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TR SRR E, U LEIT M ST AR, S M E T A RSN
HH S R SRR B R R AR AT 5 0.87%, EARSHUENZ 1. FrdekeiEE 27 g/m’,

H A0 A S W AT i b2, JRHREE EAE 60 CU, BAAIF TR A (L1
A S HOT B R AR R SR E R 0.87%, BT 1.40%), BE3E40ESE 150 CU, mfd
Wi PRI 70 SE A R WARIE, A Wi SCRIRIESE TR 7ED] 4RESEEN 6000 CU, JEFEWRFH 360 mmH,0. FRAFE
2 K P RIS . A RE R G SEUN, RSN E TS SRR R, HF—
SR P SCERAAE RSB EARE  HLESENEH RIS — M scE M GRS E0h
SR IR, BN SN R R R 3% . [ 20.00 mm, K 89.00 mm, JEAEKE 30 mm,
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SECTCIT SR, BIRGEUTEEN, T SR
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LA S ()26 MR AR BRI N 7E 2 26 7= I s im B R 51« B, o R BRI I8 MR R AR, BARFF AT ER
FH &S T 2@ W B iR A i, 6 S5 Al AR 25 1088 : XS205 B LR (MRt Rl 248
TEEHN 1.40%. UFFERRAHLT 707X KCHsO,  )HRAFD; SM450 HL&RIEHL (JE Cerulean
MBI, BHE T KRBT CHO 4 TR GHAHA  AF):; QUANTUM NEO 4R & (£ Cerulean
38.2%F1 61.8%, MRIEFAP & 75 0 L HARIERA AR 7890 B AHAIEA (EEZHERATD.
FIHE . BB TS84 0.87%F 1.40%, 745
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Tab.1 Cigarettes sample information

BESH ZHH
BLE R/ (grm™) 23 25 27 29 31
BB E/CU” 20 (14.33%) 40 (18.38%) 60 (20.66%) 80 (25.26%) 100 (28.65%)
I SR AR BN A Fh 2 S ek A IR Frig R R IR
BRESFE 5% 0.41 0.80 0.87 0.93 1.73
2 IR AR B REF A2 IR LIRER Fr i BT A TRET R
B T3 /% 0.70 1.31 1.40 1.69 2.93
e > 0 (15.93%) 50 (18.35%) 100 (20.37%) 150 (20.66%) 200 (22.66%)
BRAEAE/CY 250 (23.53%) 500 (30.88%) 1000 (35.87%)
JERE FH/mmH,0” 320 (1262) 340 (1323) 360 (1334) 380 (1424) 400 (1474)

H: © O AEERMSCEERE, @ O WEHRAMESIIENBNE, @ O WEHE ST, #4067 Pa.
Note: The datain (D () is the total ventilation rate of the cigarette, the data in @ () is the ventilation rate of the cigarette filter, and the data in @) () is
the open inhale resistance of the cigarette, in Pa.
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UCFPATSESRS, % GB/T 16450—2004% 58 SUCHHATH B AR 1 5075 2106 AR 32 0 08 I < e A1
% M. 7 nl ¥ GB/T 19609—2004° . GB/T  ¥JHIURNE, KM Origin 2 FH LML & D REXT
23356—2009"" . GB/T23355—2009% FI GB/T &M SEES W RSP E AT LR S,
23203.1—2013%F 25 4 == 7 JH <, s R0 AH 90 F0 A 3l J£3% F Minitab 19 34T 5 Z MR .

