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Z3l}. HS-MMSEE o831 npda) a2 2E 1279

BEES FHSIAL 100 pL 27Fe] §iE
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acetate, linalyl acetate, vanillin, ethyl vanilling ©]-8-3le] & a&° &S F= IFvgEe) g A
AE B3l = 2208 HAs). ik i 250 tigk &4 e 45 A4S stk 2
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AT FEH 85 D AVHS AUk old T AAES HFOT A% Fe) MonoTrap o3 Hs-
MMSE e vhdel $ee] 394 olmvh YRES B4 shee] Exael HYS Felskict.

Abstract: In this study, headspace disk type monolithic material sorptive extraction (HS-MMSE) was developed,
validated and applied to the analysis of volatile aroma compounds from vanilla perfume by gas chromatography
-mass spectrometry (GC/MS). HS-MMSE uses monolithic material (MonoTrap) based on silica bonded with
octadecyl silane (ODS) and activated carbon as a sorbent. Aroma compounds was adsorbed onto the MonoTrap
in headspace and extracted by only 100 pL of solvent. Total 12 volatile compounds from vanilla perfume were
successfully analyzed using HS-MMSE. The influence of extractive parameters was investigated and optimized,
using benzyl acetate, linalyl acetate, vanillin, ethyl vanillin as target compounds. Under the optimum condition,
the limit of detection (S/N=3) and the limit of quantification (S/N = 10) of proposed method for the target
compounds were obtained within the range of 8.35~13.76 ng and 27.82~45.88 ng, respectively. The method
showed good linearity with correlation coefficient more than 0.9888, satisfactory recovery and reproducibility.
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These results showed that HS-MMSE using disk type MonoTrap is a new promising technique for the analysis

of volatile aroma compounds from vanilla perfume.
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v Z(vanilla)®] 8- Vamilla planifolia®]™ T3
FH(Orchidaceae)2] B2 =0t} videts 579 &
e AANE 7HA AL Qo] A FAFG F AR oA
719 FE Fo] R I o]&stal St A4t
A A solH, FHu A A7t S-S 2 st
RE o fFH AVlE olF, B Fo=E QS AT
2 kAR, IEvA o}, s T o8] yetolA
A=l ok widEke] 4Fs WAE g
vanillin®]2he 7] A& w21, 40 gd&ek np
dg ol & 85t IF, AFAF|AH SANe=w
H3PAA vanilling A4 3L Vanillin AE2] g3
5, A998 21 9 4434 T wet vhEy
vanillin 4&°] B&FE FEFLENY 7HA7F £
Fhzfo) st 2

updEte] olZmp JE AL W AyAtEe] 9
3 g o] FrpS Ao o] &g EAQ] AR
Axg WHOZE solvent extraction,! accelerated
solvent extraction (ASE),’ Soxhlet extraction¥} ultrasound
assisted extraction (UAE)* Z22] 3 headspace-solid phase
microextraction (HS-SPME)® 5-°] 21t} 121} solvent
extraction, ASE, Soxhlet extraction, UAE & R %=
ohEFe] Gl E ARS-gths T o] T

R 2 Aol videEl Fo A olZnt
A BAE Fs AR AR AAE S vhEskd
t}. GL science®] 78] o] &3V Al8dEH G o
FA E2 $E% 3% (headspace-monolithic material
sorptive extraction, HS-MMSE) & 2] 7} (silica) 73
ol octadecyl silane(ODS)] 3}8t2 0 2 AFA|7 v
o34 =2 (MonoTrap)s §3AIZ o] &g}, &Y
o34 £ A AlF(macropore) ¥ TIAl Al
(micropore)S 7FA AL Slo] WA o] Wl whEbA
A4 AEESY T3 gato] §o]3te] ethyl vinyl
benzene divinyl benzene copolymer (Polapak-Q), poly
(2,6) diphenyl-p-phenylene oxide adsorbent(Tenax TA),
polydimethylsiloxane (PDMS)5# 22 thk3k &+ o}

