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Abstract: To explore the differences in the aroma characteristics of heated tobacco products (HTPs) from different types of
tobacco materials, this study selects 55 tobacco leaf samples from six major tobacco types and processes them into HTPs.
Using a smoking machine and gas chromatography-mass spectrometry (GC-MS), this study compares the differences in
aroma components in the smoke, and analyzes the relationship between the smoke aroma components and sensory evaluation
indicators. The results show that: (1) There are significant differences in the aroma characteristics of HTP smoke from
different types of tobacco materials. For most aroma components of furan, pyran, and lactone, flue-cured tobacco and sun-
cured yellow tobacco exhibit the highest contents, followed by sun-cured red tobacco and oriental tobacco, while cigar
tobacco and burley tobacco have the lowest levels, with significant differences among the three groups; the contents of
ketone and acid aroma components in flue-cured tobacco and sun-cured yellow tobacco are second only to those in oriental
tobacco; among phenolic aroma compounds, sun-cured yellow tobacco, flue-cured tobacco, sun-cured red tobacco, and
burley tobacco show relatively higher contents, whereas oriental tobacco has the lowest; for nitrogen-containing aroma
compounds, burley tobacco and sun-cured red tobacco have the highest contents, and flue-cured tobacco and sun-cured
yellow tobacco have the lowest, with significant differences between the two groups; as for other types of aroma

components, cigar tobacco, sun-cured red tobacco, and burley tobacco contain relatively higher amounts, while flue-cured
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tobacco, oriental tobacco, and sun-cured yellow tobacco have lower levels. (2) Correlation analysis shows that most aroma

components of furan, pyran, lactones, phenols, acids and ketones are positively correlated with sensory evaluation

indicators (irritation, dryness, bitterness, aftertaste and total smoking score). In contrast, nitrogen-containing aroma

compounds and other types of aroma components exhibit the opposite trend. Based on the comprehensive results of variance

analysis and correlation analysis, it is preliminarily concluded that flue-cured tobacco and sun-cured yellow tobacco have

higher contents and richer varieties of smoke aroma components, followed by sun-cured red tobacco and oriental tobacco,

while cigar tobacco and burley tobacco have the lowest contents. Therefore, flue-cured tobacco and sun-cured yellow

tobacco may be the appropriate materials for HTPs, characterized by their higher contents and wider variety of smoke aroma

components, with greater application potential.

Keywords: Tobacco types; heated tobacco products; aroma components; sensory quality; differences

MR A R S 7 B A o Y OGBS
B B WA MR ) XU R AR IS R T 3 (L,
ATTAN S A B AR 1) 7 RS i /2 S (R 2
B W R LY AR E AR R T 2 5 R R
PO ST SR AR SRR A 27 2 AN 22 2k
L JEURE A SR A R E MR 20 1) % B R it X 3R
Z—  ANFARBRE RO T Bl St AR
B I T7 ASF M 2 5 HAk S oy & AL
FRAFAE R 2 AN R X 7 R B S B AR
AR WA IS A Dy — T AR
Al i FLARUR N BT SAEAR I A R 1 2
JRANVRE TR A% G2 M0 A i AN [R5, TRLBE R N H
FEIMIE JH MR TR ARy BRR S T LR S
FHELAE P S X T SR TH A 5 o LA B HE Bl A 547 M
RS R BAT LR L

AR, R IAE MR S R 0T 5T
O — B, R FE 0 AR SRR
B JEURMIG R H R I B P A SR P
R ZE S WSO T B A UM R = H
R AR R I TR AR AR I, A
(5 T AR FEE T R A AR s PR ORI A 25 AN AH
7], A RIS R ORI FACIRAS T AR oy
RETBURS AL A7 £ ] S8 22 5 s AR TR
AR R 5 INAEIHCE & AR S
FE AR Tl R R i 3 e A A P R o R
Do XURFEEE M T AS [ F AL #8045 4
JEURL I A 7 ) B 2 e S L B IR R R
B RIS I rh A 5T LA L
R TR R P R AT R A RS 73 DA R
B . BEAh BAERAETIE R E R AL O
L AR 5 0 30 L I 0 R IR R it A 5 7K AS
B8 S T30T e OB R e AR 9 SRS 0 S R B i A
R AE BB HEAT T VRA s XUBG AR S0 1 ks

