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Table 1 Design parameters of cut tobacco structure
for medium-sized cigarettes

é‘ di VIZLGE e R) RILR, LR, SR/ FRLR/

Gis E/mm % % % % %
1 1.00  79.00 63.00 16.00 20.00 1.00
2 1.00  79.00 68.00 11.00 20.00 1.00
3* 1.00 84.00 68.00 16.00 15.00 1.00
4% 1.00 89.00 73.00 16.00 10.00 1.00
5 1.00 89.00 68.00 21.00 10.00 1.00
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Table 2 Physical parameters of cut tobacco and cigarette samples

o s A 24 2514 22 P BRFE b BB
G fEmm R K A Kk |32 ez MR/ KRR/ RER
% % B BN /N /% (em’-gl) EE/% Pa R/ %
1 1.0l 78.99  62.98  26.01  19.98 1.03  78.99 5.02 11.95  -97.20  31.42
2 102 78.94  68.03  10.91  20.04 .02  78.94 5.03 11.96  -94.10  30.95
3 0.99  84.04  68.02  16.02  14.95 1.01 84. 04 5.07 11.99  -96.30  31.23
4% 102 89.03 73.02  16.01 9.98 0.99  89.03 5.13 11.94  -94.60  30.84
5 1.0l 88.96  67.99  20.97  10.01 1.03 88.96 5.11 11.96  -95.00  31.21




BRA, %M L2 B X P 30 N B MR G A e B R B R R A B

- 107 -

FEE RS A1, U B8O BEPIL HL 2 A 2450, J7 551
K FAERTF 0.05, F WA BA Ty 220145, 6 2 O 25
SIFTRITT B A5, 5 RS JEAE i (0 Sk R 38 0
0% , ARl FE S E] o 22 5%

AR M RE S R be e M 48 b 5 22 90 7 e e
Kz R E 4, 4 9TAL7E a=0.05 BEKT
T A B R G KA A RS R R K BE
JIHY P AEII/NT 0. 05, 2R B[R] 0 22 25 46 25 JA AL
IX 5 g bR Z M HA B 25

i Fil Duncan 3% HLA 3% 22 5 (R Be Fi 1 35
PRt AT Z LB (IR 4) KRR 22 R IR, &
VGYEN R N R RN Y SR S N )i
Z, AR R SR R RAIC R, H Yk
22380y 849}, IR B R, 4 AR AR, A HBRGE

TREAETE I 3 KR S5 1, 4 R K T Ay
PN 5 4k 22 56y T9% I, Bl 4 22 MG K, 20 R
Tl W J3E 18 K, A AL IR WA 1, DB LI T I, 43K
LR 89% I, 4 IR R B 24 SR (1 K K,
ML IKRE T A8 25, 45 LRI, H& 22 5% )y 849 W), 4k
betk i, Hak 225 — g mf f il K 22 46 7 F
HESREALI IK e

2.2.2 ETF CRITIC RSB BERIBISEER ST
Nt — PRI R) N 22 25 46 4 IR e e P 1 25 57
FF CRITIC WAEGE 554 MR BEF8 bR AU E 25
1455 TS MR R B e 1 8 b AH G 2R BRI L 3%
5. B2 S ATHL B AR A BB R R R M A7 A T 3
FHOCME, LR 2 T R A0 KR B2k T | R
FERE [ ARk be R 2 ] A AR DGR A L, AU

A3 REABHERRESEIRAR K-S BB A T £ FHERER
Table 3 K-S test and levene’ s test results for combustion characteristics of cigarette samples
HiH Wt A E‘K/ HKFE, WRATERE/ W& H Hﬂkbj‘%ﬁilﬁ/ R/ E‘—J(%
Jo % mm J&/mm (mm * min~") mm R/ %
K-S 4 i 0.262 0.071 0. 058 0.059 0. 980 0.744 0.610 0
ISR R EYE  0.183 0. 127 0.471 0. 565 0.217 0. 707 0.446 0

R4 REVEIRA SRR G AT 2 oM A F et s R
Table 4 ANOVA and post hoc test table for combustion indicators of different cigarette samples

