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Hlel 23 s AJE-E headspace solid phase microextraction (SPME)S o} 3}e] gas

chromatography-mass spectrometry (GC-MS)9] selected ion monitoring (SIM)¥}¥ o 2 HAM3gc) 2 o
FollA AR gk AW A F-S estragole, pulegone, trans-anethole, safrole, piperonal, eugenol,
methyleugenol, coumarin, trans-isoeugenol, trans-methylisoeugenol ¥ myristicin 5 11%0]y EMAs} v
€ DlelM A me= O olAbe] g AEE 0001-13uglg A2 4 glgled 3482 89.1-
102.9%2 Jepdy AdEFHa= 2.6-252%8 499

Abstract: The flavor-related compounds contained in tobacco were analyzed by selected ion monitoring
(SIM) method using headspace SPME gas chromatography-mass spectrometry (GC-MS). Flavor-related
compounds were estragole, pulegone, trans-anethole, safrole, piperonal, eugenol, methyleugenol, coumarin,
trans-isoeugenol, trans-methyleugenol and myristicin More than one of the flavor-related compounds were
detected in the range of 0.001-1.3 pg/g from all brands of tobacco studied. The recovery was ranged from
89.1 t0 102.9% and relative standard deviation was ranged from 2.6 to 25.2%.
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Hul go)g o] Algsopsl= o] Qo). 4ujle)
ARE o] ZidEla f4A 2% 4 U whies
2%l solid phase microextraction (SPME)!* up.&
HA Alge] FMY g olF Fon A28 £84
fiberoll F2E 7} FAlol] o] o|Ro]Hozy ALL
o] 1 =7} ¥oh= A3 o] Slotk. SPMEE ©]
43 AMe 72 B e LAY} g8 6
Fa . AE" Fo chofilt vz e daEE 4
A FEshed ol 8310 ey 2 dFeliNe
SPMES| whloz Fufjal ) 553} oA 3%
& AEEle] Hulloll 4% ol WY AL ¥
A19s1e .
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2.1. Ale} 9 7]7]

2 A7l AR EFBAL estragole, puleg-
one, trans-anethole, safrole, piperonal, eugenol, cou-
marin, trans-isoeugenol-2- AldrichA} (Milwaukee, WI,
USA)ollA methyleuge-nol-2- WakoA} (Japan), trans-
methylisoeugenol-2- MerckAtol|A4] myristicin-2 Sigma
AF(St. Louis, MO. USA)ellA] 9l3ledon] Wrgs
E4al 3,4 -methylenedioxyacetophenone (MDA) 2
AldrichA} (Milwaukee, WI, USA)ol|A] 413} o0
potassium chloridet= Junsei ChemicalA} (Tokyo,
Japan) Al Eo|c}. RFEAE M= A3 Lo
+ Berdick & JacksonA}(Muskegon, MI, USA)] B4
£ ellgkgolgle}

71713 Hewleti-packard HP5890 Series II gas chro-
matograph/HP 5971 A mass selective detectorg AR2-3}

ow| MSe| o]23} wpA2 Ax}o| &8 (electron
impact)] & AM-ELT o] 23} oA 0eVE 3y
. ¥4 32 HP-5MS cross linked 5% phenyl
methylsilicone fused-silica capillary column (30 m x
025mm 1.D.,0.25um film thickeness)& *}&-8}%dc}.
AH 2 oj24el Y 93z $vtAE dE
(99.99%)& AMg-3te] WIS SE 1.0mL/min®] f<4
o2 FFgon transfer line 3 ion source L E:
77} 280°Ce} 180°C2 3lgic). Y9 &=+ 60°C
oAlM 187 213 B 20°C/min2 £-23}ed 110°C
7hA| &2 3 THA] 4°C/minz 150°C74A] 428 & 10
‘C/minZ. 290°C7}A| -&2]1 57t o8 slaict. 4]

Table 1. Retention time, quantitation and confirmation ions

Characteristic ions (m/z)

Compounds llf etentign Quantitation Confirmation
me (min) . N
ion ion
Estragole 7.57 148 147 121
Pulegone 841 152 81 109
Anethole 9.33 148 147 133
Safrole 943 162 161 131
Piperonal 10.46 149 150 121
Eugenol 1098 164 131 149
Methyleugenol 12.07 178 147 163
MDA®(ISTD)® 12.94 149 164 121
Coumarin 13.07 146 90 118
Isoeugenol 13.30 164 149 131
Methylisoeugenol  14.47 178 163 107
Myristicin 15.10 192 165 161

*3',4’-methylenedioxyacetophenone
" Internal standard

2 Fubde v 2 (splitless)F-3) WY& A}-8-3he]
3 F372] % 230°Ce] 3L injection port liner=
07mm(id)& M3l SHAFE 71X o] 2qHe
Aeiste] 7281 selected ion monitoring (SIM)H}H
& Ahgsle] BAskch SIMAZ el ALEE 7}
BHE2] B4 o)L Table 19] Jepi i}

