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Relationship between Appearance Quanlity and Deliveres of Main Harmful
Compounds in Mainstream Smoke from Flue-cured Tobacco Leaves
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Qujing, Yunnan 655000, China; 3. Linyi Tobacco Company of Shandong Province, Linyi, Shandong 276000, China; 4. Liangshan
Tobacco Company of Sichuan, Xichang, Sichuan 615000, China)

Abstract: 218 samples of flue-cured tobacco leaves of representative area in China were collected to investigate relationship between
major appearance characteristic and deliveries of harmful compounds in mainstream smoke of flue-cured tobacco leaves. Variance
analysis was used to study the difference of deliveries of tar, nicotine and seven harmful ingredients (carbon monoxide, benzopyrene,
phenol, hydrogen cyanide, NNK, ammonia, crotonaldehyde) in mainstream smoke between different characteristic of maturity, color,
body, oil, leaf structure, color intensity of flue-cured tobacco leaves. Results showed that color, body, leaf structure of tobacco leaves
had significant influence on deliveries of harmful compounds in mainstream smoke, but that of the maturity, oil and color intensity had
a little influence .The deliveries of tar, nicotine, phenol, ammonia, hydrogen cyanide in mainstream smoke of orange tobacco leaves
were greater than that of lemon tobacco leaves. In general, the deliveries of nicotine, phenol in mainstream smoke of fleshy tobacco
leaves were larger than that of less thin tobacco leaves. With the tobacco leaves structure tending to be loose, The deliveries of tar,
nicotine and phenol in mainstream smoke were significant decrease, and the deliveries of crotonaldehyde were significant increase.
Keywords: flue-cured tobacco; appearance characteristic; mainstream smoke; harmful compounds
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Table 1 Difference in the deliveries of main harmful NNK
compounds in mainstream somke from tobacco leaves of
different maturity
- t P
(mg-g")21.63:2.84  20.09x2.05 1.0185 0.3206
fmg-gl)  2.33£055  2.55£136 05305 0.6016
Amg-g!)  25.66+3.26 2591555 0.1216 0.9044 P 0.05
[ng-g!) 21.50£5.64  17.61£2.14 13344 0.1971
lpg-g!) 42955476 4338551 0.16  0.8745
Mug-g!)  29.05£5.59  28.30+2.86 0.2565 0.8002
NNK/(ng-g!) 581269  475£2.16 0.7376 0.4693
Aug-g™) 14.39+2.82  14.73£2.64 0.2225 0.8262
Aug-g') 141.51225.87 130.64+26.080.7594 0.4565 3
/(mg-g)21.95£1.82  23.02+3.24 08843 03905 Table 3 Difference in the deliveries of main harmful
/mgg!)  234:0.46 2.37+0.68 - 0.1098 09141 compounds in mainstream somke from tobacco leaves of
(mg-gh) 25804331  27.12+4.92 0.6618 0.5182 different body
(ng-g') 1842177  19.77£4.19 0.9435 03604
Apg-gh) 31.00£1.61  30.70£2.19 03241 0.7504 F P
Npggh)  2820+648  30.80+9.18 0.6842 0.5043 (mg-g")21.89£2.93 21.40£2.41 22.40:3.57 035 0.703
NNK/(ng-g')  8.95+5.61 6.48+2.54  1.0091 0.3289 [mg-g!) 2.08£0.74 2.67+0.79  3.20£0.56  9.23 0.000
Augg") 6.95:1.39 9.03£3.40  1.8148 0.0896 Amggl) 24445371 26612284 27.84£2.89 444 0017
Apg-g) 119.83£32.44 110.12+23.740.6415 0.5309 lng-g?) 20365596 22.1455.16 2027:2.69 064 0.531
fmg-g")23.38£2.30  21.98+0.98 14056 0.1802 fugg!) 43.176.08 40.82£522 38.11£561 284 0.068
fmgg") ~ 2.14£043  2.10:062  0.1423 0.8888 fugg)  28.16:7.59 3461£1156 37.00+11.15 405 0.023
Mmgg!) 25604312 25.67+2.73 0.0439 09656 NNK/(ng-g') 5.5242.81 6.93+4.37 9.08+547 3.03 0.057
/ng-g') 22764475  21.60+£5.58 0.4547 0.6558 Aug-g™) 14.01+2.47 17.36+4.41 18.53+5.34 7.12 0.002
Apgg') 26268251 29.32+4.10 1.919  0.0742 Auggl) 14343£2743147.45£25.81145.09435.520.10  0.903
Mpgg!)  3119£7.16 41.03£19.88 1.5054 0.153 /(mg-g!)20.63£2.94 21.94+1.53 22.44x2.78 14 0252
NNK/(ng-g")  8.70+3.88 9.13+4.05  0.2169 0.8312 /mg-g!) 1.59+0.39 2.38+0.58 329+1.18 15.1 0.000
ngg™h 1018£2.81 12.20£7.09 0.8475 04101 [mg-g!) 23.0333.55 28214329 30.15:5.84 88  0.001
HCN/(ug'g)) 1345433042 115.20+30.791.2475 0.2314 logg!) 1687347 17765493 233041168 24 0.105
5 Apg-g!) 46.02£5.16 49.16x4.49 40.82+7.56 4.4  0.022
. . o ) fuggh)  24.04+4.47 32.38+7.75 45391378 164  0.000
Table 2 D}fferepee in the deliveries of main harmful NNK/ (ng-g') S81£332 745649 873:589 09 0402
compounds in mainstream somke from tobacco leaves of ng-g) 12.62+1.75 15.9943.97 20.58+6.41 10.6 0.000
different color fugg!) 159.0:34.1 19844530 22321064 2.8  0.077
t o P (mg-g1)22.93£3.28 21.53£1.72 21.18+2.52 0.89 0.430
Amg-gh 209 218 15257 31 0-137 mg-g') 1912044 2208028  3.12053  13.84 0.000
fmg-g’") 2218358 31 0.001 [mg-g') 2583325 2543:2.54 29.0043.19 237 0.122
/(mg-g™) 45 231 2391 31 0.024 /ing-g!) 2236£540 2423£585 2736£9.13 094 0410
/(ng-gh) 189 187 03125 31 0.757 fug-g') 4419513 40.994553 37.08:4.04 322 0.064
fpggh 421431 10463 3L 0304 fuggh) 3314619 42801470 47.08:4.44 391 0039
lngg") 293 246 43974 3l 0.000 NNK/(ng-g') 5724232 7.174531 9.209.88 058 0.568
NNK/(ng-g™) 6.1 5.1 12169 31 0.230 Aug-g) 19.21+10.2821.73£9.03  23.78+10.59 0.36  0.705
Mg g") 13712040132 31 0.000 fug-g') 180.1:65.3 1915447.8 17145545 0.18 0.833
fpg-g! 1723 1543 22844 31 0.029
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Table 4 Difference in the deliveries of main harmful
compounds in mainstream somke from tobacco leaves of

