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ABSTRACT : This study was carried out to determine the relationship between smoke
components and sensory evaluation by changes tobacco leaf blending. Seven different cigarettes
were made by adding different types of oriental, reconstituted and expanded tobacco leaves. 62
kinds of smoke components which were 6 of general components, 34 of semi-volatile and volatile
components, 9 of acid components, and 13 of phenolic components were analyzed. Eight kinds
of sensory item were evaluated and also electronic nose system data was collected. All smoke
components and sensory characteristics of mainstream smoke were changed by the different
blending. To determine the relationship between smoke components and sensory test, the
correlation and regression analysis were carried out by using SPSS statistical program. Tar,
pH, and CO showed a high correlation with sensory evaluation item. As tar related to hotness,
CO have a high correlation with offensive aroma. Semi-volatile and volatile components of
smoke related to sensory characteristics such as aroma, taste, irritation, hotness and smoothness.
When propylene, 1,3-butadiene, butane, isoprene, and 2-methylfuran showed a high correlation
with aroma; methyl chloride, methanol, toluene, ethyl benzene showed a high correlation with
irritation. Some acidic components and phenolic components of smoke also had a high relation
to smoke volume. Especially the acidic components such as 2-furoic acid, 2-hydroxybutyric
acid, phenylacetic acid and palmitic acid; the phenolic components such as 4-vinyl phenol,
pyrocatechol, 3-methyl catechol, hydroquinone showed a high correlation with smoke volume.
As using regression analysis, it was possible to estimate the results of sensory evaluation from
the smoke analysis data. From the results of electronic nose system analysis, we can find the
different pattern by adding expanded tobacco leaf.
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Table 1. Characteristic of tobacco leaf blending

Sample No. Tobacco leaf blending
TB-1 B10 50% + BI1T 50%
TB-2 B10 40% + BIT 40% + Basma 20%
TB-3 B10 40% + BIT 40% + Izmir 20%
TB-4 B10 40% + BI1T 40% + Paper type recon. 20%
TB-5 B10 40% + B1T 40% + Cast type recon. 20%
TB-6 B10 40% + B1T 40% + Expanded stem 20%
TB-7 B10 40% + BIT 40% + Expanded cut tobacco 20%

ISO 845401l 2ls}ed non-dispersive infrared CO
EA71E ol&sle] FAsgin), 1% pH, HCN 2
ammonia ¥ ALY (FF 4 xA T
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Z
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Table 2. Correlations bhetween general smoke components and sensory attributes by different
tobacco blending

General components | Aroma Taste Ofaiirilve Of‘f:iltseive Irritation | Hotness | Smoothness 3:1131];2
Nicotine(mg/cig) 0.2979 | 04624 | -0.1924 | -0.2059 | -0.5002 | 0.0698 -0.2867 | 0.2243
Tar(mg/cig) -0.1969 | -0.0338 | 06059 | -0.2809 | 0.2391 | -0.8026 | 0.5944 0.1235
CO(mg/cig) -0.7484 | -0.6696 | 0.8664 | -0.0122 | 0.7116 | -0.4963 | -0.7353 | -0.3508
Ammonia(ug/cig) -0.0623 | 0.0513 | -0.0945 | -0.3933 | 0.3083 | -0.5397 | -0.0274 | 0.6311
pH 0.5119 | 0.5640 | -0.6877 | -0.0700 | -0.6877 | 0.5424 -0.7290 | 0.2757
HCN(ug/cig) -0.5881 | -0.7171 | 0.5987 | 05361 | 0.7078 | -0.1222 0.6441 -0.5347

* Bold marked correlations are significant at p< 0.05.

ofgfdt &2 A} FAE 2 4 gAY o] AL A EOC 2= propylene, 1,3-butadiene,
SR BB HeAds X3 e butane, isoprene and 2-methylfurane Solv 2=
QoA FEE Hart vk A Azt =2 43E vehe AE2ZE methyl

hulled 7] F9] FubA g Wl Wk QRO o chloride, methanol, toluene, ethyl benzene “E°]t}.
F57F oS- gow, el skal k] A o) A=A propylene, methyl chloride, methanol,
st glom A Hale] ZlAf Yy Hede] & A 1-butene, 1,3-butadiene, butane, cis-2-butene,
—Ev—%i TAECIge. FRde ey o vl 3 furane, isoprene, 2-methyl-2-butene, 1-penten-

BAg zA% ZAa) 3-yne, 2,3-butadiene, cyclohexadiene, toluene,

Table 33} Zgkck. 3P4 ol 0 30 AE 5 ethyl benzene, mp-xylene 3 £9] & A

We EF7h wule) WS4 FS 4e deh nolw Qer BEel® she ethylene, stylenc,
1.

g AT BEEAT AU

Ha gle=dl 53] gl & whll sh 224, ule o-xylene E3 FoAZLS  2-methyl furane,
gt Roelgnt S o] 2 Aoy =4 n-heptane 529 4% & ‘o“-‘(}o vetz gl
Sk WA F gl g gl 8, AL 5 At ATEH @4 TAR FHAY FeH
orE S4e) #ARAE

