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Abstract; In order to build an evaluation model for predicting the sensory irritation of cigarettes based on free
amino acid contents in finished cigarettes, 12 different styles of cigarettes were selected as the research
objects. The contents of free amino acids in cigarettes were determined by HPLC. The comprehensive evalua-
tion model of cigarette irritation was established by principal component analysis, and the model was verified
by cluster analysis and sensory irritation evaluation. The results show that the comprehensive evaluation model
F=0.913F,+0. 087F, was established. Through cluster analysis, 12 kinds of cigarettes could be divided into
5 categories, which was basically consistent with the prediction results of the comprehensive evaluation model.
The ranking of sensory evaluation scores of 12 kinds of cigarettes was generally consistent with that predicted by
the comprehensive evaluation model. The model was used to calculate the comprehensive evaluation scores of
free amino acids of different types of cigarettes. The scores of 12 kinds of cigarettes from low to high were wine

fragrance<tree moss fragrance<compound fragrance<natural fragrance<burnt sweet fragrance <herbal fragrance<

elegant fragrance<roasted sweet fragrance<milk sweet fragrance<light sweet fragrance <soft fragrance<light fra-

grance. The higher the score, the greater the irritation of the cigarette.
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Table 1 Retention time and regression equation of amino acid standards
i HHM B I ]/ min [l )5 R
1 Asp 2.47 y=2.134 1x—0. 908 3 0.999 6
2 Glu 3.28 y=1.718 5x—0.548 2 0.999 7
3 Ser 9.01 y=0.991 2x—0. 960 0 0.999 8
4 Gly 14.31 y=0. 635 4x—0.495 8 0.999 9
5 His 15.12 y=3. 740 6x+0. 506 8 0.999 8
6 Thr 16. 16 y=1.465 0x—0.439 5 0.999 7
7 Ala 18. 60 y=0. 874 0x—0.416 9 0.999 8
8 Arg 25.65 y=1.579 8x—0.473 2 0.999 4
9 Tyr 28.94 y=1. 691 9x—0. 368 7 0.999 8
10 Val 31.80 y=1.031 0x—3.432 1 0.999 8
11 Met 32.24 y=0. 987 8x—0. 038 6 0.999 8
12 Trp 33.78 y=1.696 4x—0.413 6 1.000 0
13 Phe 34.38 y=1.366 1x—0.745 8 0.999 9
14 Ile 34.74 y=1.145 4x—-0.234 2 1.000 0
15 Lys 36.41 y=1.136 2x—0. 501 7 0.999 9
16 Leu 37.84 y=3. 047 4x+0. 888 4 0.996 9

A, AL A 852.09~1 810.22 png/g. i
C, "l AR S e, O 1 810,22 pg/g,
C,(1739.75 pg/g) 1 C,(1721.98 wg/g) K2,
C, & HH A 2H FE Jr LA DU R Ay 32 22 50k, i
C, M1 C, B ALHC 7 L2 g AR Ay 2
b BN DX I 22 R0 s SRR
S, (H N R o e, X 5 R I AR Y
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Table 2 Free amino acid contents in different styles of cigarettes e/
4"\5
é‘“ﬂ . [EJ::S :
Asp Glu Ser Gly His Thr Ala Arg Tyr Val Met Trp Phe Ile Lys Leu ety s

