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Abstract: The gas chromatography—mass spectrometry method was established to quantitatively de-
termine 13 cooling agents in tobacco products by investigating several parameters, including the chro-
matographic column, oven-programmed temperature, and cigarette-extraction method. Moreover,
the ratio of mainstream smoke to cigarette for cooling agents was tested. The samples (cut cigarettes
and glass fiber filters containing cigarette mainstream smoke particulate matter) were extracted with
50 mL of methanol for 40 min by shaking. Separation was performed on an HP-INNOWAX column
(30 m x0.25 mm i. d. , film thickness 0. 25 wm), and quantitative determination was performed in
selective ion-monitoring mode using the internal standard method. The results show that 13 cooling
agents can be satisfactorily separated within 14 min, and the limits of detection and limits of quantita-
tion ranged from 0. 004-0. 127 pg/mL and 0. 013-0. 425 pg/ml., respectively. Piperitone and N-
[ (ethoxycarbonyl) methyl) -p-menthane-3-carboxamide showed good linearity within the range of
0.90-90 pg/mL, and the remaining 11 target analytes had good linearity within the range of 0. 1-20
peg/mL, with correlation coefficients (7*) of 0.993 9-0.999 9. The recoveries of 13 cooling agents
were in the range of 90. 4%—116% at different spiked levels for real samples, with intra-day (n=5)
and inter-day(n=3) relative standard deviations lower than 6. 6% and 7. 3%, respectively. The devel-

oped method was applied to determine six representative cigarettes, and eight cooling agents were de-
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tected in real samples. The ratio of mainstream smoke to cigarette for cooling agents was 1.01%
—18. 14%. With the advantages of several targeted analytes, simple operation, high sensitivity, and
high accuracy, the proposed method is suitable for the analysis of cooling agents in tobacco products
of different brands. This method can provide technical support for product design and development,
blend maintenance, and quality evaluation.

Key words: gas chromatography—mass spectrometry; cooling agents; cigarette; ratio of main-

stream smoke to cigarette
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Table 1 Retention times, qualitative ions, and quantitative ions of targeted analytes and internal standard compounds

Analyte Retention time/min Quantitative ion(m/z) Qualitative ion(m/z)
Menthone GHEFAT A ) 5.93 112 69, 154
Isomenthone ( 57: i fif i ) 5.99 112 139, 55
Menthyl acetate ( Z 23 107 1§ ) 6. 54 95 43, 81
Isopulegol ( 5715 i faf ) 6.48 81 67, 121
Menthol (JHifif ) 6.94 71 81, 95
Pipcrit()ne(f‘lﬁ FEUA ) 7.39 82 110, 95
N, 2, 3—Trimethyl—Q—isoprnpylhutamide(WS—23) 8.16 114 129, 57
N, 2-Diethyl-2-(isopropyl)-3-methylbutyramide (WS-27) 8.38 142 156, 157
Menthyl lactate CPLER T faf i) 8. 89 83 55, 69
p-Menthane-3, 8-diol (X} #ifiihi-3, 8- M) 9.38 81 96, 59
N-Ethyl-p—menthane-?:-carboxamide(WS—3) 10. 18 100 87, 168
Menthone glycerin acetal (34 Bl H- Il 45 7 ) 10. 38 143 171, 69
N-[ (Ethoxycarbonyl )methyl ) -p-menthane-3-carboxamide (WS-5) 13.91 131 90, 55
Acetophenone-D, (7 ZHi-D,) 6.98 110 82, 128
2’ 2-Dipyridyl-D,(2’ 2-BXItEE-D,) 10.13 164 162, 134
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Fig. I  Chromatograms of the mixed standard solution
1. menthone, 2.isomenthone, 3. menthyl acetate, 4. isopulegol, 5.
menthol, 6. a(:etophenone—l)g( IS1), 7. piperitone, 8. WS-23, 9.
WS-27, 10. menthyl lactate, 11. p-menthane-3, 8-diol, 12.2°2-
dipyridyl-Dy(1S2), 13. WS-3, 14. menthone glycerin acetal,
15. WS-5
60 Il Methanol
I Fthanol
Ethyl acetate
B Dichlormethane
B Acetone

Il Cyclohexane
I [sopropanol

Analyte
E2  SERREMERE R S B A AR

Fig.2  Extraction solvent optimization results obtained from

real cigarette samples

R G L 2 AR R (LOD) FilE & FRR (LOQ) , #-2H 431 LOD FILOQ 437724 0. 004~0. 127 pg/mL

#10. 013~0. 425 p.g/mL,

2 HAR e s Eiim . MR8 KR AE = TR

Table 2

Linear ranges, correlation coefficients, limits of detection, and limits of quantification for the targeted analytes

