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Aroma components based traceability characteristics of main
tobacco planting areas in Chongqging

LIU Jian-li' ,CHEN Tao',ZHU Xiao-wei' , WANG Qian”,
YANG Shi-hua’, YUAN Tian-jun’, HOU Ying®

(1 Chonggqing Corporation ,China National Tobacco Corporation ,Chongqing 400023, China;2 Chongqing Tobacco Quality
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Abstract: [Objective] The contents of multiple aroma components in tobacco were used as original da-
ta to study the feasibility of understanding traceability of Chongqing tobacco origin by multivariate statisti-
cal analysis method and screen out valid indicators for discriminating tobacco origins. [Method) Gas chro-
matography-mass spectrum (GC-MS) apparatus was applied to detect contents of 70 aroma components in
147 flue-cured tobacco samples of 4 varieties ( Yunnan tobacco 87, Yunnan tobacco 97, K326 and Guizhou

tobacco No. 4) from main tobacco planting areas in Chongqing (Wuling Mountain Area of Southeast, Mid-
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dle and West of Chongqing Region, Three Gorges Reservior Region, Qinling-Daba Region of Northeast).
Then,the data were analyzed by different methods including variance analysis, principal component analysis
(PCA) ,partial least squares-discriminant analysis (PLS-DA) and stepwise regression discriminant analysis
to select valid indicators for discriminating tobacco origin. A discrimination model was built and its accuracy
was verified. [Result)] The contents of aroma components in tobacco samples from different areas of
Chongqing were different. Eleven indicators including phenethyl alcohol, 3-methyl-2-butenal, 2-pyridylalde-
hyde,4-pyridylaldehyde, furoic acid, 3-hydroxide-2-butanone, 2-methyl-tetrahydrofuran-3-ketone, 1-(3-pyri-
dine)-ketol, pulegone,p-ionone and methyl linolenate were screened from 70 aroma components as indica-
tors for effective discriminating tobacco origins by variance analysis, PLS-DA combined with variance im-
portance in the project (VIP),and stepwise regression discriminant analysis. The return test discrimination
accuracy and cross check distinguishing accuracy of established discrimination model using these indicators
were 92. 5% and 90. 5%, respectively. [Conclusion) The contents of aroma components in combination
with multivariate statistical analysis method could be used to discriminate tobacco origins.

Key words: tobacco;aroma components; Chongqing;traceability characteristics; GC-MS
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Table 1 Sampling sites and number of tobacco samples from main tobacco planting areas in Chongqing
i X, Region P& X Area 1y %1 Number BB Total
WAL ZE B X A&t Wushan 15 97
Qinling-Daba Region of Northeast Ak E Wuxi 12
S X Z275 Fengjie 9
Three Gorges F#B Fengdu 9 30
Reservoir Region 77 )1l Wanchuan 12
£ #: Shizhu 18
gL X i Wulong 12
Wuling Mountainous # K Pengshui 18 75
Area of Southeast BT Qianjiang 12
P§FH Youyang 15
e ont West ik Fuling : 15
Chongqing Region # )1l Nanchuan 9
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Table 2 Aroma components in flue-cured tobacco samples from main tobacco planting areas in Chongqing pg/g

T2 A ‘ JK}I%E[J.IIAA‘ ?@W"‘?ﬁ@iﬂllﬁ =R X ?ﬁﬁ‘fﬂﬁ%ﬁﬂilﬁ
Chemical component Wuling Mountainous l‘\/IlddleAand W§51 Three AGorge's lemngaba
Area of Southeast Chongging Region Reservoir Region Region of Northeast
3-H 3&-1-T ¢ 3-methyl-1-butanol 0.224 24+0.0115b 0.110 840.014 8 a 0.129 54+0.010 7 a 0.307 240.050 8 ¢
RS Furfuryl alcohol 0.3224+0.009 9 b 0.257 44+0.014 6 a 0.294 140.009 7 a 0.349 14+0.017 2 b
4 1 Benzyl alcohol 3.756 04+0.145 3 b 2.502 740.182 3 a 2.472 740.090 4 a 3.273440.2382b
5} i Linalool 0.150 34+0.008 5 a 0.261 04+0.012 7 ¢ 0.179 64+0.009 7 b 0.133 940.007 8 a
7K .1 Phenethyl alcohol 1.478 2+0.077 0 b 1.622 3+0.108 7 b 1.160 4+£0.044 1 a 1.129 540.085 6 a
SR B D B 0.2151+0.0125 b 0.318 140.040 4 ¢ 0.171 34+0.013 7 a 0.180 340.012 4 ab