1‘%—@ K HO&, Y& R4 FE R/ WLkEFTE,  H EB‘L%%%%@%/ IR/
G5 % % mm mm (em + min™") mm
1 110.50+3.70"  2.10+0.80™  22.90+1.60"  0.61+0.04" 1. 90+0. 08* 6.25+0.30"  42.20+3.10"
2* 113.20+5.20"  2.60£1.00"  22.80+2.50"  0.630. 05" 1.90=0. 14* 6.23+0.25"  41.80+3.30"
3* 116.60+6.50°  1.40+0.40"  23.20+2.10"  0.62+0.04" 1.93+0. 09° 6.06+0.36"  44.50+3.90"
4" 109. 80+5.90"  1.50+0.70"  24.50+1.20°  0.61=0. 06" 1.93+0. 10° 5.98+0.34™  45.80+3.20"
5* 109. 60+5. 50"  2.50+1.30"  22.90+2.30"  0.64+0.06" 1.95+0. 08" 5.82+0.37"  45.60+2.50"
F 1§ 3.50 4.60 3.25 0.41 0.64 3.97 4.25
P1{A 0.013 0. 003 0. 020 0.799 0. 636 0. 007 0. 005

i AP SR R E AN R R s 22 57 3 (P<0. 05)

A5 P LBIRRBAS IS ATAR £ R RAEE
Table 5 Correlation coefficient matrix for combustion characteristics of medium-sized cigarettes
Bzt KA 2OR i) LR TE WERHEFTE A bR IR
e 1. 000
Ox -0. 102 1. 000
S -0.010 0.717" 1. 000
TRk S B -0.205" 0.989* 0.754™ 1. 000
TR A5 R -0.237 0.980* 0.798 ™ 0.999* 1. 000
A A e -0.123" 0.986 " 0.782™ 0. 990 ** 0.993™ 1. 000
ESVR 0.876™ 0.322* 0. 006 0.193 0.203" 0.311* 1. 000

o MAE 0.05 G OBUR ) GRS s NAE 0. 01 ZUH (BUR) FHME R
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Table 6 Normalized weighting coefficients from

CRITIC method

IR TR bR A S ok G
IR A8, 0. 197 5.98 0.134
2R 0.217 5.92 0. 147
E YT 0.229 6.14 0. 160
T2k i B 0.198 5.44 0.123
Rk B 55 B 0.203 4.90 0.114
H B BRBE R 0. 230 5.89 0.155
EEY/ 0.251 5.82 0.167
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Table 7 Quantitative scores and total scores of medium-sized cigarette combustion characteristics

BeRae R HOE,  HEKE/ dzﬁi'ﬁ%?i% BRAHETT A EEW‘I}LE L IR/ /Hiﬂﬁ /E?%%
% % G/ mm F/mm HE/(cm-min™')  mm 85/5r "G/

1* 2.80 3.70 2.96 3.44 2.49 1.18 3.36 19. 93 79.93

2* 3.27 3.09 3.03 3.17 2.45 1.37 3.17 19. 55 79.55

3* 3.88 4. 68 2.80 3.38 2.17 2.01 4.42 23.34 83.34

4* 2.71 4. 44 1.36 3.41 2.19 1. 56 5.13 20. 80 80. 80

5* 2.62 3.23 2.96 3.02 1. 96 2.75 4.96 21.50 81.50
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Table 8 GC-MS analysis results of aroma compounds in cigarette smoke with different cut tobacco structures

