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A novel sample pretreatment technique, headspace hanging drop liquid phase microextraction (1IS-LPME) was
studied and applied to the determination of tlavors from solid clove buds by gas chromatography-mass
spectrometry (GC-MS). Several parameters attecting on IS-LPME such as organic solvent drop volume,
extraction time, extraction temperature and phase ratio were mvestigated. 1-Octanol was selected as the
extracting solvent, drop size was tixed to (.6 L. 60 min extraction time at 25 °C was chosen. IIS-LPME has
the good efficiency demonstrated by the higher partition equilibrium constant (K} values and conceniration
tactor {CF) values. The limits of detection (LOD) were 1.5-3.2 ng. The amounts of eugenol, Scaryophyllene
and eugenol acetate from the clove bud sample were 1.90 mg/g, 1.47 mg/g and 7.0 mg/g, respectively. This
hanging drop based method is a simple, fast and easy sample enrichment technique using minimal solvent. IIS-
LPME is an alternative sample preparation method for the analysis of volatile aroma compounds by GC-MS.
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Introduction

Sample preparation step is a very impottant and necessary
part of most analytical procedure. The main pwpose of
sample preparation is to transfer the analyte from matrix into
a suitable form that is clean-up, concentrated, and com-
patible with analytical system.! The choice of appropriate
sample preparation method greatly influences reliability and
efficiency of the analysis.

Extraction of volatile aromatic compounds from solid
plants is generally performed by steam distillation, solvent
extraction, enfleurage, maceration, expression and supet-
critical fluid extraction.”® Pressurized hot water at temper-
ature lower than critical temperature was also used for the
extraction of volatile compounds from samples such as
clove The continuous research for better sample prepar-
ation procedure has led to new methods.

In analytical scale, the sampling techniques such as purge-
and-trap, membrane-based extraction and headspace solid
phase microextraction (HS-SPME} are so excellent that they
are successfully emploved in the analysis of natural aroma
compounds.™ SPME has the main advantage for achieving
the process of extraction, concentration and sample intro-
duction in one step. This technique has been a powertul
alternative to the traditional extraction techniques, and used
for the preparation of gaseous, liquid and solid samples.””

Recently, a novel sample preparation method of liquid
phase microextraction (LPME) using a drop of solvent
suspended trom the tip of a syringe needle has been develop-
ed.""”* This method has also been called solvent microex-
traction, single drop microextraction, or liquid-liquid micro-
extraction. Liu and Dasgupta’ were the first to report a
novel drop-in-drop system where a microdrop of a water-
immiscible organic solvent (~1.3 xL), suspended in a larger

aqueous drop, extracted sodium dodecyl sulphate ion pairs.
At the same time, Jeannot and Cantwell'* introduced a new
solvent microextraction technique, where a microdrop (8.0
#L) of organic solvent containing a fixed amount of internal
standard was left suspended at the end of a Teflon rod
immersed in a stirred aqueous solution containing 4-methyl-
acetophenone. He and Lee first introduced the term “liquid
phase microextraction (LPME)”. They investigated the ex-
traction of 1,2.3-trichlorobenzene by using two different
modes of solvent microextraction. The first one, called static
LPME, consisted of | gL drop suspended at the tip of a
microsyringe needle immersed in an unstirred aqueous
solution. The second one, called dynamic LPME, used the
microsyringe as a separatory funnel and featured the repeat-
ed movement of the syringe plunger. De Jager and Andrews'*
reported preliminary work on solvent microextraction for
the analysis of 11 organochlorine pesticides. They used 2 yL
drop suspended at the end of a microsyringe needle, immers-
ed in a stirred aqueous solution. Liu and Lee'* recently
introduced a new approach to single-drop microextraction,
which was termed continuous-flow microextraction. Accord-
ing to this report, extraction was performed in ~0.5 mL glass
chamber. Psillakis and Kalogerakis'® applied solvent micro-
extraction to the analysis of 11 nitroaromatic explosives.
They used | L drop suspended at the end of a microsyringe
needle tip, immersed in a stirred aqueous solution. De Jager
and Andrews'’ used the same drop-based method for the
analysis of cocaine metabolites in urine samples.