Ci  374.67" 184.67' 70.98% 14.45' 108.53' 43.21" 310.74% 36.76' 176.43" 79.83' 4.11% 103.61% 151.29% 10.85 10.24% 41.61% 1721.98!
Gy 312.20° 123.42% 31.63"7 8.66° 76.91° 21.90" 191.61¢ 25.83¢ 103.531 43.89" 2.77° 53.42° 95.82% 5.56° 4.86 36.20° 1138.21¢
Cy 38515 128.57" 28.14% 9.56¢ 78.17" 25.88" 222.51" 34.13% 114.63° 48.19' 3.90" 46.20% 124.95' 8.48" 8.34" 38.18% 1304.98"
Cy  394.05° 200.79% 74.73' 12.87' 102.71' 47.447 295.69' 55.65% 195.22 53.07° 13.32' 85.32' 144.45 9.82" 14.61' 40.01' 1739.75
Cs  251.71" 91.39" 11.54% 2.44° 55.59® 12.02" 153.98" 19.75" 69.84* 27.81° 2.10" 35.58" 76.15" 3.58" 3.72" 34.89¢ 852.09"
Cs  269.92" 82.19" 22.68° 2.39° 56.23" 16.34" 171.17" 19.49" 89.94° 37.24 1.61° 39.37" 92.21" 4.74> 3.03* 28.30° 936.85"
C;  440.30" 195.437 60.817 12.52" 106.57% 43.72" 316.12' 51.50' 205.07% 59.82% 3.36% 86.04' 163.39' 12.09% 14.02" 39.46" 1 810.22'
Cg  351.37% 93.30° 30.32° 7.43% 79.79%5 25.86' 199.61° 30.33" 131.39" 37.77° 3.29¢ 55.30" 111.88" 5.41% 5.46 30.85¢ 1199.36°
Co  306.58" 102.92¢ 22.22" 4.21" 62.84° 20.40° 176.60° 20.30° 84.01" 36.40° 8.42" 44.64° 96.79° 5.84" 3.02* 30.01" 1025.20°
Cio  341.09" 138.69% 34.265 9.64% 82.55" 25.13° 217.04" 30.52" 114.77° 41.83" 3.55° 55.39f 115.41" 5.58¢ 5.46% 39.50" 1 260.41¢
Cii 304.68° 126.93" 36.82" 6.01° 74.26% 25.07° 234.03" 29.17° 135.81" 34.66" 24.43' 60.77% 95.39° 4.99° 6.54° 36.64" 1236.20
Ci,  406.71 155.49" 41.86" 8.83" 96.79' 29.948 221.33% 35.26" 132.66° 42.90% 3.24" 63.81" 114.69% 6.64% 4.13° 39.81" 1404.09'

R AR R AR R RN 0=0. 05 KV FEREESR. TR,
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Table 3 Sensory evaluation score of cigarette irritation ax
Bl PRI A3
PR 1 TE A 2 A 3 TER N 4 TN 5 PR 6 PE A 7 ¥IE
C, 15.5 15.5 15.0 15.5 16.0 15.5 16.0 15.57"
C, 17.5 18.0 17.5 17.0 17.5 17.0 18.5 17.57"
C, 16.5 16.5 17.0 16.5 16.0 16.5 16.5 16. 50°
C, 16.0 16.5 16.0 16.5 16.5 16.0 16.5 16. 29
Cs 18.5 18.0 18.5 18.0 18.0 18.5 18.0 18.21¢
Cs 19.5 19.5 19.5 19.0 19.5 19.0 19.5 19. 36"
C, 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15. 00*
Cq 17.5 17.0 18.0 18.0 17.5 18.0 17.0 17.57"
C, 18.0 18.5 18.0 18.0 18.0 18.5 18.0 18. 14#
Cyo 16.0 16.0 16.0 15.5 16.0 16.0 16.5 16. 00°
C, 17.5 17.0 17.0 17.0 17.0 16.5 16.0 16. 86°
C, 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16. 00°

F 4 RRRAS BRI B 2R 5 RSO FEART 2 18 A8 K M A

Table 4  Correlation analysis between free amino acids and irritation index scores in different styles of cigarettes

