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Abstract: SDE-GC-MS was used to determine the content of flavor components in flue-cured tobacco leaves of
suitable storage period in Chongging tobacco-growing areas, and descriptive statistical analysis was carried out
for the determined flavor components. Principal component analysis was used to screen the characteristic inde-
xes of flavor components, and the difference significance analysis, multiple comparison and cluster analysis
were carried out for the selected characteristic indexes. The results showed that there were significant differ-
ences in the content of 63 flavor components in tobacco leaves, and the variation coefficients of flavor compo-
nents in upper and middle tobacco leaves were 12. 12% ~59.97% and 10. 41% ~ 73.25% respectively.
There were significant differences in the region, aged time, cultivar, and grade of tobacco leaves, and the
influence degree of different factors were region > aged time > cultivar > grade, but there was almost no signifi-
cant difference among the grades within the position. Characteristic index content of flavor components in
upper tobacco leaves of Fengdu was higher, Fuling was the second, Wulong was the lowest. Characteristic
index content of flavor components in middle tobacco leaves of Qianjiang was higher, Nanchuan was the sec-
ond, Wulong was the lowest. The upper and middle tobacco leaves were divided into three categories. The first
category of upper tobacco leaves includes Fengdu and Nanchuan, the second category includes Wulong, Peng-
shui and Qianjiang, the third category is Fuling. The first category of middle tobacco leaves includes Fengdu,
Nanchuan and Qianjiang, the second category includes Wulong and Fuling, and the third category includes

Pengshui, with high significant differences between categories.
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Table 1 Information of flue-cured tobacco
leaves samples in suitable storage period
PR AR AR ARG M ARy R SR
2014 =46 87 B3F 2013 =497 B2F
2015 =4H 87 B2F 2013 =4H97 B3F
2015 =40 87 B4F 2015 =HH97 BAF
S 2015 =46 87 B3F ok 2015 =HH97 B2F
2014 =)W 87 C3F 2013 =HH97 CAF
2015 =W 87 C3F 2014 =HH97 CAF
2015 =4H 87 CAF 2015 =HH97 C2F
2015 =4H 87 C2F 2013 =HH97 C3F
2015 =46 87 B2F 2014 =HH85 BAF
2015 ZJH 87 B4F 2015 =685 B3F
2014 =687 B3F 2014 {85 B3F
o, 2015 ZJH 87 B3F syt 2015 =685 B2F
2013 =687 C2F 2015 =85 C4F
2015 =87 CAF 2015 =85 C3F
2014 =@ 87 C3F 2014 Z4H85 CAF
2015 =/H 87 C3F 2014 =4H85 C3F
2014 =4H97 B3F 2013 =4H97 B2F
2015 =4H97 B3F 2014 =MW 97 B4AF
2015 =4H97 B4AF 2013 =4H97 B3F
-l 2015 =4W97 B2F e 2015 =4H 87 B3F
2014 W97 C3F 2013 =497 C2F
2015 =MW97 C2F 2014 =HH97 C2F
2015 =MW 97 CAF 2014 =HH97 C3F
2015 =MW97 C3F 2015 =4H 87 C2F

i, 55 [ TEDIA 3 \) 775 LR LWk, (35 4k,
5 %] Sigma-Aldrich 23y ] 7.

{4 : FD115 #E47 , 72 [ BINDER /28w 75
Perten3100 #3 ¥ #1, Hi B Perten ¥ 2% 2 7] 7=
AX504 HL 3B RV (8 0.000 1 g) |, Fij -4
FEEIOA w7 5 [l 2R R 2 U, s KT 4
Mror B A A ) 75 R = 205 Jig§% 25 KA, Hin 1
Buchi 22 w773 SSY - H {H i /K, b —=H B
T A R |7 5 SXKW - 1000 HLHVE , Jb it
Hh YA A S A BR S 777 5 Agilent7890B/5977B
MSD S5k F ( GC-MS) 73 B, 26 [E 2 HE e Fl
He N w]