3-oygen generation-q-violet alcohol

sFFEHE Thunbergol 3.836 04+0.139 0 a 5.924 24+0.748 9 ¢ 5.647 140.386 7 be 4.722 3+0.363 6 b
i Phytol 2.2391+0.094 7 a 3.906 5+0.388 5 ¢ 2.6801+0.1697 b 2.383 840.128 5 ab
P51 =% — B Cembratrienediol 9.663 040.6855 a 15.660 8+3.364 3 b 13.43234+1.7251b  11.898 31.228 6 ab
W Phenol 0.079 2+0.003 2 a 0.159 7+0.012 4 ¢ 0.115 7+0.008 3 b 0.078 4+0.004 1 a
2-H B 2-methyl phenol 0.037 940.001 8 a 0.111 4+0.005 9 ¢ 0.084 1+0.008 1 b 0.043 3+0.003 3 a
4-H B2 iy 4-methyl phenol 0.120 040.009 6 b 0.217 140.021 5 ¢ 0.128 740.011 7 ab 0.084 1£0.008 3 a
2-F 45 32K ) 2-methoxy-phenol 0.059 6+0.003 2 a 0.2335+0.017 7 ¢ 0.124 240.007 9 b 0.054 6+0.003 5 a
# I bIMER Benzo [b] thiaphenol  0.088 740.001 7 a 0.247 9+0.013 1 ¢ 0.156 1+0.007 8 b 0.097 0+0.003 0 a
giﬁijfﬁ%ﬁfﬁol 1.437 3£0.049 0 b 1.289 1+0.072 6 b 1.083 44+0.046 9 a 1.291 3+0.048 2 b
gifeﬁfligjﬁfne aldehyde 0.121 540.004 3 b 0.098 4£0.010 1 a 0.103 340.006 9 ab ~ 0.142 840.011 0 ¢
C B Hexanal 0.076 8+0.002 1 ab 0.069 5+0.004 5 a 0.068 4+0.003 2 a 0.073 0+0.004 4 a
MERE Furfural 1.542 340.041 1 ¢ 0.946 4+0.040 6 a 1.093 940.036 9 a 1.3850+0.074 6 b
2-ik g FH @S 2-pyridylaldehyde 0.055 7+0.001 1 a 0.140 3+0.006 5 ¢ 0.109 1+0.007 5 b 0.063 3+0.002 1 a
ZE W B Benzaldehyde 0.104 540.003 5 b 0.143 740.010 3 d 0.120 240. 005 3 ¢ 0.082 540.003 0 a
5-H B BEEE 5-methyl furfural 0.064 040.002 7 a 0.114 040.008 4 b 0.099 1£0.007 4 b 0.057 540.003 6 a
;:jﬁiﬁﬁnﬁaldchydc A 0.173 3+0.013 4 a 0.195340.014 7ab  0.202 440.015 0 ab  0.256 3+0.069 7 b
ﬂ%ﬁiﬁormaldewde A 0.099 8+0.002 9 a 0.194 9+0.009 4 d 0.150 2+0.007 4 ¢ 0.116 2+0.005 8 b
1$?Eﬁj’£%rmaldehyde 0.030 7+0.001 7 a 0.104 6+0.008 3 d 0.070 0+0. 005 2 ¢ 0.046 0+0.004 9 b
% % Phenylacetaldehyde 0.331140.0301 a 0.480 440.098 6 b 0.270 440.025 4 a 0.250 540.033 4 a
T-f#% Pelargonaldehyde 0.166 4+0.006 4 a 0.384 3+0.020 5 ¢ 0.276 94:0.014 7 b 0.181 2+0.011 4 a
ggifyﬁﬁe Adehde 0.205040.006 7a  0.3605+0.0158 ¢  0.261040.0150b  0.243 80.0157 b
AL Safranal 0.128 1+0.003 5 a 0.298 5+0.012 8 ¢ 0.179 1+0.008 0 b 0.131 3+0.007 1 a
| PUfE Tetradecanal 0.865 040.041 0 b 1.195 34+0.185 6 ¢ 0.816 840.064 6 ab 0.687 84+0.039 7 a
B2 Furoicacid 0.120 340.003 5 a 0.190 940.011 4 ¢ 0.174 140.008 1 be 0.154 140.009 4 b
P 5 5% i Myristicacid 0.169 3+0.008 3 a 0.227 5+0.023 2 b 0.147 1420.018 3 a 0.163 9+0.012 8 a
KRR Palmitic acid 2.801 340.211 3 a 2.644 540.889 0 a 3.993 94:0.656 9 b 2.573 440.282 1 a
1-1%}5-3-Fi 1-pentene-3-ketone 0.599 3+0.020 2 b 0.280 7+£0.0191 a 0.377 3+0.021 5 a 0.629 1+0.038 8 b
3-¥23£-2-T i 3-hydroxy-2-butanone 0.094 840.003 7 0.050 7£0.005 7 a 0.052 04+0.002 1 a 0.093 440.004 8
fﬁ%ﬁylftthhydmfuranig?kctonc 0.131 840.004 3 b 0.094 140.006 7 a 0.099 140.004 9 a 0.144 240.010 8 b
gizii;lt;i;f:flifdikewne 0.157 840.005 0 b 0.174 4£0.012 0 b 0.166 9£0.009 0 b 0.139 7£0.005 0 a
iﬁggﬁ)ﬁe%;sﬂ Ketone 0.339 140.0135 a 0.464 240.029 5 b 0.408 0£0.016 3 b 0.3312£0.0215a
}E;g?ﬁ;i@l Ketone 0.064 040.002 5 a 0.193 140.005 5 ¢ 0.101 340.005 6 b 0.059 240.003 2 a
AL 53k JR i Isophorone oxide 0.262 140.009 3 a 0.393540.027 4 b 0.253 540.011 7 a 0.260 84+0.012 1 a
191 78 faf B Pulegone 0.093 640.002 4 a 0.212 940.008 5 ¢ 0.121 6£0.006 4 b 0.108 740.005 3 ab
#i i Solanone 11.295 240.530 6 a 14.114 741.3922 b 13.5651£0.7605 b  13.441 5+1.228 5 ab
B-K il B-damascenone 4.319 5+0.128 6 a 6.465 9+0.299 4 ¢ 4.966 2+0.197 5 b 4.137 5+0.199 3 a




