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Tab.1 Contents of glycerol and moisture as well as unit dry basis
ratio in reconstituted tobacco with different glycerol addition ratios

Hm &g ERIHE%  Hili/mg/g) KoM(mg/g) BAL T /%

10 93.58 114.10 79.2
14 139.84 131.60 72.9
18 176.34 138.06 68.6
22 209.65 149.40 64.1
26 249.30 156.00 59.5
30 284.04 162.89 553
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Tab.2 The total release of 179 components in the smoke of heated cigarettes with different glycerol content
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Fig.1 Changes of total release amount of 179 aroma components in smoke with different glycerol content
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Tab.3 Thermal conductivity of reconstituted tobacco with different
glycerol addition ratios (30°C)

H AN/ % HEE N (W/(mK))

0 0.078
9.36 0.115
13.98 0.151
17.63 0.182
20.97 0.203
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Tab.4 Total release amount of various components in the smoke of heated cigarettes with different glycerol content (ng/¥)
Hh /% FRIRK (GRS BN LSS SIIEES JSES Bk RIRHAE
9.36 153.40 121.28 109.76 57.50 34.73 33.58 12.28 5.29
13.98 154.99 137.14 136.21 60.73 44.57 28.03 16.17 6.23
17.63 159.31 132.95 142.65 61.22 46.02 27.77 17.04 5.66
20.97 156.27 141.02 168.51 64.24 42.94 21.60 16.59 5.53
24.93 127.26 107.27 117.73 58.53 28.92 15.97 12.39 4.44
28.40 117.91 85.22 87.00 60.34 22.62 14.61 11.30 4.26
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Fig.2 Relative proportions of various components in the smoke of heated cigarettes with different glycerol content
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Fig.3 Variation of the release of various components in the smoke of heated cigarette with glycerol content
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Tab. 5a The unit dry basis release of carboxylic acids in the smoke of heated cigarettes with different glycerol content

(ug/¥)
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9.36%
13.98%
17.63%
20.97%
24.93%
28.40%

6.35 80.20 0.23
7.86 92.10 0.25
7.76 9548 0.26
8.21 107.61 0.27
6.67 104.08 0.18
5.77 101.56 0.14

12.85
14.84
14.78
17.64
16.47
17.38

1.41
1.85
1.63
1.48
1.13
0.83

1.00
1.15
1.21
1.44
1.28
1.46

0.38
0.41
0.45
0.51
0.45
0.51

0.67
0.71
0.89
0.86
0.82
0.87

0.29
0.33
0.34
0.48
0.37
0.43

1.35
1.52
1.73
1.83
1.73
1.86

0.09
0.11
0.11
0.13
0.11
0.13

0.10
0.12
0.14
0.15
0.12
0.16

0.07
0.08
0.09
0.09
0.08
0.09

0.14 2.29 0.95
0.16 2.80 1.17
0.19 3.00 1.02
0.19 2.87 1.51
0.17 2.22 1.28
0.18 2.01 1.32

0.18
0.19
0.25
0.25
0.22
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1.38
1.58
1.68
1.47
1.13
1.12

0.63
0.67
0.79
0.70
0.55
0.60

0.20
0.22
0.25
0.30
0.25
0.29

0.43
0.48
0.55
0.50
0.42
0.38
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Tab. 5b The unit dry basis release of carboxylic acids in the smoke of heated cigarettes with different glycerol content

(ug/¥)
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9.36% 0.74
13.98% 0.92
17.63% 1.03
20.97% 1.22
24.93% 1.01
28.40% 1.10

0.72
0.74
0.76
0.89
0.74
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3.84
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0.87
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1.00
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Tab. 6 The unit dry basis release of alcohol components in the smoke of heated cigarettes with different glycerol content  (pg/32)