CO. JHBR S K i AT I e, B 2 R~ FMEe e 1.2.2 EEFEIHNY
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Tab.2 Routine components in MS smoke of medium-sized cigarettes with different cigarette paper grammage

E B/ (grm?) H¥U(E-32 TPM/(mg-Z")  KM(mg- 3 HEM/(mg ) MWEB/(mg ) CO/Mmg- 3T
23 6.09 12.35 1.46 10.0 0.88 7.8
25 5.84 12.23 1.50 9.9 0.87 7.8
27 5.59 12.16 1.46 9.8 0.86 7.9
29 5.31 11.59 1.39 9.4 0.81 7.9
31 521 11.37 1.37 9.2 0.79 7.7
LHEMA AR »=8.670-0.115x  3=15.450-0.130x  »=1.828-0.015x  »=12.495-0.105x  y=1.166-0.012x /
R’ 0.9768 0.8717 0.6234 0.9124 0.8896 /
P <0.01 <0.01 0.01 <0.01 <0.01 <0.01

TE: P<0.05 FoRGRAFERFZER, KYERIHTTRRSL. TR,

Note: P<0.05 indicates that there is a significant difference in the results, and it follows the linear regression equation. The same

below.

309 = TPMy=1.605+0.019x, R’=0.7296
A fE3h y=1.260+0.010x, R’=0.7901
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Fig.1 Linear fittings between MS smoke routine components and cigarette paper grammage
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Tab.3 Evaluation result of sensory quality of cigarettes with different cigarette paper grammage

SER/ (mgm™®) A i A A I A AR B4
23 29.86a 5.00a 11.00a 17.86a 5.00a 22.64a 91.40a
25 29.50b 4.79b 10.79b 17.50b 4.86ac 22.21b 89.60b
27 28.79¢ 4.64b 10.50¢ 17.29¢ 4.71bc 21.64c 87.60c
29 28.36d 4.36¢ 10.21d 17.00d 4.64bd 21.50cd 86.10d
31 28.14e 4.21c 10.07d 16.86d 4.50d 21.29d 85.10¢

E: BT EAMATRERREREEEER. T,

Note: The same letter after the number indicates no significant difference. The same below.
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Tab.4 Routine components in MS smoke of medium-sized cigarettes with different cigarette paper air permeability

BAECU Y5 TPMAmg ) AKSM(mg 3 fRiA(mg S MEB(mg <) CO/(mg5C
20 5.87 13.28 1.67 10.7 0.93 9.3
40 5.57 12.36 1.50 10.0 0.87 8.3
60 5.59 12.16 1.46 9.8 0.86 7.9
80 5.51 11.22 1.27 9.1 0.82 7.4
100 5.62 11.22 1.28 9.1 0.81 7.3
ESRUR (S AN / y=13.626-0.026x  y=1.739-0.005x  3=10.970-0.021x  »=0.945-0.001x /
R’ / 0.8968 0.8885 0.9036 0.9016 /
P 0.07 <0.01 <0.01 <0.01 <0.01 <0.01

= TPM y=2.350-0.004x, R’=0.9231

3.0-
A 3l y=1.885-0.003x, R’=0.9287
254 & COy=1.640-0.003x, R’=0.9630
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Fig.2 Linear fittings between MS smoke routine components and cigarette paper air permeability



14

H EHH F 224 Acta Tabacaria Sinica 2023 Vol.29 No.3

R 5 AANFABHARE LR T SCE R E T 45
R HSCEMRA TR R TURT g b 2B
EIHARE TG FA, AR5 I A2 X 1 /g S (52
Mo A Ao R T AT R AR, R AR
A ERERE T R TR, g i R B

R R REPE IR K. ZRERE, RS ZEHAR
Bl (R SO MR A e B, S e S A I
MR — 2, SCIRRWIEAR R 26 AF T 40 S5 0
R R AR

* 5 TRBHERESENERRETNG

Tab.5 Evaluation results of sensory quality of cigarette with different cigarette paper air permeability

EAUE/CU £ I R B IR A AR By
20 29.86a 5.00a 11.00a 17.86a 5.00a 22.64a 91.40a
40 29.21b 4.93a 10.93a 17.50b 4.86ac 22.14b 89.60b
60 28.79¢ 4.64b 10.50b 17.29¢ 4.71bc 21.64c 87.60c
80 28.50d 4.86a 10.21c 17.14cd 4.64bd 21.50cd 86.90d
100 28.29¢ 4.50b 10.00d 17.00d 4.50d 21.21d 85.50¢