Y BASS of=rul 4E $HS A% FAAR o

83l gt

MonoTrap> ZA| &1 &8 918 du(disk) 3
ok d 223 918 Hli(rod) FE7E ATk ol E2
Z}zk ODSeF A es B E3HeE A3 ODSRF X3
g Zo] Utk wpEbr] EA A} et AlRe] 540
wel S ks 2 W) wet A JE 9
MonoTraps A& ale] A8 4 o g 43 3
Bjo] 79 © 100 pLe] &mjvte R FZ0] 7hs3ith
wEbA kA UE S 7189 AR AAE WEEY] ¢
AES Bast 4 gk

# =ElA= HS-MMSE A4 2] & o]-&-sto] nt
det o] A ofmvl RES VA ARnED
2 37 FE2A H(Gas chromatography-mass spectrometry,
GCMS)e. 2 B33t} =3 HS-MMSE 5% %7
of gk A3t % 24 WY S5 AFS P st
92 &= A 4(concentration factor, CF)E %3l
£ 58S Yolusitt.

2. M ¥
21. M2 2 Al

E Ao Abg-g vld @k d&4(30% vol., Estratto
Vaniglia del Madagascar, 1 Profumi di Firenze)= ®}T}

Fig. 1. Photographs of vanilla perfume sample used in this
study and vanilla pod.
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727 2 A A vldEtE AMEste] REER S o et e, o5 7tz ODSe E4Es &
™, olgelo} o] AA (Firenze)o | X FAATHFig. 1).  F Ee 213} ODSHF 5 Zlo] Q). o] FelA]
ANEs HEe] AT #4 glo] A Hl= o]&3} ges X3 Sl 58 9% FE 9] MonoTrap
Ak (DCC18)y Aol AHE-stier, BdeS E3eA]

Benzyl acetate, linalyl acetate, vanillin, ethyl vanillin o guf &8 A% Fel e MonoTrap (DSCI8)S
EFEAS BF 5 98% o9 A H Aleko|H, o] &3t HlwAH-S YTt
Tokyo chemical industry (Tokyo, Japan)ol| Al -9}
t}. Acetonitrile, methylene chloride, ethyl ether &7 AE gHY- e SEl C"% CI3d 2EE
Mallinckrodt Baker (Phillisburg, NJ, USA)AF] HPLCS 0|88t AE &EF ZEE FEY(HS-MMSE)
= A1oFE ARE-akslTt MonoTrap2 A& ol /\]~9-0}7] A, 23] methylene
chloride7} £ )& vialoll ¥o] 5% &9 ultrasonic

22. MY A

HS-MMSEZE- 9|8 MonoTrap sampling kitS &
9] GL Science (Shinjuku, Tokyo, Japan)Z%-E A&
Sk}, Sampling kitelli= MT holder, MT stand, MT
extract cup3} vial (20 mL), clean pin hole septumS’J—
sample vial (30 mL) 22| 3 4% 7 2] MonoTrap=
8+l A Th MonoTrapS Table 10 & 73t ulo} 7EL
o] g FE5 9% A Fejet & 2FS T

Table 1. Types of MonoTrap

MonoTrap Shane

Size Activated carbon
type
DCC18 Disk O.D. 10 mmx Contained
DSC18 s thickness 1 mm Not Contained
RCCI18 Rod 0.D. 29 mmxI.D.  Contained
RSC18 o 1 mm xHigh 5 mm  Not Contained
(A)
Septum cap IS
MT holder
MonoTrap
MT stand
(B)

Solvent TJ .