More recently, headspace liquid phase microextraction
(HS-LPME)'** has been evaluated as an alternative to HS-
SPME. HS-LPME is similar to traditional headspace sampl-
ing in that volatile compounds are collected from the vapors
above the sample matrix, thus avoiding interferences from
the sample matrix. In HS-LPME, the fiber used in SPME is
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replaced by a liquid microdrop, This technique is very
incxpensive when compared 1o the sorbent-based techni-
ques, because the drop is completely renewable at negligible
cost. This mcthod cnables 1o combine extraction, ¢nrich-
ment, ¢lean-up, and sample introduction inte a single step
prior o the chromatographic process, Since only a few
microliters of solvent are used, there is minimal waste or
exposure to loxic organic solvents, LPME approach s
mainly focused on aqucous sample, however, there is little
reports dealing with the use of HS-LLPMT for the extraction
and analysis ol volatile aromas from solid materials of plant
origin *'**

In the present study, the use of HS-LLPME is expanded to
the ficld of natural plants in the form of solid. HS-I.LPME is
applicd for the determination of flavors from solid clove bud
(Syzvgium aromaticunt) of the lamily niyraccae by GC-MS,
The major constituent of clove essential oils is cugenol
follwed by Bcaryophyllene.”? Cloves are known to have
antiseptic and antioxidative propertics, They are widcly used
in medicine for promoting circulation in the lungs and the
stomach. Their use as a preservative in pickles and spiced
dishes is well documented. Tn China, cloves are also used as
a mild anacsthetic for toothache. Cigarettes named krerek
flavored with ¢cloves are extremely popular and nearly every
(malc) Indonesian enjoys them.

The objective of this study is the evaluation of HS-LPMTE
as a novel sampling technique for solid samples such as
clove buds. Parameters that have been considered for HS-
LPMTL were investigaled. Tiliciency ol HS-LPME was
cvaluated by using the partition  cquilibrium  constant,
concentration faclor,

Experimental Section

Plant material and reagents, The dried clove buds were
purchased from the local market. All chromatographic grade
solvents such as T-octanol (> 99%) and s-hexane (> 95%)
were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Working standards of eugenol (= 98.0%), fcaryophyllene
(> 80%) and eugenol acetate (> 98%) were purchased from
Tokyo Kasei (Nihonbashi, Tokyo, Japan).

Headspace liquid phase microextraction (HS-LPME).
The dried clove buds were coarsely ground to powders prior
to analysis, and then they were directly used without any
further treatments. These clove buds' powders (2 g each)
were obtained in 25 mL crimp top vial. For the investigation
of the influence of phase ratio, aliquots (about 20 mg) of
each working standards (liquid} was obtained in 2 mL, 15
mL, and 25 mL vials, respectively. The vial was immediate-
ly sealed with polytetrafluoroethlyene (PTFE)-silicon septum
and an aluminum cap, and stored at room temperature (25
’C) for 60 min to equilibrate between sample matrix and
headspace. The conventional 10 gL microsyringe (Hamilton
#701, Reno, NV, USA) was rinsed with 1-octanol at least 10
times. After the uptake of 0.6 L of T-octanol, the needle
was used to pierce the vial septum, and the syringe was
clamped inte place such that the tip of the needle was
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Figure 1. Schematic diagram of headspace hanging drop liquid
phase micro-extraction (HS-LPME).

located in a consistent position in the headspace, as shown in
Figure 1, Then 0.6 pl. exiraction solvent was extruded out of
the needle and kept a single hanging drop at the needle tip o
expose in the headspace for 60 min, When the extraction
was fmished, the drop was retracted back into the micro-
syringe and injecied directly into the GC inlet.

Gas chromatography (GC). A HP 5890 scrics IT gas
chromatograph (Hewlclt-Packard, Avondale, PA, USA)
cquipped with lame ionization detector (FID) was used for
all analysis, The analytical column was a cross-linked 5%
phenyl polydimethylsiloxane (Rtx-5MS, Restek, 30 m x
0,25 mm i.d. x 0.25 gam film thickness) column, The column
oven lemperature was held at 50 °C for 3 min and then
programmed to 250 °C at a rate of 5 °C/min, and held at the
final temperature for 10 min. The GC conditions were as
follows: injector temperature: 250 °C; FID temperature: 250
°C; nitrogen carrier gas, 1 mL/min; hydrogen, 30 mL/min;
air, 300 mL/min. The inlet was operated in a splitless mode.

