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Table 1 The design scheme of cigarette samples
WA gl EE S
BE IEWE BT BE, TEWE AR
P WRE, B i WRE, B
% CU % CU
N, 0 20 S, 0 20
N, 0 40 S, 0 40
N, 0 60 S, 0 50
N, 0 80 S, 0 80
N, 9 20 S, 20 20
N, 9 40 S, 20 40
N, 9 60 S, 20 50
Ng 9 80 Sq 20 80
N, 2 20 S, 30 20
N, 2 40 S 30 40
Ny, 22 60 Si 30 50
N, 2 80 S, 30 80
N5 30 20 Sis 40 20
N, 30 40 Su 40 40
N5 30 60 Sis 40 50
Nig 30 80 Sis 40 80
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BT P W K ML R R A 0 AR WD) (GB/T
19609—2004 ) 7' X 0 A i BE B REEATIN E L B
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Table 2 The physical parameters and tar 44 mm ISR S E RN SR AR,

release of cigarette samples B AR 5 3 Y R

Bedh Bl Pt BB UEVEE  40E AR ‘ Co . o
%% mg WFH/Pa /% KER/% WEK/% (mg-K) FEAE 5 B 0 3 TR SO AR Y B ST I8
N, 860.9 1202 3.5 0.3 3.2 1.00 A 50 mL #EHE R, A 10 mL 2R ZBE A5 BUA TR,
N, 83.1 1178 6.5 0.3 6.2 0.97 FEHERRMIA 50 pL WARIE (1 mg/mL [ ZTRA 2,
N, 85.9 1180 10.1 0.3 9.8 0. 90 N e e - _ e e
N, 867.0 1189 12.4 0.4  12.0 0. 89 M) , o8 B B 7 AR B 20 min, O IO, o
N, 866.4 1108 145 11.6 2.9 0. 94 0.45 wm AL UE R, X B AT GC-MS 437, %
N, 862.0 1063 19.1 13.0 6.1 0.93 BTN (SIM) BT R AR BT
N . NV

, 866.6 1078 20.9 12.4 8.5 0. 86 (LB M7 S 653 DB=5 MS(60 mx
N, 851.9 1062 21.9 129 9.0 0. 86 o
N, 871.6 971 30.1 28.0 2.1 0.81 0.25 pmx0.25 mm) ; & J7 I+ 4014 i E 60 °C.,
N, 855.2 941 311 264 4.7 0.78 SRIG 2 °C/min F+ & 150 °C ,A£FF 5 min, FLL 10 C/
N, 848.7 942 33.2 256 7.6 0.74

s MERE B LR R M| AN

N, 83.9 901 355 33.5 2.0 0.77 10 min; JERRAE 1 s SRR FHERE 290 °C 5 533 H

N, 83.1 912 369 323 4.6 0.75 10 : 1; 803 He, Wi 1.5 mL/min; & % £ i &

N, 82.5 901 39.2 333 5.9 0.70 290 C ; BB IR Bl 3 IR S 230 °C ; i B fig i

N, 873.4 911 42.0 342 7.8 0.70 . e i e s

70 eV; W 150 °C 5 535 5 42k 41 A
S, 550.0 1981 6.8 0.7 6.1 0.91 evs IEWEZ?F?@‘IBZ% i ’}ﬁlafﬁ%a%@@jj
S, 559.9 1951 15.6 0.6 15.0 0. 86 iR
e L2 24 04 om0 08 SR SRS 77 RO R o
i ‘ : ‘ ‘ : S gt o 1 e = R S
S, 565.1 1708 29.5 19.6 9.9 0. 83 e BEPERE M N, AT P AT S, B TR 3SR S
S, 569.7 1676 31.5 20.6  10.9 0.82 W FFAERE S SE R B i K RS SEPR S 1Y 172 7K
Sy 551.2 1584 352 187  16.5 0.78 S SRR S SR i 1 2 A KEEA T RNSCR LS
S, 566.1 1605 33 28.1 4.9 0.8