(Methylene chloride 100 pL) ‘ L
6

- MT extract cup

MT extract vial (20 mL)

cleaner(M g+, SH-1025, frequency 28 kHZ)E ©]-&-3}<
sonication3}3L 100 °ColA 3047+ 7%
A AT}

HS-MMSEE ©]&3¢ 2% —8— A BTl A 2
2+ 34 (Fig. 2A) &1 & 34 (Fig. 2B).2 713
"l WA MonoTrape] AlE F3H-ol $Xst==
MT stand®] MT holder& 2o} A& ¥, MonoTrap=}
septum cap< 2MEHIZ 7] ¥tk vpd e &4 30 uLE
2 30 mL viall MonoTrap®] 7 =0} )& septum
capl & To} "E-3} 60 °Col|A] 90+7F x 3} 2
RS APt 8uf FE& 218 oF 17 mLo
F4E ¥S MT extract vial 20 mL)Z MT extract
cupS FH|FT) ol2n} HJEES &23 MonoTrapa}
100 uL9] methylene chlorideE MT extract cupol %
3 septum caplZ U -3} MonoTrape] Al & o A}

23} ¢ ultrasonic cleanerE ©]-g&3}o] sE7F F&3}

So] BB

E{olv

&
=]

=
[¢)

Sample vial (30 mL)

Sample 30 pL
(Vanilla perfume)

Sand bath (at 60 C, 90 min)

L =

GC/MS

(Injection 1 pL)
]
=P

Sonication (5 min) microtube (1 mL)

Fig. 2. Schematic illustration of HS-MMSE, (A) headspace adsorption process and (B) solvent extraction process.
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Table 2. Operating conditions of GC-FID and GC/MS

ol

GC/MS

GC-FID

GC (Trace GC 2000, Thermoquest)

GC (HP 5890)

0,
Column 6% cyanopropylphenyl,

94% dimethylsiloxane copolymer
50 °C (3 min) - 5 °C/min - 220 °C (10 min)

Oven Temp. program

6% cyanopropylphenyl,
94% dimethylsiloxane copolymer
50 °C (3 min) - 5 °C/min - 220 °C (10 min)

Injector Temp. 240 °C 240 °C
Injection Vol. 1.0 uL 1.0 pL.
Split ratio 1:30 1:30
Carrier gas 99.999% He 99.9% N,
Flow rate 1 mL/min 1 mL/min
Detector

MS (GC-Q plus ion trap, Thermoquest) FID
Tonization voltage 70 eV Detector Temp. 250 °C
Transfer line Temp. 230 °C FID gas H,, 30 mL/min
Ton source Temp. 200 °C Air, 300 mL/min
Mass range (m/z) 50~500

Atk olFHA Aozl FEFA 1 uLE GCFID &2
GCMSel = ste] A skl

o

24. 7|4 zZ=olEO=fnl(GC) %
ETefn|-A=2E4(GC/MS)

A 2719 A3 9 B W] A5E 9%
GC A2 =3 |23 H&7]7F 12 ¥ GC-FID
(Hewlett-Packard, HP-5890)2 o] &-&oH, A=
HP 3396A integrator® 7] =3} T}

upd e} g ofZn} Aol ok g1 Trace GC
2000/GC-Q plus ion trap MS"(Thermoquest-Finnigan,
Austin, TX, USA) ZH & A&-33 T} ol2Z v} &9
o1& NISTS}F Wiley libraries, F2#3 55 o]-&3}
Rom Ag I FFade] viE A 9 A
A EYS vl #1813tk GC-FID 3 GC/MS
o] A 2E 27-E Table 201 8.°F5H T

7|18 ==0O}

s
=

3. & I.l:ll &

= =

3.1. F& =749 X3}

HS-MMSE &% x71¢] A3} 432 vpde} g
9] olZul JEE F benzyl acetate, linalyl acetate,
vanillin, ethyl vanilling A€} 3lo] 3] 3} T}, 4714
FFEAY RELNL methylene chloride €& ©]
&3ke] | pgul =2 Z2ASA0m, 30 mL vialo]
7tz 50 ul# Fske] A sidek. 57HA st E &
2 8ol FFOF AR, FE 2ok AT AR AR

o &) GC-FIDE AL mZZufE 1o 93 HAS

HEEER R DR E SR E

o] MonoTrap Al & AFZ&HLol| 4] o}z w}
o] o]FolF F L= o] &3 g 7H

e
i)
ol
R

7
| == Aol At &ujE Addstofof ot 2
A3 A= acetonitrile, methylene chloride, ethyl ether
3714 &l E w23tk 2 A3 ethyl ethere] 735
MonoTrap< sonicationdh= I A FEF A o] =%
= RA7] 2o G2 Sl EA AGsA] Ges g