2.2, WHuy

22.1. EEgoo| Zx|

7t 3RHES] 2349 Al folN g &
48 XFE = estragole, pulegone. trans-anethole,
safrole, piperonal, eugenol, methyleugenol, coumarin,
trans-isoeugenol, trans-methylisoeugenol 3 myristicin
5 0.1 mg7hA] AR olebgg ARg3te] 2,000-
5000 ug/mLe] EFYNo] H = vhegch Wy =
FH2 3, 4'-methylenedioxyacetophenone (MDA)&
2080 pg/mLe] EEUNE H5o] o] elghez 3
AMeted 20 ug/mLe] FH oz Azl ARGl
3M-KCl g4 2758 AMgsted HESIH

222 HAH=EMo XAl
AAFAE e A% 5E WAEAE he
o] mHEo] Alaalgich ojn] UHE WELHE 0.1
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SPME-GC-MS# ol 4% shils} Baig gl 24 i

05.20, 20,50, 100 ug/mLe] =% ¥z FMa}o
2hew 7tzte] 14 mL vialel 3M-KCI 89 7mL& 4§
2 ellA 2HE 0.1-100 ug/mLe] EZgolg 74z} 1
uLd Hrpln Wegsgdos 20ugmLe w9
44& 2uLH spikedte] F7& T F YR,

ARFAL 2 AA4A) iR 2EE WY 7
e Ha HAvle) dEt px=nle] AAE =)
3k EEAATAE AT &, 7 ey o
u] (AJA) 9 28] (C/C B8 ¢ 33
71g o g st

2.2.3. A|R9| =H|
AlEe A1FA S BilE s LEg
FolFHEE AAY ¥ FAE 2o} 0607g A=
£ %% 14mL viale] ¥ 3M-KCl £ 7mL& ¥
L F JEEFLH 2uLE spikedt ¥ FRE Fo}
U3}

2.2.4. SPMEQ| &

2 Agel] A%l SPME®] AX|:= manual holder
(supelco. Cat. No. 5-7330)¢] 2L fiber:= 65 um Carbo-
wax-divinylbenzene (supelco. Cat. No. 5-7312)8 AR&
sl o] AL23}7] A SPMEY fibers 250°CoilA] 30
&7} pre-conditioning F AR-3}¢)c}.

el X e mELAT ASFE P2 vial oil
bathe] A 95°C2 1087 7198 F A sAH:=
SPME fiberg o|8-3led Xa& ¥ F79 septum

& BT Y] headspace 7} Rol|A] SE7 34
7 EFAMEE fibero] F2A2 ¥ Als7) F29 fiber
£ GCo| F4+ tog F3led 587 &3 7o

225 35g £X

3488 235)7] 23bed 14mLY viale] 3 M-
KCl 888 TmLY $-2 ¥ &89 S0ug/mL 5=
2| gof 1uLe} I HFH 2uLE Yo spikedt F
F7E& 23 Uy} o)FA e gHL elag}
ZE oz 323l A2vieye] 5aE 4
T F HAE Tl el AT BEHYIAH
ENE F2E Tl 3 Al 99 3
A& 5Hg e g REAXE A Ak
A= HUeg 2Asigon 2 (limits of
detection, LOD):= S/Nu|7} 34 w2 HAs}edo},

.4z % @

3.1. 4¥3M

7t BEEAL v HE EYSAE UEo ¥
T Az 1139 A7l dg JAYTHE A5l A
24& PYs7) S8l BE S 3 piperonal, eu-
genol, coumarin, trans-isoeugenol 52 Th& E-Ald)
vd st deld o ¥ px Wz mxLe
Azsle AR ololl & = Wele}h A
$¥ Table 20 VERRS T RG] =5 0.9821 o] A

Table 2. Results of simple liner regression for the standard calibration

Compounds Concentration range (ug) Regression eqn. Correlation coefficient (r)
Estragole 0.00012-0.1225 y=101.09 x 4+-0.4404 0.9838
Pulegone 0.00027-0.2625 y=52.853x 4-0.2119 0.9974
Anethole 0.0001-0.1153 y=215.51 x 4-0.8052 0.9901
Safrole 0.00014-0.1392 y=17529 x 4 0.6813 0.9927
Piperonal 0.00207-2.0708 y=19.638 x +0.1702 0.9998
Eugenol 0.00128-1.1284 y=34.525x +0.3783 0.9990
Methyleugenol 0.00029-0.2851 y=125.70 x +0.6261 0.9974
MDA#(ISTD)® 0.02087 (spiked)