2.3 BT R B IR E AU SRR E R R
2

2 6 NANTR BRI B 8 15 B R MR 4 o)
FA G MR oot LR 0 R o R 2 B, ARG AR
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SRR, U IE. TPM. A SRR R i
S REER, WEF S E SR BRI R
LR A S T, R AE S BIEF] 0.9302 AT 0.8062,

HETEES CO MUKFHIMRIEAI . HE &
BSOS E DU IR AR R R, (HI T
B WEIUH IR LN R R ZE . [FRE, 5T
PR R R IR TG, SRR R R . BEE AT
By EENSN, TPM. £, KM CO IR R
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Tab.6 Routine components in MS smoke of cigarettes with different K'/anion contents in cigarette paper combustion improver

BB TR % H/(H-327h TPM/(mg- ") K4M(mg 3 HEM/(mg %) MEB/(mg ") CO/(mg 3T
0.41/1.40 6.02 12.87 1.56 10.4 0.9 9.2
0.80/1.40 5.72 12.06 1.43 9.8 0.84 7.8
0.87/1.40 5.55 11.78 1.33 9.6 0.81 7.9

B 0.93/1.40 5.62 11.64 1.37 9.5 0.81 7.7
FH 1.73/1.40 5.17 11.34 1.43 9.1 0.77 7.6
ZHPEAR »=6.204-0.620x y=12.927-1.043x / y=10.546-0.914x 1=0.912-0.091x /
R’ 0.9302 0.6619 / 0.8062 0.7566 /
P <0.01 <0.01 0.359 <0.01 <0.01 0.02
0.87/0.70 5.94 13.42 1.69 10.8 0.93 9.3
0.87/1.31 5.73 12.03 1.4 9.8 0.85 8.2
B 0.87/1.40 5.55 11.78 1.33 9.6 0.81 7.9
TH  0.87/1.69 5.59 11.78 1.36 9.6 0.83 7.7
0.87/2.93 5.6 12.14 1.46 9.8 0.84 8.3
P 0.060 0.160 0.326 0.137 0.114 0.233

ARG R H/B B S 2R SCEE BISE, S HACENERT RPN R B 5 R

BIFN AR IR 7, MBS MRAC A B &

Ko PR A S B0, & OER R
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Tab.7 Evaluation result of sensory quality of cigarette with different K'/anion contents in cigarette paper combustion improver
ry q Yy g g pap p

iiyeSall PR/ B 5 % HS i FS B T R My
SRR A 0.41/1.40 29.64c 4.79b 10.64bc 17.21a 5.00a 22.29b 89.60a
A R 0.80/1.40 29.71a 5.00a 10.78ac 17.28a 4.79ab 22.50a 90.00a
Fr R R A 0.87/1.40 29.86a 5.07a 10.86a 17.43a 4.86ab 22.36a 90.40a
LR 0.93/1.40 29.79a 4.36¢ 10.50b 16.79b 4.79ab 21.85¢ 88.10b
IR 1.73/1.40 28.93b 4.50c 10.14d 16.57b 4.64b 21.71¢ 86.70c
TR A 0.87/0.70 29.42b 4.79b 10.64a 17.28a 4.93a 22.21a 89.30b
LR 0.87/1.31 29.64c 4.79b 10.64a 17.21a 4.93a 22.29a 89.50b
A R 0.87/1.69 29.64c 5.00a 10.86a 17.28a 4.93a 22.43a 90.10ab
FRMA 0.87/2.93 29.64c 4.92ab 10.64a 17.28a 5.00a 22.35a 89.80ab

24 BRAKBSEXNPIZERBNESKSNRE
LY 5 0pA )

8 AR ARE SR I SO U A<
FURSTabR M E s R, AREEAUE LR G
SRS I R 2R BEAUE R
5535 R4 T 0% RO S R R TR ) 26 PE G &R
Bk, RPEIKT 0.94. BEEEAGESEM 0 CU KN
£ 1000 CU, BMHERMSHE TPM Kor. £E.
JEBR CO #5152 W38 NI, M D400 S AH I
B F o IX e T IREA LA R B 2 B fH E 35 mL,
MR AGUE T ERIE R, MR AT FLALE N )2
REWMZ, FEOEWIEXERIER, M BOES
B, 9D T BRIGEHER R A5 &, I Zisb 1R 22 88
FeEM, SR FEEW O EA, (HE BT AT

