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Screening and evaluation of tobacco shred aroma compounds affecting

the drying sensation during smoking

WANG Yu!, LIXiao', CHENG Chuanling', GUO Ziying', JING Tian', WU Ruoxin?*, WANG Jialiang?,
XU Feng?, ZHANG Chuntao?, LI Dengke?, MA Lichao?, LIAO Yuchuan'

(1. College of Tobacco Science and Engineering, Zhengzhou University of Light Industry, Zhengzhou, Henan 450001,
China; 2. Tianjin Cigarette Factory of Shanghai Tobacco Group Co., Ltd., Tianjin 300163, China)

Abstract: To clarify the influence of tobacco shred aroma substances on the drying sensation during cigarette smoking,
the Hengda cigarette (Blue Gold Medium) was selected as the research object. The aroma substances in the tobacco shred
were analyzed by gas chromatography-mass spectrometry(GC-MS). Through odor activity value(OAV) and sensory
evaluation, aroma substances with high contribution to cigarette aroma and significant influence on the drying sensation
during smoking were screened. A response surface model was constructed using the Box-Behnken experimental design
method to systematically explore the interactions of important tobacco shred aroma substances at different addition levels
and their influence on the drying sensation during cigarette smoking. The results showed that 51 main aroma substances

were detected in the tobacco shred, among which 24 aroma substances had a high contribution to the tobacco aroma.
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Through the cigarette smoking drying sensation evaluation method, four important tobacco shred aroma substances that

significantly affected the drying sensation during smoking were screened: dihydroactinidiolide and phenylethanol

(positive effect), and megastigmatrienone and 2-acetylpyrrole (negative effect). Among them, megastigmatrienone and

2-acetylpyrrole had more significant impacts on the drying sensation during cigarette smoking, followed by

phenylethanol and dihydroactinidiolide. The interaction between megastigmatrienone and 2-acetylpyrrole had the most

significant effect on the drying sensation. Based on the content of the corresponding substances in the tobacco shred,

aroma substance addition combination I(dihydroactinidiolide 2.61 pg/g, phenylethanol 3.08 ng/g, megastigmatrienone

135.78 ng/g, 2-acetylpyrrole 2.79 pg/g) significantly improved the drying sensation during cigarette smoking while

combination II(dihydroactinidiolide 0.87 pg/g, phenylethanol 2.05 pg/g, megastigmatrienone 271.56 pg/g, 2-acetylpyrrole

4.88 pg/g) significantly aggravated the drying sensation.

Keywords: cigarette; drying sensation during smoking; tobacco shred aroma compounds; odor activity value;