% 8 3

) A5 < B T BOE B 43 (Y TR S B R A D0 YRR AR BT 5

97

4% 2 Continued table 2
P FRPAIITES LIRS SRR Y AN
Che IT ! ot Wuling Mountainous Middle and West Three Gorges Qinling-Daba

ermicat componen Area of Southeast Chongqing Region Reservoir Region Region of Northeast
. — A 5
Bf%j(tﬁﬁlﬁl . 1.160 6+0.042 1 a 2.052 6+0.155 7 ¢ 1.3955+0.0720 b 1.149 0£0.064 8 a
B-dihydrogenmalaysia ketone
Fr £ A fil Geranylacetone 0.947 64+0.024 9 a 1.831 8+0.100 9 ¢ 1.3150+0.0621b 1.009 1£0.039 7 a
B4 W 22 B-ionone 0.5333%0.013 2 a 1.003 740.042 9 ¢ 0.678 740.021 2 b 0.553 7£0.016 7 a
E U‘:ﬁgﬁ A 1.111 0£0.031 8 a 1.871 7£0.156 8 b 1.102 4+0.056 8 a 1.026 7£0.047 1 a
Megastigmatrienone A
EL“:%@H B 4.988 740.128 6 ab 8.876 5+0.774 2 ¢ 5.283 540.259 6 b 4.460 84+0.183 1 a
Megastigmatrienone B
E‘M‘A‘%ﬁﬁg . 1.2205+0.036 1 a 1.771 2+£0.153 2 b 1.1156£0.057 4 a 1.126 3+£0.043 0 a
Megastigmatrienone C
]f{y_—,ﬁﬁlﬁl D 4,946 8+0.133 4 a 8.5857£0.8321b 5.236 84+0.253 9 a 4,649 7£0.198 7 a
Megastigmatrienone D
2,3,6-= M J-1,4-2%
2, 3, 6-trimethyl-1, 4-naphthalene 0.569 440.022 7 ab 1.032 9+0.082 8 ¢ 0.655340.056 1 b 0.472 840.026 1 a
diketone
# AR+l Solavetivone 0.5753£0.0617b 0.521 8£0.063 8 b 0.298 7£0.0355 a 0.440 7£0.056 4 b
A WHTNE A Farnesyl acetone A 5.523 1£0.154 7 b 8.471 240.435 3 ¢ 6.021 540.357 8 b 4,622 440.145 4 a
M BE Pyridine 0.072 440.002 2 ¢ 0.055 740. 006 3 ab 0.047 84+0.001 9 a 0.069 940.003 9 be
215 -l 2-amyl-furan 0.252 840.006 3 a 0.321 140.010 0 b 0.295 840.010 3 b 0.259 940.009 2 a