N

1.4e+5

[ Benzyl acetate
Linalyl acetate
B Vanillin

Ethyl vanillin

1.2e+5

1.0e+5

8.0e+4 -

Peak area

6.0¢+4

4.0e+4

2.0e+4

0.0

T
Acetonitrile Methylene chloride ehtyl ether

Solvent

Fig. 3. Comparison of desorption solvents for HS-MMSE
and GC-FID.
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ABSST 4 Fe g v 245 o
013} th(Fig. 3). =3k methylene chloride”} acetonitrile
Bt & FF 888 HY 2T 2 methylene chloride
2 479 o)z Aesin,

@2 8] ARg-Fol] t) gk AF -2 methylene chloride
& 50 pL-500 pL 1ol asislom 1 A3 Fig.
4A°) =X &t Methylene chloride 50 pLE AH&-31S

735 €17} MonoTrap &3] HAIA] FEslo &
B&o| S & AT 100 pLE AREHS o 7F
F 2 FE BES BT 2 o] 8uE AR S
=S _T‘L]i U:Pﬂo] 7Y A% S % T 92 __-tﬂ ]-—- A 24

o] A& 3ol A —E—% Al F2ke] o
7HA 8] o] bty s AR
oA e] w24 Olttl OE st Al
24 Alole] &2 Aot} LEE o]
= 7}114 HAo| BT FFg wx7) Wil A%
ool Hele moynl 293tk 3 HS-MMSE®] t)

1.4et+s

( A) —— Benzyl acetate
—A— Linalyl acetate
1.2e+5 —&— Vanillin
—*— Ethyl vanillin
1.0e+5
<
S 8.0e+4 q
=
3
S 6.0et4 A
K4 e
4.0c+4
2.0et+4
0.0 T T T T T
0 100 200 300 400 500 600
Solvent volume (p L)
14et+s
—@— Benzyl acetate (C)
—A— Linalyl acetate
1.2¢+5 1 —m— Vanillin
—— Ethyl vanillin
1.0e+5
S
O 8.0et4 q
<
4
3 6.0e+4 4
£ o
4.0e+4
2.0e+4
0.0

Time (min)

upd e} o) 3 ol2rt AR & B4 425
3 29 %ok—g— 40 °C-70°Col A ZAsk.eH 60°C

&S JEMATHFig. 4B). 40°C
o} 50°ColM = AN EEFE FFTHE IEEe 24
HE9 o] FHEA| o} G 80| P& AoE B
T 70°ColM = FRA F2E ARE] B2
T2 Qs thA] EFH7) wiitol] F& Z&o] wot
Al Zelet Azt
2 A7k tig AEe 60°ColA 3082-150% ¥
ol e Fig. 4Col =A13F v} 7o) 90
Rl Az F& g&0] Mg B34t o] Ade
HS-MMSESI A &&3 & =gl Fo]x 908
o] 29¥S owFtt

3.13. A|E Al=2Et
B AT A videEt = AR HA A
J‘L%ﬂ st AHE FAEATE AIZZFE 10 pL - 50
HAolA ZAFEIH O, AEHE H4EE F benzyl
acetate, linalyl acetate, vanillin, ethyl vanillin& A1€]3}

o 1 AH}E Fig. 4D YJEFH ATE 10 pLellA] 30

1.4e+5

(B) —@— Benzyl acetate
—A— Linalyl acetate
1.2¢+5 —=— Vanillin
—#— Ethyl vanillin
1.0e+5 4
S
£ 8.0et4 o
<
2
£ 6004 -
L o
4.0e+4
2.0e+4
0.0 T
35 40 45 50 55 60 65 70 75
Temperature (C)
lets
—@— Benzyl acetate (D)
—A— Linalyl acetate
—=— vanillin
8e+4 1 —k— Ethyl vanillin
g Getd o
=
<
2
x
o
B detd o
2e+4
0