LRI R SR A SR ) R
FRISE IR 5 ] ZE A S8 400 A S8 MR 46 R P e
TR U B TR 22 AT T AT

RE AR TSR HHERTR T
T T R R T 70 T AR P AR IR PR R S
VB A R B ZE S A S O S R
BEUPIRRETT  BEXEAS RSB B RN
A MR RO R B0 F) 22 SR R 2 B R G I T
T SR Z XA RN H BRI A W o 22 5 4
7. T BLEHT, ASCR G 7 In#sk
P A R RS SRR S A R A3 R S 5
Z 5, I T S INIAE T R R R, 45
GV A RSB0 A I R MRS A R AR AL »
DR FAAE JR A et SR 6 B 7™ il BE 5 DAL 3 11
HAR K -

1 #MR5EE

1.1 R

RIGEAR N 2020-2021 FERE A ILT
7 NI I | AT e 1 DT = N B S s
10148 03 A H B A P, P R 0 18 L P 2T A
194> BB 8 47 1 U0 2 1« A L 3 43 55 0
S5 03, 35 55 iR Be A i (PE LR Do
1.2 RIS IR T

7890B/5977A i Bk F A . DB-5MS 4 i %
(30 mx0.32 mm idx0.25 pmdf) . DB—WAX & il
FE (60 mx0.32 mm idx0.25 umdf) ( 3% [ Agilent
2 A AR U R (XS500E, iHR 20 .

0T BE ik (99.8%, 55 [ Anaqua A 7] ) 5
IR G (98%) « BETR HH IR (98.2%) « T IR HH It
(98%) + =8 FF 5 (98.1%) « + TR H g (98%)
(Z£[E ChemService AF]) o



© 094 * W ZR AR R 2228 (SRR E /) ERES
F1EMERER
Table 1 Information of tobacco leaf samples
eS| 7 H G ) B/
Tobacco types Producing areas(Part) Quantity
% 4 ol (B.C) 3B .C) EMAEH (B .C) AL TR (B.C) JHIREHEM (B.C) I ZR ¥ (B 8
Flue-cured tobacco C) UEIL(B.C) HHEETT (B.C) X (B.C)
AW WHL (B CAI EFF) AL 7 (B.CHIF ) (AR (P EF) =/ (B.CHIF B JU )il (B.C I
Sun-cured red tobacco  F ) IR (B.C) 4% 244 MK (B.C)
2 A
JTPE(B.C)# 243 ) AR (B.C)& 21y 8
Sun-cured yellow tobacco
)
PR #L(B.C) 2
Burley tobacco
by ‘J:
_éﬂ. AMEZ (BT SRII(B.C) 3
Oriental tobacco
[ Egraayl
R P (B .C)4 265 WHL(B) s

Cigar tobacco

1.3 REHE
1.3.1 A B M & HRAE S5 RE TS
2 PR V24 UM A8 S 32
1.3.2 e EIRIR A A RR ol 5k SHEF
RAFEW) T SRS RAR I 2K S A
Easx//N BN v SNUN BN AL BN B
FlpS Ay HEAT 1 %5 58 R AR AR S E =

SR FH 7 i X H - R R ATL X n # s R 3E A T
IR 5 e 25 5 55 mL, SIS TE] 2 s, PR 1]
30 s, 192 mm S IE WA N B R
FH Firavo I #A2% H , 55K &I 38 4 45 4 S0 #k
I B SRR AR, B AT R 2 SR8 B T HE
FE R R, i N 10 mL HY 3 R T S Bk i R R
100 pL VAR ¥ W, % H, =R K 8 5 L
30 min, F# B 5 min, L EiE#E 0.22 pm fFL
JEMEE I I, B 1 mL & B AR AR R R S
GC-MS it Ff

R 770 R 0 D) ) SO i -
o MR

— 4k : DB-5MS i A%, fEJLI#E 1.9 mL/min;
T YEAE : DB-WAX 43 A, fH I 1.9 mL/min;
HERE TR RS : 250 °Cs B i 3 pul s HEFEAR R K
A 3t RS 2 S 20 AU T 2 1 mins R
& : 50 mL/min; 0 ) F B A] 2 U] 1 (5.1~
10.0 min) , Y1 %] 2(10.0~16.6 min) , ¥ | 3(16.6~
23.5 min) , Y #]4(23.5~30.5 min) . — Z4ETHEFE
J7 4 BT RIRI a6 IR B 9 45 °C PR FE 2 min) , I
PA 6 °C/min I Z FHE, V1% 1 L % 93 °C, P1%]

