XETEAE I AR DRI R N A A R R ah

11

RXEIE, XK, FEARE, S R I A S i H o [T] B AR AR, 2020, 26 (6) . ZHAO Deqing, DENG
Yong, GUO Linging, et al. Rapid determination of glycerol in HTP cigarette with enzyme electrode method [J]. Acta Tabacaria Sinica,

2020, 26 (6). doi: 10.16472/j.chinatobacco.2020.T0051

EEEREREVNEMHESEPIHMESE

RAEE"?, AP, FAREFE', LM, EIWR, Bx, #HLK, FE)°

L YR TN R BT AT, SRR R oty S T ER YT X KT — BE 565 610066
2 VU =B AR IR A E], BB s, AR T L X e K TE — BE56°5 610066

W OE. [HRY S el s gt & &

WHEBEAT 1R EE AT, RN A Al R A A e AR A AT I E

(Y 50 73T AR a1l il M, RS R 5 Ut

(4R S0EW]: (1) B AR E H I AR E TAF ih

R R R BT (R=0.9998) , K& BRI B IR 2> )4 0.045 mg/mL. 0.149 mg/mL, MR B 2N 97.64%~102.32%, RSD N

2.15% (n=6) , EEMRHI,
FRRE FE o RS N 33%~41%.
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Tab. 1 Information of HTP cigarette samples

ERTE TR TRy S T it 1 ERTETR) (EATEY N ey

1# Marlboro HeatStick Regular 12# HEETS Purple Label
2# GLO KENT 13# HEETS Yellow Label
3# Lil Fiit Change Up 14# Kuanzhai EVO-A

4# HEETS Amber Label 15# Kuanzhai EVO-B

S# HEETS Bronze Label 16# Kuanzhai EVO-C

6# Marlboro HeatStick purple menthol 17# Kuanzhai EVO-D

T# Marlboro HeatStick Balanced Regular 18# Marlboro HeatStick Mint

8# Marlboro HeatStick Smooth Regular 19# HEETS From Marlboro
o# Marlboro HeatStick Yellow Menthol 20# HEETS Summer Breeze
10# HEETS Silver Selection 21# Kuanzhai EVO-E

11# HEETS Purple Wave 22# Kuanzhai EVO-F

125 M-100 B A1 IR 88 i A G|
TR SR AR AT) 3 PerkinElmer Clarus 500 A
i (3£E PE AR, ML FID & KGR 48 A A
ARER) 5 SM4A50 H 2 I ML (9 [F Cerulean
AFD s HY-8 B R A CE LB 7 s e AT BR
ANFED s TR AG104 (0.1 mg, i MR TR
ANFE ) 0.45 pm A HUAHERE R FEINURE PR A FD .
HARAER (1.0 g/L) « HymEgERE ., 22 R oG
RERHEERARSRME, Hu, 14- T 28, HEEY
Ntakal, i E 25 AL R BR A A e
1.2 ELWHE
1.2.1 P r Ry iy ok Jir 2

Pt FEL ARV AR I D A H I e TR A 4 R 2 B
1K [ E A H B, AR H R A A E R A
it At S SR P2 AR H,0,, HLO, S8 A AL IR S5 N =
AR, EERREEEN, HMikESBERES
BEMEOCR, i AR S H 22 5 H AR R T
I ZME I Z e H MR Bz .

HihEs

HIH + 0, + H,0 —— HIHER + H,0, (D
Pt B4R
H202—>2H++02+2€+ (2)

122 hyiE 2 2]

F R 4l KO H AR HE (1.0 g/L) B I 1 ik
6 P H M ARAER, WREES 5 0.1. 0.2, 0.4, 0.6,
0.8 1.0 g/L, Fi M-100 24 A= ¥4 J& 4 B 43000 3% H-

PRUER IR L, LRI R A& S R AE, 552
HH bR YRR R 0 S A R K N7 HE R 22 2 T R 2R 1 %
%
1.2.3  W5E 77

FREL 0.6~0.8 g N JHMHE A B 5, K 2
0.1 mg, BT 250 mL #EJEHH, AEHIIIA 200 mL A<
O ) CERGH R Rk N A T 1.0 L) , A
FERR G AEI — ), F B A POR 10 min J5 3T L
HUE o M-100 Y AE WA I35 20 T A B Bhdh e . B4
FEUEGE, 3 U S BT I EAE N AEBGR I iR
FES A E A E DU RS HW Ih, BUE DL % R,
X (3) AT

cXVx100
mx (1-wg) 1000

Ar: W—REERR S &, AN %;

c—ZEBUB R H R EE, AR S T (mg/
mL) ;