1.2 #HAkE

M) 22 5, BGE 224 5 BT 40 “C 4t
FAThTRALEE 2 b e, 1 40 H 0, HERRFRHEL
25.0 g HHAKE b, A [R] B 25 18 %< B (SDE ) 2%
H— i) 1000 mL B, A 350 mL {fy
Fl NaCl 5 F1— & T NAME G ( LR
Be), HHE R E G 2 B0 o) — o A
40 mL — 5 I BERy 100 mL 5 i BE i, 75 60 °C
SRR ARIE A, TRl B ZE I AR B 3 hy ZE IR AR B
SERUE ) A ORI AGE £ 8K Na, SO, , +
PRI 7E 40 C oM PUERRSE 2 1 mL, BIFS
R E S
1.3 HERSKEN

YBUIE B VR AW, >R FH AU 2 A A AT
AT, I AS B 2T AL R (NIST14) £ R
PR, I PR T3 B A 0T - B0 B4y
[ AERT 5 &

GC-MS F3 #1 % 1 : 5 3% 41 25 HP - 5MS
(30 m x0.25 mm x0.25 pum) BYE AT ;2L
A He; i 1.0 mL/min; A TR FE 250 °C ;5 Tt
AT R 50 C L, fAFFE 2 min, DL 3 °C/min 3
JETF%E 200 °C {4 2 min, FELL 6 °C/min (155
FEFHZ 260 °C,LREE S min; AR 1.0 pL;
AU LE 10 0 1532 TR EE 280 °C 5 945 551 42 38 B[]
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EHEGEE 35 ~450 amu.
1.4 HIEAIE

K Excel 2010 1 DPS17. 107" #4347
A€ P LIRSTES i s T BP0 B DAl B & W i
TR YEGE T 538 5 5k 8053 4 B s 2k A 7 3k
B T RFEAE AR A% , AR ) SR A A R X i
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R BT B 8 A A 2 DR 2 R

HE B EEFER. H 8 R R &S
W IR AR BRI R 28, 2 265 PR 28 U 5 W 7 ) 5
& AL 2 E B SR AT GC-MS Jy 0
VAR DX 3 ELIC A MR B8 A A TR AR PR
AT, S5 R L 2. f 2 2 AT, A
MK 63 FhEE L, o B2 Ak,
T IR AR, SN 2 742,99 ng/g A
3413.02 pg/g, % TR & &A%, 700 N
0.27 pg/g M10.61 pg/g;63 FhEE HITEF R
BOm e B o 8ok 12, 12% ~ 59. 97% Hi
10.41% ~73.25% , 6 - H 3L -5 - (1 - H
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Table 2 Descriptive statistical results of flavor components of flue-cured tobacco leaves in suitable storage period

R Hr ANt

W Aoy FHE H/ME SN | 5 FHE H/ME BRE 5 5

pg g ) /(pgog ) /(ugg) B /(pgeg ) /(pgeg ) /(g g ) REV%
%, R 3.44 1.64 6.68 38.21 1.97 1.07 3.10 25. 04
%, BT 1.42 0.27 2.73 39.82 1.02 0.61 1.55 27.51
% CE 4.37 2.96 5.73 16.31 4.02 3.10 4.96 14.13
% T 0 i 11.90 6.95 18.07 21.51 16.09 8.48 24.54  26.90
% 3 — O I R 3.49 2.21 5.15 21.00 3.38 1.94 4.74 20.23
% B 212.66 130.38  285.33 21.32 217.73 135.07  274.88  23.35
% e 139.90 93.15 182.89 15. 64 121.40 91.12 169.81  14.77
v 4—IRE -1.3 - i 61.01 43.90 77.79 16.77 63.03 47.92 81.84  15.10
% 2(5H) - Wk 49.69 33.26 73.90 19.78 37.78 22.61 49.35 17.38
Yo 5 — g 11.14 7.63 15.60 19.50 11.22 7.70 15.47  21.88
o, Sl 3.47 2.12 5.45 27.29 311 0.66 5.91 41.12
2 5 — F Bl 27.77 13.94 40.36 19. 54 17.96 13.38 2.2 12.48
. L B4 10.59 5.10 19.90 37.80 13.88 7.74 22.80  30.84
X4 3 — M 8.75 5.99 11.74 21.34 8.52 5.48 1253 22.04
s 2 — g 15.05 8.21 20.79 2.11 12.66 5.52 17.29  25.50
X R L R 1 475 5.88 3.78 7.92 19.13 6.50 3.57 10.62  25.98
P R 165.87 105.23  226.29 20.00 129.37 64. 34 170.97  21.77
Xig K 106. 60 68. 14 136.34 19.75 86.40 48.89 121.68 19.39
o 2 - Z kL 97.81 75.39 118.78 13.30 9. 42 53.87 145.00  21.62
%  2-WH -1 4-F"W  57.06 31.09 79.37 29.29 60. 68 35.13 78.25  25.21
%, AR 7.48 5.51 10.17 17.80 6.30 4.88 10.27  20.54
. e 18.18 9.73 26.98 24.08 17.60 8.99 25.62  21.53
Yy 3 - Z R 18.16 9.83 26.28 20.25 14.97 10.91 18.57  15.32
4 7 144.51 93.56 206.27 19.93 102.96 61.40 141.08  19.72
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R2(4%)
A T A

