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Table 1  Standard curvelinear equations and parameters of 13 synthetic flavorings

TR kR R’ LM/ (ug - mL7™") ERET
2— FJL N IR y=0. 185 8x-0. 000 3 0.999 7 0.33~298.26 67,94
R y=0.242 8x+0.013 9 0.999 1 0.29~258.30 39,96
MCP y=0.226 9x+0. 010 6 0.999 4 0.18~162. 00 97,112

2- L BEHENE y=0.207 9x+0. 007 6 0.999 1 0.22~198.00 39,109
W y=0. 249 8x+0. 060 0 0.999 2 1.27~228.60 71,126
DDMP y=0.326 1x+0. 003 2 0. 999 4 0.87~155.70 43144
T y=0.410 6x+0.017 6 0.999 9 0.35~317.52 81,98
2,5-Z F Bkt y=0. 160 4x-0. 002 3 0.999 2 0.32~285.30 42,108
HPE N ER y=0.264 3x+0.035 0 0.999 5 0.38~338.76 128,43
LIS 2 y=0. 180 5x+0. 025 8 0.999 2 0.29~834.06 43,140
5-HMF y=0.356 8x+0. 096 8 0.999 6 0.29~263. 52 97,126

1 AR y=0.198 2x+0. 014 2 0.999 6 2.35~416.70 113,128
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Table 2 Contents of volatile compounds with roasted

sweet note in 4 natural flavorings

RRER BIEH RV R ot
ZFR RS /(pg-gh)
MCP 1026 1036 0.930
p— 2-Z AN 1068 1059 0. 670
é% W MR T 1086 1072 15.050
DDMP 1145 1154 31.890
5-HMF 1228 1266 40. 270
MCP 1029 1036 1.280
B LR 1103 1106 44. 540
B’E R 1114 1108 1. 980
5-HMF 1234 1233 68.710
pRLE- NS 828 820 0. 800
T 855 857 3.380
2,5- Kk 915 911 0. 570
MCP 1026 1036 0. 950
HHAE
) 2-ZTIEME 1066 1059 0.730
F N g 1101 1106 15.510
iy 1112 1108 7.510
DDMP 1146 1154 5.250
5-HMF 1230 1233 3.270
2-H Bk gk 826 820 1. 640
I 2 T 835 842 2. 140
Ehifl 2, 5-"HIME 915 911 1. 130
RNTEY) 73 1200 1193 384.940
5-HMF 1230 1233 56. 060
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SR DL 2, W2 IR AR 2 AT AT,
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WRIBIE Hy 5. 534x 107" ng/ 37, Ho R & #0510 N g &
TR T BCERE R 2 L PN TR 118 7 R (o 5 8 o 5

PN W) A R B (E R 1.333%x 107" ng/ 32, M
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Be 5 v [ s FH £ A28 R MCP B, 45 0005 i )
SRR E 2SRRI LD B S5 4 5 i It H S E S
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53X 5 G A RHR A G 16 I A i A
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A SE R S B 77 1)/ MCP 020 45 16 38 1 A
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Fig. 1 S-curve of aroma thresholds of sototone, 5-HMF, ethyl maltol and ECP in cigarette smoke

A3 8 G RAA S A MS T REAARBL
Table 3 S-curve fitting equations and aroma thresholds of 8 synthetic flavorings

with roasted sweet note in cigarette smoke

B AR R WEH EVEEY: BB (ng - 327

CEEHT N R Y=1/1+¢ (127 (xr6.188)) 0.973 3.243%107°

5-HMF Y=1/14¢ 0077 (x43.286)) 0.977 2.594x107°

LI T Y=1/1+¢ - 240x(x-2.648)) 0. 989 2.218x10°

# 2F 1 Y=1/1+4¢T1-0x(x0.801) 0. 951 7.906%x10™"!
DDMP Y=1/1+e( - 263x(x-0.08) 0.975 6. 041

ECP Y=1/14el 713000 0.972 4.018x10™"

MCP Y=1/1+( 1 20x(x0.786)) 0. 980 7.860x10™!

B N Y=1/14¢!7H 0680 0.957 5. 140x10”

242 RREFHEERBEHMZTRROMENE B/ AW A M AR E/ X 2 W L5
A PBGRE SRR E Y BRI A R S 2R ORI T, M EAE AR LA 3,
FHR KGRI RIR T RL, Z 20 5 QR F ZF BN R i s 3 AL IR/ 2 2/ L322 2 =ik R e
FHRRE R G AR, B e B B ORI RO BUIR. IR B 2560 7 IR B 2. 842x 107 ng/ 3¢, FHLiE
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Fig. 2 S-curve of aroma thresholds of 4 natural flavorings with roasted sweet note in cigarette smoke
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Table 4 Interactions between natural and synthetic flavorings with roasted sweet note in cigarette smoke
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Fig. 3  Synergistic effects of maple extract/maltol/ethyl maltol and jujube extract/maltol/ethyl maltol

in cigarette smoke
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Aroma interactions between natural and synthetic flavorings

with roasted sweet note in a cigarette smoke matrix

WAN Shuai, LIU Qianjin, XI Gaolei, CHEN Biao,ZHANG Jie ,ZANG Xiangyu,
LU Changtong, LI Yaoguang
Technology Center,China Tobacco Henan Industrial Co.,Ltd.,Zhengzhou 450000, China

Abstract ; [ Objective ] This study aimed to reveal the aroma thresholds and interaction patterns of natural and
synthetic flavorings with roasted sweet note in a cigarette smoke matrix. [ Methods ] Gas chromatography-mass
spectrometry ( GC-MS) was employed to identify the aroma components in four natural flavorings with roasted sweet
note. The S-curve method was then used to determine the aroma thresholds of these four natural flavorings and eight
synthetic flavorings in a cigarette smoke matrix, and Feller’ s additive model was applied to elucidate the
interactions between the natural and synthetic flavorings. [ Results] 1) All four natural flavorings contained roasted
sweet aroma components such as methyl cyclopentenolone ( MCP ), 2,3-dihydro-3, 5-dihydroxy-6-methyl-4 ( H) -
pyran-4-one ( DDMP) , 5-hydroxy methyl furfural (5-HMF) and sotolone. 2) The aroma thresholds of the eight
synthetic flavorings ranged from 5. 140x107 to 6. 041 ng/cigarette, while those of the four natural flavorings ranged
from 8. 146x 107 to 5.420x10™" ng/cigarette. 3) Synergistic effects were observed in four binary combinations
(maple extract/MCP, maple extract/DDMP, fenugreek extract/ethyl sotolone, and tobacco Maillard reaction
product/MCP ) and two ternary systems ( maple extract/maltol/ethyl maltol and jujube extract/maltol/ethyl
maltol). A masking effect was observed in the jujube extract/MCP binary combination, whereas additive
interactions dominated the other 21 binary combinations. [ Conclusion ] This study elucidated the aroma threshold
ranges and interaction patterns of natural and synthetic flavorings with roasted sweet note in a cigarette smoke
matrix, providing a reference for precision flavoring of cigarettes.

Key words : cigarette smoke ; roasted sweet aroma;natural flavorings; synthetic flavorings; aroma threshold ; S-curve

method ; interaction pattern
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