AR

o4 A

Asp Glu Ser Gly His Thr Ala Arg Tyr Val Met Trp Phe 1le Lys Leu SR
Glu  0.814™
Ser  0.734™ 0.937™
Gly  0.843™ 0.905™ 0.888 "
His  0.895™ 0.934* 0.922™ 0.951™
Thr  0.837™ 0.944™ 0.978™ 0.912™ 0.945™
Ala 0.796™ 0.939 ™ 0.952™ 0.900 " 0.921 " 0.967
Arg  0.860™ 0.909 0.877 0.838* 0.874 0.9327* 0.889 "
Tyr  0.817™ 0.9027 0.944™ 0.857™ 0.918™ 0.970™ 0.967 ™ 0.936 ™"
Val  0.659" 0.7847" 0.836™ 0.868 " 0.824"" 0.823™ 0.854™ 0.627° 0.751 ™
Met —0.059  0.168  0.218  0.004 0.039 0.178 0.224  0.177  0.236  -0.126
Trp  0.706™  0.900™ 0.966 " 0.884 ™ 0.927 ™ 0.942™ 0.950™" 0.787 ™ 0.919™  0.887 " 0.171
Phe  0.891 ™ 0.8827 0.880™ 0.911™ 0.912"" 0.941™ 0.939™ 0.884™ 0.915™  0.865 -0.044 0.868 "
He  0.841™ 0.877™ 0.854™ 0.865™ 0.856™ 0.911°" 0.922™ 0.845™ 0.871™  0.883-0.032 (.844™ 0.968 "
Lys  0.727™ 0.868™ 0.864™ 0.813™ 0.789™ 0.907™ 0.914™ 0.938™ 0.915™  0.704" 0.215 0.799 " 0.882"" 0.886 "
Leu  0.664"  0.845™ 0.692° 0.817™ 0.796™ 0.686"° 0.734™" 0.688" 0.643" 0.636* 0.107 0.697% 0.652" 0.631° 0.638"
S 0,885 0.960** 0.954™ 0.936** 0.969 " 0.986** 0.980 " 0.932** 0.969™  0.836** 0.138 0.935** 0.960 " 0.930** 0.900** 0.756**
%g’%f -0.0858 “~0. 876 ** 0. 746 ** ~0. 881 " ~0.900 ** ~0. 800 ** 0. 844 ™" ~0. 786 " ~0.791 **  -0.690 " =0.098 —0.779 ** 0. 826 ** 0. 769 ** 0. 714 **~0.897 ** -0.876 **
i SR BE MR (P<0.05) , sk m R FAHSE (P<0.01).
5 Glu ,Ser Gly His Thr Ala, Arg Tyr Phe lle, 2.1.3 BEREBRERS O REMA R
. Y —_ — Y J= YN S N ~,
Lys fAEt .3 (P<0.01) IEAHE, 5 Val ‘Trp 32 SEAFERXAG MK 16 Fh& R AT £ %

Nl Leu 715 25 (P<0. 05) IEAHE. Met 5 HiAth
BRI AR R FEAHCIE(P=0.05). 1le 5
Phe 221} I & (P<0. 01) IEAH S, M & R &L
0. 968 , /= T AT A AH JC R A i B 2 2R
B S AR bR AR o3 22 1) 2 IR S A
5K, B IR e B R LR B B b vy, R R AR A )
FCAER , 5 R0 0 e e G 3 5 BB A 5 45 A AF
FEEERAMRL. FAN 5 Met 4b, AR LIRS
SR AT 43 2 () S B0 5 A S 1, 1 B 2 S
MR & i SRS o Y IR R AR AR Z AR R A 2
At BHEER F R AR 8 bR b AT R br & 1
R EY SNSRI TR SR S )
JE AR AR bR AT A

G353 A5 3 5 — 32 153 1Y RO AE RN DT AR 3R 43
A 13,00 F181. 23% , 4 — 3 W4 HORRAFAE AN
TOERRM 000 1. 24 17, 73% , 54D F 5 B
FRUTTHR R I F] 88. 96% , 1T LAFH X AN 3 % /04
TR U 5 B SR ) B AA KT

H RSB R ( DLER 5) AT, 5 — Ak
I3 FEWE Asp Glu, Ser Gly His Thr Ala Arg
Tyr Val Trp .Phe Tle Lys Leu 3 15 i) & 5k
FRIEARIOME B, M55 — oA o i i, 156 9
X 15 P e 2 2 BRI 1 e M  Met 7555 — AL
Ay FRIEEATE T 0.9, BIVER — 3 540 3 2 S ke
Met & mEARAIME B, 2458 = F ol
Bf, DA Met i 25 2 R % et .
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Table 5  Principal component load matrix

W o P | A FHS fgﬁié}
Asp 0. 865 -0. 189 Tyr 0. 960 0. 151
Glu 0. 964 0. 068 Val 0.859 -0.278
Ser 0.959 0.125 Met 0.117 0.972
Gly 0. 949 -0.133 Trp 0. 940 0. 058
His 0. 965 -0. 082 Phe 0.960 -0.169
Thr 0.985 0.074 Ile 0.936 -0.163
Ala 0. 981 0.105 Lys 0.910 0. 151
Arg 0.926 0.118 Leu 0.772 0. 003

