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Discriminant analysis of aroma types of upper leaf in flue-cured tobacco
based on chemical constituents and aroma components

ZHAN Jun, ZHOU Fang-fang, DENG Guo-bin, MAO Chun-tang, BAO Chong-yan,

RAO Jun-chen, ZHANG Xiao-long"
(Yunnan Reascend Tobacco Technology (Group) Co. Ltd, Kunming 650106, China)

Abstract: In order to distinguish characteristics styles of aroma types of flue-cured tobacco upper leaves and establish
mathematical model for judgment of aroma types, contents of chemical constituents and aroma components in flue-cured
tobacco were analyzed which were based on 65 samples (B2F) from 11 main tobacco production provinces of China.
Stepwise discriminant analysis was applied to discriminate tobacco leaves based on 67 chemical constituents and aroma
components and the discriminant function was established. The results showed that total contents of aroma components in
middle aroma type were the highest, followed by clean aroma type and then the full aroma type. There was little
difference among the highest contents of aroma components in the three aroma types. And contents of total sugar and
reducing sugar in clean aroma type were very significantly higher than those in the other two aroma types. Difference of
chemical constituents and aroma components exited in certain dominated aroma type. Besides, there were diversity and
difference in the aroma type of flue-cured tobacco of the same region. The results of discriminant analysis indicated that
12 neutral aroma components (total sugar, reducing sugar, 3-methyl-1-butanol, 2-pyridinecarboxaldehyde,
2,4-heptadienal, 2-ethylpyridine, nonanal, phenethyl alcohol, benzo[c]thien, menthone, butylated hydroxytoluene,
3-oxo-a-ionol) were used in the discriminant function and found discriminant model. Self-validation method and

Cross-validation method were applied to reevaluate the original sample. The accuracy of reevaluation was 100% and
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98.33%, respectively. The other 19 samples were predicted by this model, the accuracy of predicted samples for the 3
kinds of aroma types (clean aroma type, middle aroma type, full aroma type) were100%, 100%, 83.33%, respectively.

Key words: flue-cured tobacco; upper leaf; chemical constituents; aroma components; aroma types; discriminant analysis
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Table 1 Descriptive statistics of neutral aroma components from flue-cured tobacco
1% 1% 1% K-S
(x1) 1.950 3.930 2.760 0.448 0.701 -0.189 0.087
(x2) 18.600 41.00 30.102 4.900 -0.343 —0.175 0.862
(x3) 1.510 2.460 1.953 0.236 0.054 -0.721 0.923
(x4) 15.400 31.10 22.815 4.044 0.110 —-0.903 0.837
(xs) 6.940 12.14 9.225 1.270 0.123 -0.618 0.670
*2 PHEEIEREFVERERSEIT
Table 2 Descriptive statistics of main aroma components from flue—cured tobacco
/ / / K-S
(ggh) (ggh  (uggh
1- =3— (x6) 0.065 1.396 0.497 0.388 0.938 —0.380 0.004
3— -2— (x7) 0.142  0.601 0.346 0.105 0.358 —-0.070 0.861
3— —-1- (x3) 0.117 1.234 0.468 0.258 0.640 -0.191 0.408
(x9) 0.033  0.359 0.126 0.067 1.796 3.645 0.042
(x10) 0.050 0.411 0.193 0.083 0.700 0.104 0.632
3- -2— (x11) 0.070  0.373 0.203 0.081 0.451 —0.826 0.230
(x12) 0.048 0.269 0.122 0.044 0.760 0.773 0911
(x13) 0.043  0.590 0.166 0.105 1.601 3.529 0.124
(x14) 0.522 5.109 1.962 0.682 1.780 6.540 0.403
(x15) 0.067 1.743 0.694 0.263 1.573 4.565 0.055
2— -1 4 (x16) 0.026 0.574 0.206 0.104 1.549 2.328 0.006
1-(2— )— (x17) 0.024 0.213 0.082 0.029 1.788 6.152 0.144
(x15) 0.018 0.397 0.154 0.087 0.958 0.226 0.027
2— (x19) 0.013 0.139 0.068 0.028 0.665 -0.154 0.366
(x20) 0.081 1.063 0.310 0.162 1.927 6.452 0.514
(x21) 0.045 0.425 0.136 0.072 1.448 2.866 0.035
5— (x22) 0.018 0.968 0.135 0.155 3.322 13.437 0.000
6— —5- —2— (x23) 0.233  2.804 0.644 0.351 3.745 21.949 0.143
2— (x24) 0.063 0.432 0.196 0.073 0.849 0.836 0.298
2 4 (x25) 0.068 0.991 0.339 0.206 1.073 0.635 0.107
2— (x26) 0.010 0.446 0.145 0.084 0.839 1.472 0.883
(x27) 0.948 11.577 5.894 2.405 0.662 —-0.089 0.398
(x28) 0.122  2.763 0.732 0.465 1.957 5.838 0.286
2— -3 4 5 6~ (x29) 0.064 0.293 0.174 0.056 0.205 —0.584 0.826
1-(1H- -2- )- (x30) 0.061 1.531 0.630 0.335 0.939 0.726 0.457
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& %
/ / / s
(ngg) (ngg)  (nggh)