TR A A . B A R S R A 3 XU R4
B, &R TPM. K53 B SRR CO BEE Lt
Bl R R, X SRS R R, (R
T B EL TR TR T R A R
DAL AR AR 2 T [ e i o R AT I
(B 3), BEEREAGESER M, B0 TPM. £,
IKAFLA I CO BEUCRFRAK, T BT 35 B8 LURE TS A
0~250 CU A AL, 500 CU JGM 0.15 mg FE1
F]0.13 mg, WA K. X— S 5B EREZL, 500 CU
FE SRR 2k . BRI G 45 R R ke, Hedk
YRE S R P S I R 7K 43 R R B 3
oy = a2 Y = N X N S GRS T
CO BB M fe K
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Tab.8 Routine components in MS smoke of medium-sized cigarettes with different tipping paper air permeability

PGB SE/CU D3 TPMAmg 32" K (mg ) EM/(mg ) MB/(mg X)) CO/(mg 37

0 5.48 12.65 1.70 10.1 0.89 8.1

50 5.58 12.30 1.59 9.9 0.86 8.1

100 5.64 12.24 1.58 9.8 0.86 7.9

150 5.59 12.16 1.46 9.8 0.86 7.9

200 5.68 11.92 1.46 9.6 0.85 7.7

250 5.70 11.88 1.46 9.6 0.85 7.8

500 5.81 10.70 1.09 8.8 0.78 7.3

1000 5.96 10.25 1.01 8.5 0.76 6.8

LA AR y=5459+0.018x »=13.008-0.102x y=1.7804-0.030x 1=10.347-0.068x y=0.9043-0.005x y=0.944-0.054x

R’ 0.9607 0.9657 0.9650 0.9656 0.9433 0.9436
P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
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30a W TPMy=2.3743-0.024x, R’=0.9807

A fE7h y=1.8864-0.017x, R’=0.9762

254 & COy=1.529-0.014x, R’=0.9774

B VR RCRS (mgr 1)

T o k% y=0.325-0.006x, R’=0.9783

JEWEIE XA %
3 EEBRESENRSIEREEUEE

Fig.3 Linear fittings between MS smoke routine components abd filter ventilation rate
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Tab.9 Evaluation results of sensory quality of cigarette with different tipping paper air permeability

BRAUEUE/CU (ot I Gl g BqEilca AR ¥y
0 29.36a 4.93a 10.71bc 17.43bc 5.00a 22.29¢ 89.70a
50 29.14b 4.86a 10.86ac 17.50ac 4.86ac 22.50b 89.70a
100 29.00b 4.79ac 10.93a 17.64a 4.71bc 22.79a 89.90a
150 28.79¢ 4.64bc 10.50d 17.29be 4.71bc 21.64de 87.60b
200 28.50d 4.57be 10.21fg 17.14de 4.50d 21.50de 86.40c
250 28.36de 4.43de 10.36df 17.00dg 4.29fg 21.36dg 85.80d
500 2821e 4.36df 10.21fg 16.86fg 4.14fg 21.21fg 85.00¢
1000 28.00f 4.21f 10.14g 16.71f 4.07f 21.07f 84.20f

