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ABSTRACT

The chemical components of non-blended and blended cigarettes and their smoke have been an-
alyzed to investigate the correlation between them.

Some regression of linear equations were obtained based on the simple correlation data(r), for the
various smoke components such as tar, nicotine, nitrogen dioxide, steam volatile phenols, formaldehyde,
acetaldehyde, acrolein and hydrogen cyanide,

Chi—square tests were carried out to observe the probabilities of the values estimated by the regres-
sion of linear equations.

The probabilities- of the greater values were 0.900-0.999 to tar, nicotine, formaldehyde, acetal
dehyde, acrolein, steam volatile phenols, nitrogen dioxide and hydrogen cyanide of the non-blended
cigarettes, and 0.900-0.999 to tar, nicotine, nitrogen dioxide, steam volatile phenols and static burning
rate (SBR) of the blended cigarettes.
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Table 1,

Varieties, sites and grades of experi-
mental samples,
Varieties Sites Grade*
NC2326 Chungju H:1,35 L:135
By4 Daejeon H:1,35 L:1,35
Hicks Andong H:135 L:135
Valls Chungju H:1,35 L: 13,5
* H : High leaf
L : Low leaf
alchil= F9¢ AAE obf 24 FL 0.9mm

 A7}slod Cigarette making machine (Sanjo
works, 1960) 2.2 Z3| 25mm, ZH°| 60mm”} =
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Table 2. Specifications of blended cigaretie

Ratio of blends (%)
Sample Weight P.D*
No. ) . Reconst Puff, (mg/cig.) (mmH,0)
Valls Br-21 Qrient Tobacco _Stem
1 60 10 10 10 10 960 £10 110 5
2 50 20 10 10 10 960% 10 110 £ 5
3 40 30 .10 10 10 960 * 10 110 £ 5
4 30 40 10 10 10 940 10 110 £ 5
5 20 50 10 10 10 940 + 10 110 £ 5
6 10 60 10 10 10 940 * 10 110 £ 5
7 60 10 15 - 15 960 10 110 £ 5
8 50 20 15 10 C15 960 £ 10 110 £ 5
9 40 30 15 10 15 960 * 10 110 £ 5
10 30 40 15 10 15 940 £ 10 110 £ 5
11 20 50 15 10 15 940 £ 10 110 £ 5
12 10 60 15 10 15 940 £ 10 110 £ 5
13 60 10 15 15 - 960 + 10 10 £ 5
14 50 20 15 15 15 960 10 110 £ 5
15 . 40 30 15 15 15 960 £ 10 110 £ 5
16 30 40 15 15 15 940 * 10 110 £ 5§
17 20 50 15 15 15 940 £ 10 110 * 5
18 10 60 15 15 15 940 * 10 110 £ 5
19 60 10 - 15 15 960 10 110 £ 5
20 50 20 15 15 15 960 % 10 110 £ 5
21 40 30 15 15 15 960 £ 10 110 £ 5
22 30 40 15 15 15 940 £ 10 110 £ 5
23 20 50 15 15 15 940 10 110 £ 5
24 10 60 15 15 - 15 940 £ 10 110 £ 5

P.D: Prossure drop.
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Table 3. Sample comrelation coefficients between variables of tobacco smoke and leaf components

Smoke Dry smoke Nicotine Carbon Formalde- Acetalde- Acrolein Steam, Vol. Nitrogen Hydroge
COMPOMCNt condensate (Total Monoxide hyde hyde(CH; (CH,  Phemols  Dioxide Cyanide
Leaf components (Tar) Alkaloid) (CQ) (HCHO) CHO) CH,CHO) (Phenol) (NO 2) (HCN)
Total Sugar 0.249 0138 -0.114 0046 0331 .0679 0186  -0. 635 0.100
Reducing Suger  0.284  -0.090 -0.122  -0.012 0358 0615 0433 043 o.uss
Crude Fiber 0227 0098 -0229 0372 0013 0851 0222 0221 -0.048
Ether Extract 0.001 0243 0102 0350 0198 0146 0337  0.083 -0.286
SBR 0422 0391 0165 0077 0531 0307 0371 0277 03559
Total Nitrogen 0125 0662 0334 .0047 -0585 0588 0187 0371 oso}
Protein Nitrogen  -0.165 0366  0.158  0.137 -0.517 -0857 0219 0599 0292
Total Alkaloid 0.670 0503 0261 0556 0192 -0.177 0.221 o.ﬂé 0.702
Nom, Allaloid, N -0.095 0435 0305 0001 0853 0635 o0u3 075 0196
Potassium -0.650  -0437 -0.340 0244 -0.553 0470 0458 0238 0620
n=24 (n: xx)
Significant level: ¥  0.05 (5%)
= 0,01 (1%)