2LE1326°C, YIEI3LE174°C, E4L &
216 °C, Fhi 58 i » P B iR %2 60 °C (1)1 1.
PIE]2) 8 80 °)C (V) E| 3. 1 E 4) . —4ETHRFE
J7 : VI 1 LL 4 °C/min FFIE 2T 22 180 °C, Fifi J5 A
10 °C/min 38 5 Tt % 230 °C ({477 20 min) ; P E|
2 F47) ) 3 ¥ BL 4 °C/min (1) 38 2 T} %8 230 °C (f#
FF 20 min) ; ) E 4 LL 4 °C/min ()3 T+ %2 230 °C
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Fig. 1 Classification and composition of smoke components in HTPs from different types of tobacco materials
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Table 2 Differences in sensory quality among HTPs from different types of tobacco
FAV SRR IR A A % Rl PR wRiER R RUEN 75
Tobacco types/Index AI‘OITla .Arom.a Off-odor Irritation  Dryness Bitterness Aftertaste — Stability Total
quality  intensity strength score
SUIR 5.35+ 5.85+ 5.50+ 6.95+ 4.95+ 5.60+ 5.40+ 5.30+ 6.55+  38.15+
Burley tobacco 0.35b 0.35b 0.57b 0.49a 0.35d 0.00c 0.57d 0.1l4c 0.21a 2.19d
FE I 6.56+ 6.27+ 6.40+ 6.47+ 6.87+ 6.78+ 6.79+ 7.04+ 6.87+  46.46+
Flue-cured tobacco 0.41a 0.39ab 0.58a 0.77a 0.48a 0.40a 0.36a 0.44a 0.28a 1.72a
M£T 4 Sun-cured 6.27+ 6.43+ 6.20+ 6.31+ 6.20+ 6.26+ 6.13+ 6.14+ 6.83+ 43.52+
red tobacco 0.33a 0.28a 0.31ab 0.53a 0.59bc 0.41b 0.53¢ 0.48b 0.15a 2.42¢
MY E{ 4K Sun-cured 6.39+ 6.60+ 6.52+ 6.24+ 6.44+ 6.56+ 6.54+ 6.44+ 6.89+ 45.29+
yellow tobacco 0.20a 0.52a 0.32a 0.86a 0.57ab 0.49ab 0.40ab 0.43b 0.10a 1.78ab
AR 6.12+ 5.94+ 6.46+ 4.60+ 6.62+ 6.75+ 6.67= 6.57+ 6.83+ 4513+
Oriental tobacco 0.32a 0.15b 0.21a 0.06b 0.04ab 0.11ab 0.11ab 0.26ab 0.15a 0.88abc
M Cigar 6.29+ 6.60+ 6.21+ 6.18+ 5.82+ 6.44+ 6.23+ 6.10+ 6.73+ 43.58+
tobacco 0.45a 0.42a 0.31ab 0.41a 0.26¢ 0.23ab 0.22bc 0.28b 0.19a 1.82bc
AN AN TR FRORZE R R (P<0.05) : “ — "o R i HBUR TR R . .
Note: Different lowercase letters indicate significant differences(P<0.05); "-" indicates that the detection is not detected or below the

detection limit. The same as below.
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Table 3 Differences in the contents of furan, pyran and lactone compounds in smoke aroma components of HTPs

