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Tab.1 Specific information about 5 kinds of heating devices and its heatsticks

JHEAFR R I B3 JH A R RAHBIE TS TEREEL
sty (Menthol)s ¥ T 1
HTPL AT SRR Mino. S ik sy O TR R LRI
%A (Purple Menthol) SRR
Dark Fresh. Intensely > P e 90 TR AR O 0 B SO IR 2T 4
HTP2 SRR 7 B Fresh. Spark Fresh AKX WAL SR B
- Change R 1Y N _ o T BETR AT Y JEME B L RN A JE A B
HTP3  EraUindd . M3 AFPHRRE R ST T i B
e ~ BETR AT 2 2 s DB M SO A B B TR A 24 5 s
HTPS  poHPsUins WIAEBMB. ¢ ik ARy r o AT R BRI

1 #5: £E Agilent A F] 7890B SAH LA LA
FID Al TCD fa il &, 7> #1 K-F: Mettler-Toledo
XPE205, Ffit:, J&& 0.1 mg. Puffman X500E %47
B AP AL . MILLI-QINTEGRAL 3 #E4li/K R4:.
MR MX 100 5 B KA. OMEGA J B4l 22 #
i1

WA MR 2B KT 99%, Him: 4iEAMET
99.5%, Dr. Ehrenstorfer; & li#: 2% KT 99%, TCI;
1,4-T . 4% 99%, Sigma-Aldrich; 7K: SEZIGE
— K, 25°CH (KA H RECH 18.2 MQeem; HIEE:
4015 99%, 1E CWbt SN EE: i KK 828 1.0 mg/mL,
RCI Labscan; 1Ft-tke: 4ifEF 99%, Alfa Aesar; &
AAbiN: ACS %, J&K.

1.2 KWTEEMEN
121 e SO} b i B s AR H e

SEIGTFAERT, A BN AL T AN EHLE 6
SIS, R 2 L, HIESCRITT . R SRR
WG, 43 B AR SR .

HH S JEORHH AT AT R 5 2 FRER 1.00 g #F
s N 50 mL B0, IO 25 mL FEEASHOR (%
1.50 mg/mL ] 1,4- T “FENHR). =% 2 h J5 ¥ AU
i E 10~15 min, PEERGRIT 045 pm AHLIEE, b
LI o il A vHE A 2R FESE Bl Y 0.05 ~2
mg/mL. AT BE bR AL TAE M 2k Z a2 0.005~1
mg/mL. X& %M Bi%H: DB-35, 30 mx0.25
mmx0.25 pm; BEFECRE R 250°C; FHEFEF: 90°C,
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% 1 min, LA 10°C/min FHEZE 150°C, f£REF 3 min,
PL 30°C/min FHREZ 220°C, £4F 5 min; /2%: FID,
BIE: 275°C, ES0E 30 mL/min, ZSJiE 400
mL/min; AR (LF=99.999%), ¥k 1.0
mL/min; BFETR: 29, oE: 100:1; AR
2 uL.

S 37 JEORHIE BRI 72y CORESTA No.62 (1E &)
Jiik, MRS #E T ARt W VS A 0225~ 1.8
mg/mL.

1.2.2 IS MM S A A s R Vil

SIS BB EE T NS MR S AT R BT
HIH SRR VR, 4% R HCT R =k 17
W, B4 25 55 mL SHULAIRS 30 s\ FHIRET K 2 s,
I H ©44 mm SIMFIE AR . INFAE JHEE S SRR
S E I R AR 3 SIS, idRE—kuE R |,
FEAFEA AR 3 4. B DA B E AR 4R 10 S0
IR, BOREE, FKIEFHE 10 M.

