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ABSTRACT : This work has been conducted to develop a method for the analysis of
neutral volatile flavors and their precursors in tobacco. The neutral volatile compounds and
precursors in tobaccos have been investigated by Neutral Volatile scan method(NV scan) using
Soxhlet extractor. The method has been used to analyze a range of different tobaccos and
tobacco products. Neutral flavor compounds were classified as three sections(Ist Volatile
Fraction, Breakdown Flavor Products and Cembranoid Precursors). The major components of
the First Volatile Fraction were 2-cyclohexene-1-one, 6-methyl-5-hepten-2-one, limonene and
phenyl ethanol. The major components of Breakdown Flavor Products were isophorone,
solanone, damascenone, 3-hydroxy-B-damascone, geranyl acetone, [3-ionone, dihydro-
actinidiolide, norsolanadione, neophytadiene, hexahydrofarnesylacetone, farnesyl acetone and
megastigmatrienone. The major cembranoid precursor compounds were dibutyl phthalate,
duvatrenediols, 8,12-epoxy-14-labden-13-ol, 11-hydroperoxy-2,7,12(20)-cembratriene-4,6-diol,
12,15-epoxy-12,14-labadien-8-ol, 2,7,11-cembratrien-4,6-diol and 8,13-epoxy-14-labdien-12-0l. The
NV scna results of tobacco types(flue-cured, burley and oriental) showed that each tobacco
type has a characteristic flavor component profile.
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Table 1. Identified compounds in tobaccos by neutral volatile flavor scan

Response Ratio

No. Compounds (rlr{utll;) ]é‘llll;g(—l Burley Oriental
1 Acetol 11.229  0.0264  0.0045  0.1108
2 Pentanal 12.664  0.0213  0.0104  0.0275
3 3-Methyl-2-heptanone 19.982  0.1239  0.0543  0.1574
4 Cyclohexene epoxide 20.660 0.0096  0.0096  0.0143
5  2-Cyclohexene-1-ol 21.957  0.0181  0.0179  0.0228
6 2-Cyclohexene-1-one 24.234  0.0394  0.0434  0.0500
7 2,3,4-"Trimethyl pentane 24419  0.0276  0.0242  0.0185
8  6-Methyl-5-hepten-2-one 25.897  0.0009  0.0024  0.0097
9  3,4-Dimethyl-2,5-dihydrofuran 28.401  0.0075  0.0217  0.0216
10 Limonene 28523  0.1015  0.1237  0.1058
11  Benzyl alcohol 28.613  0.0295  0.0049  0.0283
12 1-Methyl-2-pyrrolidinone 28.798  0.0005  0.0003  0.0105
13 2,6-Dimethyl 2,6-ocatdiene 29.084  0.0229 0.0032 0.1384
14  Benzene acetaldehyde 29.254  0.0145  0.0415  0.0320
15 2-Acetyl pyrrole 29.651  0.0120 0.0012  0.0103
16  Citral 29.762  0.0133  0.0008  0.0566
17 cis-Linalool oxide 30.165  0.0004  0.0004  0.0006
18  trans-Linalool oxide 30.837  0.0003  0.0011  0.0006
19  Phenyl ethanol 32.193  0.0216  0.0261  0.0432

20 Isophorone 32712 0.0004  0.0008  0.0005

21  6-Pentyl-5,6-dihydro-2H-pyran-2-one 34.268  0.0335  0.0359  0.0573
22 Phthalolactone 34.374  0.0224  0.0248  0.0171
23  3-Methyl acetophenone 35.317 0.0191  0.0183  0.0954
24 5-Hydroxymethylfurfural 36.138  0.0100  0.0008  0.2639
25  3-Ethyl-4-methyl- 1H-Pyrrole-2,5-dione 36.450  0.0034  0.0085  0.0196
26  3,5-Dihydroxy-6,7-methyl-2,3-dihydro-4H-pyran-4-one ~ 38.023  0.0019  0.0011  0.0383
27  B-Dimethyl butyrolactone 38.923  0.0215 0.0131  0.0958
28  5-Acetoxymethyl-2-furaldehyde 39.145  0.0010  0.0008  0.2450
29  Solanone 41.015  0.2107  0.2222  0.4917
30  a-Ionol 42.243  0.0004  0.0002  0.0006
31 B-damascenone 42.513 0.0039  0.0043  0.0070
32  a-Terpinenyl acetate 42.868  0.0097  0.0017  0.1058
33  B-Ionone 44.202  0.0004  0.0073  0.0003
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Table 1. Continued