5-F LA

KRS HEE A T WL Ea
Tobacco types/Compound Frufural Furfuryl alcohol 5—me;lllz/:§;rlfuryl Bromelifuranone Maltol
F1H1 4 Burley tobacco 7.00£2.83¢ 94.50+43.13b 7.00£7.07b 5.00+1.41c 14.50+3.54b
J% Jifl Flue-cured tobacco 200.61+44.27a 671.67+151.01a 139.44429.65a 95.72+21.60a 43.44+7.62a
17 Sun-cured red tobacco 42.89+52.63¢ 127.42+145.97b 45.84+55.40b 22.37£15.50c 25.32+13.61b
5% 5 Sun-cured yellow tobacco 141.75+54.19b  636.63+270.98a 67.00+45.71b 73.75+18.59b 44.63+12.37a
¥ KHIH Oriental tobacco 38.67+25.15¢ 104.33+84.39b 50.33+23.63b 43.00+26.06bc  16.00+7.21b
Ehii4H Cigar tobacco 18.80+2.39¢ 67.00£45.21b 24.00+7.58b 9.40+3.36¢ 22.60+10.31b
ERMEY) DDMP - S BE N AR R y- T AT
Tobacco types/Compound y-crotonolactone  Dihydroactinidiolide y-butytolactone
i Burley tobacco - 5.50£0.71¢ 6.00+1.41b 5.00+4.24ab
J% 1 Flue-cured tobacco 95.44+19.54a 27.83+3.88a 3.17+0.51c 8.06+3.33a
NFZT 4 Sun-cured red tobacco 7.32+15.28¢ 19.63+14.20abc 6.8442.22a 6.47+4.51ab
i % 4 Sun-cured yellow tobacco 43.63+18.45b 23.25+15.32ab 5.38+1.30b 8.88+6.42a
F LA Oriental tobacco 11.33+14.57¢ 10.00+3.00bc 5.3340.58b 1.33+1.15b
4R Cigar tobacco 1.20+1.30c 15.60+4.39abc 8.20+1.48a 4.80+6.14ab
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Table 4 Differences of phenolic compounds in smoke aroma components of HTPs
N 4-CMH 2,6-— I 2,6- IS
FWALEY N o o RTE
Ky AmEIRE  RHE RIFE XIS merRm SR iy T .
Tobacco types/ . . [
Phenol ~ Guaiacol O-cresol M-cresol P-cresol — 4-vinyl 2,6- 2,6- Eugenol )
Compound . . Eugenin
guaiacol xylenol  dimethoxyphenol
FAIA Burley 97.50+ 27.50+ 6.00+ 7.50+ 5.50+ 5.00+ 1.00+ 5.00+ 1.50+
tobacco 12.02a 6.36a 2.83a 3.54a 3.54ab l4lc 0.00b 1.41ab 0.71a
J% MW Flue-cured 118.56+ 22.22+ 417+ 6.83+ 5.94+ 12.89+ 1.78+ 5.72+ 0.17+  2.06+
tobacco 25.81a 6.86abc 1.10ab 2.20ab 1.86ab 2.87a 1.40b 2.95ab 0.38a 1.00a
W21 4H Sun-cured  111.95+ 21.74+ 3.74+ 6.05+ 4.53+ 7.95+ 7.84+ 4.74+ 026+  1.79+
red tobacco 38.60a 8.10abc 1.37b 1.61ab 1.68b 3.63bc 6.47a 2.16ab 0.45a  0.85a
W85 40 Sun-cured  121.50+ 25.13+ 438+ 7.50+ 6.88+ 10.00+ 3.00+ 6.75+ 025+  1.75+
yellow tobacco 20.61a 5.87ab 0.74ab 2.00a 1.55a 3.02ab 2.07ab 3.99a 0.46a  0.71ab
AL 83.67+ 1133 267 467  4.00+ 9.67+  3.67+ 2.33+ 0.67+
Oriental tobacco 18.50a 3.79¢ 0.58b 1.53b 1.00b 1.15ab 1.15ab 1.15b 0.58b
By 79.80+  14.60+ 440+ 560+  4.60+ 8.80+ 3.80+ 4.00+ 0.20=  1.60+
Cigar tobacco 48.87a 13.09bc 3.13ab 2.51ab 1.52b 3.56abc 2.59ab 2.92ab 0.45a  1.34ab
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Table 5 Differences of ketones and acids compounds content in smoke aroma components of HTPs
2,3-HIk
) 3-FJE-2- R L 3-ZE2FR L LA
. 2RI U R T R i o
FHINEEY) TSI XS TR - i) _ BN
Tobacco types/ > 3-methyl-2 2 3-cthyl-2 i Ethyl FEI ) egastgman
obacco types, -methyl-2- -ethyl-2- egastigma
P cyclopenteno Y dimethyl-2- Y Methylcyclo Y 1-indanone g o
Compound cyclopenten cyclopenten cyclopenteno ienone
ne cyclopenten pentenolone
one one lone
one
4 Burley
o 5.00+1.41¢ 3.50+2.12b  2.50+0.71b  1.00+£0.00b 12.00+4.24b  2.00£1.41c 2.50+0.71a  6.00£0.00b
obacco
J% I Flue-cured
ob 32.33+6.02a 8.61+1.94a 139.11429.89a 1.28+046ab 53.72+10.22a 10.67+3.34b  1.17+0.38b  23.50+7.13a
obacco
MGZ1 4 Sun-cured
20.79+10.99ab  521+2.12ab  34.79+60.25b 1.00£0.47b 2621415596 4.37+3.52¢  1.74+0.65ab  13.26+6.70b
red tobacco
7§85 46 Sun-cured
20.63+15.86ab  6.13+4.26ab  53.75435.68b 1.75+0.46a  66.88+13.78a 16.00+5.98a  1.50+0.53ab 25.25+12.08a
yellow tobacco
AR
. 15.67+5.13bc 3.67+1.53b  50.67+27.30b 0.67+0.58b  26.67+12.58b  4.33+3.51c  1.67+0.58ab 10.33+0.58b
Oriental tobacco
LA
. 20.60+13.74ab  5.20+3.27ab  15.80+12.13b 0.80+£0.84b  18.4049.13b  2.40+2.61c  1.80+0.84ab 16.40+6.58ab
Cigar tobacco
3FRHEB- A
wwicat o USe i i
L N N 4 N Bl .
o %20 LR . T 4 3R
Tobacco types/ 3-hydroxy-f . Propionic o Isovaleric o
) 3-0x0-0t Acetic acid . Butyric acid . 3-methylvaleric acid
Compound -dihydrodamal ) acid acid
-ionol
one
F1H A Burley
7.50+2.12a 5.00+£1.41b  26.50+7.78b 12.50+10.61c 37.50+23.33a 50.00+5.66a 7.50+0.71b
tobacco
%I Flue-cured 206.44+
5.06+1.86ab 20.78+7.21ab 55.78+9.35a 21.06+11.67a 20.11<11.11a 7.78+13.20b
tobacco 38.63a
W21 4K Sun-cured
4.79+1.62ab  54.11438.85a 97.324+65.54b 26.32+11.93¢ 46.00+72.85a 49.79+75.75a 202.89+148.42ab
red tobacco
¥ 3% 47 Sun-cured 157.00+
6.13£1.96a  27.00+8.54ab 41.75+13.87b 39.38+28.50a 44.50+24.43a 189.50+47.88ab
yellow tobacco 125.69ab
TR
) 2.67+0.58b  32.00+9.64ab 42.67+1.53b 19.00+10.00c 62.33+33.95a 62.33+33.95a 308.67+155.26a
Oriental tobacco
E P
. 6.00£1.58ab  50.00+£22.07a 33.40+33.96b 16.00+11.87c 23.60+7.02a 27.40+6.80a 33.80+55.45b
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Table 7 Differences of other compounds in smoke aroma components of HTPs
ERMEY) B R RO