BIETE I I 20 mL FEEAEBR (&
1.00 mg/mL WIE+-EHRANR), THRZEHE EiRkRG 30
min, 85I EIEW EALIR . H I AR AE i e
JEFEN 0.05~2 mg/mL, MBI EETEE N 0.005~2
mg/mL, JEfaf BRI 0.005~2 mg/mL. X2 5k
fF: faifiFE: DB-ALCI, 30 mx0.32 mmx1.8 pm; #f
FEFRSE: 250°C; HEZ%: 90°C, f&¥F 1 min, DL
15°C/min i % 120°C, f&%F 0 min, LA 40°C/min F+
% 280°C, PR%F 2 min; RIS FID, J&fE: 275°C;

PTG A3, Ardnibl: 25015 dEFEE: 1L
1.2.3 A A B R R i I e

PR R BB R AR, BB SRR
AR, RN N AR AN, B oI T
BTG, BRI B AL, T
BRI HAE , 10 RS 8 TAERY B i in#vi 2 .
124 HRERITE

T IR MR S5 M= - o e 45 AR
KA (D TR SV R .

Cl
C,+C,

X Y IR B, Y
Ci: MMAHHPAS T EVRRBERE, meg/cigs C: MM
GRS M B P &S B, mg/eigs Cy: II#A
BIHIHSCIERE Bt S5 &, mg/eig.

2 RS

2.1 FHEWIE
2,01 VEMTERE. JHERH e TR LR AR
FlsE BRR

¥ RV TARBBOE S A B o8, RA W
L E bR UE TAERTZE . DAAS H AR I A5 AR
WA 2 L 5 & BARYIIR S W RIR FE 2 Ltk A7 82 1%
5087, 15 B854 B bRib S Pbr i TAE 28 S AR
R IR SN R B AR OEERE 10 IR, TR
SRR AE R 22, 20 B AR HER ZE 1 3 50 10 58

Y= x100 (D

HA: AR (AiE=99.999%), Wik 3.0 mL/min; #f  WMIRFAEE, 455 L% 2.
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Tab.2 Calibration curve related parameters of menthol, nicotine and glycerol

KR LoD/

SE &= IR LOQ/

Pof i J & LR (mg/mL) EVEpy i AR AB R O mgleig FE OBS: mg/cig JFUE
FpE#E: mgl/g) KUERE: mg/g)
VAT T 0.005~2 Y=0.8398x+0.000608  0.9999 0.0013 0.0042
TS B 0.005~2 Y=0.7409x+0.000463  0.9999 0.0049 0.016
H 0.05~2 Y=0.2728x-0.00409 0.9999 0.015 0.049
VAT T 0.005~2 Y=1.3056x+0.000133  0.9998 0.0022 0.0074
JEORL 2 g HE H 0.05~2 Y=0.4668x-0.00206 0.9994 0.065 0.22
SR 0.225~1.8 Y=0.00144x-0.00972 0.9999 0.15 0.49

2.1.2 RIS AING % B
FERE SR 1.2 3R56 5 AT A BRI, S
E 3 d, BRIE 6 AT, DAEEENRESE, £3

W5 R AR 8 PR R E TR

SRR, H PR A R

FESINT 10%, i
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Tab.3 Intra and inter-day precision of analytical results of menthol, nicotine and glycerol ( n=6)