N . RT Response Ratio

0. Compounds (min) 12‘1111;; Burley Oriental
34 cis-Geranyl acetone 44.478 0253 0.0335  0.0547
35  Norsolanadione 45.955 0.2729  0.2587  0.7469
36  Pentadecane 46.236  0.0284  0.0296  0.0317
37  4-Cyclohexylidene-3,3-dimethyl-2-pentanone 47.205 0.0006  0.0101  0.0089
38  y-Acetyl pyridine 47851  0.0087  0.0008 0.0388
39  Farnesol 47.93 0.0591  0.0285 0.2771
40  5-Pentylresorcinol 48.264  0.0174  0.0093  0.0232
41  Benzoyl acetone 48.804 0.0317  0.0129  0.0267
42 Unknown 1 49.408  0.0008  0.0013  0.0478
43  1-Methyl-4-nitro- 1H-imidazole 49.847  0.0770  0.0763  0.2288
44  Dihydroactinidiolide 50.271  0.0299  0.0343  0.0940
45  Unknown 2 51.081  0.0118 0.0131 0.0122
46  Megastigmatrienone 1 51.367 0.0075  0.0364  0.0204
47  Unknown 3 52.564  0.0044  0.0006  0.0005
48  3-Hydroxy-B-damascone 52.622 0.0340  0.0230  0.0448
49  Megastigmatrienone 2 53.813  0.0078  0.0298  0.0196
50  Unknown 4 53.962  0.0004 0.0002  0.0364
51  3-Oxo-a-ionol 54.327  0.2853  0.2821  0.7776
52 Unknown 5 55.725  0.0538  0.0004  0.0046
53  3-0xo0-7,8-dihydro-a-ionol 57.557  0.0155  0.0427  0.0416
54 2,3,6-Trimethylnaphthoquinone 61.852  0.0268 0.0002 0.0146
55  Loliolide 61.947  0.0167 0.0498  0.0696
56  Neophytadiene 62.810 5.7064  7.7142  3.5072
57  Hexahydrofarnesyl acetone 63.228 0.0357 0.2316  0.1481
58  Farnesyl acetone 67.481 0.1395  0.2167  0.2362
59  Methyl palmitate 67.608  0.0467  0.0309  0.0404
60  Dibutyl phthalate 70.298  0.4051  0.9767  0.3065
61  Scopoletin 72501 03677  0.1114  0.0186
62  4,8,13-Duvatriene-1,3-diol 76.732  0.1400  0.0019  0.0646
63  Duvatrene diols 1 78.336  0.7611  0.0006  0.0008
64  Phytol 78.802  0.0784  0.0865 1.1170
65  Duvatrene diols 2 79.347 0.2176  0.0306  0.0912
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Table 1. Continued