23-T 4% 3R aF iy 5-Fift2- HT =t 13-T

HlE R AR R R OEIE RIE BE FRERE 25 . KB WE AR L i IE Ol e I

9.36% 68.07 0.51 0.76 096  0.59 052 021 021 0.14 010 0.14 0.18  0.059 0.059 0.047 0.020 0.013 0.015
13.98% 7770 092 0.73 1.03  0.66 071 025 025 026 008 021 0.25  0.088 0.047 0.066 0.021 0.014 0.014
17.63% 83.10 1.30 095 0.99 0.70 057 028 025 023 012 022 026 0.120 0.055 0.035 0.022 0.016 0.022
2097% 94.13 098 0.83 1.05 0.64 0.81 025 028 027 011 027 033 0.112 0.075 0.066 0.027 0.016 0.017
2493% 9323 094 061 1.08 054 052 020 029 022 007 020 0.27  0.097 0.050 0.052 0.025 0.012 0.017
28.40% 10427 083 0.65 1.05 051 042 020 031 018 007 0.14 0.20  0.110 0.051 0.058 0.029 0.011 0.020
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Tab. 7 The unit dry basis release of phenolic components in the smoke of heated cigarettes with different glycerol content  (ug/¥)

XTM% _ -0 J5FE 4-7. 5k 4-HHE 2.6-—H
. RIpS 123- @b 147 .. 2-F4, R TH FTH WZHE 34-—
g Jaqell T KERy KR .o 2-FE Lo AR agelll, NI I )
B Mﬁ KW KRy W SN AT Kby B B [ = - Ky HE

9.36% 4.760 4.255 0896 1439 1.136 1.035 0.997 0.568 0.164 0.057 0.052 0.038 0.027 0.029 0.027 0.016 0.009
13.98% 5995 5281 1.728 2.647 1.728 1.824 1372 0.905 0.329 0.106 0.060 0.051 0.033 0.033 0.044 0.022 0.011
17.63% 6.560 6.924 1.778 2813 1.793 1910 1.472 0904 0321 0.098 0.052 0.064 0.039 0.038 0.034 0.028 0.013
20.97% 6.739 6.256 1.669 3.323 1856 2402 1.669 1.108 0437 0.133 0.033 0.070 0.039 0.041 0.047 0.028 0.012
24.93% 5933 5.849 1.076 2.034 1479 1429 1580 0857 0269 0.096 0.013 0.062 0.030 0.040 0.039 0.027 0.012
28.40% 6.510 6.257 1.085 1.356 1.157 0.995 1953 0.669 0.145 0.069 0.013 0.076 0.029 0.052 0.040 0.034 0.016
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Tab. 8a The unit dry basis release of aldehydes and ketones in the smoke of heated cigarettes with different glycerol content  (ug/¥)

25 . 270k 3
-5 5-f o 3 - };}; -4 18 gﬁ 2 9fﬁ TR O3 3R 3 R 2% 1.2- % H-2- [
st 22 i 20 sk s P mo spo DR RE AT s ko 00 se2 s s b e
LR Y e L BT TS TR I e

L[] -1-Fd L[]
9.36% 70.1823.5518.43 11.72 5.78 4.68 2.13 223 129 183 144 119 096 098 044 044 059 042 020 0.18 0.19 0.14
13.98% 81.50 31.9520.75 13.26 7.13 5.78 2.76 333 151 237 195 174 126 185 044 044 096 0.63 026 025 037 0.19
17.63% 81.08 34.07 20.39 13.53 7.80 5.83 2.74 321 1.76 2.67 206 222 128 182 052 052 096 066 032 025 035 020
20.97% 99.73 35.0222.79 13.99 8.85 6.55 2.98 3.76 150 2.84 2.01 245 142 239 047 047 1.09 081 036 023 044 0.8
24.93% 85.36 25.48 18.52 11.23 7.16 5.13 240 3.16 124 229 146 2.18 124 1.82 034 034 091 0.62 029 020 035 0.22
28.40% 76.44 2027 14.43 8.79 8.48 391 1.92 116 193 1.19 213 1.05 134 033 033 0.80 049 0.2 020 029 0.20

% 8b TR HE EMASIHESPEIRR S R TERKE

Tab. 8b The unit dry basis release of aldehydes and ketones in the smoke of heated cigarettes with different glycerol content

(hg/30)
2-ikk , IH- 3-20 I &b 2 z@;‘t
o i P e 3 M e g e 3T s PR gy BT BT BT SHERT Gy g TE e
HE RS o e T ERORT o g i A = = e A
ZH -1-F R o | il BT I B B8 WiV . Bl
L B 118 R