5
Aslg o EA-des g3t 2R >0.75)

=M & = 2414 + 0.127 x CO

Regression summary : Offensive aroma : CO
R = 0.8664, R® = 0.7507, Adjusted R? = 0.7009

Beta St. Err St. Err.
of Beta B of B t p-level
Intercept 2.4142 0.5363 4.5016 0.0064
CcO 0.8664 0.2233 0.1369 0.0353 3.8805 0.0116
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Table 3. Correlation between volatile & semi-volatile smoke components and sensory attributes by
different tobacco blending

Senn-zg:fgijltsolat% Aroma | Taste Ofalleor:ive Oftfzgts(:ve Irritation | Hotness Snrxl(:;tsh- 3;?3::;
Ethylene 0.18 0.31 -0.57 -0.46 -0.63 0.44 -0.75 0.28
Propylene 0.93 0.93 -0.58 -0.29 -0.74 0.03 -0.45 0.49
Propane 0.51 0.58 0.09 -0.28 -0.49 -0.47 0.19 0.25
Methyl chloride 0.66 0.57 -0.35 -0.07 -0.88 -0.11 -0.12. 0.28
Methanol 0.60 0.57 -0.52 -0.25 -0.92 0.06 -0.38 0.36
Acetaldehyde 0.66 0.56 0.04 0.13 -0.47 -0.40 0.33 0.12
1-Butene 0.68 0.65 -0.26 -0.35 -0.72 -0.53 0.01 0.56
1,3-Butadiene 0.82 0.70 -0.48 -0.19 -0.82 -0.31 -0.14 0.55
Butane 0.83 0.71 -0.49 -0.19 -0.82 -0.31 -0.15 0.56
Cis-2-butene 0.74 0.63 -0.36 -0.23 -0.74 -0.47 -0.01 0.56
Ethanol 0.71 0.69 -0.13 0.04 -0.37 -0.01 -0.04 0.09
Acetonitrile 0.63 0.72 -0.11 -0.44 -0.53 -0.67 0.11 0.57
Acetone 0.39 0.35 0.02 -0.12 -0.66 -0.44 0.23 0.20
Furane 0.78 0.68 -0.40 -0.21 -0.74 -0.44 -0.04 0.58
Isoprene 0.85 0.77 -0.5} -0.20 -0.89 -0.11 -0.27 0.45
2-Methyl-2-butene 0.74 0.72 -0.36 -0.42 -0.74 -0.49 ~0.09 0.64
1,3-Pentadiene -0.34 -0.17 -0.30 -0.44 0.04 0.37 ~0.59 0.15
1-Penten-3-yne 0.92 0.83 -0.49 -0.24 -0.75 -0.34 ~0.16 0.06
Meth-~acrolene 0.74 0.68 -0.26 -0.33 -0.61 -0.64 0.08 0.63
2,3-Butadiene 0.79 0.60 -0.46 0.01 -0.74 -0.24 ~0.07 0.44
2-Butanone 0.46 0.47 0.07 -0.40 -0.23 -0.90 0.34 0.58
2-Methyl furan 0.92 0.90 -0.49 -0.45 -0.64 -0.45 ~0.21 0.75
Cyclohexadiene 0.34 0.67 -0.45 0.01 -0.73 -0.22 ~0.08 0.42
Benzene 041 0.39 0.08 -0.26 -0.49 -0.73 0.34 0.39
Butyronitrile 0.35 0.36 0.08 -0.39 -0.32 -0.86 0.34 0.53
n-Heptane 0.83 0.72 -0.57 -0.28 -0.63 -0.39 -0.20 0.71
Ethyl furane 0.50 0.51 0.00 -0.35 -0.54 -0.69 0.23 0.46
2,5-Diemthyl furan 0.44 0.40 0.08 -0.16 -0.56 -0.62 0.34 0.29
Toluene 0.72 0.60 -0.40 ~0.15 -0.84 -0.31 -0.07 0.47
Cycropentanone 0.81 0.79 -0.29 ~0.41 -0.61 -0.61 0.00 0.68
Ethyl benzene 0.81 0.72 -0.89 ~0.30 -0.82 0.12 -0.66 0.66
m, p-Xylene 0.79 0.68 -0.90 ~0.25 -0.82 0.18 -0.67 0.61
Stylene 0.06 -0.05 0.55 0.24 0.00 -0.76 0.84 -0.07
o-Xylene ~0.12 -0.19 0.60 0.24 0.50 -0.70 0.80 -0.09

* Bold marked correlations are significant at p< 0.05.
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Sl gk = -47.459 + 21.385 x (propylene) - 217.796 x (n-heptane) - 2.083 x (propylene)* +
36.256 x (propylene) x (n-heptane) - 43.095 x (n-heptane)*

Regression summary : Aroma @ Volatile
R = 0.9873, R? = 0.9748, Adjusted R® = 0.9623