(1) 0.082 0.519 0.206 0.089 1.492 2.768 0.176

(32) 0.087 0.401 0.188 0.064 0.526 0.520 0.960

-3 - () 0.018 0.310 0.148 0.059 0.582 0.658 0.429

(632) 0428 5372 2202 1.062 0.958 0.407 0.048

2- 14 5 6 (x35) 0.167 0.586 0.381 0.098 ~0.160 0427 0.948

2 6 (x36) 0.039 0.594 0.247 0.120 0553 —0.069 0297

6 2 () 0.011 0.358 0.091 0.079 1.398 1.295 0.016

€] () 0.034 0.164 0.078 0.025 1.654 3.787 0.079

o () 0.069 0.374 0.146 0.051 1.492 5.133 0.562

(¥40) 0.082  0.239 0.157 0.044 0.008  —0.985 0.850

2 3 () 0.023 0.878 0.308 0.150 1.229 2.782 0.518

() 0.100 0.697 0321 0.133 0.860 0.628 0.709

2- 4 (t33) 0.063 2.946 1.964 0517 ~0.813 2.040 0.590

(4s) 5725 32787 16.760 6.837 0611  —0.607 0.062

B (ss) 2388 8.460 5211 1.405 0.156  —0.881 0.538

B (xa6) 0417 3.180 1375 0.623 1.459 1.512 0.016

() 0.607 3.510 1.413 0.719 1.490 1.688 0.057

B (xs5) 0.970 7.858 3.576 1.300 1.169 2356 0526

(x29) 0241 1.858 0.778 0395 1.032 0.302 0.095

31 YIH)  [3 4b] (v 0241 3.197 2.031 0.588 0237 0.185 0.853

2 3- (s1) 0.021  0.796 0297 0.160 1.028 1.065 0.279

(x52) 0.097 2.067 1.002 0391 0.600 0.222 0.708

(vs3) 2.891 32.890 11287 6.516 2265 4779 0.001

I (¥s2) 0.027 0.589 0.175 0.140 1.581 2.005 0.013

(x35) 0232 3342 1.271 0.765 0899  -0.168 0.078

23 6 14 (¥s6) 0.043  1.777 0.581 0345 1322 1.934 0.225

(xs7) 0.055 2.352 0.607 0.517 1.919 3238 0.002

(xs5) 198259 456.102  330.244 70.994 ~0.093 0951 0.955

(x39) 0.066 1.189 0.508 0.208 1.094 1.955 0399

(¥e0) 1.851 13.369 8.087 2532 0.09 0355 0.927

(1) 0.185 7.325 2117 1752 1352 1.161 0.020

(2) 0300 51363  23.630 12.728 0435  —0.654 0.152

() 0.102 2.172 1.004 0.505 0245  —0.735 0.562

(¥e2) 0227 13.715 4.689 2.768 1.102 0.776 0.030

(xes) 0290 26.921 8.433 5.030 1212 1.680 0.036

(es) 0.062 8.033 3.031 1.371 1.233 2575 0.294

(¥e7) 0454 39.888 12207 10.545 1.386 0.819 0.004
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Table 3 Contents of chemical constituents and aroma components of flue-cured tobacco in different aroma types

1% (2.777+0.491)
(34.054+2.743)cC
(2.019+0.253)bB
(26.254+2.286)bB
(9.616+1.412)bB

(2.609+0.303)