V—RERURIARR, AN =T (mL)

m——RFE R, AT (g) s

w, NRFEK S R E L %o

S5 LA UCTAT I E 85 R P RoR, R %
0.01%.
1.2.4  SABEEEXS T L5

PA14- T ZEEAWR, HEEREA, O] N ARK
£ 5 mg/mL FIEEELG. L 6 2% H x5 R
WRE Sy %8 1.00 2.0. 4.0, 6.0, 8.0. 10.0 mg/mL,

(3
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S RUET T HEAT G i 5, 228 H Ik 5 5 0 T AR L
PIARAE 2R o P ARE A i A BORGEEAT B, H[El
J77 RV A BRI H A R ME A, HhAR
HEFEM (4.0 mgmL) I GC &% E LI 1(a), hnik
LIAFESY C6#) FFH GC ik B LI 1(b).
it HP-INNOWAX B41EH (30 mX<0.250

mm, 0.25 pm) ; 2% FHii: #J#E 100°C (LR FF 1
min) , PL15°C /min i F % 220°C, {R%F 5 min;

BERE TR FE 250°C: FID A U458 E 275°C: RN
QR PR 1S mUmin, ERBR: 2 450
mL/min; ‘"< 30 mL/min; EWGE K 25 mL/min;
HERERE 1L, A3REE 30:1.
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Fig. 1 GC chromatogram of glycerol standard solution (a) and
HTP samples (b)

1.2.5 A MR 0 SE 56
DI E AR M H R AR, LS o #
BIWHEAT TR 5256 . SR 5 AT B2 R A LR AT
We, A Ah oA, Hi ARy (55£0.3) mL,
BR8] 2 s, S0 (R1B% 10 s, BESCEHmI 12 11,
e 58 S5 BRI AR R, #5BR 1.2.3 B ik
HEATBE AL H A . BB R iL A (D
BT
_ Mo—M,

A RAH MR R, BAN % M, N
G RAT H S L AN me/ 35 M, A
B SR D H SR, AN my 3.

2SR5

2.1 EEUFIRERE

R 2 O ) el O R A EGRI A K
HIE . SRTRESE, OB A — R KA A
AR 1, SR i 2 SR AR R OGR4
A — eSO R S IR S H il ARG B AR sz
EL UK. Wl SRR 3 FhECBGR g
WHZERECR (R 2) , S5RFRW], [F—ilke Lz
PR AU I H il & 8IS 25 R w4 16.49%,
HIRAIK, AR I DA R R A R A g 3
#E, KA Y I 86%, s IIF AR A
HIEEI) 56%, PRI FH A D A B o

2 ARERFMNEHIMASRIEH RS E
Tab. 2 Contents of glycerol in HTP cigarettes using different

extractants %
ERGH CPATIE 1| CPATIE 2 CPATIE 3 P
K 14.56 13.97 14.44 14.32
FH 16.64 16.25 16.58 16.49
SN 9.11 9.34 9.62 9.36

VE: GG 1# FE 5L (Marlboro HeatStick Regular) , #¢
HURF AR 2 he

2.2 ZEUATEIRIMEL

739 DAKRT R BEAE N A IG5 T AN [A) A6
()0 T il e 25 R s . G5 RERI (R 3D, BEE
RIS 1] R E A, P R RE 45 SR I H B 25 1
I, AEREEUR R IR 2] 1 h I AR B AT 2T A
ot LK A2 BN ARG, AE 1 h i H i e 5
REAGTAZE, HrARBCERUR E Y 1 he
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Tab. 3 Contents of glycerol in HTP cigarettes with different
extraction time %

#EH 05h  1.0h  15h  20h 25h  3.0h
K 13.57 1436 1427 1435 1425 1439

FH 16.20 16.58 16.52 16.56 16.63 16.57
VE: ARG 1# B (Marlboro HeatStick Regular) o

2.3 FREMZ. KRHRTIEZR

PL 6 ¢ H AR AR AT B AR R I, il sk H
WRFERTIIAEL . WIUR R . & R L 22, &5
BIWE 4R DHEZ () STHMKE () ik
PEENE 4T, BESLEE AR bR UE TR 2k (B 2) ,
BRI TN y = 531.02x+0.7223, i€ RE R N
0.9998, & BHM FEARIE 1 H bRt TAE#h &4t R 47
W B AR H PR UHETR (0.1 mg/mL) FEEMIE 10
W LA 3 R AN 10 35 b v f 22 1 o 7 v A A H PR AN o
PR, 15 E0 R AR H AR tHBRA 0.045 mg/mL,
EER N 0.149 mg/mL.

