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The Quality Estimation of Different Tobacco Types
Examined by Headspace Vapor Analysis
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Table 1.
Number of tobacco samples.

Flue-cured Burley Oriental

USA 9 USA 6 Greece 4

Brazil 9 Brazil 3 Turkey 3

China 1 Malawi 3 Yugo 2

Zimbabwe 3

Italy 1

Mexico 1

Kenya 1

Mix 1

Total 19 19 9
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Table 2.
Factor loadings of ten attributes.

Attribute F1 F2

Aroma 0.9783 0.0139

Taste 0.9595 0.0419

Offensive aroma 0.9781 -0.0262

Offensive taste 0.9874 0.0464

Irritation 0.9693 -0.0346

Smoothness 0.9763 -0.0384

Smoke volume 0.9680 -0.0146

Smoke expanse 0.9882 -0.0003

After-taste 0.9750 -0.0084

Flavor note 0.0196 0.9995

Eigenvalue 8.567 1.007

Cumulative variance 0.857 0.957

Figure 1.
Scattergram plots for the first and second principal
components (PCA of smoke panel sensory attributes
against tobacco type).
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Table 3.
Comparison of reproducibility under different conditions ((CV (%) = standard deviation / average × 100).

Test for heating temperature (°C) (heating time: 40 min const.)

Burley Flue-cured Oriental

Peak# 70 80 90 100 70 80 90 100 70 80 90 100

4 6 1 6 8 4 4 1 2 6 5 3 3

11 14 7 5 0 6 6 4 4 2 9 5 4

45 20 2 8 2 20 3 1 7 18 6 4 4

50 2 1 2 2 5 4 1 5 25 7 4 6

58 6 3 1 3 3 1 2 2 4 5 1 4

65 23 12 1 2 15 2 4 4 26 20 2 2

avg. 12 5 4 3 9 3 2 4 14 8 3 4

Test for heating time (minutes) (heating temp. : 90 °C const.)

Burley Flue-cured Oriental

Peak# 10 20 30 40 10 20 30 40 10 20 30 40

4 3 4 7 2 6 4 6 1 3 13 6 3

11 8 5 5 3 3 3 7 4 11 1 4 5

45 9 2 5 1 16 2 2 1 14 1 2 4

50 4 2 5 2 2 1 5 1 9 5 2 4

58 4 1 6 2 8 2 2 2 21 9 4 1

65 20 6 5 12 20 1 4 4 48 32 5 2

avg. 8 3 5 4 9 2 4 2 18 10 4 3

Figure 2.
Tests for heating temperature (a) and heating time (b) of a flue-cured sample.
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Figure 3.
Chromatograms of the flue-cured (a), Burley (b), and Oriental (c) tobaccos HSV.
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Table 4.
Selected compounds for PCA and result of factor loadings.

Peak # Compound    F1    F2    F3    F4   F5

1 Acetaldehyde -0.076 0.217 0.790 -0.024 -0.228

2 Propanal 0.879 -0.377 0.031 -0.020 0.133

4 2-Methylpropanal 0.282 0.340 0.688 -0.219 0.282

5 Acetone 0.877 -0.356 0.148 -0.106 0.004

6 Methyl acetate 0.068 0.802 0.383 0.286 0.152

7 2-Methylfuran 0.931 -0.285 0.095 -0.038 0.069

8 Butanal 0.482 -0.792 0.115 0.153 -0.039

9 2-Methyl-2-propenal 0.803 -0.554 0.045 -0.008 -0.042

10 3-Methylfuran 0.882 -0.037 0.276 -0.014 0.082

11 Methanol 0.070 0.739 0.480 0.298 0.223

12 2-Methylbutanal -0.446 -0.493 0.630 -0.075 0.045

13 3-Methylbutanal -0.295 -0.634 0.661 -0.079 -0.053

15 2-Propanol 0.904 -0.321 0.029 -0.107 -0.074

16 Ethanol 0.417 0.190 0.045 0.598 -0.268

17 3-Buten-2-one 0.887 -0.158 -0.135 -0.052 0.118

18 2-Ethylfuran 0.946 -0.209 -0.028 -0.066 0.099

19 Diacetyl 0.070 -0.597 0.404 0.237 0.215

20 Pentanal 0.709 -0.091 -0.005 0.488 -0.005

24 Hexanal 0.668 -0.534 -0.329 0.252 -0.008

26 Butanol -0.675 -0.448 -0.038 0.466 -0.032

27 1-Penten-3-ol 0.896 0.180 -0.013 0.088 0.175

33 2-Pentylfuran 0.018 -0.173 -0.130 0.818 -0.136

45 Acetic acid 0.712 0.448 0.038 -0.199 -0.142

46 Furfural 0.627 0.647 -0.088 -0.024 0.075

47 2-Ethylhexanol -0.154 -0.523 -0.118 0.092 0.671

50 Benzaldehyde 0.517 -0.122 0.532 0.067 -0.120

58 Solanone 0.522 -0.438 0.129 -0.313 -0.404

63 Benzyl alcohol 0.610 0.664 0.049 0.225 -0.074

64 Nicotine -0.633 -0.584 0.351 0.079 -0.197

65 Neophytadiene -0.756 -0.106 0.480 0.152 0.117

66 Benzeneethanol 0.608 0.588 0.346 0.044 -0.141

Eigenvalue 12.506 6.641 3.542 2.127 1.171

Cumulative variance 0.403 0.618 0.732 0.801 0.838
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Figure 4.
Scattergrams of samples plotted for the first and second principal components (a) and for the first and third
principal components (b) (PCA of headspace analysis components against tobacco type).

Table 5.
Results of multiple regression analysis.

Attribute R2  R**2 Se
   Variables appearing

+ �

Flavor note (Total) 0.925 0.899 0.782 Butanal Hexanal

Nicotine Furfural

Benzyl alcohol 2-Methylpropanal

1-Penten-3-ol

Smoking quality (Total) 0.761 0.677 0.770 Furfural 1-Penten-3-ol

3-Buten-2-one

Benzyl alcohol

Diacetyl

Acetaldehyde

2-Methylbutanal

(Flue-cured) 0.929 0.843 0.377 Pentanal 2-Methylfuran

Acetaldehyde 2-Methylpropanal

Acetone 1-Penten-3-ol

Solanone

(Burley) 0.927 0.858 0.555 Diacetyl 2-Ethylfuran

2-Methylbutanal 1-Penten-3-ol

Benzaldehyde

2-Methyl-2-propenal

(Orient) 0.977 0.952 0.267 Acetaldehyde Methyl acetate

Benzyl alcohol
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Figure 5.
Smoking quality score vs. estimated value calculated by each model: (a) total samples; (b) flue-cured; (c) Burley;
and (d) Oriental.
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