Analyte Linear range/(pg-mL™") r LOD/(pg-mL™) LOQ/(pwg mL™")
Menthone 0. 1~20 0.999 5 0.012 0. 040
Isomenthone 0. 1~20 0.9995 0.012 0. 040
Menthyl acetate 0.1~20 0.999 8 0. 006 0.021
Isopulegol 0. 1~20 0.999 9 0.014 0. 046
Menthol 0. 1~20 0.999 9 0. 006 0.019
Piperitone 0.90~90 0.999 4 0.110 0. 366
WS-23 0. 1~20 0.997 7 0. 004 0.013
WS-27 0. 1~20 0.997 8 0.017 0. 057
Menthyl lactate 0. 1~20 0.999 2 0. 007 0.022
p-Menthane-3, 8-diol 0. 1~20 0.998 7 0.014 0. 048
WS-3 0. 1~20 0.999 1 0. 006 0. 022
Menthone glycerin acetal 0.1~20 0.998 7 0.012 0. 039
WS-5 0.90~90 0.993 9 0. 127 0.425

2.4.2 [ENRFEEMNE AWUEATES RSN, DUIREFRIEE AR5, 23l BT S
BIRIRSBRES: . LA H R HT bR TR AR RS 2. 20 F0 10045 GHIHUERIAI WS-5 4 1, 10F0
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Table 3 Method recoveries(%)

Analyte Cigarette spiked concentration Smoke spiked concentration

Low Medium High Low Medium High

Menthone 99.0 98.8 97.9 109 104 101
Isomenthone 106 102 99.0 103 110 104
Menthyl acetate 102 101 99.2 114 105 100
Isopulegol 99. 8 97.5 96.7 97.2 98.2 99. 8
Menthol 94. 4 105 96. 6 99.6 102 99.7
Piperitone 95.1 100 92.1 95.9 99.2 99.2
WS-23 101 96.9 95.5 110 109 104
WS-27 92.6 93.5 93.7 104 105 103
Menthyl lactate 104 103 104 115 116 113
p-Menthane-3, 8-diol 94.6 90. 4 91.4 112 103 104
WS-3 102 103 105 100 104 103
Menthone glycerin acetal 97.6 102 101 112 107 106
WS-5 99.0 99.5 97.7 106 105 103

XoF 3 B IIbRIAR B A JE I S RIS I SR S - TR S0 A, BRE IR EE M. 1 dINEE SIREE
s AR BN A A8 - Bt oA, A3 H A bRER 22 483 d SCIRfR 20 H A bR 22 . 45
SR, 1I3FEERFI H N B H AR R 22500 /N T 6. 6% 1 7. 3%, wiHH ik EE R I
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4 SEPRFES A HTESR (ug/cig)
Table 4 Results of real sample analysis(pg/cig)

Analyte Sample A Sample B Sample C Sample D Sample E Sample F

Cigarette Smoke Cigarette Smoke Cigarette Smoke Cigarette Smoke Cigarette Smoke Cigarette Smoke

Menthone ND ND ND ND ND ND ND ND ND ND 45.02 5.37
Isomenthone ND ND ND ND ND ND ND ND ND ND 20. 15 2.59
Menthyl acetate ND ND ND ND ND ND ND ND ND ND 198.64  9.25
Menthol 255.15 7.73 47. 67 0.91 3.95 0.52  70.03 1. 60 4.53 0.47 3826.82 383.73
Piperitone ND ND ND ND ND ND ND ND ND ND 35.24 6.39
WS-23 68. 87 0.70 ND ND ND ND ND ND ND ND 1998.55 223.96

WS-3 16.51 ND ND ND ND ND ND ND ND ND ND ND

Menthone glycerin acetal ND ND ND ND ND ND ND ND ND ND 148.12  21.63

ND :not detected

HIFE 4 0T UL, P A SRR i b SR HY 8 b it R 5] Ws-23
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Fig. 3 Typical chromatograms of real samples
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Table 5 Ratio of mainstream smoke to cigarette for cooling agents (%)

Analyte Sample A Sample B Sample C Sample D Sample E Sample F
Menthone / / / / / 11.94
Isomenthone / / / / / 12.87
Menthyl acetate / / / / / 4. 66
Menthol 3.03 1.91 13.23 2.29 10. 44 10. 03
Piperitone / / / / / 18. 14
WS-23 1.01 / / / / 11.21

WS-3 0 / / / / /

Menthone glycerin acetal / / / / / 14. 60

“/"indicates that the cooling agent was not detected in these cigarettes
+ A\
3 .2_|:| Te

AWFFAEMAAGTE 73 8 A F S B SR AT AL BE 2B BEAt b, v 7 MR et o 13 R AR ) <
AT -BOE AT 7k . SITEEREE) ™, SRR, defesn, REGEN. MizriEmhsEil v
M SRR = R R 5 AR, R TS R SRR S R AT ISR A SR
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