**%0.001 (0.01%)
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Table 4. Simple correlation coefficients among smoke and tobacco components

Smoke

Components

Tobacco Tar Nicotine Nitrogen Hydrogen Volatile Forma- Acetal- Arcrolein  SBR
Components Dioxide  cyanide phenols dehyde dehyde

Total N -0.47624 060957 074380 037014 -0.44806 -0.42053 -0.35438 0.06445 -0.5827
Nicotine 0.39074 0.66283 033465 0.08677 0.4008 0.27045 0.03125 0.01752 0.25743
Protein. N -0.24739 -0.02976 0.19329 0.15103 -0.36654 0.01371 -0.03538 -0.51690 -0.42680
GAmino. N -0.28374 -0.20994 059087 052835 032454 0.16644 -0.36625 0.08415 -0.36151
Ammonia N -0.37887 -0.30541 067045 034244 047713 004443 056527 -0.03763 -042865
Nitmte. N 0.52267 -0.66797 0.87335 050150 057785 017950 -0.40513 .0.18864 -0.44063
acid 051640 053551 079016 061546 052377 0108366 048747 026515 04415
Rutin 062702 065361 -0.58390 -0.37941 053655 025094 032430 0.10984  0.55061
K 0.83129 081387 074937 018337 078747 024395 025217 048634 -0.73338
Ca 0.23561 -0.38785 070131 060321 0.05892 -0.08756 -0.62587 0.32764 -0.21890
Mg 070911 071581 089338 040606 0.60968 -0.32605 -0.51008 022799 -0.70706
Mn 067936 068831 090096 043110 -0.64307 020933 047421 -0.19488 -0.70112
Crude Fiber -0.65825 -0.75377 061063 007186 070092 -0.70133 0.11938 -0.58507 -0.71336
Starch 0.61348 059596 -0.34378 002207 053976 026238 003423 025615 041135
TotSugar 070634 0.80f18 078513 038136 055812 026791 042513 0.17884  0.69450
RedSugar 073327 082796 074853 -0.36441 058535 028773 033923 021688  0.69450
Fructoss  0.80861 0.85081 073366 031791 062050 024941 034334 023619 075723
Glucose 0.78584 0.88626 -0.70794 028393 05243} 028745 028208 0.18420 0.68306
Sucrose 0.36531 046022 -0.68861 -0.20780 041462 067061 0.16783 0.14320 0.56215
SBR 087637 073101 -06083¢ -0.20934 0.77406 030103 0.15335 049259  1.00000
n=24

Significance Level: *:0.05 *#:0.01 ***:0.001
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Table 5. Simple correlation coefficients among
tobacco components in the sample I
(Blended cigarette)

K Ca Mg Mn
x:3.70 172 1.70 0.04(%)
Nitrate N. 0 733* 0633" 0844" o0.841"
X:0.073(%) .
n=24
X : Mean

Significant level: **%0.001
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Table 6. Linear formulas for the estimation of particulates in smoke from the chemical values of

tobacco leaf' (Fule-cured).