RS R/ (ng - X7

GES TSR T > 3 I o P{E  VIP{H
i 0.55+0.04 0.85+0.08 0.96+0.01 0.67+0.05 0.53+0.03 0.01 1.01
HE 0.11+0.01 0.10£0.01 0.13£0.01 0.32+£0.01 0.16x0.01 0.00  1.28
k4 W 4 T 0.22+0.02 0.33+0.03 0.29+0.02 0.15+0.02 0.22+0.02 0.00 1.06
it 0.04+0.00 0.16+0.00 0.04+0.00 0.13+0.01 0.34:0.01 0.00 1.04
ik S B 0.07+0.00 0.03+0.00 0.12+0.02 0.03+0.00 0.06+0.00 0.02  0.90
m fi PN 0.15+0.01 0.11+0.01 0.03+0.00 0.27+£0.02 0.33£0.02 0.00  0.90
e 0.31+0.03 0.46+0.01 0.23+0.01 0.46+0.05 0.32+0.01 0.02  1.07
3-EEE-5 6-HE B 2L EE 0.45+0.02  0.43+0.02 0.50+0.03 0.44+0.03 0.22+£0.01 0.01  1.07
N 1.90+0. 13 2.47+0.16 2.30+0.10 2.47+0.19 2.18+0.11  0.00
AR 0.27+0.01 0.57+0.03 0.66+0.01 0.64+0.03 0.50+0.02 0.01  1.25
T 0.20+0.01  0.22+0.02 — 0.19+0.02 0.14£0.01 0.02  0.88
FH LA 34 T 3.36+0.08 3.26+0.20 5.13+0.42 2.55+0.25 2.06+0.20 0.00 0.78
O BE IR I T 1.66+0.12 1.54£0.17 1.46+0.12 2.35+0.13 0.62+0.02 0.01 1.37
2,5-C 0.01+0.00 0.13+0.01 0.06+0.01 0.14+0.01 0.07+0.01 0.00  1.29
2K T 0.32+0.02 0.45+0.04 0.56+0.01 0.55+0.03 0.68+0.02 0.00 1.11
45 AR IR 0.20+0.03 0.34+0.02 0.09+0.00 0.35+0.02 0.35£0.01 0.01  0.84
Hifi JE 1.67+0.09 1.38+0.15 1.52+0.01 2.37+0.18 2.44+0.08 0.00  0.99
B~ L i 0.07+0.00 0.02+0.00 0.05+0.00 0.03+0.00 0.02+0.00 0.03 1.10
L DN 0.30+0.03 0.66+0.01 0.42+0.03 0.37+£0.02 0.33+0.03 0.00 1.14
H 5 =I5 o 0.83+0.05 0.99+0.06 1.59+0.10 1.23+0.09 1.77+£0.12 0.00 1.10
il 2k & =R b 2.29+0.16 2.90+0.07 4.49+0.18 4.07+0.29 3.33x0.23 0.00 1.10
F 5 =5 a 0.57+0.03 0.67+0.01 0.96+0.07 0.79+0.08 0.70+0.03 0.00  0.97
5 =R d 1.7320.16 1.66+0.13 2.87+0.24 2.38+0.14 2.25+0.05 0.00  0.94
(53] At il 0.48+0.02 0.81+0.03 0.55+0.03 0.72£0.05 0.90£0.02 0.01  1.00
FELTR 0.09+0.00 0.29+0.01 0.13+0.01 0.20+0.01 0.26+0.01 0.00 1.04
e EE 0.31+0.03 0.45+0.04 0.30+0.03 0.43x0.04 0.63+0.00 0.01  0.97
3—H L -2 PR Je g — 1 - 1.37+0.10 3.37+0.22 1.27+0.02 2.84+0.12 2.57+0.38 0.00 1.00
6 3 —5- P —2 - 0.08+0.01 0.24+0.01 0.15+£0.01 0.22+0.02 0.30£0.02 0.00 1.05
4-HI IR 2, i 0.38+0.01 0.52+0.01 0.14+0.01 0.46+0.02 0.62+0.04 0.01  0.81
LT 0.03+0.00 0.02+0.00 0.12+0.01 0.05+0.00 0.08+0.00 0.02  0.98
3-HELR 2T 0.29+0.02 0.66+0.01 0.42+0.03 0.35+0.03 0.30+0.02 0.0l 1.13
/N 16.51+0.98 21.15+1.25 22.94+1.35 23.28+1.58 20.92+1.32 0.00
] 0.13+0.01 0.13+0.01 0.45+0.02 0.14+0.01 0.15£0.01 0.00  0.80
TR — — 0. 50+0. 03 — — — 0.79
2-HETR 0.48+0.02 0.47+0.04 0.002+0.00 0.53+0.03 0.40+0.04 0.01  0.84
1E %R 0.14+0.02 0.18+0.01 0.21+0.02 0.07+£0.01 0.15£0.01 0.00  1.06
3-SR 0.12+0.01 0.14+0.01 0.25+0.02 0.13+0.00 0.13+£0.01 0.00  0.82
Rk 4-HI ISR 0.44£0.03 0.29+0.03 0.70+0.07 0.33+0.04 0.42+0.07 0.01  0.82
- CLR 0.24+0.01 0.36+0.03 0.29+0.01 0.10+0.01 0.09+0.00 0.00  1.02
-2 -2 AR 0.09+0.01 0.06+0.01 0.16+0.01 0.02+0.00 0.04x0.00 0.01  0.82
KR 1.47£0.07 0.83+0.02 2.05+0.16 0.95+0.05 0.79+0.02 0.00  0.80
IEZ TR 0.17+0.00 0.15+0.01 0.20+£0.01 0.13+0.01 0.22+0.02 0.02  1.28
N =R 0.42+0.04 0.44+0.04 0.29+0.00 0.36+£0.02 0.36+0.02 0.01  0.86
/N 3.70+0.22 3.05+0.21 5.10+£0.35 2.76+0.18 2.75+0.20 0.00
WA Tis 0.15+0.01 0.14+0.01 0.06+0.00 0.12+0.01 0.24+0.02  0.01 1.02
AR P s 0.36+0.00 0.28+0.02 0.59+0.06 0.39+0.02 0.42+0.01 0.00  0.85
K Fr e Y i 1.50£0.03 1.78+0.07 1.55£0.02 1.12+0.12 1.79+0.16 0.03  1.28
s SV H T HH 0.14+0.01 0.54+0.04 0.18+0.00 0.32+0.02 0.58+0.04 0.00 1.0l
SV R H i 0.74+0.07 2.15+0.18 1.00+0.03 1.28+0.05 2.63+0.22 0.00 1.07
/Nt 2.89+0.12 4.89+0.32 3.38+0.11 3.23+0.22 5.66x0.45 0.00
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TR 3.71£0.19 2.84+0.01 2.49+0.04 4.22+0.12 3.25:0.27 0.01  1.11
K — 0.18+0.01 0.43£0.03 0.25+£0.01 0.15£0.01 0.00 1.05
3-H SR I 0.08+0.01 0.17+0.02 0.04x0.00 0.06+0.00 0.07+0.01  0.01 1.01
s AR — — 0.10+0. 01 — — — 0.79
- Flb RS 0.15£0.01 0.08+0.00 0.14+0.01 0.09+0.00 0.11x0.01 0.01  0.98
5 LR 0.34£0.11 0.51+0.39 0.17+0.00 0.21+0.02 0.20+0.02 0.00  1.05
55 H S 2.80+0.18 3.26+0.15 4.72+0.23 3.24+0.30 2.70+0.12 0.00  0.98