2l 3 neutral volatile flavor 35 24

Response Ratio

No. Compounds (IIT{H’{l) 1;111;25 Burley Oriental
66  Sclareolide 81.614  0.0022  0.0015  0.6820
69  8,12-Epoxy-14-labden-13-ol 82.673  0.0005  0.0003  0.0007
70  Isopulegyl acetate 88.577 0.2430  0.1418  0.4526
71  11-Hydroperoxy-2,7,12(20)-Cembratriene-4,6-diol 89.001 0.1188  0.0015  0.3108
72 12,15-Epoxy-12,14-1labadien-8-ol 90.573  0.0009  0.0002  0.2550
74 Cembratrien-4,6-diol 92.347 05801  0.3397  0.3026
75 8,13-Epoxy-14-labden-12-ol 94.095  0.0007  0.0004 0.1554
76  Epoxy labdenols 1 95.482  0.0007  0.0004 0.1232
77  Epoxy labdenols 2 96.250  0.0004  0.0004  0.1246
78  Cembranoids 97.632  0.0692 0.0105 0.1728
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Table 2. Variation in levels of flavor compounds
in different tobaccos

1st Volatile Brg?kdown Cembranoid
Sample Fraction avor Precursors
(% of sample) Products (% of sample)
0 D) (9% of sample) D
Flue-cured 4.5 66.9 28.6
Burley 34 81.6 15.1
Oriental 6.5 60.2 33.4
Product A 9.8 64.8 25.4
Product B 9.5 70.3 20.2
Product C 5.8 65.7 28.5
Product D 6.8 72.3 20.8
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Table 3. Identified compounds in tobacco products by neutral volatile flavor scan

No. Compounds (RT Response Ratio
min)  Product A Product B Product C Product D
1 Acetol 11.229  0.0256  0.0178  0.0206  0.0288
2 Pentanal 12.664  0.0243  0.0276  0.0184  0.0240
3 3-Methyl-2-heptanone 19.982  0.2292  0.3012  0.1008  0.1346
4 Cyclohexene epoxide 20.660 0.0096 0.0094 0.0097 0.0103
5 2-Cyclohexene-1-ol 21.957  0.0227  0.0195  0.0191 0.0194
6 2-Cyclohexene-1-one 24.234  0.0514  0.0469  0.0395 0.0398
7 2,3,4-Trimethyl pentane 24419  0.0458  0.0283  0.0095 0.0271
8 6-Methyl-5-hepten-2-one 25.897  0.0092  0.0086  0.0045 0.0052
9 3,4-Dimethyl-2,5-dihydrofuran 28401  0.0323  0.0254  0.0127 0.0167
10 Limonene 28.523  0.1146  0.0989  0.0894  0.1014
11 Benzyl alcohol 28.613  0.0868  0.0870  0.0225 0.0377
12 1-Methyl-2-pyrrolidinone 28.798  0.0057  0.0055  0.0006 0.0050
13 2,6-Dimethyl 2,6-ocatdiene 29.084  0.1434  0.1241  0.0627 0.0775
14 Benzene acetaldehyde 20.254  0.0278  0.0233  0.0192 0.0263
15 2-Acetyl pyrrole 29.651  0.0200 0.0151  0.0132 0.0184
16 Citral 29.762  0.0689  0.0570  0.0297 0.0409
17 cis-Linalool oxide 30.165  0.0012  0.0006  0.0007 0.0005
18 trans-Linalool oxide 30.837  0.0009  0.0009  0.0003 0.0009
19 Phenyl ethanol 32,193  0.0342  0.0253  0.0219 0.0291
20 Isophorone 22712 00012 00009 00006  0.0010
21 6-Pentyl-5,6-dihydro-2H-pyran-2-one 34.268  0.0565  0.0553  0.0364  0.0502
22 Phthalolactone 34374 0.0218  0.0207  0.0180  0.0190
23 3-Methyl acetophenone 35.317 0.0384 0.0329 0.0362 0.0293
24  5-Hydroxymethylfurfural 36.138  0.0229  0.0218  0.0181 0.0268
25 3-Ethyl-4-methyl-1H-Pyrrole-2,5-dione 36.450  0.0081  0.0069  0.0064  0.0071

3,5-Dihydroxy-6,7-methyl-2,3-dihydro-4H-
26 pyran-4-one 38.023 0.0007  0.0004  0.0020 0.0022