9.36% 0.152 0.164 0.189 0.104 0.045 0.126 0.152 0.073 0.056 0.018 0.045 0.051 0.038 1.149 0.088 0.215 0.054 0.177 0.1520.290 0.227 0.024 0.063 0.044
13.98% 0.233 0.219 0.261 0.106 0.059 0.192 0.288 0.086 0.077 0.025 0.062 0.069 0.0412.414 0.145 0.357 0.095 0.261 0.261 0.398 0.343 0.026 0.069 0.067
17.63% 0.233 0.219 0.277 0.118 0.064 0.190 0.321 1.910 0.083 0.025 0.064 0.058 0.044 2.711 0.146 0.350 0.092 0.277 0.248 0.452 0.350 0.032 0.073 0.071
20.97% 0.265 0.218 0.296 0.129 0.064 0.234 0.484 0.120 0.087 0.030 0.072 0.062 0.0473.370 0.179 0.421 0.115 0.281 0.312 0.484 0.374 0.028 0.094 0.073
24.93% 0.202 0.185 0.252 0.106 0.047 0.168 0.319 1.462 0.072 0.025 0.062 0.050 0.0342.218 0.128 0.303 0.081 0.235 0.218 0.336 0.303 0.025 0.118 0.067
28.40% 0.163 0.163 0.217 0.089 0.052 0.145 0.235 0.071 0.060 0.020 0.058 0.054 0.036 1.863 0.098 0.235 0.060 0.181 0.163 0.271 0.235 0.024 0.127 0.047
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RO TRIEHSEMAESERSPRARTILR T BV TERKE
Tab.9 The unit dry basis release of nitrogen heterocycles in the smoke of heated cigarettes with different glycerol content  (pg/32)

2 3H 4R 230267357 246 22 2L MR L 28 237057267 235 2L s
THbE Mo R R Ha PR ORE ORE TR BE Bl A ﬁ;tt@% W e R R ORE ZFE - e e P
WEoomE o mE o SE MEsE mtme MOE ke ome o nE BoOMEE MR ME MR %

9.36% 2.525 0.106 0.253 0.247 0.020 0.009 0.011 0.003 0.004 0.018 0.278 0.391 0.025 0.040 0.004 0.056 0.020 0.003 0.008 0.152 0.114 2.146 0.091 0.126 0.016
13.98% 3.827 0.178 0425 0.082 0.032 0.014 0.019 0.004 0.004 0.023 0.425 0.686 0.041 0.066 0.007 0.093 0.032 0.004 0.011 0.192 0.206 1.866 0.134 0.165 0.025
17.63% 3484 0.160 0408 0.087 0.031 0.013 0.019 0.006 0.004 0.026 0.496 0.787 0.044 0.073 0.007 0.093 0.032 0.003 0.010 0.190 0.190 1.735 0.160 0.175 0.028
20.97% 3.666 0.172 0.437 0.090 0.034 0.016 0.022 0.005 0.005 0.033 0.530 0.827 0.047 0.089 0.008 0.105 0.041 0.005 0.014 0.218 0.281 1.607 0.187 0.172 0.031
24.93% 3.210 0.155 0.387 0.076 0.032 0.015 0.018 0.005 0.003 0.029 0387 0.588 0.034 0.086 0.008 0.091 0.039 0.005 0.012 0.235 0.168 1.597 0.138 0.1 0.024

28.40% 2.911 0.148 0.362 0.072 0.031 0.013 0.016 0.004 0.004 0.024 0.325 0.470 0.036 0.078 0.007 0.085 0.031 0.004 0.009 0.217 0.119 1.537 0.123 1.049 0.016

E N

R 10 TEEHSEMASHESPEELER T RUTERKE

Tab.10 Unit dry basis release of esters in heated cigarette smoke with different glycerol content (ng/%)

: o A ey A} ey 4 #: ey A} Ly ey -‘é%# > ey ey ey A} ey N Ly =3 =
g R OO BB WRZ 0T W W RER o0 WNR RN UNR BRT RWR ASE A6
= frmg #@E F L ng VA A i WEE B W L LB RWE MCE

