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Micellar electrokinetic capillary chromatography (MEKC) was used to separate and determine terpene
alcohols of wide occurrence in herbal extracts and essential oils, namely eugenol, linalool, geraniol,
citronellol and thymol. In the present paper sodium dodecyl sulfate (SDS) has been used as a micelle-
forming additive to the CZE background electrolytes. Effects of SDS concentration, buffer type, its pH
and concentration, addition of organic solvents on the migration times and separation efficiency were
investigated. The optimal electrolyte system consisted of 20 mM TAPSO and 30 mM SDS in aqueous
10% (v/v) acetonitrile of pH 7.5 (adjusted by the addition of TRIS). The separation capillary was a
fused silica tube (50 um I. D., total length 75 cm, 42 cm effective length) maintained at 25 °C. The
separations were performed at the applied voltage of 20 kV. Samples were injected hydrodynamically
at a pressure of 50 mbar for 6 s. Detection was carried out at 200 nm. The calibration curves were
rectilinear for 50-200 mg I-' (for eugenol, thymol and geraniol) and 100-400 mg 1" (for linalool and
citronellol). The limits of detection varied between 5mg I=! (for thymol) and 16 mg |- (for linalool).
The devised MEKC method was employed for the determination of the cited terpene alcohols as ma-
jor quality-affecting constituents in commercial pharmacopoeial essential oils such as Geranii ethero-
leum, Caryophylli floris etheroleum, Lavandulae etheroleum and Thymi etheroleum. The results agreed

well with those of a reference gas chromatographic method.

1. Introduction

Separation by capillary electrophoresis (CE) is based on
differences in the electrophoretic mobilities of solutes.
Although CE is inherently a highly efficient separation
technique, it is necessary to evaluate experimental condi-
tions carefully to achieve maximum separation selectivity.
For weakly acidic or basic solutes, buffer pH selection is
probably the most important among the experimental vari-
ables. The effective electrophoretic mobilities can be mod-
ified by optimizing buffer pH to maximize the mobility
differences and achieve highest resolution between closely
migrating solute pairs. For solutes with similar pK, values
pH control alone cannot improve resolution.

In 1984 Terabe and co-workers introduced a modified ver-
sion of capillary electrophoresis, the micellar electroki-
netic chromatography (MEKC) (Terabe et al. 1984; Otsuka
and Terabe 1996). Through the inventive use of micellized
surfactants as part of the electrolyte medium, the scope of
the electrophoretic technique to separate and analyze neu-
tral compounds was extended. In terms of separation prin-
ciples, MEKC is based on both different electrophoretic
mobilities and different partition coefficients between two
liquid phases, and has to be regarded therefore, as a com-
bination of chromatography and electrophoresis. Both the
primary (mobile) and secondary (micellar) phases can be
changed to allow changes in retention and to provide a
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better separation (Nishi and Terabe 1990; Holland and Se-
paniak 1993). Generally in MEKC anionic surfactans
forming micelles, especially sodium dodecyl sulfate
(SDS), are used most frequently. In comparison with neu-
tral surfactans, anionic surfactans have a greater potential
for separation of neutral solutes because the negatively
charged micelles migrate more slowly than the electro-os-
motic flow (EOF) and do not adsorb onto the negatively
charged wall of a fused silica capillary (Li and Locke
1996). Even though MEKC is generally not quite as effi-
cient a technique as normal CE, MEKC extends many of
the advantages of CE to the separation of neutral mole-
cules.

The most frequently used method in the analysis of vola-
tile neutral terpenoids is gas chromatography (GC) (Piry
etal. 1995; Venskutonis 1997; Porter etal. 1999; Rojas
etal. 1999; Kim et al. 2000; Falqué et al. 2001; Rapparini
etal. 2001; Padl etal. 2002; Rohloff 2002) followed by
liquid chromatography (HPLC) (Ochocka et al. 1992; Ney
et al. 1996; Verzera et al. 2000; Ehlers et al. 2001). As an
alternative to the classical techniques, CE would show the
following advantages compared to GC and HPLC: shorter
time of analysis, limited use of organic solvents and con-
sequently minimum production of toxic wastes.