27 b-Dimethyl butyrolactone 38.923 0.0273  0.0263  0.0240 0.0260
28 5-Acetoxymethyl-2-furaldehyde 39.145 0.0131 0.0249 0.0229 0.0237
29 Solanone 41.015 0.2393  0.2377  0.2033 0.2211
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Table 3. Continued

No. Compounds (RT Response Ratio
min)  Product A Product B Product C Product D

30 a-Ionol 42.243  0.0004  0.0002  0.0003 0.0005
31 b-damascenone 42.513  0.0040  0.0106  0.0066 0.0081
32 a-Terpinenyl acetate 42.868 0.0777 0.0642 0.0296 0.0431
33 a-Ionone 44.202  0.0012  0.0006  0.0003 0.0004
34 cis-Geranyl acetone 44.478 0.0292 0.0425 0.0251 0.0330
35 Norsolanadione 45.955 0.2855  0.2679  0.2482 0.2846
36 Pentadecane 46.236  0.0367  0.0273  0.0231 0.0321
37 4-Cyclohexylidene-3,3-dimethyl-2-pentanone  47.205 0.0015 0.0043 0.0005 0.0051
38 y-Acetyl pyridine 47851  0.0206  0.0165  0.0148 0.0135
39 Farnesol 47.93 0.3099  0.2583  0.1378 0.1887
40 5-Pentylresorcinol 48.264  0.0215  0.0235  0.0179 0.0209
41 Benzoyl acetone 48.804 0.0241 0.0264 0.0186 0.0219
42 Unknown 1 49.408  0.0022  0.0004  0.0014 0.0017
43 1-Methyl-4-nitro- 1H-imidazole 49.847  0.1071  0.1119  0.0837 0.1069
44  Dihydroactinidiolide 50.271  0.0448  0.0382  0.0389 0.0434
45 Unknown 2 51.081  0.0076  0.0042  0.0075 0.0070
46 Megastigmatrienone 1 51.367  0.0179  0.0163  0.0132 0.0173
47 Unknown 3 52.564  0.0010  0.0000  0.0004 0.0000
48 3-Hydroxy-B-damascone 52.622  0.0310  0.0368  0.0320 0.0382
49 Megastigmatrienone 2 53.813  0.0113  0.0114  0.0118 0.0153
50 Unknown 4 53.962  0.0011  0.0001  0.0012 0.0011
51 3-Oxo-a-ionol 54.3271 03247 0.3738  0.3769 0.3707
52 Unknown 5 55.725  0.0090  0.0109  0.0124 0.0166
53 3-0x0-7,8-dihydro-a-ionol 57.557  0.0509  0.0541  0.0262 0.0253
54  2,3,6-Trimethylnaphthoquinone 61.852 0.0230 0.0313 0.0145 0.0213
55 Loliolide 61.947  0.0368  0.0326  0.0329 0.0336
56 Neophytadiene 62.810  3.9786  4.5073  3.7365 4.6767
57 Hexahydrofarnesyl acetone 63.228 0.1399 0.1205 0.0684 0.0891
58 Farnesyl acetone 67.481 0.2393 0.2329 0.1906 0.2274
59 Methyl palmitate 67.608  0.0390  0.0469  0.0413 0.0639
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Table 3. Continued

