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Abstract: To investigate the effects of glycerol on the pyrolysis characteristics and the release behavior of aroma
components from different types of tobacco particles under heating conditions, thermogravimetric analysis and a self-built
temperature-programmed heating platform coupled with a flue gas capture device were employed. The results were shown as
follows. 1) The thermogravimetric process of four different types of tobacco particles could be divided into three stages, i.e.,
dehydration stage(stage I), devolatilization stage(stage II) and hemicellulose and cellulose pyrolysis stage(stage III). Glycerol
increased the weight loss rate and the maximum weight loss rate of tobacco particles in stage II to varying degrees, with the
most significant effect observed in cigar tobacco particles. Meanwhile, glycerol reduced the weight loss rate and the
maximum weight loss rate in stage III, indicating differences in the interaction between glycerol and different types of

tobacco particles. 2) There were differences in the total release amounts of neutral, acidic, phenolic, and alkaline aroma
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components among different types of tobacco particles. For tobacco particles without glycerol, the total release amounts of

neutral aroma components decreased in the order: flue-cured tobacco, oriental tobacco, burley tobacco, and cigar tobacco;

the total release amounts of acidic aroma components and phenolic substances decreased in the order: oriental tobacco, cigar

tobacco, flue-cured tobacco, and burley tobacco; the total release amounts of alkaline aroma components decreased in the

order: burley tobacco, cigar tobacco, flue-cured tobacco, and oriental tobacco. 3) Glycerol increased the total release amounts

of various aroma components from tobacco particles to varying degrees. The increase in the release amount of neutral aroma

components ranged from 44.07% to 77.70%, the total release amount of acidic aroma components and phenolic substances

increased by 29.34% to 53.32%, and the release amount of alkaline aroma components increased by 7.49% to 84.60%. The

effects of glycerol on the thermogravimetric and aroma release characteristics of different types of tobacco particles varied,

but overall, glycerol enhanced the total release amounts of various aroma components under heating conditions.

Keywords: heated tobacco products; tobacco particle; glycerol; pyrolysis; aroma components; releasing characteristics
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Fig.1 Schematic diagram of programmed temperature control

heating platform coupled flue gas capture device
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Table 2 Change rate of weight loss characteristic parameters of

tobacco samples after glycerol application
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Table 3 Release of neutral aroma components from different types of tobacco particles before and after glycerol application  pg/g
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B 5 =)0 6.94+0.18° 11.23+0.77¢ 17.66+1.14¢ 39.88+2.45°
4G FH-TIHE355- =2 FFTUa-1-f  8.46x0.11° 10.52+0.53° 70.88+0.99° 95.50+0.638
1 F4% 16.05+0.62° 30.10+0.22° 20.33£1.01° 44.89+0.38¢
IR AT 2.71£0.20° 3.59+0.08° — —
F IR 2.24£0.11¢ 3.54+0.23% 0.98+0.03¢ 1.3240.11%
Mt 2944042734 424.15+1.05¢  278.6142.79°  466.45+1.34"

VE: FATHOE R RN G S REOR R 25 S R U(P<0.05); “—"For Akt
EANH MG, AR ERUR ) TP E ARy AR R R R B BT (Y SR TR P R K (FR3) - it
FEBCE B B IEIN, BEBCE L y340.82~466.45 pg/g,  A0H il Jim AN [R) 28 B M BEORE ) %25 o % 7 R R
RTHIEEN44.07%~77.70%, b, FEIH XS SE0ExT e 3. BEBAT, &P R R (1
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JH T % 21 TR 0 R SUR F 1 g 24 A R ) R B T
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918.39%( W H B 28 B A 18 53)~169.92 % (1
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2001

LhiNE-20
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Fig.3 Comparison of increase amplitude of neutral aroma

BihE-20  EEE-20

FRHE-20

components in different samples after glycerol application

(SRR U= Sy (VS o s B3 i G
E A, AnH M ES A AR BB ARME
TSR Z S B TR S 1R 3 901 967.03% 65.09%
61.82%FH125.82%; H Mt inja bR 4 K & Fioks
() S B A Bk PN TR R T8 = G M 43 ) M 29.78%
18.39%-. 32.50%#1163.56%. 4N, H ittt As[H
P R 2 7 M A At R R IR, BRI L
38.26% ~ 80.61%.
2.2.2 BRMAR R FoBr KM B E AT