(29.365+2.788)bB
(1.795+0.175)aA

(20.229+1.971)aA
(8.398+0.919)aA

(2.864+0.472)
(25.195+3.847)aA

(1.995+0.203)bB
(20.200+3.712)aA

(9.381+1.010)bAB

PR P T (0.741+0.401)bB (0.256+0.317)aA (0.360+0.183)aA
(neg™) - - (0.357+0.083)bB (0.4140.122)cB (0.274+0.074)aA
- -l (0.513+0.255)bB (0.637+0.223)bB (0.261£0.127)aA
(0.1120.042) (0.139£0.101) (0.134=0.059)
(0.208+0.096)bA (0.150+0.071)aA (0.210+0.057)bA
SR (0.237£0.076)bB (0.227+0.072)bB (0.1340.046)aA
(0.126+0.037)aA (0.111£0.038)aA (0.126+0.057)aA
(0.136£0.084)aA (0.233+0.132)bB (0.15140.084)aA
(1.950+0.313)bB (1.489+0.485)aA (2.381+0.918)bB
(0.676+0.136) (0.724+0.318) (0.695+0.346)
2 -1 4 (0.197+0.076)abA (0.166+0.064)aA (0.2520.145)bA
1-(2— )— (0.073+0.022)aA (0.080+0.022)abA (0.095+0.038)bA
(0.154+0.066) (0.168+0.082) (0.1440.116)
2- (0.067+0.024) (0.079:£0.034) (0.0620.026)
(0.285+0.100)aAB (0.409+0.218)bB (0.261+0.148)aA
(0.115+0.052)aA (0.129+0.059)abA (0.17120.095)bA
5- (0.077+0.034)aA (0.133£0.137)abA (0.217+0.227)bA
6~ -5 2 (0.720£0.444)bA (0.476+0.283)aA (0.679+0.176)abA
2 (0.237+0.067)bB (0.15140.052)aA (0.178+0.067)aA
2 4 (0.355+0.182)bB (0.201£0.082)aA (0.434+0.251)bB
2- (0.130+0.051)aA (0.220+0.090)bB (0.104+0.079)aA
(6.07242.070) (5.627+2.946) (5.873+2.444)
(0.483+0.252)aA (0.7210.282)aA (1.090+0.587)bB
2 3 4 5 6 (0.176+0.058) (0.192+0.058) (0.1570.048)
I-(IH- 2 )- (0.556+0.267) (0.665+0.307) (0.705+0.427)
(0.236+0.108)bB (0.161£0.063)aA (0.2010.060)abAB




237

g R
/ (0.174+0.056)aA (0.246+0.061)bB (0.1570.044)aA
(ngg) 1-(3- )— (0.158+0.057) (0.156+0.071) (0.1250.044)
(2.359+0.798)bA (1.641+0.807)aA (2.459+1.399)bA
2- 1 45 6 (0.408+0.083)bB (0.417+0.074)bB (0.3120.103)aA
2 6 (0.297+0.114)bB (0.240+0.062)abAB (0.1820.136)aA
6~ -2 (0.0520.049)aA (0.119+0.063)bB (0.12140.101)bB
c] (0.077+0.023) (0.0850.020) (0.0710.030)
i (0.138+0.059)aA (0.169+0.047)bA (0.136+0.035)aA
(0.159+0.046)abAB (0.179+0.040)bB (0.136:£0.035)aA
2 3 (0.365+0.122)bB (0.225+0.181)aA (0.300+0.128)abAB
(0.306+0.088) (0.3190.151) (0.345+0.167)
2- 4 (1.875+0.389) (2.120+0.710) (1.957+0.475)
(19.279+6.395)bB (15.74248.742)abAB  (14.098+4.153)aA
B- (4.901+1.471) (5.043£1.308) (5.789+1.271)
B (1.379+0.600)abAB (1.058+0.339)aA (1.640+0.730)bB
(1.351£0.629)bAB (1.021£0.177)aA (1.832+0.909)bB
B- (3.427+0.848) (4.310£1.910) (3.1620.950)
(0.988+0.391)bB (0.625+0.428)aAB (0.614+0.196)aA
3-(1- YAH)  [3 4-b] (1.941£0.523) (1.960+0.732) (2.2170.520)
2 3o (0.289+£0.129) (0.289+0.151) (0.31620.208)
(0.9810.360)abA (0.854+0.294)aA (1.156:£0.460)bA
(9.492+2.156) (10.670+4.821) (14.324+10.102)
3 - (0.139£0.079)aA (0.1440.113)aA (0.2520.194)bA
(1.117£0.639) (1.51241.010) (1.2830.667)
2 3 6 -1 4 (0.663+0.389)bB (0.359+£0.187)aA (0.656:0.312)bB
(0.809+0.698)bA (0.413+0.160)aA (0.487+0.275)aA
(308.180+66.894)aA (378.011£65.303)bB (320.532+64.570)aA
(0.45140.101)aA (0.490+0.214)abA (0.6020.279)bA