Sp 547.1 1578 35.4 27.4 8.0 0.81 2 ZEEERHA

S, 569.0 1561 37.6 29.2 8.4 0.8

S, 568.4 1501 42.6 27.3 15.3 0.74 2.1 BIEBUER SIS R R R

S, 554.6 1377 41.0 37.1 3.9 0.76 ‘ o

S, 556.8 1360 46.0 39.1 6.9 0.73 9 Tl 1y 28 7 WR I 23 S5 1% 2 0 R R A A D 22

S;s 559.9 1345 453 37.8 7.5 0.74 (RSD) Je IR ne 3 fron, & 3 nI 1,9 Ay
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Table 3 MS parameters, RSD and recycling rates for 9 phenolic aroma components
A HFR i EEMNET RSD/ % ISR/ %
“2E 126 126,71 3.8 92~100
e o
LIy 140 140,125 5.2 90~ 101
AR B 124 124,81 3.6 94~102
4- 2 I HE A A 150 150,107 3.6 88~94
2,6 A 122 122,107 4.2 89~96
WEE 6= TRE ’
2,6- B SEIE W) 154 154,111 6.2 95~ 104
4-ZFIR 122 107,77 4.3 93~101
T 164 164,149 5.6 98~ 106
& HEE 142 124,95 8.3 89~101
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Table 4 Regression equation parameters of releases of phenolic