. FEE L%

FraAER & HA (n=6) I (n=3)
A I 3.4 5.8

JHA Hih 42 7.1
B 3.1 5.4
AT I 1.3 45

JERE Hih 2.6 5.8
B 1.7 5.0
A I 1.4 3.7

TERE Hih 0.8 4.4
B 1.1 3.9

RGN TR H AR B/ 0.5 f5. 0.8 {51 1.2 £, FENAKCTHINGE 6 1T,

JiiF, BN EOR b AR . b BRI E T, RIS BORE S EAT R AL BN S g b, THERN
TP IR e 3 KPR R . T PRIEIWCR RSB . 45 R 4 PR
TEBR AR AER, 3 7P INbR 820 53 L N SR fh 2
® 4 EEEE. WEFAHROMEEEEREEEE (n=6)
Tab.4 Recovery and precision of menthol, nicotine and glycerol( n=6 )
i A IR O me/eig THEEE/ OB mg/ci s
W e s W KR mg BRI ma R MR
t: mg/g) ik el [ % H & i T [ {8 H &
AT 0.99 051 081 122 148 176 217 961 953 96.1 1.8 25 3.1
WA H 3.87 203 325 488 601 723 879 1055 1033 999 7.7 5.1 1.2
S 1.04 053 080 120 158 1.84 227 998 998 1013 57 2.6 33
T I 3.32 1.82 261 521 508 589 836 971 963 954 1.8 22 22
JERE 15.47 6.04 10.06 20.13 21.28 25.01 3478 99.0 101.6 99.6 1.7 1.4 22
S 3.01 195 249 385 49 543 686 973 978 964 1.6 1.8 2.1
AT 9.31 521 773 1043 1481 16.78 2045 969 968 945 1.2 1.0 1.2
e Huh 2.09 1.1s 168 252 321 381 464 977 101.8 103.8 1.5 1.8 0.9
S - 404 727 1131 417 696 1090 103.2 957 964 1.8 1.0 1.2

22 MAEERSPEREEE. EEAMEHhSESH HTP3 Be 51 BRI S 00 e I A7 A2 T8 B BUBR Bk 5

NI HREE AL W] 73 S E A R B 22 ) i HTPL1. HTP4 FUE M Sy b Boh i B S B m TR
BOMA T34 FRIRA JEAIUERRBL. 5 FUHARE  MBUEMEE S E; HTP2 IE 3 FUH SCIEHE BOH f iz

JH S VELR S B LR 1.

SEZG J3 T ASE DA ot AR S 0 5 AR 908 s R Y A I
G B T == W = B B s P Gl R E P 3
FBAEAE R B, AR 47 BEAE R B MR B A 3 A
AN TR 8 R R S S5 R AN TR] T A I o A
fEMAZER. H HTP1. HTP2. HTP4 Al HTP5

P 25 M S 010 T Ay I R AR B AT DE e B AR B0 0 A

RS T AR B i i = HTPS B & RIS B
T%TP@L/TE%EEEP 5 RO B AT B S B Y,
TS C A B Ay I 15 2 1y T L R B e A B
Sk E, 5 HTP1 BLE ) Menthol A1 Purple Menthol
1R S A e A I 7 5 » 5 HTP2 & 1) Intensely
Fresh {3 ¥k, 5 HTP3 BLE M S rh A I 2 S LI,
5 HTP4, HTP5 BLER] 3 Fi = o i i i 25 B fe fIK
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Tab.5 Distribution of menthol, nicotine and glycerol in heatsticks

SRR

KIBBL/ (mg/cig)

JEFEBY/ (mg/cig)

JHSZ S/ (mg/cig)

Hih SR A I Hih SR AT I Hh SR T I
Mint 40.53 4.76 2.42 2.68 - 3.56 4321 4.76 5.98
Menthol 44.10 5.47 4.74 2.59 - 5.85 46.69 5.47 10.59
Purple Menthol 41.69 4.56 4.57 2.42 - 5.01 44.11 4.56 9.58
Dark Fresh 31.66 2.00 3.78 2.60 - 2.42 34.26 2.00 6.20
Intensely Fresh 31.88 1.99 4.18 2.52 - 2.48 34.40 1.99 6.66
Spark Fresh 31.40 2.06 3.31 2.48 - 2.24 33.88 2.06 5.55
Change J#ER7! 52.45 4.08 0.00 4.87 - 439 57.32 4.08 4.39
A 65.74 3.00 0.30 0.35 - 1.07 66.09 3.00 1.37
HE = B 65.55 2.94 0.44 0.59 - 0.40 66.14 2.94 0.84
H7r~ C 65.32 3.10 0.47 0.58 - 0.65 65.90 3.10 1.12

2.3 FRIMARNK TIRGEES PEEEE. B
HilREEHR

IR B FE AR E TARR BOln A (LA
TRIARINAGEEE ) AN, 2 BRI AN B 22
Fi S DA SZRGR L, ANTITSE MU b A I A
B AT H e R . AW FCIEIR 3 FAS R AR 2
MHE, 7E HCT MRS =0 L % B RS b ar i
BAH S R . SHAE RN 6.