No. Compounds (RT Response Ratio
min)  Product A Product B Product C Product D

60 Dibutyl phthalate 70.298  0.2920  0.0700  0.4515 0.0862
61 Scopoletin 72501  0.8176  0.5753  0.4640 0.5021
62 4,8,13-Duvatriene-1,3-diol 76.732  0.0517  0.0875  0.0478 0.0528
63 Duvatrene diols 1 78.336  0.0013  0.0007  0.0007 0.0009
64 Phytol 78802  0.1289  0.1468  0.1673 0.1926
65 Duvatrene diols 2 79.347  0.0782  0.1128  0.0722 0.0741
66 Sclareolide 81.614  0.0820  0.0013  0.0997 0.0024
69 8,12-Epoxy-14-labden-13-ol 82.673  0.0004  0.0004  0.0009 0.0007
70 Isopulegyl acetate 88.577  0.2655  0.2613  0.2620 0.2486
71 11 Hydroperoxy=2,7,12(20)-cembratriene=46 89,001 00899 00780 01107 00858
72 12,15-Epoxy-12,14-labadien-8-ol 90.573  0.0018  0.0143  0.0318 0.0016
74 Cembratrien-4,6-diol 92.347  0.5583  0.5007  0.4619 0.5674
75 8,13-Epoxy-14-labden-12-ol 94.095  0.0010  0.0010  0.0310 0.0013
76 Epoxy labdenols 1 95482  0.0009  0.0012  0.0255 0.0009
77 Epoxy labdenols 2 96.250  0.0007  0.0011  0.0312 0.0016
78 Cembranoids 97.632  0.0046  0.0059  0.0673 0.0461

acetone, megastigmatrienone 59| 3ESo] I
olz]odth. Cembranoid A-A] H-ollA+& dibutyl
phthalate, duvatrenediol, 8,12-epoxy-14-labden-
13-0l, 11-hydroperoxy-2,7,12(20)-cembratriene-
4,6-diol, 12,15-epoxy-12,14-labadien-8-ol, 2,7,11-
cembratrien-4,6-diol, 8,13-epoxy-14-labden-12-ol
9 el &=k

ol 3HetE52l response ratios Tkl Al
FREo g vro] ulgg ANtsle] Table 201 ek
Haleh > A AR 238 wTE AR 5~
32 Ao r ee|JEZLI JAFe] SALS e
W= FHolx o]+ Brown 5(1982)e] Huel ¢
2Askeiet. AR Eoll e wE-E AR 33
~68% APeg o] AN AEEE tEE
A 22T

< tIF-E terpencidAd] 59
f 54 7] AR s

F27 Zloleh. o] ol

=5°] vehdrl. Cembranoid A7AlE #5F-F Al
ZF 70~98% Qo mExEke] RIEE FE
F71RE AAEe]l AEHe

Table 20l Vepd niel 3ro] 124 AR £
< HolZoll e 34 %2 e Z vlgs v
Efigl o e2lqlEFe] 74 6.5 %S =2 vlE
+ Uehlle] ellEFS] 3F BAE HolFe A
o8 Agdd. $4F ARRAE 2l A=
66.9 %, cembranoid A7 28.6 %)= 22JEF
(60.2 %, 33.4 %)3 FARF = vERHSICh

ZHME S7Y Neutral Volatile 3} Hlw
BHAE 459 neutral volatile 3H=5 43}

o] golgl AEES Table 3ol Vel L, gel=l

SREEE 3F- 22 % vro] vk ZAd= Table

20l vehHol e

-9 -



ue

Table 20114 £ Qo] 12} A A £
+ 5.8~9.8%F AAIEAL, A, B, C zﬂ” ]

g T e IR FaliibEe A A
Wﬂr C A&, z2eEla B A% D Zﬂ?"] LIPS
H[&-S Vel o) response ratio?] -5 2913
e C AFE o]9] 3% AlFel vI3t v B
9rt. Cembranoid A4 FEoA= B AlE3} D
A, 2=l A AFT C AlFe] vt vjE 2
response ratio 2 UeERASIC)

YHAE2] 92 neutral volatile 3FHEZE A
Aol 4] neophytadiene, scopoletin, cembratriendiol,
dibutyl  phthalate,
farnesyl acetone, solanone, 3-methyl-2-heptanone
ol oEF EAHNE, B AlEelAe
neophytadiene, scopoletin, cembratriendiol, 3-oxo-

