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Study of Pyrolysates of Flue-Cured Tobacco Leaves and Stems
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Abstract To further understand the effect of tobacco stems in tobacco blend a detailed com-
parative study of chemical components of tobacco leaves and stems before and after combus-
tion was carried out. Pyrolysis of tobacco leaves and stems was carried out by a CDS Pyrolyser
2000 coupled to a Finnigan 8000"°" Gas Chromatograph and a Voyager Mass Spectrometer GC-
MS . A modified apparatus of pyrolysis was used to emulate the behavior of combustion of cig-
arette. A set of pyrolysis conditions was also developed that approximated those occurring in
the pyrolysis region of the burning cigarette. The conditions included heating the sample at 20
C/ms from 30 C to 300 C 600 C and 900 C in air and their pyrolysates were analyzed by
GC-MS. The results indicated that the values of routine chemical constituents in tobacco leaves
and stems were obviously different. The pyrolysates belonged to numerous classes of com-
pounds such as hydrocarbons alcohols phenols aldehydes ketones nitriles alkaloids etc.
The kinds of pyrolysates of tobacco leaves and stems were positively related to the pyrolysis
temperature levels. On the other hand at the same temperature level the types of the pyroly-
sates from the tobacco leaves were much more than those from the tobacco stems.
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Table 1 Average values of routine chemical constituents in 40 tobacco leaves and stems
Sample Contents/% Conten ratios
PEE TS TRS TN N cl K Protein TS/Protein TS/N  TN/N
Tobacco leaves  5.97 28.25 25.48 1.77 2.09 0.23 2.10 8.8l 3.22 13.50  0.85
Tobacco stems ~ 2.19 19. 04 16. 01 1.52 0.52 1.31 4.89 8.95 2.13 36.96  2.94
SD 0.32 2.56 1.54 0.23 0.55 0.095  0.03 0.95 0.55 2.53  0.20

PEE petroleum ester extracts TS
deviation.

total sugar TRS

total reducing sugar TN

total nitrogen N nicotine SD standard
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Fig.1 The total ion current chromatograms of pyrolysates of a tobacco leaves and b tobacco stems at 900 °C
2 3
600C 900°C
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Table 2 The absolute peak areas of pyrolysates of tobacco leaves and stems at three temperature levels
o mi C q Tobacco leaves Tobacco stems Similaritv? /%
min ompoun imilarit;
B P 900 C 600 T 300 C 900 C 600 C 300 C v 0
5.23 acetic acid 91265 56070 - 398026 440827 1265205 70
7.29 pyrrole 241947 197186 - 153388 - 119047 96
7.59 toluene 220284 183929 - 151984 - - 96
9.11 furfural 676923 469375 379025 432424 167362 1665987 97
9.29 furan 3-methyl- 227496 127331 - 353471 - - 86
9.67 furanmethanol - - 50807 64736 - 684955 72
9.83 ethylbenzene 71403 69589 - 42834 - - 90
10. 10 benzene 1 4-dimethyl- 229285 180561 - - - - 94
2-cyclopentanene-
10.50 . 129257 63456 69032 185970 66646 1237480 86
1 4-dione
10.70 styrene 277454 204127 - 191539 - - 92
2-methyl-2-cyclopent-
11.20 245552 62353 - 310245 - - 84
ene-1-one
13.00 furfural 5-methyl- 777073 252895 180680 606143 68143 1054951 86
13.40 phenol 5143886 298586 281595 4583322 132091 510613 92
14.00 benzene 1 2 3-trimethyl- 182291 171702 - 96292 - - 91
14.10 benzofuran 266982 109921 - - - - 68

15.10 L-limonene 935957 1152238 - - - - 81
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Table 2 Continued
o i c q Tobacco leaves Tobacco stems Similaritv? /%
min ompoun milar

