylpent-3-enyl] -1, 4a-dimethyl-6-methylidene-3, 4, 23.88 81, 107, 123 0.03 0.02 0.02 0.05 0.04
5,7,8,8a-hexahydro-2H-naphthalene-1-carbaldehyde (5-[ (E)-5-%3E-3- 1 3t
1-3- 4 ]-1, da- Tk -6- W 1 46-3,4,5,7, 8, 8a- N A £E 1)

Acids (B2%)
Nonanoic acid (1ET-/i2) 14.60 60, 73,57  0.13 0.09 0.07 0.11 0.08
Benzeneacetic acid (4 2R ) 14.66 91, 136,92 0.18 0.11 0.21 0.17 0.29

AK: Ankang area; BJ: Baoji area; HZ: Hanzhong area; YA: Yan an area.
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Table 2 Contents of volatile aroma compounds from different production areas

Category Total number of Contents/(ng/g)
aroma compounds AK BJ HZ SL YA
Neophytadiene / 14.80 8.58 14.25 18.51 9.34
Ketones 31 6.30 3.89 5.38 8.71 5.24
Aromatics 9 2.80 1.07 1.76 3.70 1.61
Heterocyclics 12 2.24 1.35 2.73 4.71 1.30
Alcohols 18 2.45 1.25 1.04 2.41 1.63
Esters 25 3.09 2.08 2.72 3.04 1.68
Aldehydes 10 0.47 0.43 0.52 0.55 0.67
Acids 2 0.31 0.20 0.28 0.27 0.37
Sum 107 32.46 18.85 28.68 41.90 21.84
Ketones
30

Acids | Aromatics

Aldehydes Heterocyclics

Esters Alcohols

B3 ARFHEMSERELEESKHINEE

Fig.3 Numbers of volatile aroma components in tobacco leaves from different areas
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Fig. 4 Heat map of volatile aroma components in tobacco leaves from different areas
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Fig. 5 OPLS-DA analysis of volatile aroma components in tobacco leaves from different areas
cross-validation plot of OPLS-DA model with 200 permutation tests; c. variable importance plots (VIPs).
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