9.36% 129.13  5.82 1.05 0.45 0.97 0.20 0.14 0.23 0.08 0.18 0.10 0.09 0.10  0.033 0.016 0.003
13.98% 17433 8.02 132 0.63 1.19 0.16 0.19 0.25 0.10 0.18 0.12 0.14 0.14 0037 0.023  0.003
17.63% 19539 7.67 1.36 0.71 1.24 0.22 0.34 0.22 0.11 0.20 0.14 0.16 0.16  0.038 0.016  0.003
2097% 249.56  8.63 1.44 0.75 1.14 0.19 0.22 0.17 0.10 0.20 0.13 0.14 0.16 ~ 0.041  0.023  0.003
2493% 18692  7.06 1.09 0.50 0.97 0.27 0.25 0.20 0.06 0.15 0.14 0.10 0.10  0.034 0.015 0.003
28.40% 147.65  6.00 0.92 0.38 0.92 0.24 0.27 0.15 0.07 0.14 0.12 0.22 0.17  0.031 0.014  0.002

& 11 TR B EMASEBSIPABERRE LRI BN TERKE
Tab.11 The unit dry basis release of lactones and hydrocarbons in the smoke of heated cigarettes with different glycerol content (ug/37)

T-FiE-0-HEE SRR 2-HIEEM

35-"FED- 23-TA35- TR

. . wiy BB .
B FEAHA 6 PR 2 b (sm) o 1L P 2O g I o e WS AR
4 I-4- W B 2. B i Lt 3 i M A I Kol
9.36% 14.14 13.70 6.05 337 242 1.70 1.39 0.48 0.27 0.21 013 4213 023 0.034
13.98% 19.93 18.89 9.03 4.58 2.76 2.55 2.14 0.48 0.37 0.23 0.19 3813 029 0.025
17.63% 21.81 20.70 10.80 5.00 3.10 241 2.08 0.41 0.38 0.23 0.19  40.09 036 0.035
20.97% 20.78 19.72 1147 5.16 2.87 2.95 2.68 0.53 0.42 0.25 0.19 3334 031 0034
24.93% 14.05 13.73 9.73 3.92 2.37 2.24 1.56 0.35 0.32 0.22 0.13 26.55 025 0.034
28.40% 1043 10.31 11.01 3.24 222 1.77 1.08 0.27 0.25 0.18 0.13 2609 029 0.031

R A AR = T 0.1 ng/3H 37 MR BREEFIEMX G 12). H—Jrm, BESHM
BRRypH, SHMESESIEHROYEA 208, & SEEISHKORIED EEN S5 G KRR
SIMRIYIBE 17 M OBIE S S EEIEMKRK RO TRIE CGOEER. iR, Wb, MRS,
BRVEVI R 2 BN/ by TR ERERIR, XY R DS A RS R B ARIR (IR . 2K H
MR MR TH M O, SHMK 2 FREM I EEGR, R FLRS, XRYBE A= HM, HSHm
Hrp, 2. AR, TS s MRMRBE S HME o REM IS, R H o s ez .

*® 12 SHHSEEEZEMREXMNRIERLNR

Tab.12 Carboxylic acids with significant positive correlation with glycerol content

e fekx v ] TR RT®R  RIKER BRIR 250R -4 RIAER
e Pearson SR 0.834*  0.884*  0.889%  0.839*  0.892*  0.837*  0.959** 0.958**
Hime & .
WEME D 0.039 0.019 0.018 0.037 0.017 0.038 0.002 0.003

T TR 0.05 KCF GOUID EREAIE, #HE 0.01 K ORI _ERZFAK. TR
Note: *significantly correlated at the 0.05 level (two-sided), **significantly correlated at the 0.01 level (two-sided). Same below.
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AL 13 IR A 8 M KR TR
H SRR IR, HAREA AR R SCE S H
BEMRMEEE (R 13). SHIEERIMHEKEE
K2 HA K =+ “ kel WAl
376°C) BUKALFHEUE: (n 3-F2E IR L/EAT 4-F2 5k
WOWE, Whr e 375°CLEAD.

R B 2= T 0.1 pg/SCH 9 BRI, 4
R R RCR S H & R 2 IR G, b B
RYERIAZREY (R 13), 5350 5 S o iR i
SHmmEERIGMC. IRV AR, Hibn—
AR 300°C, HARK Wy, AAIARm &KW,
KNP L&A 2RI, WHTBT TN AR,
IS 7 S H TR 1, S BCH R R

(I RE 10k 5 -

ZHEA RV T 45 i RAPE AR 2k, %
Bk BRABYT A, weue Fn gAY
AAESHEZ IR, ok, ks i &9 AFES
LR, TSR, DRI 2oy 5 2 (Rl A
HAE AR FR BRI g, I 2 B
AR o IR R i B B 2 TR A DG PEAS
B, BAKRITE RS RERAES . A R
Ko, SHMmPIRINEREE EMHCHARE -5
Fe-2-TH (R 13), WA ) IR s i E S5
HlEEAMKXEE (=-0966, &M (M)
=0.002).