Box-Behnken response surface method
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Table 1 Scoring sheet for cigarette smoking drying sensation
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Table 3 OAV values of 24 tobacco shred aroma compounds
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Table 4 Results of expert scoring consistency for the drying sensation of cigarette smoking
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Table 5 Evaluation results for the drying sensation of cigarette smoking
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FRAFER R 1.01% 14.04¢ 11.59% 18.58f 3.15de 3.44f 21.77¢ 72.57¢
FRHEER FH 2.0 1% 13.98f 11.32¢ 18.64f 3.0le 3.60f 21.00e 71.55¢f
2- 2 A IR0.5 1% 13.50fg 11.25¢f 19.00fg 3.20de 321g 21.90e 72.06ef
2-Z AR .01 13.94f 11.21ef 19.05fg 3.11de 3.41f 22.0le 72.73e
2-Z A2 01 13.80f 11.99de 19.11fg 3.12de 3.11g 21.58¢ 72.71e
0.5 13.80f 11.27ef 18.87f 3.30de 3.10g 22.33de 72.67¢
TR0 13.94f 11.47¢ 18.24f 3.27de 3.34f 22.15de 72.41e
T #2005 13.98f 11.21ef 18.20f 3.40de 3.48f 22.11de 72.38ef
HERS0.56% 14.13de 11.45¢ 18.20f 3.10de 3.60f 22.00¢ 72.48¢
WERE1.06% 13.64fg 11.53¢ 18.24f 3.06e 3.57f 22.10de 72.14ef
HERS2.06% 14.04¢ 11.54¢ 18.31f 3.06e 3.55f 22.60de 73.10e
5| 1£0.543% 13.54fg 11.63¢ 18.20f 3.00e 3.30f 23.01de 72.68¢
5|1 1.043% 13.54fg 11.69¢ 17.90g 3.05¢ 3.24fg 23.21de 72.63¢
5|12 0% 14.04¢ 11.80de 17.65g 3.10de 3.00g 23.30de 72.89%¢
5 EEHEmE 0.5 6% 13.80f 11.30ef 18.78f 3.11de 3.02g 21.50e 71.51ef
S-S 1.0 13.09g 11.96de 19.08fg 3.16de 3.10g 21.68¢ 72.07ef
5 A HEmE 2. 06 12.98¢ 11.98de 19.00fg 3.15de 3.12¢ 21.44e 71.67ef
TH/O.SfE 13.00g 11.64¢ 18.66f 3.89d 3.22fg 21.80e 72.21ef
THm.0fE 13.24g 11.24ef 18.23f 3.56de 3.17g 21.99¢ 71.43ef
TEmR2.0f% 13.12¢g 11.40¢ 18.55f 3.90d 3.11g 21.98¢ 72.06ef
W51 13.11g 11.60¢ 18.21f 3.56de 3.00g 23.50de 72.98¢
HLWELOML 13.13g 11.82de 18.39f 3.18de 3.07g 22.59de 72.18ef
W01 12.94g 11.80de 18.40f 3.12de 3.08g 22.10de 71.44ef
B H = MH0.51% 12.04j 11.22ef 15.551 2.85¢ 2.88h 18.41¢g 62.95F
B E =M 1.01% 12.21h 11.16ef 15.96h 2.42g 3.05g 17.49g 62.29F
B H = M2.01% 12.01j 11.36¢ 12.131 2.75f 3.55f 18.73f 60.53h
2- AL 0.5 12.14i 11.01f 15.91g 2.79f 3.05g 18.13h 63.03g
2- LRI 1.0F% 12.99¢g 10.23g 14.90j 2.70f 2.71i 18.18h 61.71g
2- BRI 2 0% 13.01g 10.60g 14.20k 251g 2.11j 15.20i 57.63i

e FIBIBAEAN R - BER R AR BE [0 1 22 57 A G2 2 (P<0.05) «
22 BERLFRYRESERITM
2.2.1 e rd kIR SRS 5 E oM

K HDesign Expert 12 2% Kl 2 AT [RIHHU A

3 2] — Ik 2 i 8] 15 J7 FE Y=48.83+40.004+7.49B+
18.71C+17.79D-1.854B-3.194C-1.334D+5.09BC+
3.12BD—-10.29CD-12.404>-7.04B2-5.84C*>—6.41D* ,
Horp, YIRERGIARE S TR A 4y 403K
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ARV ARSI R BARIFRIE SEERIER N
54 ORFEEE RIS DIRER2- 21
SEILE RIS DA 20 T 2 TR S B0 25 S B BS540
T7ZEAHTEE R R 6K T, HHR6MFE T %1,
ZAEIP<0.000 1, Ui ZBR AT E, BA%
HEEE X RINITP=0.141 5, B0 RAE 5 T
ZIEE R B IEHRE RE0(2)=0.943 2, Tl
RIE BB (120rea)=0.840 9, —FH Z(H/NT0.2, £WiZ
BRI RRE MU TINS5 SRAR e vl &8s WA BT AR 53 R
H(CV)N1.91%(<10%), &AL 1 AT 15 B
%6 MIRIE SRR FIREOTIRE S
Table 6 Response surface experimental design and drying