flavor components with cigarette paper ventilation rate

e - A B A _ A Y2 A4 Do/ Dy
PR R R’ D/ % FE S R R Dys/ %

x5 -0.0394 2.2242  0.9589 2.0 -0.0158 1.9021 0.988 6 0.9 2.3
LHEF -0.0017 0.1064 0.994 4 1.6 -0.0005 0.0696 0.9743 0.7 2.5
2,6-"WHEHER  -0.0184  1.5038  0.959 7 1.2 -0.0061 1.1543  0.963 6 0.5 2.2
4- ATy -0.0882 5.2547  0.9707 1.8 -0.0380 3.9263  0.908 3 1.0 1.8
2,6- " HEFIEE -0.0449 2.3483  0.974 4 1.1 -0.006 0 1.3747 0.9715 0.6 1.8
T & -0.0176 1.5392  0.958 3 1.1 -0.0106 1.1839  0.886 3 0.7 1.6
AR B -0.0304 1.3301  0.968 8 2.6 -0.0111 1.1747  0.990 7 1.0 2.7
4-ZIEIABIARE  -0.0306  3.1756  0.958 5 0.9 -0.0176 2.4904  0.968 7 0.5 1.8
HAD -0.0408 2.7140  0.9629 1.7 -0.0141 1.5161 0.9868 1.0 1.7
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Table 5 Regression equation parameters of releases of phenolic flavor
components with cigarette filter ventilation rate
‘ EEZUIEIS am %%ﬁﬂ%‘k ?Eﬂ?{%‘k D,/D,,
BHERJE/CU R e R Dn/%  FE s R’ Dys/ %
Z-al -0.0219 2.0986 0.9965 1.1 -0.0127 1.8756 0.9418 0.7 1.5
L HEF A -0.0009 0.1018 0.9959 0.9 -0.0004 0.0672 0.9804 0.5 1.6
2,6- "R -0.0112 1.4652 0.9914 0.8 -0.0041 1.1167 0.9894 0.4 2.1
4- I -0.044 4 4.8743 0.9430 0.8 -0.0178 3.7174 0.9523 0.5 1.7
20 2,6- " HEIEKH  -0.0138 2.2350 0.9877 0.6 -0.0044 1.3479 0.9803 0.4 1.5
T& -0.0110 1.5339 0.9344 0.7 -0.0078 1.1202 0.9952 0.6 1.1
A A -0.0086 1.2288 0.9935 0.7 -0.0027 1.1033 0.9638 0.3 2.8
A-ZIEHAAIARE,  -0.0198 3.0968 0.9958 0.6 -0.0064 2.4259 0.9165 0.4 1.5
HRE -0.0222 2.6089 0.9986 0.8 -0.0077 1.5308 0.9764 0.5 1.6
E Al -0.0219 1.9915 0.9983 1.1  -0.0131 1.8015 0.8988 0.7 1.5
HEF R -0.0008 0.0965 0.9299 0.9 -0.0004 0.0648 0.9826 0.6 1.6
2,6- —HIEHR  -0.0109 1.4264 0.9517 0.8 -0.0040 1.0974 0.9579 0.4 2.1
4- I -0.0466 4.6884 0.9689 1.0 -0.0205 3.6214 0.9707 0.6 1.6
40 2,6- WA RHEB  -0.0113 2.0085 0.8674 0.6 -0.0068 1.3185 0.9815 0.5 1.2
T&H -0.0103 1.4650 0.9102 0.7 -0.0072 1.0775 0.9675 0.6 1.1
RIS -0.0072 1.1396 0.9632 0.7 -0.0018 1.0594 0.8021 0.2 3.7
A-ZIFmILMAIKRE  -0.0214 3.0373 0.9899 0.7 -0.0058 2.3103 0.9151 0.4 1.8
BER -0.0213 2.4646 0.9702 0.8 -0.0015 1.2671 0.9838 0.2 2.7
# 2 i -0.0196 1.8799 0.9974 1.1  -0.0122 1.7689 0.9403 0.7 1.6
L EEH -0.0007 0.0906 0.9176 0.8 -0.0003 0.0627 0.9709 0.5 1.7
2,6- " HIEAEE  -0.0092 1.3169 0.9875 0.7 -0.0034 1.0610 0.9882 0.3 2.2
4- 2 FK By -0.0401 4.3767 0.9607 0.9 -0.0166 3.3479 0.9718 0.6 1.5
60/50  2,6- " FHAEEIERY  -0.0155 1.8987 0.9388 0.8 -0.0080 1.3009 0.9945 0.6 1.3
T&E -0.0099 1.3856 0.9335 0.7 -0.0071 1.0582 0.9854 0.7 1.1
RIS -0.0060 1.0779 0.9408 0.6 -0.0012 1.0305 0.8343 0.2 3.9
A-Z MR BIARE;  -0.0187 2.8833 0.9716 0.7 -0.0048 2.2145 0.8839 0.3 2.3
HAER -0.0190 2.3636 0.9889 0.8 -0.0032 1.2633 0.9216 0.3 2.8
E2 Al -0.0178 1.7511 0.9762 1.0 -0.0109 1.6462 0.9341 0.6 1.5
RS 2 -0.0007 0.0874 0.9759 0.9 -0.0003 0.0599 0.9587 0.5 1.8
2,6-"WWEFER  -0.0099 1.3143 0.9884 0.7 -0.0031 1.0236 0.8354 0.3 2.3
4- 2 BBy -0.0309 4.0830 0.9716 0.8 -0.0145 3.0865 0.853 0.5 1.6
80 2,6- " WARHEE  -0.0199 1.9482 0.9509 1.0 -0.0079 1.2477 0.9502 0.7 1.4
TEM -0.010 1 1.3619 0.9778 0.7 -0.0066 1.0022 0.9618 0.6 1.1
A A EY -0.0060 1.0386 0.9706 0.6 -0.0020 0.9956 0.9413 0.2 3.0
A-ZIEHABIRE  -0.0214 2.8580 0.9932 0.8 -0.0037 2.1117 0.8290 0.3 2.7
HAEER -0.0177 2.2270 0.9923 0.8 -0.0041 1.2393 0.9555 0.3 2.5

FECBI Dy /D) 1.1~ 4. 6, R I 38 6 38 XU X
FRAGH O Ty 2K 7 A B 43 RBR R 119 52 ) R T4 S 45
M TEF AL A S A T AR I R R 2
SEESR HE N 2. 8~3. 9, T H IR FRIER 2
BN HEA LT,