N 7.08+0.50 7.04+0.58 8.09+0.32 8.07£0.45 6.48+0.44 0.00
i 0. 09+0. 00 — 0.11+0.01 0.20£0.02 0.18+£0.01 0.01  1.08
POEEE S N ) 4.85+0.04 4.75+0.47 7.0420.25 4.38+0.21 5.48+0.52 0.00  0.89
A A AT 0.98+0.06 0.91+0.04 0.84x0.02 0.98+0.06 1.02+0.03 0.02  0.78
322 2R 1 0.94+0.07 1.01+0.09 0.92+0.04 1.01+0.01 0.98+0.09 0.01  0.58
4- 0 FF By 1.42+0.10 1.62+0.12 1.99+0.06 1.36+0.09 1.53+0.15 0.01  0.85
g 4- 2 F—2 - WA IR 0.38+0.02 0.53+0.02 0.22+0.03 0.63+0.05 0.39+0.01 0.00 1.10
4— 2 Fe -2 - F AR LR 1y 1.2420.10 1.53+0.09 2.39+0.08 0.91+0.08 1.11+0.09 0.00  0.85
HER 1.32£0.10 0.92+0.06 2.11+0.07 0.82+0.07 0.72+0.07 0.00  0.77
T&B 0.23+0.02 0.22+0.02 0.09£0.00 0.53+£0.02 0.25£0.01 0.00 1.17
ST & 0.55£0.04 0.53+0.02 0.74+0.04 0.43+0.03 0.29+0.02 0.00 0.84

/Nt 12.00+0. 55 12.02+0.93 16.45+0.60 11.25+0.64 11.95+£1.00 0.00
(+) -Frigh 1.53£0.10 1.52+0.24 1.58+0.01 2.38+0.43 2.56x0.19 0.00  0.91
Ferk Y s liE 0.10+0.01 0.15+0.01 0.13+£0.01 0.02+£0.00 0.19£0.01 0.01  1.36
+—B- MBI 0.08+0.01 0.09+0.00 0.08+0.01 0.04+0.00 0.04+0.00 0.02 1.01