)}:; Y Regression Equation n Ix? p>
Crude fiber - Formaldenyde Y= 109.7954 + 10.7830X, 22 0.769 0999
Total sugar Y= 94.0548 +11.3031X; +0.5334X; (eq.a) 0.651 0.999
Total sugar Acetaldehyde Y= 385.5553 +16.1222X, 22 5063 0.999
Crude Fiber Y= 240.1150 + 17.0589X; + 15.1604X, (eq. b) 3721 0.999
Crude Fiber Acrolein Y= 47.0978 + 28.3398X; 11 2.860 0.9555
Total sugar Y= -55.2226 +32.1358X; -1.4471X, 2.663 0.955
Total sugar Acrolein Y= 149.8052 + 4.7006X; 24 9008 0.999
Red, sugar Acrolein Y= 155.4073 + 5.6307 X, 24 8354 0.999
Total Alkaloid Dry condensate Y= 14.0001 + 4.1004X, 24 0917 0.999
Reducing sugar Y= 19.6698 +0.0475X, +0.2879X, 1.421 0.999
Total Alkaloid Nicotine Y= -0.6971 +1.1855X, 24 0.134 0.999
Non Ailkaloid. N Y= 09577 +1.1454X, + 0.1980X, 0.127 0.999
SBR Steam Vol. Phenols Y= 20.2300 + 0.4192X, 24 B8.430 0.999
Feducing Suger (X1) Steam Vol. Phenols Y= 115.6783 + 4.8181X, 24 16.471 0.900
Protein. N. Y=-157.6669 + 4,5050X, +266.5041X, 13.773 0.950
Non Alkaloid N. NO, Y= 1.4090 +6.0585X, 24 0475 0.999
Nicotine Y= 7.6030 +0.2696X; +1.7494X, 0.827 0.999 -
Nicotine (Total RCN Y= 207.9661 + 45.3990X, 3.763 0.975

Alkaloid 12
Total. N. Y= 193.3660 + 40.5879X, + 11.3890X, 3.696
Total N. (X1) NO, Y= 5.1439 +0.8399X, 24 0451 0.999

.
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Table 7. Linear formulas for the estimation of particulates in smoke from the chemical values of blend-

ed tobacco. :
2
Smoke Regression Equation i:; ) P>
Comp.
Tar Y = -1.9505 +2.6438 x SBR 0.39 0.999
= 11.3777 + 0.492 x Glucose 0.70 0.999
= 11.3699 +0.4169 x Fructose 0.71 0.999
= 11.3699 + 0.4169 x Fructose 0.71 0.999
= 11.4102 + 0.4140 x Red. Sugar 0.79 0.999
= 11.1677 +0.1361 x Total Sugar 0.82 0.999
= 11.0314 +1.4537 x Starch 0.85 0.999
= 11.2279 + 0.8333 x Chlorogenic Acid 1.28 0.999
Nicotine Y = 0.9178 +0.0783 x Glucose 0.09 0.999
= 0.9251 + 0.0639 x Fructose 0.11 0.999
= 0.9219 +0.0319 x Red. Sugar 0.12 0.999
= 0.8751 +0.0006 x Tot. Sugar 0.15 0.999
= 0.6506 +0.312 x SBR 0.19 0.999
= 0.0703 + 0.5157 x Nicotine 0.23 0.999
= 1.0416 + 1.6191 x Rutin 0.24 0.999
NO, Y = -37.4318+1.277.9180 x Mn 14.36 0.900
= -5.4306 + 29.403 x Nitrate. N 19.43 0.509
= -19.7655 + 50.1376 x Mg 27.97 0.350
= -.33.085 +14.4537 x Tot. Nitrogen 33.78 0.100
HCN Y = 130.0306 +62.9721 xCy 39.02 0.025
= 101.9853 + 299.2254 x a-Amino. N 44.57 0.006
Steam Y = -23.9698 +10.7066 x SER 5.63 0.999
Volatile: = 30.6224 + 1.4683 x Fructose 8.49 0.999
Phenols = 30.5975 +0.7083 + Red, Sugar 9.05 0.999
= 28.6268 + 5.3640 x Starch 9.85 0955
= 25,2065 + 5.2181 x Chlorogenic Acid 10.78 0.990
SBR Y = 51212+0.1294x Fructose‘ 0.19 0.999
= 7.5477-0.5539xK 0.20 0.000
= 7.5937-0.1976 x Crude Fiber 0.21 0.999
= 5.7107 -1.7329 x Mg 0.22 0.999
= 5.1295+0.0609 x Red. Sugar 0.23 0.999
= 5.0330 +0.0693 x Tot, Sugar 0.31 0.999
= 7.377-0.5344 x Tot. N 0.33 0.999
= 5.3572+ 3.1041 x Rutin 0.37 0.999
Formaldehyde Y = 1079.0637 - 77.8721 x Crude Fiber 827.18 -