T B AN [R] 0 B FRORL (1 T2 1 5 R i 43 AN T 2K )
JRRETCR, T Z mELE T, 45 RInEAR.
P4 e A [ o e o 1) 5% 2R B0 R )
PR IR B A R PR B AR R E 2 R, i
T H b R IS AS [R) J0R E OR F R A Ry 2 o R T
HN193.68~1 082.74 png/g, H H I In st & & w4
JR RS R TR

=4 HIHBREMEE A E S EUEE B A BR 14 & Rk 2 FNER KA R E

Table 4 Release of acidic aroma components and phenolic substances from different types of tobacco particles

before and after glycerol application ug/g
% -0 I E-20 A #E-0 A E-20 5 1R-0 5 1H-20 FRME-0 FEHE-20

N7 — — — — — 20.16+1.39* 24.06+0.52°
AR 1.99+0.04° 3.62+0.11° 2.4440.01° 2.5240.02¢¢  2.77+0.07%¢  2.88+0.58¢ 1.56£0.15° 4.11£0.09°
T 1.35+0.11* 2.35+0.02¢ 2.25+0.24¢ 2.34+0.18¢ 1.61+0.12° 1.87+0.06° 1.35+0.07° 3.29+0.14°
iz 1.07+0.08° 1.81+0.06¢ 1.57+0.16° 1.55+0.08° 0.87+0.08* 0.95+0.13%®  1.5240.05° 2.57+0.15¢
BN 4.40+0.16° 7.20+0.134 5.02+0.13¢ 6.82+0.284 2.2140.13* 2.5240.20° 9.01+0.45¢ 9.2340.08¢
TR 1.63+0.30° 2.04+0.13¢ 2.1440.17%  2.35+0.12° 1.19+0.16° 0.77+0.05* — —
2-FEET R 6.63+0.62° 9.79+0.22¢ 4.66+0.13° 6.49+0.12° 6.23+0.10° 6.79£0.09°  14.63+0.88¢ 28.28+0.79¢
3-HET R 7.62+0.63°  12.90+1.02° 3.06+0.15° 6.13+0.06" 6.67+0.16" 9.34+0.13¢  17.96+1.03° 34.01+0.46¢
3-HEE R R 149.7740.44¢  168.89+0.96"  15.3240.33*  25.87+1.54" 120.15+1.72°¢ 160.76+1.31° 270.57+1.88%  356.23+0.50"
[wAi — — — 4.80+0.43° 5.16£0.07°  10.08+0.23¢ 10.33+0.07°
bR 3.66+0.06° 5.02+0.24¢ 4.47+0.06 4.63+0.48%  4.58+0.37*  6.30+0.13¢ 4.56+0.22% 7.77+£0.08¢
2K R 8.38+0.23¢  10.23+0.64° 3.6240.112 3.8440.28° 6.46+0.07° 8.70+0.18¢ 7.60£0.04¢ 12.6240.98"
¥R 3.90+0.44¢ 2.35+0.06° 2.71+0.06" 2.91+0.76" 1.6340.09* 1.3140.06* 4.83+0.18¢ 3.83+0.11¢
KR 19.31+£1.24>  26.40+0.40¢ — — — 15.76+0.93% 20.74+0.92¢
A 5 RE R 3.78+0.61° 4.99+0.68¢ 1.624+0.11* 2.2240.07* 3.75+0.14° 4.1140.20*  4.55+0.06% 4.84+0.47¢
KRR R 41.5240.81°  50.8140.53°  23.73+0.75°  43.93+£0.22°  43.85+0.68°  45.76+0.89¢  85.00+0.837  100.82+0.98¢
R 18.77£0.36¢  19.13+0.60¢ 5.95+0.10° 9.25+0.11°  13.02+1.20°  13.40+0.66°  21.00+0.33¢ 26.22+0.79°
o~V IRER — — 11.23£0.98°  11.43+0.12*  13.00+0.55°  16.72+1.18°  14.14+0.41° 19.860.99¢
e i 35.88+0.95%  36.45+£0.58%  24.78+0.55°  27.05+0.18°  35.35+£1.02¢  37.2240.79°  32.64+0.79° 43.30+0.99°
BN 76.86+£0.47° 121.47+0.94"  49.96+0.14*  79.55+0.61¢  69.78+0.36° 102.55+1.01° 161.77+0.98%  213.35+0.95"
A8 H 15.67£1.09°  22.70+0.81F 5.09+0.22°  17.5740209  10.54+0.46°  17.91+0.29¢  20.74+0.99¢ 29.61+1.00¢
[i8] B Py 4.1940.03¢  10.01+0.26¢ 1.08+0.04° 3.3340.12°  12.72+0.71°  16.58+0.27¢  15.72+0.61° 22.09+0.56"
Xt B iy 20.084£0.51°  31.46+0.59° 8.97+0.12*  11.16£0.51°  26.64+1.20°  31.14+0.90°  34.68+0.79° 44.93+(.98¢8
2L HERE 5.13+0.11¢ 8.13+0.12° 2.1440.04* 3.7240.55° 3.93+0.11%°  4.83+0.08¢ 4.14+0.10° 5.81+0.09°
T AIA 12.34£0.85°  25.7120.32¢  10.6040.62*  19.94+0.21°  11.56+0.97® 24.42+0.13¢  28.97+1.36° 39.46+0.73°
2,6 3Ry 2.42+0.11° 6.68+0.29¢ 1.27+0.14° 2.35+0.22° 7.2140.06" 8.97+0.07¢ 3.55+0.07¢ 6.10+0.19¢
2,5 HIE Iy — — — — — 8.79+0.21* 9.28+0.07°
Bt 446.35+2.95¢  590.14+4.517 193.68+1.18" 296.95+2.81° 410.52+1.17° 530.96+1.86° 815.28+1.428 1 082.74+0.46"