Gas chromatography-mass spectrometry (GC-MS). A
Trace GC 2000 and a GC-Q Plus ion trap MS" (Thermoquest-
Finnigan, Austin, TX, US) with electron impact ionization
(ET) mode were used for identification of dried clove buds’
flavors. Chromatographic separation was performed on a
cross-linked 5% phenyl polydimethylsiloxane (SPB-S,
Supelco, 30 m x .32 mm id. x 0.25 gz film thickness)
column. The oven temperature was programmed to 50 °C (3
min) - 5 °C/min - 250°C (10 min). Flow rate of He (99.9995
%) carrier gas was 1.0 mL/min, a split injection with a ratio
of 1 : 10 was used, and the sample volume injected was 0.6
#L. The EI mass spectrometer was operated as follows:
transfer line, 275 °C; ionization voltage, 70 €V; ion source
temperature, 200 °C; mass range of scan mode, 50.0-500.0
unit. The major compounds of clove flavors were identified
by comparing the retention time and comparison of the
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obtaincd mass speetra of the relevant chromatographic peaks
with those of authentic standards and with specetra of both
the NIST (National Tnstituie of Standards and Technology,
Gaithersburg, M), USA) and the Wiley (Wiley, New York,
NY, USA) library.

Results and Discussions

Solvent selection, The choice of solvent {for HS-LLPMT
should be considered from physical propertics of a low
vapor pressure and high boiling point, in order to reduce
vaporization of the solvent drop during the extraction
process, [n general, for LPMTE, the choice of organic solvent
should be based on a comparison of selectivity, extraction
¢fficiency, incident of drop loss, drop dissolution rate, and
level of u)xicily.]s Also, it should have fewer impuritics,
which interfered with the determination of sample matrix,
undcer very low concentration, Morcover, there is also a limit
in deleeting analytes when using a GC system due (o the
solvent peak, which may obscure carly-cluting analytes,

In this study, 1-octanol {b.p. 194.4 °C), cyclohexane (b.p.
807 ('}, n-decanc {b.p. 174 °C), and n-hexadecane (b.p, 287
°C) were investigaled Lo choose suitable solvents for HS-
LPMT, A single droplet of cyclohexane or n-decane was
relatively casier Lo evaporale and Lo lose in a hcadspace
within 1 min during c¢xtraction process. n-Hexadecane has
idcal properties such as very low vapor pressure (0,1906 Pa,
at 25 °C), and higher boiling point (287 °C). The primary
shortcoming of #-hexadecanc is that this solvent (s strongly
retained in a GC column,® Thercelore, T-octanol was sclect-
cd as the extracting solvent because of ils very low vapor
pressure (9.3326 Pa, at 25 °C), good solubility of a large
numbcer of organic compounds, and the availability of 1-
octanol-waler partition coetlicients (log Ki.) lor a large
number ol organic compounds,

Organic solvent drop volume, The inlluence of organic
solvent drop volume on HS-LPME optimization was
investigated in the range of 0.2-0.8 4L under the following
conditions: amount of standards {liquid), 20 mg ¢ach in 2
mL vial; extraction time, 60 min; extraction temperature, 25
°C. As shown in Figure 2, the peak areas for analytes,
especially for Mcaryophyllene, increased with l-octanol
drop volume in the range of 0.2-0.6 gL and then showed
steady signals. [n contrast, for eugenol and eugenol acetate
which have relatively higher boiling points and smaller log
Ko values than those of B-caryophyllene as shown in Table
1, the significant mass transfer of f-caryophyllene is proba-
bly attributable to a significant peak area.