different structure

F P

21.1542.65 22.1642.77 21.23+342 0.52 0.599

[(mg-g™)
(mg-g?) 3.18£0.95 3.26£0.65 1.88+0.59  42.3 0.000
[mg-g) 26.62+4.78 27.94£3.04 2274395 13.6 0.000
A(ng-g")20.65£4.77 21.11£3.99 19.16:5.61  1.06 0.349
Aug-g')34.66+5.07 36.82£7.55 40.13+5.77 5.98 0.004
Aug-g) 4137£12.24 38.78+11.49 25.93+7.73 249 0.000
NNK/(ng-g') 6.64+2.47 9.54+5.63 5274250 115 0.000
Aug-g!)  16.10:4.09 20.25:4.88 12.91+3.90 20.7 0.000
Aug-g')157.82+41.77178.83£33.31154.55+35.67 2.66 0.075
23.8442.61 21.2542.67 20.73+2.88 5.34 0.007

M(mg-g™")
(mg-gh) 335:1.23 3.13£090 1.89:0.60  19.8 0.000
(mg-g) 29.77+4.57 27.73+3.87 2325:4.12 123 0.000
/(ng-g1)22.6049.93 20.72+3.50 17.03+3.43  5.77 0.005
(ug-g')40.46+6.79 38.4248.90 45.86+5.18 6.85 0.002
Aug-g') 4554£9.81 38.35£7.41 26.71%6.11 353 0.000
NNK/(ng-g') 11.18£7.40 8.704549 6.41+4.03 435 0.017
fugrgh) 17758590 15.12:3.44 11.72£3.17 119 0.000
A(ug-g1)221.45+44.55183.15249.06176.06+42.96 4.73 0.013
21.26+£3.78 22.03+2.25 23.1942.54 1.41 0.257

A(mg-g™")
(mg-gh) 2.62£0.82 2.81£0.52 2.07:0.64 443 0.019
/(mg-g') 27.83+4.86 27.83+2.84 253143.32 2.09 0.133
/(ng-g1)23.8243.45 22.8749.32 22.13:497 020 0.821
Aug-g')36.48+6.42 3553£6.49 41.71+556 4.14 0.024
Aug-g') 4532+5.72 44.67£10.58 31.82+11.04 6.48 0.004
NNK/(ng-g') 5.64+2.54 9.07+7.99 6.86£4.54  0.75 0.479
fuggh)  18.14x3.02 21.07:9.67 16.99+8.43 0.69 0.510
ug-g1)196.3+59.65 188.5:49.29 209.0455.82 0.43 0.651