Wy S % R H/IMHE S YNE] AR R =/MH S yNE] A

Spgrg ) /(pgeg ) /(pgg™) REUE  /(pgog ) /(perg ) /(pgeg) REU%
Nps N = 3L -2 — g ag 9.21 6.33 14.29 20.65 8.14 5.95 16.39 28.95
%6 HA 6.53 4.13 7.83 15.69 5.46 3.66 7.40 14.53
Xy alpha — By 6. 44 3.67 9.62 26.75 5.50 2.44 7.86 29. 84
Xog 2,3 = ARk 33.40 16.13 53.03 30.28 30.97 14.00 43.08 30.59
ty 7 Zutt%ﬁ‘_“z‘?_%ééli T 30.07 23.92 40.22 14.97 27.59 20.15 34.32 14.31
X IS 31.94 19.59 48.99 24.76 24.14 13.24 32.99 20. 83
X, Xif LA A B A 120. 62 62.25 191.35 34.25 112.28 40.08 170. 83 33.13
X5 Al 6.87 3.06 11.40 29.42 6.07 3.44 8.65 27.54
X3 i 506. 04 186. 15 669. 98 22.72 363.47 204. 54 521.19  21.22
Xy AL 216.62 155.84 269.27 14.22 256.32 125.93 337.44  22.31
%35 ;%ﬁi%gigg;’j@_% 201.41 158.95 239.18 12.12 191.91 144.57 230.03 10.41
X 2 S P 62.29 42.21 91.77 21.10 58.57 43.07 79.72 16.64
Xy B - 45 T 24.62 15.54 36.08 23.19 20. 65 11.32 27.72 24.75
X 2.3 ‘T:g%}}gﬁfm 82.46 23.36 134.46 31.10 68.34 23.80 105.91 26.81
Xy O ﬁ%g_‘l i%ﬁ@‘ﬁz"?’ T 76.34 45.60 103.59 25.59 74.52 27.90 108.38  34.25
X0 AU M S 243.25 171.36 356. 56 20.01 216.87 154.15 276. 44 18.07
Xay B 5 0 A 104. 58 81.88 129.83 14.65 85.12 66. 66 106.25 14. 48
Xy 3-fTH -4 -BIEEREE 128.90 96. 64 157.92 12.57 132.07 99.50 171.78 16. 48
X3 B 5 = J%H B 471.44 312.23 653.84 20.04 364.53 255.62 538.12  20.38
g B 5 =0 C 69.22 50.52 91.74 18.04 53.35 39.09 75.23 16.70
N5 A-FI-B- “HKDE] 211.85 167.22 294.41 17.93 239.36 171.32 333.09 18.82
X B =KD 373.23 244.74 499.77 19.53 292.63 199. 18 423.01 18.50
Xy - %%‘_4; %HEE 133.47 83.57 246.07 27.98 141.42 91.19 196.01 16. 40
Xgg (+) -l 35.87 7.37 91.89 54.78 13.90 1.88 50.47 73.25
X 9,10 - A - RRKMHE 231,92 99.41 350.86 29.00 141.72 60.25 211.69  33.08
5o BEA 2 36.27 10.79 109. 67 59.97 18.87 6.16 42.28 46.23
xs,  WEAKR2-2HCE  161.46 82.96 287.39 28.80 87.00 41.67 122.63 24.60
Xe KN G 463.74 235.82 753.87 28.61 238.35 101. 44 386.39  29.73
X3 G 1998.03  1528.74  2742.99 16.69 2394.29  1839.91 3413.02 17.16
L e 33.05 16.76 49.05 21.81 24.61 13.22 33.29 25.11
Xss o JR HE PR 59.08 38.01 75.33 18.04 72.16 60. 33 87.82 11.04
X TR R FE S 143.40 69.41 227.15 26. 16 180. 50 119.33 286.77  24.93
X5y ey 597.87 374.61 811.19 19.79 761.01 529.34  1036.72  19.09