®13 EHHSEERZEHEXAEE. BLEEZEYHR

Tab.13 Alcohols, phenols, aldehydes and ketones with significant positive correlation with glycerol content

TiH Ei=pan TR H R PN 1-3F-2- T
Pearson A8 %1% 0.980" 0.977" 0.937" 0.954"
HmaE & »
EBEM G 0.001 0.001 0.006 0.003

ARSI L R BESRAN A BRI 2 By T BEOR,
RBGE, SHMRRINE R R, EHRMES AR
Fo SMRSYIBT, B TR E R L 99%, H
BE S Hl S B2 RZ 0K (=099, &t
ORI =0.002) 0 AF A8 M0 mb 5 8 o et A R P 507 A
grs HTE R AR R, ARG R R B
JAR B R (75 S AR, B e (344°C), B
DHAEDEYE IR BLA e, HL S A>T IRE I 7158,
BEAR T IR R TR

3 g

(1) RH GC/MS J5i%, b T IR K
FPEFERIL 179 Pk . Hl & 2 9.36%15 2
28.40%, 179 PR/ BEIUE B AE 403.26~616.69 pg/>7
Z A, 2 ETHE FRMRES, SHhEERE
TIRERBAR R R, R=0.9199; (2) ImIEME S T
RIRAE . WERRSFINE R & B, AR LA 7E 20%
PA b, BB LHIRAL, A 1%EH, B
FRBE S HM S R2&MEBILRR, RPN 0.9618,
H AR I R TS i Ve 2 B P B n S IS T v BRI
fash, 2R R, MR R O

0.8453~0.9465; (3) ZHUKWh mUH R RSN EL LY R
DRI 65 H I 2 IR R e st ) B AH ELVE R, LB+
BERE S H & B RIEMHE, DEEH Kok
KA BEL AR I 1D v 3 A T XS R I A 400 o ) e Tl o
SHMESEZFEIGHIE (4) SHEHZRME LT
KB RAFE S A R ik, Sz
MAHEAE R e ss, R FRERRE S MR
M2 (5 BekK. WEERMERYRZH0r T
BRK, WhaSE, BRI S Hl 2 B e
SURE, TR = 2R T 11 A T SRR R 2 S H
R R,
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Effect of glycerol content in reconstituted tobacco made by slurry process on the release of
aromatic components from heated cigarette smoke

LIU Mengmeng', ZHANG Yuan', SUN Xuehui %, QIN Yaqiong’, ZHU Longjie', WU Penglin', ZHU Huaiyuan', CAO Yi"

1 China Tobacco Jiangsu Industrial Co., Ltd., Nanjing 210019, China;
2 Zhengzhou Tobacco Research Institute of CNTC, Zhengzhou 450001, China

Abstract: This study aims to explore the effect of glycerol content in reconstituted tobacco made by slurry process on the release of
volatile/semi-volatile aromatic components from heated cigarette smoke. To this end, GC/MS method was used to analyze the release of
179 volatile/semi-volatile aromatic components in heated cigarette smoke and correlation analysis was carried out with the unit dry basis
release of each aroma component. The results showed that: 1) When the glycerol content increased from 9.36% to 28.40%, the total release
of volatile/semi-volatile aromatic components firstly increased and then decreased, forming a quadratic function with the glycerol content.
2) The release of carboxylic acids, aldehydes and ketones, phenols, esters, lactones and nitrogen heterocyclic substances in the smoke
changed quadraticly with the increase of glycerol content, where the correlation coefficient change from 0.8453 to 0.9465. Moreover, the
release amount of hydrocarbon substances had a linear relationship with the glycerol content, where R’ was 0.9618. 3) The component that
has a low boiling point and is easy to form hydrogen bonds with glycerol had a positive correlation with the glycerol content, while those
containing long alkane chains or large steric substituent with high boiling point were weakly correlated with the glycerol content. Of the
detected aromatic components, 12 were significantly positively correlated with the glycerol content.

Keywords: heated cigarette; aromatic components; glycerol content; correlation analysis; boiling point; hydrogen bond
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