R4 TEIREREH R AERRGNIZER
Tab. 4 Test result of glycerol standard solution with different
concentration gradient

HmARAER / SEIME / YIRS A SRR R/

(mg/mL) (mg/mL) /mV mV mV
0.10 0.08 757.0 797.3 40.3
0.20 0.18 732.6 828.4 95.8
0.40 0.36 734.4 929.1 194.7
0.60 0.58 744.2 1056.1 311.9
0.80 0.78 745.4 1159.9 414.5
1.00 1.01 744.2 1284.4 540.2

600
y=531.02x + 0.7223 °
500 R*=0.9998
. 400 o
£ o
300 o
g
200 K
100 ’
¢
0
0.00 0.20 0.40 0.60 0.80 1.00 1.20

HMAR IR EE/ (mg/mL)

2 EgAREAH MR 2

Fig. 2 Standard curve of glycerol with enzyme electrode method

24 FHiEMEKERSHERE

REL 3 ANINEGEIRRE T 2#. 3#. 4#, 5 LUK
W 3 AN K N T AR dE S AT DT VR
PRIETSCSESS . S5 5RERIH (R 5) , 3 MBI IkR A
WCRTE BN 97.64%~102.32%, 7] UL H AR 25 00 & H
W IER RS, W ERE R INRZESR . JEE 1 AN
HIRFESL (5#) , BT 6 PATFENE, Rl R
RSD=2.15%(n=6) (£ 6) , K ILITILEMEHE RS,

i 2

RS BRARER AR EIR IR LR

Tab. 5 Spiked recoveries of enzyme electrode method

SERRE FEMARME b e &S
/mg /mg /mg 1%
10.03 42.52 97.71
B 2# 32.72 40.05 40.98 102.32
80.42 81.32 101.12
10.18 58.39 97.64
FE b 3# 48.45 40.22 39.87 99.13
81.33 80.96 99.55
10.16 106.56 101.67
B 4# 96.23 40.09 40.83 101.85
82.32 80.61 97.92

® 6 HEMENESHARER

Tab. 6 Repeatability test results of enzyme electrode method %

WEE W W W W W e P
e 1 2 3 4 5 6 &

RSD

5# 1633 1695 16.83 16.55 17.11 17.32 16.85 2.15

2.5 FHiERERE

ISR IR HER T, REUCE AR MR 12 A4S0
P MNFE S, oA 6#~9# & Marlboro HeatSticks %
5, 10#~13# 4 Heets R4, 14#~17# VU1 JH “ 58
B ZRH, R F AR AR AT b AR 1 5 v S
ik BT H A =, SR A REA ¢ K 5
ER R I S5 R AT Gt A S, I EU R VA )
BANEAH AL REAT 04, SR WA 7. R 8 MKl 3 Fios.
MR 7 AT CLE W, B R S SO s v AR I 25
RS, IWE 3 LR H, PR 7 Al 45
RIVEYER R RUF, PN y=0.8553x+0.0267,
PE RBR=0.9807. MFE 8 AT LLAE H, 12 M FE i
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PRBCXT FEAS ¢ k56 R XU ME2E P9 0.202 > 0.05,
95% B AF X 8] i 22 43 T BR A BR 43 51 9 -0.3363 FH
-0.0798, Ut BB TR 40 BT 7 VA R I 4 R — 8, =
2GR EESR.