1,5,9- =HH-12-(1-
xsy HIZHE) —4,8,13 -+ 817.91 403.91 1233.47 28.08 792.31 441.46 991. 66 14.82
=H-1,3- 2

sy E=tLE 210.28 118.30 327.51 26.62 236.40 122.92 333.14 19.52
X0 T 3R G 180. 83 94.62 255.16 26.01 216.73 143.06 369.05 28.94
X1 0 PRI FE S 529.40 230.52 824.82 33.65 569. 61 185.32 758.48  23.12
e Tl Ja 7 v 393.58 168. 64 704. 49 35.95 412.57 200. 32 566. 61 21.29

X3 AR 646.38 365.71 1216.58 38.61 662.53 345.92 962. 63 21.34
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Table 3  The significance analysis of characteristic indexes of

flavor components in tobacco samples from different regions,aged time and cultivars

ESRE YN e L
o R B R [ X Ny S
X T <0.001**0.002** 0.003** 0.851 | x5 3 — Wk FH 0.036" <0.001** 0.12  0.241
vg 4K -1,3 - i <0.001° *0.009" “*<0.001 “*  0.882 % b <0.001**<0.001** 0.018*  0.275
X3 LB <0.001°70.006" " 0.003""  0.%49 || x HIIROARE  0.002** 0.085  0.059  0.975
Xy 2 — s FH <0.001 £0.001"* 0.005"* 0.79 || xp oy 0.059  0.012* 0.015° 0.039"
Xy K 0.014* 0.012° 0.164 0.33% || 3 - LA RE 0.008** 0.007** 0.476  0.367
Xy &{_ﬁﬁ‘fiﬁ%ﬁ <0.001770.027*  0.005°" 0.729 | = il <0.001** 0.995  0.005** 0.073
Ty i 0.00° 0.034° 0.002°" 0.803 | %?{T:;)%—I}gﬂ_ﬂ <0.001°" 0.395  0.03°  0.120
Yy BRI 0.003°70.015"  0.031"  0.349 || x4 Fi G =0 B 0.031°  0.044"  0.020°  0.469
X 9,10 - JBiA - K <0.0017%0.0057F 0.001* " 0.835 || % 9,10 - A - KM 0.001° *<0.001°* 0.567 0.377
Yo AR R 0.001"*0.001"* 0.009"" 0.673 || s FRAEER T 0.011* 0.337  0.006  0.450

FE TR AR 0.05 F10.01 KFERBE. TR
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Table 4  Multiple comparison results of characteristic index

contents of flavor components in upper tobacco leaves from different regions ne/'g
. 7

i IS A R W W Bk B
X6 BT 255.956" 169.166" 239.467" 248.648" 185.424"  177.295"
g 4 - Ak -1,3 - 65.207"  50.865°  75.741°  64.148"  56.434"™  53.649"
3 FH 2 B A 10.874™  7.318"  17.152*  12.530" 8.023 7.671°
s 2 — Nk F 17.178"  11.938"  18.351"  18.411"  12.292" 12.115"
Xy R 117.345"  95.320™ 114.765™ 129.844"  89.762° 92.545°
Ny 3 - FE-4-FIE-TH-mMg -2,5- "H 29.055™ 26.880°  38.414"  31.229"  27.606° 27.243¢
X33 it 626.811" 387.776° 571.612" 523.059" 488.741"™  438.258"
X3y 5 KR 206.863™ 195.176"™ 244.472" 246.476" 192.747°  193.961°
£ 9,10 - & - K M4 286.563* 159.030° 303.311° 281.172° 187.942"  173.486"
g0 IR H R 202.479"  136.460" 207.980" 221.016" 152.557"  144.509"