® 65 MMAMERRER
Tab.6 Specific information about 5 kinds of e-HTP devices

M2 I = JOIGERE/C R OBy (/30

HTP1 O TRk 350122 12
HTP2 POLEENIIE= 2404515 9
HTP3 &=k 350 10
HTP4 P& =0n#k 320 8
HTP5 W4k 350 8

F A IRRE SR R . MHER . H e S R
SIS ER RN 7. AT, HTP1 HNHE I
(VAT BB H I L R R 2 i T A 4 oG
Mo BN ) BE A 2 % HTPL fm . HTPS
K2+ HTP2 F1 HTP3 #124. HTP4 ffik. [H—In#JH
8 7 T C U 2 ) ey B R H i % 7 220
BRKER.

CUD JOREL T A I 58 2 2 o i 2 R e
e M EE R Z . AR b R 2 5 I
B An#E B IEAHSS JHTP3 W HTPS BIHNHE N 350°C,

HTP4 HIINHAGEE A 320°C, HTP3 A1 HTPS MR E XM
FE S B H M R 5T HTP4. 1 HTP4 HIMHBRE #
5 HPTS B)— 3 SO MRm 7% e i, Ui B B A HL
TGRS, SR R AE A HA R &R, W=7 4544
JEREXTE A SR L B SOIHGR T R
HTP1. HTPS JAEM#AGE A 350°C, 4MEI# HTP2
SR ELI0AGR (K T HTP1 A B #GE i, #43 HTP2
SR BE T P 4 4 i e B 52 AR B B i HTP2
FE S T B 2K T HTP.

(2) FEINAIR AR R 26 AT, BN #vii =5
AT FERE R . NS T BV HTP1 ILEH 7
HEF1) B R RS b P U #E S HTPS Bl
JFHEF L J0 S 1) gy B e R 2 vy, AR H
TR RS 2R R, BN S5E P
FIH R S (P IR R i T S U A

(3) dfar BERIEN AL B S LA A2 % . HTP3 Al
HTPS &% H AR E . hn#vii =X R R 0 B 3 7
J7 A — 3, HTP3 He & M0 S 10 107 B 4% 72 R AR T
HTPS FLEMHSE . T HTP3 Ft & N F46 4R ) v iy BEAX
Y ARTESRERERE B, AT R PR R I8 o B2 MR SR 5
Wi, HTP3 AT FRRE G, Bk IEAR B v Ay
SRR FERRAG, SR AT EERE . [FIFE, HTP4 AT
B ST B S A AT AEJEAE B, T AT B R T
ZUEFE B AR IS, R R K.

BIVHH B DRG0 R O] ey L AR H
T RS ZRAT RO, LM S Ay A 0 o7 0 FL
FBERARM.,
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Tab.7 Contents and transfer rates of menthol, nicotine and glycerol in e-HTPs
FEm 4T M E 5/ (mg/cig) JHS/ (mg/cig) %
I JH B AT A o JH B A I JH B AT
HTP1+Mint 43.21 4.76 5.98 4.02 1.63 1.81 9.30 34.24 30.27
HTP1+Menthol 46.69 5.47 10.59 4.34 1.71 3.07 9.30 31.26 28.99
HTP1+Purple Menthol 44.11 4.56 9.58 4.13 1.53 2.63 9.36 33.55 27.45
HTP2+Dark Fresh 34.26 2.00 6.20 2.52 0.39 0.98 7.36 19.50 15.81
HTP2+Intensely Fresh 34.40 1.99 6.66 2.48 0.38 1.13 7.21 19.10 16.97
HTP2+Spark Fresh 33.88 2.06 5.55 2.71 0.41 0.97 8.00 19.90 17.48
HTP3+Change JFEER 57.32 4.08 4.39 3.55 1.00 0.72 6.19 24.51 16.40
HTP4+[E 7= A 66.09 3.00 1.37 2.9 0.62 0.18 4.39 20.64 13.39
HTP5+E” B 66.14 2.94 0.84 5.24 0.69 0.22 7.92 23.44 26.36
HTP5+E = C 65.90 3.10 1.12 4.43 0.61 0.24 6.72 19.67 21.66