When the organic solvent drop volume was over 1 4L, the
1-octanol drop became too unstable to be hung at the needle
tip and occasionally fell down from the end of the micro-
syringe needle, Moreover, larger injection volume of organic
solvent brought out huge band broadening. To avoid these
drawbacks, drop size was fixed to 0.6 4L for further investi-
gation,

Constant volume of liquid phase of 1-octanol should be
taken in emploving the experimental system of HS-LPME.
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Figure 2. Eflcct of drop volume in HS-L.PMLE on the analytical
signal: amount of standards (liquid), 20 mg ca.; extraction time, 60
min; extraction temperature, 25 “C; 2 mL vial.

Considering the vapor pressure of liquid phase of T-octanol
(9.3326 Pa), cvaporation of the l-octanol drop may be
negligible, Under the given experimental conditions, the
numbcer of moles of organic solvents needed Lo saturate the
headspace can be estimated by using perlect gas equation of
state: PV =nRT, where P ois vapor pressure ol T-octanol
(9.3326 Pa, at 25 °C), ¥ is hcadspace volume oceupicd (2 x
107 m?® for 2 mL vial, 15 x 107¢m? for 15 mL vial and 25 x
107" m* for 25 mL vial), R is gas constant (8.3145 T K mol™)
and 7T is temperature (298 K). The numbers of moles (#) in
the state of vapor pressure saturated was estimated to 7.53 x
107" mol for 2 mL vial, 5.65 x 107" mol for 15 mL vial and
9.42 x 107 mol for 25 mL vial, respectively. On the other
hand, the number of moles {(#) of 0.6 4l l-octanol is
estimated to 3.81 x 10 mol by the following calculation: (6
x 107 mL) x (0.827 g'mL™") / (130.23 g'mol™"}. It is found
that the number of moles of vapor needed to saturate the
headspace are significantly less than moles of 0.6 uL
volume of 1-octanol hanging drop.

Extraction time. The effect of extraction time on HS-

Table 1. Physical properties of major aroma compounds from
clove buds

Boiling Vapor
Molecular . Log
Compound weight point K. pressure
& (°C) YN (P 25YC)
Eugenol 164.20 253 2.27 3.0126
p-Carvophyllene  204.36 129 6.30 N/A
Eugenol acetate 206.24 281 3.06 0.4252
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Figure 3. Eftect of extraction time in HS-LPME on the analytical
signal: amount ol standards (liquid); 20 mg ca.; solvent volume 0.6
L; extraction temperature 25 C; 2 mL vial.

LPMT: was examined by monitoring the variation of the FID
signal (peak arca) with exposure Lime in the range o 20-120
min at room temperature (25 “C). The 0.6 gl 1-octanol drop
was exposed to headspace over 20 mg cach of working
standards (liquid) in 2 mL vial for cvery 20 min from 20 min
to 120 min at 25 °C. Tigure 3 shows that peak arcas increas-
cd with the extraction time until 60 mm, Aller 60 min, no
dramatic increase of peak arca of cugenol and cugenol
acetate was observed with additional extraction time, how-
ever, the peak areas of Scaryophyllene were decreased.

The amount of analyte transferred into the hanging drop is
expected to increase with increasing its exposure time to the
headspace of the sample vial. However, HS-LPME as well
as HS-SPME is a partial extraction process depending on
equilibrium rather than exhaustive extraction.”® The amount
of analyte extracted at a given time depends on the mass
transfer of analyte from sample phase to the organic solvent
phase of hanging drop through the headspace. Thus, the
amount of analyte transferred into the hanging drop reaches
its maximum when this equilibrium is established. Normal-
ly, the exposure time for establishing equilibrium was
selected as the extraction time. In addition, drop depletion
increased with extension of extraction time.”” Figure 3
shows that the equilibrium is reached after about 60 min.
Therefore, 60 min extraction time was chosen for further
studies.