B P 900 T 600 C 300 T 900 C 600 C 300 C A am

15.50 hyacinthin - 492345 79291 695660 146537 111850 64

15.70 phenol 2-methyl- 3493714 1330758 - 482047 - 84510 97

16.30 phenol 4-methyl- 5340827 2247213 - 6977010 - - 96

16.90 phenol 2-methoxyl- 663962 505454 38297 1288685 - - 81

17.40 phenol 2 3-dimethyl- 950705 568433 - 1482457 71090 - 78
3-phenyl-2-

17.50 124606 - - - - - 69
propylenealdehyde

18.20 phenol 2-ethyl- 725899 418188 - 1661643 50495 - 86

18. 40 benzonitrile 804246 360144 - - - - 91

18.50 phenol 2 4-dimethyl- 2405788 1089783 87355 5901979 629084 - 94

18.70 1H-indene 3-methyl- 939149 435659 - 835902 - - 86

19.00 phenol 4-ethyl- 4371112 1806980 - 5728610 - - 91

19.30 phenol 2 4-dimethyl- 842000 422640 - 1259719 - - 74

19. 60 phenol 6-methyl- 2-ethyl- 537330 - 150732 794155 - - 82

19.70 naphthalene 2843398 1068024 - 1414416 374267 - 96

20.10 phenol 2 3 6-trimethyl- 411131 96187 - 680484 - - 79

20.30 benzofuran 1 2-dihydro- 2000480 1179516 - 1036298 - - 94

20. 40 benzofuran 4 7-dimethyl- 505020 469745 - 909303 - - 71

20. 60 5-hydroxymethyl furfural 1830906 284956 812521 3857273 3814881 767205 72

20.80 phenol 5-methyl- 2-ethyl- 1267498 489481 - 3863465 - - 86

21.10 benzenpropanenitrile 1008474 471281 - - - - 87
naphthalene 1 2-

21.40 . 848223 805409 - - - - 76
dihydro-3-methyl-

21.60 hydroquinone 821054 161134 - 3081033 454142 - 62

21.80 isopropylphenol 522513 - - - - - 68
2 3-dihydro-1H-

22.10 X 1241254 116250 - - - - 72
indene-1-one

22.30 indole 3163099 1740234 44424 1892392 - - 91

22.40 naphthalene 2-methyl- 1377187 996658 - 941297 - - 96

22.70 2-methoxy-4-vinylphenol 1270161 168480 109119 3981180 87479 115234 78

22.90 naphthalene 1-methyl- 1334824 224171 - - - - 94
2 3 5 6-tetramethyl-2 5-

23.10 . K 515400 168796 - - - - 76
cyclohexadiene-1 4-dione

23.60 nicotine 4400778 4763592 2465310 2552381 2658532 1268978 91

23.70 solanone 880156 952718 493062 510476 531706 253795 90

24.40 3-methyl-1 H-indene 3507900 1549459 - 1911441 - - 89
naphthalene

24.80 . 1215532 1014977 - - - - 68
1 8-dimethyl-
phenol 2-methoxy-

25.50 1388186 - - 1722356 - - 72
6- 1-propyl

25.63 3 6 10-dodecatrenacetone 623478 550246 - - - - 76
benzene 1 4-

25.80 . 1188402 291886 - - - - 64
cyclohexandien-1-yo
benzenemethyltrile

26.40 . 741332 750484 - - - - 73
2 4 6-trimethyl-

26.70 butylated hydroxyluene 1156627 148275 - 902528 1083015 39810 76

27.90 megasigmatrienone 775951 645977 - 663301 32137 - 82

28.20 9H-fluorene 763812 223817 - 847709 - - 88

28.50 anthracene 636812 499269 - 457274 - - 78
3 4'-dimethyl-1 1'-

28.80 . 591256 468455 - 273771 66516 - 72
diphenyl-

29.40 1-octadecene 330138 - - - - - 68

29.80 17-octadeceneal 529565 - - 251950 - - 71

31.70 neophytadiene 9047712 7626237 3057685 673444 615368 194620 86

For retention time see Fig.1

2 Obtained by matching with the NIST98 or WILEY275

mass spectral library data.
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