2.4 AR S P EREES, REA B RE ORI T

NFEEE 3 T EE R

LI S G RZ 1

RO P T I RRE S I R ORI AT e, B
AHREALIEH 10 STIFHSZ, FISIMIE 7 iS22 4l
WRHR o3 b BT I RO H ik 32 RS TR
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Fig.1 Puff-by-puff release of menthol in smoke
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B HTP4 [R1XABEATH JHE DR RUAT A5 FA A 52
AHIE, RIFED TR, AR SRS
TR TS )2 S 3G RGN, HE DN T B A2 I B ] %2
Wi, 2RI SN HTP4 ULHECR ST AE S AR s A H
AR T4 HTP4 AT I 138 VR IAT -5 Ml
AHMAE, RILEL TRER S, H Tk S
(212°C) R FHABEL (247°C) FIHM (290°C), FHE
Dy R R, IR ST BB FURE AT 2 HAE
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FALFEERmEE R
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Effects of heating mode on the transfer rate and puff-by-puff release of main components in
mentholated heated tobacco products

REN Ju', XIE Yan', ZHANG Suohui', LIU Hong?, LU Lehua', ZHENG Saijing', GAO Yihan™

1 Shanghai New Tobacco Product Research Institute, Shanghai 201315, China;
2 Technology Center, Shanghai Tobacco Group Co., Ltd, Shanghai 200082, China

Abstract: Mentholated electrically heated tobacco product (e-HTP) as a typical e-HTP consumable account for a certain market share in
many countries. However, there are few studies on menthol content in e-HTPs and the effect of heating mode on menthol transfer rate. In
order to investigate the menthol content of the e-HTPs and the transfer rate of menthol from heatstick to the smoke, 10 samples of
mentholated e-HTPs with three kinds of commercial heating devices (Internal Blade Heating HTP1, Peripheral Heating HTP2 and Internal
Needle Heating HTP3, HTP4 and HTPS5) were studied under HCI puffing regime. In addition, the puff-by-puff release of menthol was
measured. The results showed that: (1) The transfer rate of menthol was related to heating temperature, heating mode and distribution of
menthol in heatsticks, transfer rate of HTP1s ranged from 27.45%-30.27%, transfer rate of HTP2s ranged from 15.81%-17.48%, transfer
rate of HTP3, HTP4 and HTPSs ranged from 13.39%-26.36%, transfer rate of HTP1s under internal blade heating was higher than under
other heating modes; and (2) The puff-by-puff release of menthol in HTP1 smoke increased first, then stabilized and finally decreased. The
release amount of menthol in the samples with different menthol strength was obviously graded. The release of menthol in HTP2 smoke
increased first and then decreased rapidly. The release of menthol in HTP3, HTP4 and HTPS smoke increased first and then decreased
slowly. (3) Transfer rate of nicotine and glycerol was higher in HTP1s than in the others; (4) On the whole, the combination of the internal
blade heating and the orderly folded tobacco sheet leads to stable puff-by-puff release amounts of nicotine, glycerin and menthol.
Keywords: mentholated heated tobacco products; menthol; transfer rate; puff-by-puff release
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