Extraction temperature. [t is important to recognize that
the effect of temperature on the mass transfer between
gaseous phase and the organic solvent phase, because a
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Figure 4. iftect of extraction temperature on HS-LPMEE: amount
of standards (liquid), 20 mg ca.. extraction time, 60 min; solvent
volume, 0.6 zL; 2 mL vial.

partition cocflicient between (hese two phases depends on
temperature. The clfeet of the extraction temperature on the
HS-LPMT: was investigaled at 25, 40 and 60 °C, respective-
ly. Tn this investigation, other conditions were set the same
as mentioned above, The peak arcas of cugenol and f-
caryophyllene obtained at 25 °C were higher than those at 40
°C or 60°C, as shown in Tigure 4, This result suggests that if’
a higher temperature was maintained in HS-LPMT: using 0.6
HL drop volume, some of analyles dissolved in a hanging
drop solvenl were re-evaporated and returned into head-
space. In the extraction process of the dried clove bud
sample, depletion of organic solvent volume was also
observed and more thermally degraded materials were
observed when the temperature was elevated. In this study,
the lower temperature is preferred to prevent degradation of
thermally labile components and to observe flavor com-
position emitted from clove at ambient temperature. Conse-
quently, all other investigations were carried out at 25 °C.

Effect of phase ratio between headspace volume and
sample volume. The amount of analyte, », present at
equilibrium in the headspace over samples is described by
the following equation®":

1= (KW CV YKoV 1 Vi) (1)

where K, is the headspace-sample distribution constant, C,
the initial concentration of the analyte, ¥, and ¥, the volumes
of the sample and the headspace, respectively.

The Eq. (1) can be rearranged to the following new Eq.
(2), Eq. {3) and Eq. (4) which involve the phase ratio (5}
defined as headspace volume to sample volume. The # is
correlated in terms of Bby the relation of the forms:
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Figure 5. Eflect of vial volume on 11S-1.PME: amount of standards

(liquid), 20 mg ca.; extraction time, 60 min; solvent volume, 0.6
L; extraction temperature, 25 "C.

n=CJ/ BV + (1K)} (2)
n=Cy Knihi I { BKis+ 1) 3)
ln=(1/C, )P + (1ICTKis) (4)

The influence of fon peak area was investigated by three
difterent volumes of vial (2. 15, 25 mL) under the same
experimental conditions as mentioned above. The relative
peak areas obtained for 20 mg each standard {liquid) with
different headspace volume are shown in Figure 5. As
shown in Table 2 and Figure 5. the 2 mL vial has the
smallest phase ratio, but it showed similar intensity of
cugenol and cugenol acetate or relatively larger peak area of
Pcaryophyllene than those of 15 mL and 25 mL vials.

Extraction efficiency of IIS-LPME. Partition coeflicient
(K} and concentration factors {CF)} were measured 1o
evaluate the extraction efliciency of TIS-LPME. Both of
them arc widely used in evaluation of the relative extraction
efficiency (or a given analyte. In I1S-LPME, the overall
pattition coeflicient (K) is given by the cquation™:

K= K]i,)"K'HI (5)

where Kj is delined as the analyte partiion coeflicient
between the headspace gascous phase and sample matrix;
K, 18 the analyte partition coefficient between hanging drop

Table 2. The calculation of phase ratio

Phase ratio (/i = headspace volumeisample volume
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Table 3. Partition coefficient (K} between solvent drop and
headspace gas phase, and concentration lactors (CF)

Compound K CF
Eugenol 5.93 x 10° 712
FCaryvophyllene 277 x 10" 332

Eugenol acetate 1.0 x 10° 12

microsolvent and the headspace gaseous phase: and X is the
overall partition coefticient. Since Ky, is constant, under
standardized cquilibrium condition, Ky, can be climinated
from the above cquation, Thus, the Ky may be written as the
following form :

Kin={AV0) H(AVD (6)

where 4;refers Lo the peak arca of analytle on hanging drop
microsolvent; ¥ is the volume (5 ml.) of the gas sample
injected by static headspace GC using gas tight syringe (5.0
ml., Hamilton, # 1005, Reno, NV, USA)Y, 4, 1s the peak arca
of analyte in the headspace; and Py is the volume (0.6 21.) of
the hanging drop solvent. The experimental Ky, values for
characteristic components of clove flavors are summarized
in Tablc 3.