sensation score

75 A B C D Y

1 1.0 1.0 1.0 1.0 93.50
2 0.5 1.0 0.5 1.0 82.00
3 1.0 1.0 1.0 1.0 91.20
4 2.0 1.0 0.5 1.0 88.21
5 1.0 1.0 1.0 1.0 92.50
6 1.0 1.0 0.5 2.0 87.30
7 1.0 1.0 1.0 1.0 92.50
8 1.0 2.0 2.0 1.0 83.11
9 2.0 1.0 2.0 1.0 78.00
10 0.5 0.5 1.0 1.0 82.60
11 1.0 0.5 2.0 1.0 82.60
12 2.0 1.0 1.0 0.5 89.70
13 0.5 1.0 1.0 2.0 77.20
14 2.0 2.0 1.0 1.0 81.31
15 1.0 0.5 0.5 1.0 93.01
16 2.0 1.0 1.0 2.0 78.40
17 2.0 0.5 1.0 1.0 89.40
18 1.0 0.5 1.0 0.5 89.90
19 0.5 1.0 1.0 0.5 85.00
20 0.5 2.0 1.0 1.0 80.21
21 1.0 2.0 1.0 2.0 78.10
22 0.5 1.0 2.0 1.0 79.00
23 1.0 2.0 1.0 0.5 83.10
24 1.0 0.5 1.0 2.0 78.40
25 1.0 1.0 2.0 0.5 91.40
26 1.0 1.0 1.0 1.0 93.80
27 1.0 2.0 0.5 1.0 81.10
28 1.0 1.0 2.0 2.0 65.00
29 1.0 1.0 0.5 0.5 92.20

RT FREFRESHESHER

Table 7 Results of analysis of variance for drying sensation score

I CPHM HBE B F P
AL 1260.87 14 90.06 3420  <0.000 1
A 5.26 1 5.26 2.00 0.179 4
B 2224 1 2224 8.45 0.0115
C 193.14 1 193.14 7335 <0.000 1
D 37327 1 37327 14176 <0.000 1
AB 499 1 499 1.90 0.190 1
AC 14.77 1 14.77 5.61 0.032 8
AD 2.55 1 2.55 0.97 03415
BC 37.66 1 37.66 14.30 0.002 0
BD 14.15 1 14.15 537 0.036 1
CD 153.53 1 153.53 5831  <0.000 1
A2 234.71 1 234.71 89.14  <0.000 1
B 75.76 1 75.76 28.77  <0.000 1
lec 52.08 1 52.08 19.78 0.000 6
D? 62.79 1 62.79 23.85 0.000 2
KR 36.86 14 2.63

7 32.68 10 3.27 3.13 0.1415
afiiR 2= 4.18 4 1.05

M 1297.74 28

2.2.2 CREEHHT

K H Box-Behnken 5% 77 Xof 26 4 e W T Vi JEk 45 43
HEAT A LT A B 2RV A G FE LG, ks — 4
T ] 5 45 ey 2 1) 23 T % TR 2 79 7 22 AR P R 2 J
R TR R AR, g R anEN TR, BB
H1, C(BE 5 =R B A5 30 FD(2— £ 19 M g 1)
IS IS HO X B AE A 2 R, O BOR LR
ININAEED), A SRR P9 R R I35 250 (1 52 1
/N o Xf b R 2R A8 EAE R RAB 52, C5D
A2 ELA'E L GT I (4 ey S8 T o T 3 B2 SR Bk, WiBH C 5D
(122 EAE ST AR R 2 3% A5 B, B5CKkAYS
CYR A8 FLAE S i AR R s e AN S35 . SR 45 R
N, X AR YRS W R 2 S A RN
A=1.43, B=0.73, C=0.99, D=1.03; 54=0.51, B=0.55,
C=1.91, D=1.69, X A4 T30 e L AE Y75 51 N
93.86. 64.44.
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Fig. 1 Response surface plot and contour plot

Zi b, ARME BN L AR, BE =
AN2— 2L I S L % o A M R T IR oM 2,
KRR LK, —SRBEN BRI BE=
A# P 60 2— 2 T 58 A % P 52 B AR P Xk 2 0l R T 14
IRFOM BT o ARYESEPr T 2%, K&

MH L2 TP RIS RS Sy ARk N S 1,501
KLFEF0.756 . BEE =M 1.000%5 . 2— LBt EEmtng
1.00f;  BU SRR I TRO.50M% . 2K ZE0.501%
B & =J@HH2.0065 . 2- LR 1.756%
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2.2.3 IRERES