L 16 FilF B AR & B ) 6 1 75 R H
WA BIREH X, ~ X, M4 SO 205 6]
R L R A 19 B RSP AR 75 14
A A T RS ATT

F, =0.240X, + 0.267X, + 0. 266X, +
0.263X, + 0.268X, + 0.273X, + 0. 272X, +
0. 257X, +0. 266X, + 0. 238X, + 0. 033X, +
0.261X,, +0.266X,, + 0.260X,, + 0. 252X, +

0.214X,,

F, =-0.170X, + 0. 061X, + 0. 112X, -

0. 119X, — 0. 074X, + 0. 066X, + 0. 094X, +

0. 106X, + 0. 136X, — 0.250X,, + 0. 873X,, +

0.052X,, —0. 152X,, - 0. 147X, + 0. 136X, +
0. 003X,

DAE— R SRR N AR
SFPAS  4 45 43 AT UK R, T 4% F =
0. 913F +0. 087F,. /A~ [m] JXUA% 4 0 I 75 2 2 12
SR (F) A4 3 6 FiR. e
SR k55 2 R R/ 2 B 60 G
F, MBS IR A B A 1 B R %
FRRIEPERS A PRI, DARTIR BRI 25 4 TP
R T 25 AR .

3 6 I, S MRS R 4
SR C, 1 C,y. MR XU 250013 B 2 S
BT LA HEA T, C, 254 VP4
ARG, 2B I XS 40 A 3 5 A M
TE2: S T C HIMME SRSy K
S Cy. 12 R B AR T4 25 5 1309

-

o

el

& I R/ SOH

i

0,7V ML YA €, C; €y G, Cy AN
C,, L5515 - 1. 395~ 0. 720 ; & K T - 3445
STIA CC, RTC, 25 R 1950 4. 598 ~5.134;
AR TP INE Cy Co 1 Cy, 5B 135047
59-3. 036 ,~3. 830 Fl-4.391.
A6 R RAS BN G B BB
CENEREA AL
Table 6 Comprehensive score and ranking of

free amino acid content in different styles of cigarettes

B TR BB GAafn SafaEs

G, 5.174 -0. 800 4.79%4 2
C, -1.578 -0.519 -1.395 9
C, 0.172 -0.746 0.222 5
C, 5.168 1.392 4.598 3
Cs —-4. 826 -0.175 -4.391 12
Cs -4.229 -0.473 -3.820 11
C, 5.574 -0.524 5.134 1
Cs -1.415 -0.378 -1.259 8
(O -3.304 0.232 -3.036 10
Co -0. 407 -0.424 -0.335 6
(O -1.062 2.998 -1.231 7
Cy, 0.733 —-0. 584 0. 720 4

2.2 REVIGHE

2.2.1 ETEMEEREERRESITMEE
BAE K 12 FOR RIS BT 16 Fha i &
A RS B SPSS 25. 0 8 xf He k7 5
For AT, R Ward 5, 8 £ RR [C PR 2 9F 17 43
BT, A5 B[R] RURS A 00 1) 22 5 1R 2 S R 2R 2%
FICULIE 1), BB AL, ERGREE Bl 2.5
B, 12 B 4y 5 2% ,C, .G .C .G, .C, B
h—2 AR IR B (3R 2) PR 4y
G (3R 3) KRG M B AR B &
T BT O C .C TN Cy B —2 %K
B R P IR i I A SRS AN 3]
WMk C, L Cy BN —2 IR M B R
R, R C, B3¢, B
—J. BIBMEE RS E s s R A —
X AR T 25 A TR AR ) T Sk

2.2.2 ETHMEHBEREFMHMOERE
IE T HTHAS R PP AS B R e A
15 PR g S B Pearson AH M4 M s, B
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Fig. 1 The tree cluster diagram of free amino acids

content in different styles of cigarettes
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Table 7 Comparison of sensory evaluation

results and model evaluation results
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