Tobacco types/Compound Neophytadiene Benzyl alcohol Phenethyl alcohol

4 14 Burley tobacco 131.00+25.46a 10.50+0.71ab 16.00+5.66b
J% I Flue-cured tobacco 51.83£16.24bc 8.22+2.58b 7.83£3.05b
M Z1 A Sun-cured red tobacco 72.26+21.17b 16.95+6.21a 53.00+37.85a
¥ 3% 47 Sun-cured yellow tobacco 49.63+33.20bc 11.75+1.75ab 12.50+3.21b
FFHM Oriental tobacco 23.67+4.73¢ 6.67+1.53b 10.67+3.06b
74 Cigar tobacco 114.00+38.09a 16.60+12.20ab 21.00+3.16b
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18 Frufural 1.0

HEEE Frufural alcohol

5-F B4 S-methylfurfuryl alcohol

3 BRI Bromel furanone

£ %) Maltol

DDMP

LGNS L-crotonolactone
TEBMEBEAEE  Dihydroactinidiolide

L~ T WE A-butytolactone

ZK 1} Phenol

AW Guaiacol

4 F Y O-cresol

5] FA /) M-cresol

X ) P-cresol

4- ZIHHAE RS 4-vinyl guaiacol
2,6-— I HL Ky 2,6-xylenol

2,6-— A I 2,6-dimethoxyphenol
T Eugenol

5= T %} Eugenin

2-FR X7l 2-cyclopentenone
3-F56-2-3F %)% 3-methyl-2-cyclopentenone
2,3- I 2-FR R AR 2,3-dimethyl-2-cyclopentenone
3-2.3-2-3F [% S 3-ethyl-2-cyclopentenone
FP L3R 307 B2 Methyleyclopentenolone
ZHEIR A B Ethyl cyclopentenolone
1-E{ifili 1-indanone

B & = JfilliMegastigmatrienone
3-$23k-B- S KD i 3-hydroxy-B-dihydrodamalone
3-5fR-a- 8 B 2 i 3-0x0-a-ionol

TR Acetic acid

TN % Propionic acid

T Butyric acid

5 [X R Tsovaleric acid

3- 5 [ iR 3-methylvaleric acid

IEE % Pyrrole

ZBEHEIE S Acetyl pyrrole

2-ME % JE i 2-pyrrolidone
IHEBEPyridinoline

2- FJEIEIE 2-picoline

3-F LI IE 3-picoline

3- 2 FE I IE3-ethylpyridine

3-¥35E-6-FA FENENE 3-hydroxy-6-methylpyridine
2, 3L NE2,3 -bipyridine

JET T Nicotine

3 5] I Messmin

JE AT At Nichol

2-H BN IR 2 -methylpyrazine

15| VBenzpyrole

3- F 25| 3 -methylindole

" IHkQuinoline
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it — JfiNeophytadiene

7K H i Benzyl alcohol

7K £, Phenethyl alcohol
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Fig. 2 Correlation between smoke aroma components and sensory quality of HTPs
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