The CT was also measured for the evaluation of extraction
cfficiency. The CT¥ is defined as the ratio between the analyte
arcas obtained by HS-LPMT with sclected solvent drop and
the corresponding arca oblained by static headspace:

CF—AJIA, (7

As summarized in Table 3, the experimental K, values and
relative CF values for major compounds of clove flavors
exceed approximately [0° order and 10-710, respectively.
Compounds with high A’y values tend to partition more
easily into the hanging drop from gaseous phase of head-
space, and have relatively higher responses and lower limits
of detection. It has been tound in this study that 11S-LPME
has the good efficiency having the higher Ky values and CF
valucs.

Limit of detection and reproducibility. Based on a
signal-to~noise ratio (S/N} of 3, the limits of detection (LOD)
were 1.5 ng for cugenol, 2.7 ng and 3.2 ng (or fcaryophyl-
lene and cugenol acctate, respectively (Table 4). And the
reproducibility of 1IS-LPME procedure was investigated on
ten rephcate samples under the optimized conditions hsted
above. Under the optimized conditions, the reproducibility
of the proposed HS-LPME method for peak arcas was 0.6%
for cugenol, 0.3% and 5.7% for BCaryophyllene and
cugenol acetate, respeetively.

Table 4. Limits of detection (LOD) and reproducibility using HS-
HDME

Compound

2 ml. vial 15 ml. vial 25 ml. vial Compound LOD (ng) Reproducibility (%)
Fugenol 103.5 790.9 1330.5 Eugenol 1.5 0.6
FCaryophyllene 89.8 O80.8 11334 SCaryophyllene 2.7 0.3
Eugenol acetate 107.1 809.8 1349.8 Eugenol acetate 32 8.7
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Table 5. Characteristic mass spectral ions of volatile compounds identified in clove fragrances using 5% phenylpoly(dimethylsiloxane)
column (SPB-3, Supelco, 30 m x 0.32 mm i.d. x 0.25 mm film thickness}

Compound e tre ﬁfzsfl l;gaol;) Characteristic mass spectral ions (EI)

Methyl Salicylate 152 10.6 63 92(53.9), 53(44.8), 62(32.5), 64(24.8), 120t21.1), 65(20.8), 61¢18.6), 51(15.2)
S-Cubebene 204 15.0 91 105(92.6), 204¢54.7), 77(50.1), 81¢48.6), 119(47.0), 79(44.8), 55(27.8), 65(26.0)
Eugenol 164 15.8 164 91(34.6), 77(26.6), 165(25.8), 103¢24.0), 131(21.3), 51t 15.0)

S-Caryophyllene 204 17.0 9] 105(48.6), 79(47.2), 7746.5), 93(27.7)

a-Caryophyllene 204 17.7 9] 78(91.2), 77(75.7), 6 7t60.1), 93(33.2), 3341 .4), 8O(35.6), S1{32.1)

Eugenol acetate 206 19.8 51 77(53.8), 164(41.3), 65¢36.1), 63(34.9), 55(32.3), 103(21.9)

Application of HS-LPME for the analvsis of clove
sample. Eugenol, fcaryophyllene and eugenol acetate were
identified by GC-MS with EI mode as major components of
clove flavors., Characteristic mass spectral ions of volatile
compounds from clove buds are listed in Table 3.

The amounts of eugenol, Acaryophyllene and eugenol
acetate from the clove bud sample were 1.90 mg'g (+ 2.4%
RSD), 1.47 mgfg (£ 6.3% RSD) and 7.0 mg/g (£ 4.9% RSD),
respectively.

Conclusion

HS-LPME has been shown to be an effective headspace
technique for the volatile aroma compounds. HS-LPME
coupled with GC-FID or GC-MS was successfully applied
to determine eugenol, fcaryophyllene and eugenol acetate
from the solid clove bud samples. Solvent selection, organic
solvent drop volume, extraction time, extraction temperature
and phase ratio should be considered to optimize this
sampling technique. HS-LPME has the good efficiency
demonstrated by the higher Xy values and CF values. This
hanging drop based method is a simple, fast and easy sample
enrichment technique using minimal solvent. It can be
concluded that HS-LPME is a novel sample preparation
technique, which offers an attractive altemative to traditional
and recently developed extraction techniques for the analysis
of natural aromas,
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