0 10 20 30 40 50 60

Sample volume (n L)

Fig. 4. Effects of (A) solvent volume, (B) adsorption temperature, (C) adsorption time and (D) sample volume on the efficiency

of HS-MMSE and GC-FID.
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Table 3. Validation data for the target compounds: calibration, dynamic range, the limit of detection (LOD), the limit of quantification
(LOQ), recovery and reproducibility for benzyl acetate, linalyl acetate, vanillin and ethyl vanillin

Benzyl acetate Linalyl acetate Vanillin Ethyl vanillin

Equation

Slope 54.72 42.54 23.32 19.41

Intercept 8344.82 14299.60 3018.06 4285.03

r” 0.9987 0.9932 0.9957 0.9888
Dynamic range (ug) 39.9~3500 42.1~3500 459~1125 27.8~1125
LOD (ng) 11.84 12.62 13.76 835
LOQ (ng) 39.48 42.08 45.88 27.82
Recovery (%) 81.2 90.24 83.23 83.36
Reproducibility (RSD %, n=3) 1.7 1.48 2.85 1.18

pL7kA] = 93 WA o] F713kA¥E 30 pLol el A=
o] Z7IEHA e ALo=Z Hol A|Fe] FHA AL
B2 30 uL (FA TR 29.4 mg)dl & ER1EkAT

w2bA] HS-MMSE ®H & o] &3 updet 49
A& 30 puLe] A8 E o] &3t 60°CollA] 907+
2748 A3 AIZ] 3 100 ple] mehtylene chloride

ol-g-at] F=st.

i oor Mo

3.2. =IA-IH|-H-IQ_| ?:"é
HS-MMSE #4] W] digh 435S 915t #4 s}t
A3 npR7RA R 47F] EF2E 2 benzyl acetate,
linalyl acetate, vanillin, ethyl vanillin ©]-&3} ¢} 7
Aapde] 2 B AESH, AR, AU s, A¥s
£ ASHAL 2 AHE Table 39 JERH AT
ARZTHNE B d& XA A ‘:”-r](dynamlc
range)= benzyl acetate, linalyl acetate, vanillin, ethyl
vanillin Z}Z}F 39.9 ug - 3500 pg, 42.1 pg - 3500 pg, 45.9
pg - 1125 pg, 27.8 pg- 1125 ugol®, A&FHAF)e
0.9987, 0.9932, 0.9957, 0988802 F& XA &
BRIt A& A= s/im=3, A ZFIA = sih=102=
71]’\}?404 o, Aq7]A s= A EFHAO| L
= AARFAe] 7€tk Ag s B S A=
fﬂ'zﬂ 2 A #FSHA= 11.84 ngZF 39.48 ng (benzyl acetate),
12.62 ng3} 42.08 ng (linalyl acetate), 13.76 ng3} 45.88
ng (vanillin), 8.35 ng¥} 27.82 ng (ethyl vanillin)©] %t}
A= vidE g A7) FEE 41 JE ¥F
LS HUtsle] A& 3] FE(recovery)S F3l UEl
Wl om, 81.20% - 90.24% o]42 Yz e g B
Ak T3 FUEE 3¥e] F4S B3 4 A=

Ao g)s A X ﬁii]—(RSD%) Aakstel
BT 2 Az 285010}4 2 AUEE Ye

AT

3.3. 5= A== (concentration factor, CF) & 0
FE 52 4t

HS-MMSE®] % &&2 §5 AFE o83l &
oGttt vide} e of2nl YEE F SHAA
671A €] g2 AElste] GC-FIDERH ¢
Eae 93 WA o]&ste] v 23 Zo] 5

7
(A) HS-MMSE(DCC18)

100 7

Relative Abundance

| 1 910y
{ |
M, | ‘ 6 | 12
N gl 8 - e
0 10 20 30 2
Retention time (min)
100 7
2 (B) HS-MMSE (DSC18)

Relative Abundance

Retention time (min)