(7.626+2.298)
(2.748+2.134)bB
(25.819+12.238)
(1.224+0.445)bB
(6.388+2.952)bB
(11.413+5.517)cB
(3.100£0.907)
(17.561+10.686)bB
(452.622+88.696)abA

(8.70942.729)
(1.347+0.542)aA

(23.895+13.095)
(0.986+0.502)abAB
(4.025£2.075)aA
(7.630+3.642)bAB
(3.1561.730)

(9.790+12.203)abAB

(501.913£103.959)bA

(8.20442.674)

(1.888+1.563)abAB
(20.340£13.038)

(0.711+0.449)aA
(2.876+1.300)aA
(4.942+2.073)aA
(2.8301.606)
(6.767+2.875)aA

(439.170494.89) 1aA

2.3 BREZUFHSNBEYREE

TR ARG REOR T 0.8, AR S Fabs [H] (1 AH G
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BRI AT (R T RS i R 7 DAY, A BT

FILLME. Jish, BT RMMEMERTRCR 4)

P FIHERE(0.818) 2-FA RMi—1, 4-—WF1 1-(1H-

M —2—3)— 2,1 (0.845) 2K H AR Z.187(0.823).
B2 % 22 1(0.803) ~ FE R JBRIR FHIR(0.913) 5%

7?11%, HE X1~ Xo~ X12~v X158 X18~ X19~ X23~ X27~ X209~

X30~ X33~ X388~ X39~ X42~ X43~ X458 X50~ X510~ X520~ X55+

X60~ X62~ X6 FIRMRTIRNIEERA RS, Hi
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FEPEAAEEATIN S, R Box's M 4T EEAH N
455265, AT 0.05, IANATERZEIKF 0.05 414
SR T RS, T F RS B AR
Sig.=0.000, ZE/NT0.05, A IA K HI 3 o3 B e ok 3
(7, U2 AR N

A A B3R I, R EE VRS e b ik
A FHRMIEZRS A ARSI, KA 2 A

PEATAE R EVEZE S, HASSRIO R =B A S, Bt
WA TN AT A RS HAR IR,

R4 BEEELFHSBEYRMLERZRIEER

Table 4 Test of equality of group means of chemical constituents and aroma components of flue-cured tobacco

Wilks' / F Sig. Wilks' / F Sig. Wiks'A  F Sig.
X 0.952 1.546 0221 xu 0741 10811  0.000 xi7 0812  7.196  0.002
x 0396  47.262 0.000 xs 0810 7279 0.001 X 0.878 4314  0.018
X3 0.838 6.001 0.004 xs 0698 13386  0.000 X0 0.782  8.620  0.000
X4 0444  38.768 0.000 xn 0994 0177 0838 X0 0955 1474 0237
x5 0.841 5.866 0.005 xs 0690 13953 0.000 Xs51 0.994  0.186  0.831
X6 0.685  14.266 0.000 xo 0946 1782 0.177 X52 0912 3.008  0.057
X 0739  10.926 0.000 xo 0960 1278  0.286 Xs53 0.897  3.578  0.034
X5 0671  15.170 0.000 Xy 0.882 4153 0.020 Xss 0.864 4893 0011
X9 0.966 1.096 0.341 xp 0690 13941  0.000 Xss 0956 1430  0.247
X1 0.902 3.374 0.041 X3 0934 2192 0.120 Xs6 0.851 5433 0.007
X1 0.668 15423 0.000 X 0898 3524 0.036 Xs57 0.879 4282  0.018
X 0.979 0.670 0.516 x;s 0777 8906  0.000 Xss 0.832 6275  0.003
X 0.851 5.423 0.007 X 0833 6236  0.003 Xs0 0902 3384  0.040
Xua 0754  10.132 0.000 xyp 0813 7125 0.002 X0 0969 0997 0375
s 0.994 0.175 0.840 x 0957 1389 0257 X6 0.887  3.968  0.024
X1 0.897 3.575 0.034 xp 0923 2587  0.083 X6 0966  1.089 0343
X7 0.895 3.648 0.032 xo 0859 5074  0.009 X6 0811 7226  0.002
X1 0.990 0.321 0.727 xq 0855 5237 0.008 X4 0.686 14204  0.000
X1 0.940 1.967 0.148 xp 0984 0499  0.610 Xes 0.689  13.984  0.000
X2 0.863 4917 0.010 x5 0963 1196 0.309 X6 0990 0316  0.731
X 0.888 3.903 0.025 xiu 0887 3935  0.025 X67 0.790 8235  0.001
X 0.852 5382 0.007 xis 0922 2625 0.080