R IREN
Z’TS fiz’:#%um 0.248 60.009 0 b 0.287 3£0.017 6 b 0.195 0£0.009 8 a 0.206 6£0.013 7 a
2,3-dihydro coumarone
5] Benzpyrole 0.331 940.009 5 a 0.491 440.043 8 b 0.328 4£0.018 2 a 0.311 1£0.013 5 a
3-(1-F 3£ 2, 38) (THD mt s [3, 4-b ]
i g ] )
391 5+0. 3@ .562 9+0. . 2 +0. a . 383 3+0. E

3-(1-methyl ethyl) (1H) pyrazole 1.391 540.041 3 a 1.562 9+0.066 0 b 1.298 60.044 7 a 1.383 340.044 6 a
[3.4-b] pyrazine
2,3"-WEnkBE 2,3'-Al pyridine 0.169 0£0.008 5 a 0.305 740.0205 b 0.194 3+0.0115 a 0.192840.040 1 a
 Anthracene 0.612 440.055 8 a 0.814 740.071 4 b 0.509 340.041 2 a 0.554 440.082 4 a
T W lE Butyrolactone 0.135440.004 3 b 0.121 340.009 5 ab 0.119 740.006 3 a 0.112 440.006 5 a
AR EBE N TR Dihydroactinidiolide 0. 750 540,019 6 a 1.292 1£0.042 0 ¢ 0.925740.0327 b 0.762 0£0.031 8 a
A & 5% R g Methylmyristate 0.136 1£0.006 9 a 0.287 1£0.026 1 b 0.154 1£0.017 6 a 0.124 740.008 8 a
AR — i — T i
?BAX*E’EM# T 4.161 440.1051 a 5.418 9£0.313 7 ¢ 4.633 64+0.171 3 b 4.086 8+0.147 2 a
Dibutyl phthalate
15 2 1 i Methylpalmitate 1.721 9£0.056 5 a 3.301 640.299 5 ¢ 2.070 740.108 9 b 1.621 8+0.094 1 a
AR £ T Ethyl palmitate 1.330 1+£0.063 0 a 1.869 9+0.208 9 b 1.637 6+£0.1104 b 1.141 0+£0.077 5 a
KR FH i Methyl linolenate 6.151 5+0.3150 a 9.9382+1.0388 b 6.059 740.380 9 a 6.604 0£0.420 0 a

TE A B B bR e 22 7 R L TR AT B R AR S TR/ T 5 B R R R — R AR TR S [ 7 X T) A 3 P 22 Sk (P<C0. 05) .

Note:Data in this table are “means® SD”. Different letters in each row mean significant difference between different regions (P<Z0. 05).
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Fig. 1 Principal component scores of different aroma components in tobacco from main tobacco planting areas in Chongqing
A is the PCA score of 66 parameters;B is the PCA score of 33 parameters selected by VIP;
The axis of /[ 1],2[ 2] and ¢[ 3] mean the first,second and third principal component scores
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Table 3 Cumulative contribution of variance of principal components of different aroma components in tobacco

from main tobacco planting areas in Chongqing %
FEYN 77 22 5Tk % Variance contribution
Principal component 66 AN ¥ 33 W VIP>1 N ) 1} I{ﬁ#ﬂﬂ”ﬁi‘fl%
66 factors 33 VIP>>1 factor 11 discriminated effective factors

1 33.58 34. 10 45. 39
2 14. 42 16. 38 16. 80
3 6.07 8.23 8.72
4 3.96 5.90 8.02
5 3.39 4.19 4.98
6 3.34 3.27 4. 06
7 3.22 2.70 2.72
8 2.45 2.23
9 1.93 2.12
10 1. 89 2.06
11 1.56
12 1. 50
13 1.23
14 1.12
15 1. 07