3-oxo-a-ionol,  farnesol,

a-ionol, 3-methyl-2-heptanone, norsolanadione,
farnesol, farnesyl acetone 5 +2o.2, C AlFolA
neophytadiene, scopoletin, cembratriendiol, dibutyl
phthalate,

solanone 5 <22, D A|FolA neophytadiene,

3-o0xo-a-ionol, norsolanadione,

cembratrienediol, scopoletin, 3-oxo-a-ionol,

norsolanadione, farnesyl acetone, solanone =22
o] AEF Yk ol 3¥E ¥ neophytadiene,
scopoletin, cembratrienediol, 3-oxo-a-ionol®| ¥
Fog IRIFrk ASt B AlgellA] 12 3T
Bolo|A] 7HAZE%]E= 3-methyl-2-heptanoneo] thek
selEloln, ol PAET ozllEFelA ol
7E5 Adolrh

£ £

B AT S ulFEHE ol
scan= ©]-&3sle] el T neutral Volatlle 9}@.
=7 o] 52 ATA Ade A 9 A% LA
2 3k,

AEA gl wbEAS HRlgh Ay, el
T2 AEZL A AT FAF 90.1 %, Hlolz
F 905 %, 2ENEF 90.8 %2 A=A Jd= 2
= vebi

359 Aol 4Fe] HAAES TAR ATE
A AR, BalldbE B AFAR k] 2

%

o

3}
PN
&7

2] = neutral volatile flavor 3+3HE £4

siaach &l s F 1%

o|Al+= 2-cyclohexene-1-one, 6-methyl-5-hepten-
2-one, limonene, phenyl ethanol 59| 3}$H&EE0]
gl=ldet. PR e FEelAde

isophorone, solanone, damascenone, 3-hydroxy-[3

A AR 2y

-damascone, geranyl acetone, [3-ionone, dihydro-

actinidiolide, norsolanadione, neophytadiene,

hexahydrofarnesyl acetone, farnesyl acetone,
megastigmatrienone 52 ¥¥HEEo] =el=9c)
Cembranoid A4 FEA+= dlbutyl phthalate,
8,12-epoxy-14-labden-13-o0l, 11-
hydroperoxy-2,7,12(20)-cembratriene-4,6-diol,
12,15-epoxy—12,14-labadien-8-ol, 2,7,11-cembratrien-
4,6-diol, 8,13-epoxy-14-labden-12-ol 52| 3}3t=
BT

ol BRES HgE ulam PAG Azt Qg

duvatrenediol,

3
zEw g AeAE 28H A2 g2 profile U}
3RRIFs A=
#1Es

Brown, I.C. A method for the analysis of neutral
volatile flavour compounds in tobacco. BAT
GR & DC Report No. T.78, 16.03. 1982.

Demole, E. Chemistry of burley tobacco flavour
(Nicotiana tabacum). Novel constituents and
newer synthesis. International Congress
Essential Oils. San Francisco, USA, 1974.

Demole, E., Berthet, D. A chemical study of
burley tobacco flavour(Nicotiana tabacum) 1.
Volatile to medium volatile constituents.
Helv. Chin. Acta, 55, p. 1866, 1972.

Demole, E., Berthet, D. A chemical study of
burley tobacco flavour (Nicotiana tabacum)
II. Medium volatile, free acidic constituents.
Helv. Chin. Acta, 55, p. 1898, 1972 .

Hlubucek, J.R.,, Aasen, A.J.,, Alinquist, S.O.,
Enzell, C.R. Tobacco chemistry 21. Three
new volatile tobacco constituents of probable
isoprenoid origin. Acta Chem. Scand., 27, p .
2232, 1973 .



Isoe,

o]

ol

o .

f [

S.S., Katsumura, S., Sakan, T. The
synthesis of damascenone and g-damascone
and the possible mechanism of their
formation from carotenoids. Hely. Chin.
Acta, 55, p. 1514, 1973.

ojgm - A7 - A - FAT

Kimlaad, B., Aasen, A., Enzell, C.R. Tobacco
chemistry 12. Volatile neutral constituents
of Greek tobacco. Acta Chem. Stand., 26, p.
281, 1972.

- 94 -