Coumarin 0.02891-5.782 y=2.6583 x —0.1746 0.9959
Isoeugenol 0.05534-2.7672 y=54.296 X —6.9065 0.9977
Methylisoeugenol 0.00029-0.2999 y=108.62 x +0.6385 0.9960
Myristicin 0.00026-0.2548 y=135.27 x +-0.4554 0.9986

*3'.4'-methylenedioxyacetophenone

" Internal standard
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Fig. 1. GC/MS-SIM total ion chromatogram of standard samples (1. estragole, 2. pulegone, 3. anethole, 4. safrole, 5. piperonal,
6. eugenol, 7. methyleuge-nol, 8. MDA, 9. coumarin, 10. isoeugenol, 11. methylisoeugenol, 12. myris-ticin).

& vepdel we} Ha4o) ulg Fof TP ol A
e ¢ 4 Addt

3.2.SPME #§

BFEA P AA Alge] $M42 Zbzhe] el
3t EAol2nkg Adsl= selected ion monitoring
(SIMMPgell o8 M3eix o)w AMgY &FEA
o olgazaleage Fig 1o vehigich ol
2ol el e st 2o] drpe) EERUE
N R LT L REC RIS EE e,
A 59l piperonal (264°C), eugenol (254°C), cou-
marin (298°C), trans-isoeugenol (266°C) 5-9] 3=
22 AAZA A A dFsARel J8 B3
2O 57} e Qe okt okvke Fhael o
€ B3 vj3le vl 7] vl ohE Bdug
Fs)A] E38lod headspaceAlollA fiberell F-2E:
oFol Mol ehte W40z Aagch

33.8+% &3

S48 2YABE Table 30 vehiom Eely
Buts} Ze] 4Ee 89.1-102.9% AN EFHEA}
(relative standard deviation, RSD)¥&= estragoleo] 25.2
%2 7} %2 trans-anethole?} trans-isoeugenol ]
7zt 19.1%2} 19.5%&, safrole- 17.7%8 282 1
2o 8 9.1% o3tz k3 4 4 U

Table 3. Analytical results of spiked samples by GC/MS-
SIM

Compounds asrﬁg(;:t Mean‘£S.D. Rc((:g/b\;ew I({go]))
(ug)

Estragole 00613 00598+00151 976 252
Pulegone 0.1328 0.1303+£0.0076 98.1 5.8
Anethole 00577 00514+00098 89.1 19.1
Safrole 00696 00633+00110 910 178
Piperonal 1.0354 1.0654+£0.0325 1029 3.1
Eugenol 0.5642 05749+00149 1019 2.6
Methyleugenol ~ 0.1426 0.1421+£0.0074 997 52
Coumarin 28910 261364+0.3233 904 124
Isoeugenol 1.3836 147621+0.2878 106.7 195
Methylisoeugenol 0.1499 0.14441+0.0132 96.3 9.1
Myristicin 0.1274 0.1226+0.0086 96.2 70
¢ Mean value from 5 measurements
£ A7 AR B S FAHo] 216

298°C Ale|z 3] ¥E o2 3Ppgo] I Heo
2 4= 2eiv 249l 3M-KCl 9& 718t
o $MEY L cE Y32 A8 2EF ¥ A
B2PE EHE Yol & HEF dlo] 2238 7
#} headspace SPME 32 uplo] A& Ao] glglon
Az Agest A 4 g g Foe e
o 4 qlgleh
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Fig. 2. GC/MS-SIM total ion chromatogram of brand D sample (3. anethole, 5. piperonal, 11. methylisoeugenol).

Table 4. Concentration (ng/g) of flavor compounds in tobacco

Compounds A B C

Estragole 25
Pulegone

Anethole 1.2 49
Safrole

Piperonal 419 253

Eugenol

820

Methyleugenol 1.5
Coumarin

Isoeugenol

Methylisoeugenol

Myristicin

24 1.1 26.0 62.3

42.5 51.8 1298.6 960.9 63.9

58 11.7
15.5

34. WHARS] 24

Aol BoisEE FANEH 5% ¢34 o 3%
& FUsld FAHE dEAHQ] o|2azviEIYL
Fig. 20l Beo] 39131 Table 49 ZA}E Yepict. 2
€ lleliA B7EA] m O olAbe] uARe] A
=)qic}. trans-anetholeo]v} piperonalid#-2 o 3¥-2]
oM Aesnz gulle] Faen 7 el AL
453 &€ & £ AT ZE hile] FHeA
A2y AFelM BEo] YBY 17}A] o4 3717 7}
A)9] ohgpo] B4=le} U Table 414 B v}
8} 7Zro] pulegoned®} safrole, eugenol, coumarin %
trans-isoeugenol] AJE-2 m = AlEo] cuflella] F
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