DA 22 s B R o 2 B v, X A I e R T ek
SN B P2 RS IR A& o HAET, A
BREPE N BE2.61 pg/g. K LRE3.08 ng/gs BEE =
f135.78 ng/gs 2—-LEHEMEN%2.79 ng/g; HEI, —
SRR N R0.87 ng/g. R LEE2.05 png/g. BEE =
JE271.56 ng/gs 2-LIhFEMEN%4.88 pg/g. KR I
BAEIE C en  = S | B ) | KO R T =R o
(n=5), JFHRMR1.2. 40P J7 A ZI0FIR L 5K 7 il kAT
10, SR WNEF/R. HESH A, HAEIS5HE
RTG53 2 S Ie 45 RV & R I (R AR 2 <
1.97%), HSEE bRtz N FriEZE <0.23), &Y
B B By I PT SE PR, mT DA 38 iest Bhn =24 S
R T I

%8 WIESHAR

Table 8 Validation of experimental results

Ay MRTE  SRIERREEZG=5)  HIXTRE
I 93.86 92.05+0.23 1.97%
11 64.44 65.23+0.21 1.21%

3 HSIie

AT GC-MS AT, AR K5 4+ 32 450
JH 22 Fkar i S 1R R R RAIIR, 456 FRIE 1A
(OAV) % 7€ tH24Fh Tk FE R i (R B R I, Fi e
H SRR NER . KO, BE AR5
Lt 0 4 I, 25 5 5 MR el R T 6 K ) B I 22 A
BRI b, SRR N R BRI OR
(B 28 R 5 S A R B IR ) B R, AT
A Bl I A R R AR AR
J& 35 AT e AR FE L S (48 B R AIE R RTAR S
FEEETHRIRIER . AT I5E . 1T B S = WG AR (5 15 2%)
52— 2, T ML 06 (WL 6 288 ) T 45 0 e P T 88 1) 472 )
I EE A F AT BT AR, AT R R T
A R WS PR B R 2 =4, R 5 1 s
THEANIE KB, 5 PR P RS AE T B8 R R S,
PHEZ M [ i3 86 B 1K 7K 7P 1l 4

Box-Behnken i W [ BT SL IG5 KW, BEE
=W 5 2 2T 5k bk s 1) 22 B A O A S A R T
TR TSR B N 3 25 (P<0.000 1), F I N5 &K #
1) “HEPI-PhIR” FEALRFEDRS) R AR RE R
H“BRE RN 5 R I 051 SR 8 T 5 Ja

B B VAN I AT e IR A A= R R T B TR o B iE Sk
UESE: HEW ARk AEE2.61 pg/g. KRB
3.08 pg/g. B ZIEMH135.78 nglg. 2- LB AL %
2.79 pg/g)id ik & BE R 95 1 [m) B A [ 52 0 o A ek
TR A R T AR A7, P 7 A % d
W T B A RN, A RCGE T M IR T A
JB, BOIE 7 e . TS A B T T SR, A CUE R
7 R T A SR A T AT AT B AE (A
Rk N RO0.87 pg/g. KR OMF2.05 pg/g. B =4
Bi271.56 pg/g. 2-Z.MIEMENE4.88 ng/g) i N4
RS e P S A il CF = AL PN N v i N
N, SEBRAR P o A A ] SR B s N

EN O WS A L EPN R L ey Gkt L
KRR A EE R 2 FWR, B T HEAER
XTRE TR R B R A, R A RS R T R
IR Z%, (BRI L N RBREE: 1) &t
BUEA L « AWFFLERE . [ TR — S E
K SO R I 128 7715 AR 22 R B
KGR SRR T AR AR %2 5, H
Xof 2 SR I T = A R RS i AN AR 1R, PR S
SRR E RN G, SRR SRR AN FIZEE
(R IH,  ABGIE AR BT 7 075 128 1) S B WA 0 Joid 5 mie)
fa R MR A (X SE M s 2) BN AN A, A
W IT AR T BT = S 2— £ Ak ks <2 BAR
FARH 00 Tt B ) i 3 sl , H A8 BAE A
fife 5 775 B R AR A B AT SO )
BIARWHH . HTHEIPERTMERES, AReE
FriRbe i fE rh HAL R T30, JE4LmRas & M-
FUEHH(TG-MS) R T 5 IS B EOR, IR
Tff 5% B B 22 B WA ol AE MR et AR R ) A Ak R AT
Je L= 508 A R R Je e 1 EL AR TR
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