U W XN 4 KR RS O Ry 2R A
WA o5 A3 T8 ek P 52 M 25 R A48 S 43 L R T

FIE 2 4 S A A TR BRSO R A A 1Y 48. 5% (23/
47.4) FEFRUERIIRZ 25 1T, 40 SR P SR 3 3 R
TR RAS I i LA 7 R S TE AR A S T R
B S TAD X5 /N RIS 0 DR O XL P BB PR X R
L LA NG R o o O A R ERO
N BT AR 22 55 75 S B2 A T RS, AR 22 SR e A %o
Fea1, TR A B A A IR o A IR FE A/ X
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FATIC AP AT T8 AR, 9 o 13 28 785 AR 1840 B8 TSt 2 318
WEEEARIR], 3542 25l 4- L3R 2,6- — H 43
R (R G FE AR, 2, 6 - — F LRy | T A I 4
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Table 6 Comparison of the effects of filter and paper

ventilation rateon the release of nine phenols in

normal and slim mainstream cigarette smoke

LA ASCEM

A= Dp/ Dun/ Do/ Dp/ Dy Dps/

% % Dw % % Dy

W 20 1.1 1.8 0.9 0.7 1.3

L HESE ZE B .6 0.9 1.8 0.7 0.5 1.4
2,6- "FIEEE 1.2 0.8 1.5 0.5 0.4 1.3
4- L FEIR W 1.8 0.8 23 1.0 0.5 20
2,6- FHHEEFER 1.1 06 1.8 0.6 0.4 1.5
T&HW 1.1 0.7 1.6 0.7 06 1.1
ugilp N 26 0.7 3.7 1.0 0.3 3.3
4-ZIRFEBBAR 0.9 0.6 1.5 0.5 0.4 1.3
HRR 1.7 0.8 21 1.0 0.5 20

A7 FE AR BT O FREy K Aek s o Bk B e
Table 7 Effects of different ventilation distribution on nine phenols release
B A YA
feadn MO (ue 27D i o — PP BT e g,
N12 N13 SIZ Sl3

# ZF i 1.310 1.371 4. 66 1.259 1.342 6.59
LHEEA 0. 063 0.072 14.29 0. 051 0. 055 7. 84
2,6- " HI L H 1. 060 1. 080 1.89 0.958 0. 969 1.15
4- 2 R 3.240 3.573 10.28 2.810 3.024 7.62
2,6 " H S FIK 1.580 1.753 10. 95 1. 065 1.177 10. 52
T 1. 087 1. 130 3.96 0. 850 0. 900 5.88
RIS 0. 940 1. 002 6.60 0. 881 0. 934 6.02
4- RS A A A By 2.319 2.424 4.53 1.994 2.160 8.32
HRE 1.720 1.863 8.31 1.150 1.226 6. 61
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Effect of ventilation on the release of typical phenolic

flavor components in mainstream cigarette smoke

WANG Bing' ,FAN Zhong”,LI Helin®,LIU Shaofeng' , CHEN Zhiyan®,
LIU Hong” ,PENG Bin',CAI Junlan'
1. Zhengzhou Tobacco Research Institute of CNTC , Zhengzhou 450001 , China;
2. Technology Center ,China Tobacco Guangxi Industrial Co. Lid. ,Nanning 530000, China
3. Technology Center,China Tobacco Jilin Industrial Co. ,Ltd.,Yanji 133000, China

Abstract; Normal and slim cigarettes with different filter ventilation and cigarette paper air permeability were
rolled. The effects of filter ventilation, cigarette paper ventilation and ventilation distribution on nine phenolic aro-
ma components release from mainstream cigarette smoke were investigated. The results showed the filter ventilation
rate, paper ventilation rate negatively correlated to the releases of nine phenolic aroma components in cigarette
smoke , and with the increase of ventilation rate, the decrease rate of maltol with caramel flavour and smaller molec-
ular weight was higher, while the decrease rate of eugenol with smoky flavor and larger molecular weight was lower.
No matter normal or small cigarettes, the paper and filter ventilation rate have different effects on the decrease of
smoke composition, and the paper ventilation rate has greater influence than the filter ventilation rate. The effects
of filter ventilation rate, paper ventilation rate and ventilation distribution on the release of nine phenolic aroma
components in conventional cigarette smoke were greater than those in slim cigarette smoke. When the total ventila-
tion rate was the same, the release of 9 phenolic aroma components in cigarette smoke with high filter ventilation
rate and low paper ventilation rate was higher than that with low filter ventilation rate and high paper ventilation
rate.

Key words: normal cigarette; slim cigarette ; ventilation distribution ; cigarette mainstream smoke ; phenolic flavor

components
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