Fig. 5. Total ion chromatograms obtained by (A) HS-MMSE
(DCC18) and (B) HS-MMSE (DSC18).
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Table 4. Volatile aroma compositions of vanilla perfume obtained by HS-MMSE (DCC18 and DSC18) and concentration factor

(CF) of characteristic components

Normalized peak area (%)

Concentration Factor

Peak tr (mean (£RSD%), n=3) (mean (£RSD%), n=3)
Compound . Mr
No. (min) HS-MMSE HS-MMSE HS-MMSE
(DCC18) (DSC18) (DCC18)

1 Unkown 19.53 - 17.28 (£7.77) 16.11 (£4.96) -
2 Dihydro-a-terpineol 21.35 154 17.60 (£13.77) 18.04 (x1.17) -
3 Linalool 22.24 154 13.79 (£7.11) 12.66 (£8.07) 5.42 (x8.71)
4 Phenethyl alcohol 23.77 122 4.11 (£9.72) 3.44 (£11.79) -
5 Benzyl acetate 24.47 150 13.50 (+4.34) 10.17 (£1.67) 4,19 (5.75)
6  Ethyl maltol 26.29 140 1.30 (£16.47) 1.34 (£1.16) -
7  Linalyl acetate 26.59 196 18.36 (£2.77) 20.33 (£2.61) 11.16 (+9.63)
8  Cinnamyl alcohol 29.38 134 0.40 (£7.38) 0.48 (£12.95) -
9  Vanillin 32.96 152 3.81 (x14.78) 5.50 (£5.69) 1.39 (£2.06)
10 Ethyl vanillin 34.37 166 3.83 (4.78) 4.73 (£5.50) 1.54 (£6.43)
11 Lilial 34.86 212 3.71 (28.21) 4.30 (£3.50) 5.80 (+4.02)
12 Diethyl phthalate 36.89 150 2.32 (¢5.87) 2.90 (£6.76) -

Al4(CF)E AlxtskaTh.
CF = [A]] / [AJ]

=]
FE

1%

1714 [A]& HS-MMSE Whios do 17
=3 WA W, [A)] static HS WHo =2
Ho] ¥ maH A o]t} Static HS *H-< 10 mLe] Hamilton
1010RN gas tight syringe (Supelco)S AF&-3le] 30 uL2]
vpde} &7 231 vialo] AlF AESEEEE B4
AREES AR GC FY+E T3l FHsdn A
S 53 AR 5 AleE 139-11.16 HYE YE

WA H(Table 4).

ox 1o

1=}
24

flo

34, B4 welo] M8 U vhdat ool Fuy

otal ion chromatogram (TIC)= Fig. 5
off e, Table 49 2 RS0l dig A4
Ao} 3 gl A<l A 9 E(normalized peak
area, %)= A4t 71&E3A T F 127019 AdE <]
AZHALoH vpdete] 2533 YA E UA ste
vanillin 2 ethyl vanillin /¥
st &3 3FE, FF Tl FE SN
98] AHEE A = lilial HEE HF
18] diethyl phthalate= 7}4A)] A0 2 FAE T}

Table 414 B ukel 7o), ARg-sh=

<

onoTrap2]
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o
[
X
9,
i
o

=2
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b
S
1
o

o

S8l AEA R A S
2] Wl HS-MMSEE Ae)7F 72 9l ODS =
= &4 Astd rE od g3l =
(MonoTrap)2 S2HA| 2 ]88}, MonoTrap> T

T FERE ) He EHAS 7HA AL ] I
AEES] T3 2 Fito] golsith= o] Atk
A o] Fejel wiet g & 9 G o] BT
|0 FE& 93 93 Fee] HS-MMSE |
3to] GCMSSF 3 vrde} 3o olZn} g7
stRom, & 2719 HAH3, 74 e
I FFATE T FE 28 48S Y
stttk 1 Az, Ame) Add ¢ A A o] 43kl
awke] 8100 pLyFre == F4 o] F20] 7hs
sHATh Wb o] Bl E AREE 7]Ee] &Hf 5
o} 21873 Ao, uhde} o] 3y of=2wt
Mol AR A8 T IS ERIsAT

4
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=
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