2.5 GEEREX P ERERESIERMRE @R
HISZ AT

R 10 A FIPERENR H 2 H 00 SCE I <
WO SIRAR A E SR, AN RIDE R IR PH A S B A
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EAERECNIE, AP CO FEAAT M, 1
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Tab.10 Routine components in MS smoke of medium-sized cigarettes with different filter rod inhale resistance
JEHERH/mmLO0  FHy(H-3") TPM/Amg ") K4 /Amg ) FEME/(mg ) MB/(mg ) COMmg )
320 5.69 12.52 1.51 10.1 0.88 8.0
340 5.61 12.10 1.45 9.8 0.85 7.8
360 5.59 12.16 1.46 9.8 0.86 7.9
380 5.65 11.68 1.43 9.4 0.87 7.8
400 5.74 11.90 1.42 9.6 0.85 8.0
Zea AR / y=15.060-0.008x / y=12.260-0.007x / /
R / 0.6028 / 0.6275 / /
P 0.526 0.030 0.300 0.020 0.590 0.670
304 ™ TPMy=2.766-0.002x, R’=0.7328
A fEih y=2.248-0.001x, R’=0.6751
254 & COy=1486-0.0003x. R’=0.1296
1 =—— - n
. 2.0+ " —
T:[ 4 A— A A ‘ N
o 151 « * * - 3
\g 4
& 102 o k4 y=0.348-0.0003x, R*=0.8571
E 0.30
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Fig.4 Linear fittings between MS smoke routine components and filter rod inhale resistance
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Tab.11 Evaluation results of sensory quality of cigarette with different filter rod inhale resistance

JERE SH/mmH,0 S gl ! RS Jl AR S
320 28.50bc 4.36bc 10.14bd 17.14ac 4.50bc 21.14b 85.80a
340 28 64ac 4.50ac 10.21b 17.21a 4.64ac 21.50a 86.70b
360 28.79a 4.64a 10.50a 17.29a 4.71a 21.64a 87.60c
380 28.36be 4.29b 10.07bd 17.00be 4.43b 21.00bc 85.10d
400 28.29de 421b 10.00cd 16.50d 4.36b 20.86¢ 84.20¢
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Effects of cigarette auxiliary material parameters on smoke indexes and sensory quality of
medium-sized cigarette

DAI Lu', ZHANG Lili', PENG Yuhan', WANG Le? BI Yiming', LI Haifeng', YANG Yang', DENG Nan*’, HUANG Hua,
LU Xinbo', JIANG Jialei', XUAN Runquan', ZHAO Lucan', ZHANG Qi*, DU Fanggqi', WANG Hui', LI Bin’

1 Technology Center, China Tobacco Zhejiang Industrial Co., Ltd., Hangzhou 310024, China;
2 Zhengzhou Tobacco Research of CNTC, Zhengzhou 450001, China;
3 Instrumental Analysis Center of Xi'an Jiaotong University, Xi’an 710049, China

Abstract: [Objective] This study aims to investigate the effects of cigarette auxiliary material parameters on smoke indexes and sensory
quality of medium-sized cigarettes. [Methods] Medium-sized cigarettes with different parameters of cigarette paper and filter rod were
prepared. The release of components of mainstream smoke was tested and sensory quality of cigarette samples was evaluated. [Results] @
With the increase of cigarette paper weight and air permeability, the routine smoke indexes and sensory quality of medium-sized cigarettes
decreased. Cigarette paper weight had a great influence on the smoke indexes of medium-sized cigarettes. The mean amount of smoke
released per puff was positively correlated with cigarette paper weight but negatively correlated with the air permeability of cigarette paper.
@ By increasing the content of potassium ions in the cigarette paper combustion accelerant, the release amounts of most smoke indexes
showed a decreasing trend, while the anion content had no obvious effect on the routine smoke indexes of medium-sized cigarettes. The
sensory quality of cigarettes with potassium citrate and potassium tartrate as cigarette paper combustion improver were better. &) With the
increase of the air permeability of tipping paper, the number of puffs increased, the smoke indexes of medium-sized cigarettes decreased
significantly and the sensory quality showed a decreasing trend. The increase of the air permeability of tipping paper had the greatest
impact on water release. @ With the increase of the inhale resistance of the filter, the TPM and tar decreased, and the contents of moisture,
nicotine and CO showed no change. Properly increasing the inhale resistance of the filter can reduce the miscellaneous air and irritation,
improve the smell of smoke. [Conclusion] By optimizing the design parameters of cigarette materials, the release of TPM, tar and CO in
cigarette smoke can be adjusted, and the sensory quality of medium-sized cigarette can be improved.

Keywords: medium-sized cigarette; material parameters; cigarette paper; filter rod; smoke; sensory quality
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