/Nt 1.71£0.12 1.76£0.25 1.79£0.03 2.44x0.43 2.79+0.20 0.00
2 F L e 0.91+0.08 0.86+0.07 0.75+0.04 1.48+0.14 1.95+0.05 0.00  0.97
2-H Lz 0.34£0.02 0.59+0.02 0.14+0.02 0.53+0.04 0.65+0.02 0.00 0.8l
3-H L e 3.52+0.24 3.39+0.26 3.5+0.10 3.37+0.15 4.04£0.26 0.01  1.05
2. 3- T H FEk I 0.45+0.03 0.55+0.04 0.14+0.02 0.29+0.01 0.64+0.06 0.01 1.01
2- L FENEmE 0.35+0.01 0.55+0.04 0.18+0.01 0.43+0.04 0.52+0.01 0.00  0.81
2,6- "B BEnk s 0.26+0.03 0.61+0.06 0.39+0.02 0.33+0.02 0.38+0.01 0.02 1.12
2,3- " F L 0.12+£0.01 0.19+0.01 0.07+0.00 0.15+0.01 0.20+0.01 0.01  0.84
2,4- " B L 0.68+0.07 0.55+0.04 0.16+0.02 0.29+0.02 0.45+0.02 0.00  1.08
2- 2B E 0.10+0.00 0.11+0.01 0.26+0.01 0.18+0.01 0.16+0.01  0.01 0. 96
3-Z FEnE e 0.94+0.03 0.88+0.10 0.86+0.04 0.95+0.06 1.12+0.08 0.02  0.92
5-2. 3k -2~ F B g 0.76+0.02 0.83+0.02 0.34+0.04 0.66+0.01 0.60+0.02 0.01  0.90
Jerk 2,5- " H Lk 0.63+0.06 0.84+0.03 1.40+0.06 0.98+0.06 0.18£0.00 0.00 1.06
) 3= E 3.19+0.10 2.4620.24 2.63+0.16 3.43+0.17 3.57+£0.24 0.00  0.97
2,3,5- =P HLnkne 0.39+0.04 0.39+0.04 0.59£0.03 0.06+£0.00 0.32+0.01 0.00 1.07
2- L F-3-H ek 0.10+0.00 0.19+0.02 0.10+0.00 0.12+0.01 0.17+0.02 0.00  0.83
2,3,5- = H Bk 0.08+0.00 0.24+0.02 0.15+0.02 0.13+0.00 0.09+0.00 0.01  1.16
2-Z. Ik g 0.15+0.01 0.17+£0.02 0.18+£0.02 0.14£0.01 0.13£0.01 0.03  0.71
2, 3-FR R L E 0.43+0.02 0.98+0.10 0.45+0.03 0.52+0.01 0.67£0.02 0.01  1.04
8— 1 sk 0.28+0.01 0.14+0.01 0.48£0.04 0.16+£0.01 0.16x0.00 0.00 0.79
3 Sk sk 0.30+0.00 0.16+0.01 0.27£0.02 0.32£0.02 0.25£0.02 0.01  1.11
6—H FE s itk 0.20+0.01 0.12+0.02 1.08+0.04 0.69+0.06 0.67+0.06 0.00  0.98
2,6- " H B npk 0.03+0.00 0.08+0.01 0.11+£0.00 0.09£0.00 0.09+£0.01 0.01 1.14
3T HLnmE 0.37+0.02 0.19+0.01 0.19+0.01 0.21+0.02 0.24+0.01 0.01  1.20

N 14.58+0. 81 15.07+1.20 14.33+0.75 15.51+0.88 17.25£0.95 0.00

Bt 60.37+3.43 67.45+4.90 74.38+3.61 69.01+4.57 69.98+4.67 0.00
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Effects of cut tobacco structure on combustion characteristics and smoke

aroma components of medium-sized cigarettes

CHAI Wujun',ZHENG Shanshan', YOU Jinging', LI Maosong' ,LU Chengfei' ,XUE Jingjing”, YANG Jing’
1. Technology Center ,China Tobacco Zhejiang Industrial Co.,Ltd., Ningbo 315000, China ;
2. College of Tobacco Science and Engineering , Zhengzhou University of Light Industry ,Zhengzhou 450001, China

Abstract; This study investigates the impact of varying cut tobacco structures on the combustion characteristics of
medium-sizedcigarettes. A comprehensive evaluation was conducted using analysis of variance (ANOVA) and the
CRITIC method. Gas chromatography-mass spectrometry ( GC-MS) was employed to quantify the aroma compounds
in cigarette smoke, while partial least squares-discriminant analysis ( PLS-DA) and cluster analysis were utilized to
elucidate the disparities in these compounds. Sensory quality evaluation was subsequently performed. The results
revealed that cigarettes with a whole-cut tobacco ratio of 84% and a long-cut tobacco ratio of 68% achieved the
highest CRITIC composite score, indicative of optimal combustion performance. A total of 89 volatile aroma
compounds were identified in the cigarette smoke. The total content of these compounds initially increased and then
decreased with an increasing whole-cut tobacco ratio, reaching a maximum at 84%. Distinct trends were observed
across different categories of aroma compounds: olefins content increased with the whole-cut tobacco ratio, whereas
acids, phenols, and aldehydes initially increased before decreasing. Conversely , heterocyclic compounds exhibited a
decreasing-then-increasing trend. PLS-DA and cluster analysis confirmed significant disparities in volatile aroma
components among cigarettes with diverse tobacco structures. Sensory evaluation corroborated that the cigarette
sample with an 84% whole-cut tobacco ratio exhibited the best overall quality, aligning with the findings from
combustion performance and aroma compound analyses.

Key words: cut tobacco structure; medium-sized cigarette ; combustion characteristic; aroma component; CRITIC

method ; PLS-DA ;sensory quality
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