ERPFE AT AR A MR TR R ER AL E (P >0.05) ; JOAN R 7B A A AR 5 i, RoR 27 3 (P <
0.05) ; “FREME AR W AR E , 2R 22 7 B3 (P <0.01). R,
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Table 5 Multiple comparison results of characteristic index contents of
flavor components in middle tobacco leaves from different regions we/'g
7
SR B - .~ - ;
F48 B b 2] Bk T
%5 3 — g F 3.778" 3.139* 3.418° 3. 685" 2.505" 3.782°
X i 257.607" 180.832°'  210.863"™ 251.222" 144.041'  261.795*
%16 FH LR 65 B 7.135* 7.358" 7.280" 6.167° 3.736" 7.313"
X by 19.430"  15.531" 16.644"  16.426"  15.454" 22.108°
X3 3 - LR nE 15.522%  13.324° 13.950"  17.690*  13.060° 16.276™
X33 i B 383.972™ 277.536°  314.107* 338.944"' 396.911""  469.354°
%y 2,3 - T"HIE - (3-FfLTIH) OB 83.541"  42.390¢  59.100°  70.502™  65.312° 89. 169*
e B & =) B 277.481°  440.249*  364.139" 365.284% 397.789"  342.249™
P 9,10 - A - HEM % 163.773® 112.100*"  134.956™ 197.950*  83.751%  157.764™"
s FRAE IR H 213.971"  146.449"  173.055™ 200.585" 133.074"  215.856"
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Fig.1 Clustering analysis results of flavor components

in upper tobacco leaves of suitable storage period
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Fig.2  Clustering analysis results of flavor components

in middle tobacco leaves of suitable storage period
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Table 6 The significance analysis on the content of flavor components

among categories of upper tobacco leaves in suitable storage period ne/g
HF BRI Pl B Bk B
%6 B <0.001"" 252.30° 177.29" 239.47°
g 4 - -1,3 - R <0.001"" 64.68" 53.65° 75.74°
X3 FH 25 05 T <0.001"" 11.70" 7.67° 17. 15
X5 2 — N H <0.001"" 17.79* 12.11° 18.35°
Xy R <0.001"" 123.59° 92.55" 114.77*
X 13}1_—%%__42_,?_%:@@ <0.001"" 30. 14" 27.24° 38.41°
X3 Hiti ) 0.009"" 574.93" 438.26" 571.61*
X3y eI <0.001"" 236.67" 193.96" 244.47°
g9 9,10 - BiA - SR <0.001"" 283. 87" 173.49" 303.31*
g VY 2 T <0.001"" 221.75° 144.51" 207.98*
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Table 7 The significance analysis on the content of flavor
components among categories of middle tobacco leaves in suitable storage period ne/g

i5ES HE RS P K %k o2k
%s 3 — WK B <0.001"" 3.75" 3.28° 2.51"
%5 by i <0.001** 256. 87" 195.85" 144.04°
T FH LR 30 T <0.001" " 6.87" 7.32° 3.74"
Xy g 0.075 19.32° 16.09* 15.45"
X3 3 - Z W Fnk g <0.001"" 16. 50" 13. 64" 13.06"
%33 TR <0.001*" 397.42° 295.82" 396.91°
2,3 - “HIZE - . . b ,

ow (3 - GCTIE) - FFOLH <0.001 81.07 50.75 65.31
Xy3 B S =5 B 0.050 328.34" 402.19° 397.79*
Xy 9,10 - B - FR 47 <0.001*" 173. 16 123.53" 83.75¢
s FRAE IR H I <0.001"* 210. 14* 159.75" 133.07"
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