R T 120 MAESERGATEH RS EBNKLER

Tab. 7 Testing results of glycerol content in twelve HTP samples

P Mg FLAIE /% M /%

WEoprl P2 PR TR OTAT2 THE

6# 16.11  16.08 16.09 16.54 16.13  16.33
T# 1576 16.20 1598 16.65 1625 1645
8# 1591 1584 15.87 1597 1569 15.83
o# 1622 1590 16.06 16.76 1633  16.55
10# 1638 16.54 16.46 1629 1695 16.62
11# 1644 16.12 16.28 16.56 1692  16.74
12# 1732 16.88 17.10 17.16 1726  17.21
13# 17.38  17.70  17.54 17.74 1820 17.97
14# 19.64 19.52  19.58 19.38 1920 19.29
15# 20.12  20.48  20.30 19.73  20.09 1991
16# 1898 18.66 18.82 19.32  18.82  19.07
17# 20.12 2044  20.28 19.87 1999 19.93

R 8 2 MRS EERVFEHER (RIELER

Tab.8 Paired samples T test results of twelve HTP samples

‘ - Woflfy ZEOTHI 95% PR

O EN pomn BEKE mmp ok

win i
TR LR

-0.1282 0.3275 0.0945 -0.3363 0.0798 11 0.202

0.2100

y =0.8553x + 0.0267

0.2000 R 09807 )

0.1900 o
0.1800 o
0.1700

‘ qo‘

0.1600

M EIEE%
[

0.1500

0.1400
0.1500 0.1600 0.1700 0.1800 0.1900 0.2000 0.2100

Bt A2/ Y%
E 3 BB ix5SHEEIEERNERZ ANEEXR

Fig. 3 Linear relationship between detection results of enzyme
electrode method and gas chromatography

2.6 FHiEHIRZH

INHER R (VG 7 I # b i F vp 4
o RS BRI, FI g F AR AR I #
R F R R A S A AR v e )
HATIE, THEARIH MR, SRILE iR,
MZE 9 Rl LLE Y, 18#-~20# £ 5 XF B ) 1QOS i #i
%5/l Marlboro Al HEETS &%, HHim¥# FIEHE N
36%~41%, T 21#. 22# FEAR R “ 5848 EVO” &
H, FH MR TN 33%~34%.

R MAGEH MEBENELSR
Tab. 9 Transfer rates of glycerol of HTP cigarettes

" Witk VG/ FRiE VG/ %@wy\m%%$
(mg/>2)  (mg/ ) (mg/ 30 %
18# 46.10 29.34 16.76 36.35
19# 5131 30.21 21.10 41.13
20# 48.10 28.66 19.44 40.41
21# 37.14 24.63 12.51 33.67
204 48.40 31.70 16.70 34.50
3 %t

SENT T RN P H ek e R A 0 A S i R R
T FE TG MR b H S R 5 AR AR ARG,
PRGF 1 h, 38 I g AR A 0 28 I H
BESAMOEERA B —8E, —HZEEREE
LM R KR, FOXTAEA t A5 46 FL o= b 7 20
EL RN ER LG R IER R K%
FEAHER L B . 5 EIEEMLEL, BERGER
AlgL —Phe. REther. fdlbos R gEERr R, &
BN I e R A PRSI

SEH
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Rapid determination of glycerol in HTP cigarette with enzyme electrode method

ZHAO Degqing"?, DENG Yong’, GUO Linging', SHI Jianyang’, WANG Shuaipeng',
LIANG Kun', HAN Donglin', HUANG Yuchuan’

1 China Tobacco Sichuan Industrial Co., Ltd., Novel Tobacco Technology R&D Center, Chengdu 610066, China;
2 Sichuan Sanlian New Material Co., Ltd., Novel Tobacco Division, Chengdu 610066, China

Abstract: [Objective] This study aims to realize rapid and accurate determination of glycerol content in HTP cigarette. [Methods]
Enzyme electrode method based on biosensors was established, and the detection results from enzyme electrode method were compared
with those of GC method. The transfer rate of glycerol during smoking was also measured. [Results] (1) There was a significant linear
correlation (R’=0.9998) in standard curves of enzyme electrode method, and the LOD, LOQ, recovery rate and RSD were 0.045mg/mL,
0.149 mg/mL, 97.64%~102.32%, and 2.15% (n=6), respectively, showing improved repeatability. (2) There was no significant difference
between the test results from enzyme electrode method and those from GC method, and the accuracy of the established method was better.
(3)The transfer rate of glycerol during smoking process was within the range from 33% to 41%. [Conclusion] Compared with GC method,
the enzyme electrode method has high specificity, high stability, fast detection and high sensitivity, which can be suitably applied in
determining the amount of glycerol in heat-not-burn cigarette and corresponding tobacco material.

Keywords: enzyme electrode method; HTP; glycerol; biosensor
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