e FTEUE A NG TR A ZE 3R G 22 (P<<0.05); “— FoR KA
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X T AT R, APRIIE(536.92 ng/g)-
HHMH(309.66 ng/g). #EIH(268.14 ng/g). EIIHA
(114.57 pg/g) HIRR A R o B TR K b,
Hh 3 FH L R A AR R (VR B A i, A R RO
INFCIRAS T 119 3— HH 22 13 I RS AR TR 1R TS 2 2 )
IEF] 727057 ng/ghgs.00 pg/g, TX2FFRALE A
U HERSORE o AR R b R R TR 23 0l 915,32 pg/g Al
23.73 ug/g. TEHH278.36 ng/g)- ¥ 1H(142.38 pg/g)-
T AHIH(136.69 pg/g) FMIIH(79.11 pg/g) A<
KW PR TR IRk -

TN H I AN [ S B B SO 1) 8 P B A ol
Gy A SR R S B B R, b, it H v
SXoF FA PO AR R P TR A R 7y 248 2 I e S 1 4 T
FEEfe R o TN 5 A [R] 28 2 0 5 R P TR 1 0 iy
FW GRS LE L 4. B4 WL, 4SS A AL
FOORL ) ER ME WK R R R &2 B 1 IE A
17.54%~39.06% , By 25 ¥ Joi % Tl & 1 3 08 A
33.14%~74.00% . 45 & Fe40] 501, i 0 H il 5 55 7
FUIHE L REME . AR A A 3—FF B TR R S 1 2
MN12.77%- 68.86%- 33.80%H131.66%, FAEIRRE
TR A IR N22.37% 85.12%- 4.36%A118.61%,
R A A By R TR I G 20 53129 108.35%  88.11%

111.25%4136.21%.
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Fig. 4 Comparison of increase amplitude of acidic aroma
components and phenolic substances in different samples

after glycerol application

2.2.3 BESARS B EA

THEAS IR SRR (1 A A R R R, 0T
HATZ Hm BT, SR WRSHTR. HERSATL,
B AL FRE T B B R B R I AR R
S I PRI [ R B RO B e A A 1 3 PR
YL N178.98~9 283.31 ug/g, SHE A1 T B,
LA T B A AR o R T