P 0.05

P 0.05

P 0.05
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Table 5 Difference in the deliveries of main harmful
compounds in mainstream somke from tobacco leaves of

different oil
t P

(mg-g') 22594275 2129361 1.097 0279

/(mg g™ 2.23+0.78 2.19+0.72 0.142  0.888
Amg-gl) 25458390 23774436 1.140 0.260
/(ng-g™") 20.07+6.29 19.43+4.65 0.366 0.716

/ upgg'  40.65:553  40.18£521  0.253  0.801
/(ng-g™h 29.98+8.47 27.17+£7.25 1.077 0.287
NNK/(ng-g™) 5.00+£3.08 5.46+2.21 0.547 0.587
ngg") 14.65£533  13.60+4.69  0.624 0.536
/ ngg! 178.85+48.06  150.24+33.25 2.229 0.031
(mg-g') 2244+3.67  21.70:2.07  0.692 0.495
(mg-g') 2135074 213046  0.011 0.992
(mg-g!) 2537457 25194341 0.113 0911
/(ng-g™") 18.89+3.13 18.00+3.48 0.599 0.554

/ pgg! 47.53+4.86 47.70+£3.72 0.102 0.920
ng-g™) 28774686  28.1246.05 0243 0810
NNK/(ng-g"") 5.71+1.05 7214496 0783 0.441
ug-g") 11.20£2.58  12.3343.67 0752 0.458
/ ngeg! 193.33£50.82 187.44+42.88 0.305 0.763
/(mg-g) 24.08+1.82 22.34+1.83 1.906 0.075

/(mg g™ 2.32+0.43 2.03+0.48 1.213  0.243
Amg-gl)  2743£2.04 24814281 2.022 0.060
(ng-g")  21.23+1.16  22.68+5.87  0.591 0.563

/ g 4075692 42455493 0.604 0.554
/(ng-g™ 36.0749.32 34.21+14.85 0.278 0.785
NNK/(ng-g™) 5.50+1.68 6.95+4.11 0.821 0.424
/(ng-g™h) 15.23+£3.13 17.58+£8.68  0.635 0.535
/ ngg! 226.98+51.67 186.43+41.66 1.801 0.091
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Table 6 Difference in the deliveries of main harmful
compounds in mainstream somke from tobacco leaves of
different color intensity

t P
/(mg-g™) 21.66+3.08 21.40+4.09 0.238 0.813
/(mg-g™) 2.15+0.67 2.01£0.45  0.805 0.426
A(mg-g™) 24.28+4.13 23.05+£3.75 1.023 0.312
/(ng-g™") 20.39+5.38 18.21+4.14  1.472 0.149
/(ug-g™ 40.98+5.35 39.30+4.83  1.073 0.289
Nng-gh) 26.07+7.08 28.43+6.99 1.101 0.277
NNK/(ng'g™) 5.15+2.79 5.35+2.06  0.267 0.791
/(ug-gh 12.90+3.48 13.88+5.34  0.722 0.475
Nng-g™) 147.54+30.81 168.34+45.34 1.780 0.083
/(mg-g) 21.9342.59 21.76+2.43  0.138 0.892
A(mg-g™) 2.15+0.57 2.04+0.29  0.431 0.670
/(mg-g™h) 25.20+3.88 24.72£2.43  0.264 0.794
/(ng-g™") 16.80+2.19 16.00+4.37  0.55 0.601
Anggh) 47.5143.62 47.48+5.52  0.015 0.989
f(ug-g™h 28.13+6.48 29.26+5.41 0.363 0.719
NNK/(ng-g™") 7.03+4.50 6.32+4.75  0.320 0.752
Mng-g™h 12.01+£3.78 12.06+1.83  0.030 0.977
f(ug-g™h 184.72+43.19 208.44+52.22 1.081 0.289
/(mg-g") 22.94+1.99 23.53+1.80 0.53 0.61
/(mg-g™h) 2.10+0.55 2.22+0.17  0.44 0.67
/(mg-g™) 25.32+2.98 27.53+1.53 141 0.18
/(ng-g™") 21.56+4.38 21.35£2.50 0.09 0.93
/(ug-g™ 42.37+6.11 41.55£3.73  0.25 0.81
Nng-gh) 34.03£15.31  37.1543.23  0.40 0.70
NNK/(ng'g™) 5.77£1.90 8.48+6.87 1.35 0.20
/(ug-gh 15.86+8.29 19.30£3.29 0.80 0.44
Npg-g?! 192.62+50.06 232.52+30.41 1.49 0.16
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