= 111.7915 + 968.9398 x Sucrose 906.64 -
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Smoke . T x2
Comp. Regression Equation (n=24) P>
Acetaldehyde Y = 1147.8043-172.3872xCa 42.71 0.010
= 9234967 -193.2258 x Ammoaia. N 48.55 -
= 805.5053 + 5.7609 x Tot. Sugar 5781 -
Acrolein Y = 726.2368 - 44.4240 x Crude Fiber 550.83 -
= 358.2129-102.8868 x Protein. N 589.88 -

Table 8. Linear formulas for the estimation of particulates in the sinoke from the chemical values
of particulates in the smoke from the chemical values of blended tobacco

Regression equation zx? | e
Smoke (n=24)
Components
Tar Y = -1.9505+2.6438 x SBR 0.39 0.999
= 11.3777 +0.4792 x Glucose 0.70 0.999
= 11.3699 + 0.4169 x Fructose 0.71 0.999
= 11.4102 +0.1940 x Red. Sugar 0.79 0.999
= 11.1677 + 0.1861 x Total Sugar 0.82 0.999
= 11.0314 +1.4537 x Starch 0.85 0.999
= 11.2279 + 0.8333 x Chlorogenic Acid 428 0.999
Nicotine Y = 09178 +0.0783 x Glucose 0.09 0.999
= 0.9251 + 0.0639 x Fructose 0.11 0.999
= 0.9219 +0.0319 x Red. Sugar 0.12 0.999
= 0.8751 +0.0306 x Tot. Sugar 0.15 0.999
= -0.6506 +0.3212 x SBR 0.19 0.999
= 0.0703 + 0.5157 x Nicotine 0.23 0.999
= 1.0416 + 1.6191 x Rutin 0.24 0.999
NO, Y = -374318+1,277.9180 x Mn i4.36 0.900
= +5.4306 + 29.4043 x Nitrate. N. 19.43 0.500
= -19.7655 +50.1376 x Mg 27.97 0.250
= -33,085 +14.4537 x Tot. Nitrogen 33.78 0.300
HCN Y = 30.0306 +629721 xCa 39.02 0.025
= 101.9853 + 289.2254 x asamino. N 44.57 0.005
5.V Phenol Y = -23.9698 +10.7066 x SBR 5.68 0.999
' = 30.6224 + 1.4688 x Fructose 8.49 0.999
= 30.5975 +0.7098 x Red. Sugar 9.05 0.999
= 28.6268 + 5.8640 x Starch 9.85 0.955

25.2065 + 5.2481 x Chlorogenic Acid 10.78 0.9%0

Y -4 4 P
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Fig. 1. Plots of observed value and estimated value
of tar in cigarette smoke.
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Fig. 3. Plots of observed value and estimated value of
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Table 9. Suggested smoke formation mechanism & precursors

Smoke Main Formation Remarks*

comp. precursors. Mechanism

Tar Red. Sugar Pyrolysis & K, Mg. Mn
Starch, Distillation

Nicotine Nicotine. Distillation & K. Mg. Mn
Nicotine deriv, Some degradation

NO, Nitrate N. Pyrolysis & K. Mg. Mn
a-Amino N. Pyrosynthesis ' Ca,
Ampmonia, N,

HCN a-Amino N. Ca.
Nitrate N.

St. Vol Fructose Distillation & K. Mg. Mn.

Phenols Chlorogenic Acid '
Rutin etc.

* Elements involved in smoke formation mechanism,
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