®5  HimEMATE A EXREUNEFR AR B RS BRE

Table 5 Release amounts of alkaline aroma components from different types of tobacco particles before and after glycerol application ng/g
HRESY -0 i fE-20 = AE-0 = E-20 1% 10 5 1H-20 HRHE-0 FRHE-20

nemE 8.88+0.10°  15.08+0.64"  15.55+0.57"  30.67+0.52¢ 4.99+0.21¢ 6.39+0.11¢ 1.99+0.21° 3.98+0.16"
2-HEEnEnE 4.07+0.06¢ 5.73+0.12¢  16.85+0.14¢  35.89+0.44" 5.34+0.07¢ 8.88+0.131 1.89+0.16° 3.21+0.10°
3-FE bz 4.98+0.13° 6.76+0.09°  21.45+0.57°  50.25+0.09¢ 5.14+0.04*  13.45+0.96°  9.40+0.03°  12.31+0.13¢
2,6-FIEMEE  1.98+0.06° 3.49+0.03°  14.34+0.79¢  32.15+0.82° 0.56+0.10° 2.20+0.07°  1.85+0.21° 4.00+0.13¢
27 FEnknE 1.98+0.11¢ 2.58+£0.13°  16.63£0.527  37.03+0.48¢ 1.65+0.08™  2.04+0.05¢  0.84+0.15° 1.36+0.07°
23-TFIELMERE  2.13£0.09®  3.08+0.04°  15.89+0.55¢  33.20+1.13¢ 1.20£0.06° 2.87£0.07°  4.73+0.08° 2.51+0.10°
32N 4.56+0.08¢ 5.58+0.09°  17.25+0.41"  41.0340.83¢ 1.95+0.10° 3.47+0.06°  0.44+0.02° 0.64+0.13*
3-L AR 16.46+0.56°  17.35+0.87¢  34.87+037°  60.88+0.34"  10.88+0.09°  13.43+0.23° — —
2- LT FEnit g 1.72£0.19®  3.95+0.07°  12.98+1.43¢  29.00+0.46° 1.56+0.22° 2.7240.11°  0.95+0.16 1.1240.01*
2,5 FEEmEE 0.7140.14? 2.16+0.02° — — — — —
3-IRHEMEE 9.16£0.16*  11.00+£0.54*  22.57+1.23°  24.50+0.11¢ — — — —
2,6-—HIEMEE  2.87+0.02° 3.15+0.08¢ 3.47+0.15¢ 3.62+0.05¢ 1.54+0.01° 1.96+0.18° — —
SRR 7.55+0.07° 8.02+0.13¢ 9.21+0.12¢  12.50+0.71¢ 1.33+0.09° 1.69+0.10° — —
IS Ik 8.75+0.11° 9.44+0.11° 9.62+0.087  12.82+0.11¢ 3.44+0.04° 4.02+0.11°  2.49+0.26" 434+0.21¢
2,3 BRItz 97.04+0.49¢  118.73£1.20° 225.11x0.77°  337.46+1.00¢ 3.55+0.13° 6.60£0.15¢  2.18+0.13° 4.00+0.26°
B 4.863.07+1.48° 5556.20+£2.03" 7 176.74£1.19¢ 7372.97+1.14¢ 1543.39+0.82¢ 1948.66+2.57¢ 147.22+1.21°  279.79+1.22°
EX L] 163.08+0.75°  232.58+0.60°  699.47+0.95¢  703.08+1.73"  110.50+£0.54¢ 160.72+0.59¢  3.22+0.08" 9.66+0.35"
T R, 54.95+0.53°  75.87+0.98"  94.25+0.87¢ 134.60+0.64"  30.13£1.21°  45.96+0.35¢ 1.78+0.13* 3.47+0.08"
RA R 24.43+0.49°  28.36£042°  69.20+0.63¢  88.34+£0.36°  19.64£0.44°  27.47+1.11° — —
Fep =R 51.78+0.55¢  48.68+£0.63° 160.59+0.47° 243.32+0.76"  34.17+0.95°  38.16+1.70° — —
Kt 5330.15+1.68° 6 157.79+2.90° 8 636.04+2.272 9 283.31+1.51" 1780.96+3.43° 2290.69+2.86° 178.98+1.62* 330.39+1.17°

E: FUTEAE ARG P RS M0 22 57 Gt L(P<<0.05); “— xRttt
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Fig. 5 Comparison of increase amplitude of alkaline aroma

components in different samples after glycerol application
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Fig. 6 Comprehensive heat map of flavor constituent variation rates across different tobacco samples following glycerol application
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