Beta St. Err St. Err.
of Beta B of B t p-level
Intercept 1.9124 0.3398 5.6277 0.0049
Propylene 0.6783 0.1017 0.4267 0.0640 6.6685 0.0026
n-heptane 0.4091 0.1017 3.4950 0.8691 4.0216 0.0158

gl gt = 15,212 + 5.258 x (propylene) + 11.317 x (2-methylfurane) + 0.545 x (propylene)* +
1.442 x (propylene) x (2-methylfurane) - 0.89 x (2-methylfurane)’®

Regression summary : Taste : Volatile
R = 0.9648, B’ = 0.9310, Adjusted R® = 0.8965

Beta St. Err St. Err.
of Beta B of B t p-level
Intercept 2.4481 0.5884 4.1606 0.0141
Propylene (4.5931 0.2267 0.3255 0.1244 2.6158 0.0591
2-methylfurane 0.4182 0.2267 0.5012 0.2717 1.8447 0.1388

=4 = 5.078 + 1.331 x (methanol) - 4.597 x (ethyl benzene) + 3.64 x (methanol)® + 19.466 x
(methanol) x (ethyl benzene) - 30.085 x (ethy] benzene)’

Regression summary : Irritation : Volatile
R = 0.9460, R® = 0.8950, Adjusted R® = 0.8425

Beta St. Err St. Err.
of Beta B of B t p-level
Intercept 5,3986 0.1351 39.9574 0.0023
Metnanol -0.6831 0.2339 -0.6391 0.2189 -2.9201 0.0432
Ethyl benzene -0.3265 0.2339 -0.6938 0.4971 ~1.3959 0.2352
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Table 4. Correlation between acid components of TPM and sensory attributes by different tobacco

blending
Acid components Aroma  |Taste Srf(f;;sive gfsftt;nsive Trritation |Hotness i?s(:)th_ iorlnu;: €
Lactic acid 048 047 -0.37 -0.72 -0.12 0.13 -0.47 0.20
Glycolic acid -0.11 0.01 -0.15 0.18 0.17 -0.39 0.07 0.52
2~Furoic acid 0.55 0.65 -0.62 -0.37 -0.49 -035 | -042 0.96
2~Hydroxybutyric acid 0.18 041 -0.23 -0.66 -0.07 -0.44 -0.28 0.74
Levulinic acid 0.49 0.68 -0.40 -0.50 -0.29 -036 | -0.35 0.81
Phenyl acetic acid 0.72 0.73 -0.64 -0.17 -0.54 -0.38 -0.32 0.92
Benzoic acid 0.48 0.58 -0.14 -0.33 -0.33 -0.78 0.10 0.80
3,4-Dihydroxybutanoic acid 0.31 0.39 -0.20 -0.12 0.25 -0.27 | -0.12 0.52
Palmitic acid 0.44 0.54 -0.58 -0.34 -0.20 -0.28 | -042 0.89

* Marked correlations are significant at p< 0.05.

Table 5. Correlation between phenol & catechol components of TPM and sensory attributes by

different tobacco blending

Phenol & catechol Offensive|Offensive| . | Smooth-|Smoke
components Aroma - Taste aroma taste Irritation {Hotness ness volume
Phenol 0.71 0.83 -0.64 -0.44 -0.54 -0.23 | ~0.51 0.88
2-Hydroxy pyridine 0.51 0.61 -0.62 -0.32 -0.36 -0.29 | -045 | 0.92
p-Cresol 0.49 0.67 -0.29 -0.38 -0.39 | -043 | -0.20 0.73
2,4-Xylenol -0.07 -0.05 -0.49 0.26 -0.10 017 | -0.38 0.43
4~Vinyl phenol 0.67 0.73 -0.75 | . -0.23 -0.39 000 | -0.60 | 0.80
Pyrocatechol 0.25 0.37 -0.48 -0.28 -0.07 | -030 | -0.35 | 0.82
Threonolactone -0.74 -0.64 0.67 0.41 0.42 0.19 041 -0.71
3-Methyl catechol 0.32 0.43 ~0.47 -0.23 -0.07 -0.28 | -0.34 | 0.80
Hydroquinone 0.16 0.25 ~0.40 -0.24 -0.33 -0.45 | -0.21 0.82
4-Ythyl catechol 0.24 0.43 ~0.16 -0.24 0.15 -0.22 | -0.20 0.51
4-Vinyl catechol 0.25 0.39 -0.07 -0.02 0.17 006 | -0.17 0.17
Levoglucosane 0.25 0.34 -0.34 -0.16 0.18 -0.21 | -0.26 0.62
Quinic acid-1"-lactone -0.13 -0.02 0.21 0.31 0.39 -0.14 | 0.20 0.04

* Bold marked correlations are significant at p< 0.05.
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Regression summary @ Offensive aroma : CO
R = 0.9554, R® = 0.9128, Adjusted R* = 0.8954
Beta St. Err St. Err.
of Beta B of B t p-level
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