X 0.915 2.883 0.064 xi 0874 4451 0016
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Di(x)=1.159 x,+0.363 x4+0.253 xg—0.238 xjo—
0.793 x25+0.462 x56+0.374 x3,+0.381 x34-0.153 x35+
0.625 x40+1.022 x40-0.650 xs40

2.4.1

Dy(x)=0.006 x,+0.579 x,~0.308 x3—0.743 xjo+
1.204 x75—0.349 x56-0.668 x3,+1.844 x34+0.538 x35—
0.566 x40+0 560 x49—0.846 X545
A H TR0 ) 5 oK BT R AR 23 0 9.046 Al
6.876, REMAREAAL T 227401 56.8% A 43.2%, W]
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Fig.1 The scores of samples in previous two discriminant function
Fi(x)=-277.927+9.422 x,+3.441 x4 +12.308 x5—
410.430 x19—28.135 x25+133.436 x26+117.279 X35+
21.697 x34—60.181 x33+147.634 x49+73.070 x49—
112.546 xs40

Fy(x)=—215.516+8.730 x,+1.898 x4 +18.966 xs—
229.703 x15-59.703 x25 +151.565 x36+180.599 x5+
9.930 x33—63.160 x35+203.953 x40+58.076 x49-64.255 x4

F3(x)= —147.231+6.885 x, +2.338 x4 +5.554 xg—
326.823 x19-5.140 x55+93.603 x55+81.187 x3+17.482 x4+
82.852 x35+56.471 x40151.866 x40-72.997 xs4
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Table 5 The results of re-discrimination of different flue-cured tobacco aroma types

/ 1%
/ /% / /% / /%
28 100.0 0 0.0 0 0.0 28 100
0 0.0 17 100.0 0 0.0 17 100
0 0.0 0 0.0 20 100.0 20 100
28 100.0 0 0.0 0 0.0 28 100
0 0.0 17 100.0 0 0.0 17 100
1 5.0 0 0.0 19 95.0 20 95

2.4.3 R Fm

N T S A I P R R E R L, 2RI 8
MEEF. 5 ADREEFE. 6 MIRE IR
Tk, SiRERO)PTLUE Y, HA R HAT 14

PR IR, RS 83.33%; 55 2 AN
TURESH RN I 100%; BT A R i 14 0 Sl v
K 94.44%, UERAZRE I, UHIZ AR A 1K
D P SE o 00 2850 SRR FH A A
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Table 6 Discriminatory results for tobacco samples predicted to be different aroma types

Fi(x) Fo(x) F;(x) /%

1 228.150 218.825 217.652 100
2 232.807 221.633 218.500
3 270.213 248.709 245.689
4 260.853 245.881 242.847
5 296.667 263.667 269.940
6 206.003 191.496 203.540
7 203.192 199.291 200.656
8 343.638 312.809 302.592

1 180.927 192.958 180.198 100
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g %
Fi(x) Fo(x) F5(x) 1%
2 146.120 171.485 153.990
3 183.909 217.606 179.330
4 192.051 219.690 185.867
5 150.439 166.533 160.852
1 189.595 170.453 195.004 83.33
2 128.623 131.029 148.240
3 86.214 81.786 124.859
4 163.052 146.916 177.086
5 109.139 103.051 136.208
6 214.476 199.661 211.587
3 HFit51hie
(2] .
Fisher 12
_ _1- 2
[24] ( 3
2 4 2-
[c] 3- —0—
)
3
100%
[25]
100%( ) 100%( )
95%( ) 98.33% 19
[12,22]
100%( )
100%( ) 83.33%( )
94.44%
3
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