R T R 80.73 81.18 90. 69

Cumulative variance

F4 HEHMNERTEHEEMER VIP E>1 HHBER S
Table 4 Aroma components of VIP value greater than 1 had been selected in tobacco from main tobacco

planting areas in Chongqing

[ 31%y A i A (1% g i d A

Chemical component VIP Chemical component VIP
HBERR Furoicacid 1. 366 i AL Safranal 1.111
A W a7 B Pulegone 1. 344 2- WA Ke-Z8 ) 2-methoxy-phenol 1.103
RS Furfuryl alcohol 1.338 il Solanone 1. 101
4 % Benzaldehyde 1.222 T AL 2-methyl-tetrahydrofuran-3-ketone 1. 087
K I[b]BEM} Benzo [b] thiophene 1. 205 7K B % Benzyl alcohol 1. 081
1-(3-ME g ) -2 i 1-(3-pyridyD -ethyl ketone 1.194 AL R B Isophorone oxide 1.077
3-H B-1-T [ 3-methyl-1-butanol 1.187 2,3- A A Ik 2, 3-dihydro coumarone 1.074
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4% 4 Continued table 4
Chemical component VIP Chemical component VIP

3-¥23-2-T i 3-hydroxy-2-butanone 1.175 2-M I K5-1,4- T 2-cyclopentene-1,4-diketone 1. 044
MV FE 12 FF iR Methyl linolenate 1.170 AN IE FFE 4-pyridine formaldehyde 1.038
2-ME g B i 2-pyridine formaldehyde 1.169 1-1% 4#5-3-F 1-pentene-3-ketone 1.031
5-F JLHEREF 5-methyl furfural 1.163 2-7% -1l 2-amyl furan 1.027
2,6-T 4% 2,6-nonyldiene aldehyde 1.162 2-H HFE W 2-methoxy-phenol 1.027
BERE Furfural 1. 150 ﬁ*%‘f'&”é@l]ﬁ] f-ionone 1.023
3-F JL-2- T 4 3-methyl-2-butene aldehyde 1.148 FE M2 Palmitic acid 1.018
% Z, % Phenethyl alcohol 1.129 B & =48] C Megastigmatrienone C 1. 006
1H-1 1% -2-F i 1 H-pyrrole-2-formaldehyde 1.117 T N g Butyrolactone 1. 003
Mg Pyridine 1.114
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BrE R AT . A iE— 2P R A SR LA 46 b T 45 4
7 b ) 53 A B BT AT PR SR SPSS 19. 0 F) 4 X i
TERY 33 TRUECA B3 HEAT 434 E— 5 0 32 1 X 4 A
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70. 984X, —114. 158X, +92. 523X, — 60. 974X, —
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WP P X .Y, = —98. 604 — 11. 958X, —
18. 118X, — 122. 566X, + 103X, — 106. 025X, —
223. 956X, + 167. 626X, + 193. 682X, +
393.971X,+86. 166X, +2. 092X ; 5

=k XY, = — 40. 128 — 6. 034X, —
18. 662X, — 5. 349X, + 123. 859X, + 23. 99X, —
117. 427X, +107. 066X, —97. 195X, +185. 19X, +
61.683X,,+0. 855X, ; (6)

WMAEILZEE K.Y, =—39. 323—5. 808X, +
75.71X, —155. 533X, +136. 816X, — 15. 095X, —
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Table 5 Discriminant analysis of flue-cured tobacco samples from different regions in Chongqing
| J& 25 ) Predicted group membership
A - KRB Rl RN MRS ‘ 35 ait
BiH 17 Wuling Middle and Iree Gorses SRS it NERE E# /%
Item Index Mountainous West T Ié’cc (xor_gcs Qinling-Daba Total Single Total
Area of Chongqing Ii‘\er.V)Olr Region of correct correct
Southeast Region eglon Northeast
68 0 0 7 75 90.7
VLo 0 15 0 0 15 100. 0
lﬁlfﬁgﬁﬁ i1 %t Count ? 92.5
Original 0 0 29 1 30 96. 7
3 0 24 27 88.9
67 0 0 8 75 89.3
LU 0 15 0 0 15 100. 0
Cross- 1%k Count i _ 90. 5
validated 0 0 29 1 30 96. 7
5 0 0 22 27 81.5
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Fig. 2 Score of discrimination function of different
aroma components in tobacco from main tobacco
planting areas in Chongqing
The axis of £[1],¢[ 2] and ¢[ 3] mean the first,
second and third principal component scores
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