Our literature search revealed that only a few articles re-
ported analysis of neutral terpenes by CE techniques. The
micellar electrokinetic chromatography was used recently
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for the determination of monoterpenes such as camphene,
o-pinene, [-pinene, a-terpinene, terpinolene and p-cymene
in synthetic samples (Rodrigues et al. 2001). Addition of
cyclodextrins to the buffer solution containing 50 mM
SDS, 10 mM NaH,PO,4, and 6 mM Na;B40O7 resulted in
improved separation of these monoterpenes; the best se-
paration was achieved with y-cyclodextrin. Cold-pressed
orange oil was analysed for carvon, myrcene, limonene,
citral and linalool by MEKC (Ogawa etal. 2002) with
BGE containing 50 mM SDS in 20 mM phosphate buffer
of pH 8.1. The MEKC method developed was compared
with capillary liquid chromatography. Rodrigues and co-
workers (Rodrigues et al. 2002) used MEKC with BGE
consisting of 10 mM NaH,PO4, 6 mM Na,B40O7, 50 mM
SDS, 7 mM y-cyclodextrin and 10% acetonitrile of pH 8.0
for the analysis of majoram essential oils for five terpene
hydrocarbons and three terpene alcohols (linalool, o-terpi-
neol and terpinen-4-ol).

About 17 essential oils are described in the European
Pharmacopoeia 2002 (Ph. Eur. 2002). For their quality
control the methods of gas chromatography are used most
frequently. These methods are rather time-consuming (for
example the retention time is about 47 min for linalool in
the GC pharmacopoeial analysis of Lavandulae ethero-
leum. and approximately 42 min for eugenol in the analy-
sis of Caryophylli floris etheroleum). MEKC could be a
rapid alternative method for routine determination of ter-

penes in pharmacopoeial essential oils.
OoH oH
OMe
| oH
=

Eugenol Linalool Thymol
X _~CH,OH =
CH,OH X _CH,0
Geraniol Citronellol Farnesol

(internal standard)

The aim of this investigation was to develop a rapid elec-
trophoretic method for the separation and quantitative as-
say of monoterpene alcohols such as eugenol, linalool,
geraniol, citronellol and thymol in pharmacopoeial essen-
tial oils. These compounds are also of cosmetologic im-
portance since they are present in most personal care pro-
ducts (soap and toiletries) and exquisite perfumes.
Moreover, they find large application in the food and
drink industry as flavour enhancers. In the present paper
sodium dodecyl sulfate (SDS) has been selected as a mi-
celle-forming additive to the CZE background electrolytes.
Effects of SDS concentration, buffer type, its pH and con-
centration, addition of organic solvents, voltage and tem-
perature on the migration times and separation efficiency
were investigated. The optimised MEKC method was used
for the determination of the specified terpene alcohols as
major quality-affecting constituents in commercial pharma-
copoeial essential oils namely Geranii etheroleum, Caryo-
phylli floris etheroleum, Lavandulae etheroleum and Thy-
mi etheroleum. To our best knowledge this was the first
attempt of quantitative analysis of pharmacopoeial essen-
tial oils for the terpene alcohols by a capillary electro-mi-
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gration method. Validation of the proposed MEKC meth-
od involved evaluation of the accuracy of results by a
reference gas chromatographic method (Kim et al. 2000).

2. Investigations, results and discussion
2.1. Chemical variables

Preliminary experiments indicated that the concentration
of SDS and the kind and amount of organic solvent added
to the buffer solution have the main influence on the se-
paration efficiency and migration times of compounds
analyzed. Several types of buffer solutions with different
pKa values were examined (MES, HEPPSO, TAPSO).
Regular and most symmetric peak shapes were attained with
TAPSO (pKa 7.6) of pH 7.5 (adjusted with TRIS) contain-
ing SDS as the BGE; in this electrolyte system also the
highest analyte peaks were observed (compared to BGEs
based on MES (pKa 6.1) or HEPPSO (pKa 6.8). The ef-
fect of concentration of TAPSO (10 to 30 mM, pH 7.5) in
the BGE with fixed concentration of SDS (30 mM) was
examined. With increasing concentration of TAPSO the
migration times of analytes increased considerably. Opti-
mum concentration of TAPSO was 20 mM (the migration
time of citronellol as the “slowest” analyte did not exceed
10 min). In further experiments the BGE with fixed con-
centration of TAPSO (20 mM; pH 7.5) and varying con-
centration of SDS (10-40 mM) were examined. The opti-
mum concentration of SDS was 30 mM because it offers a
compromise between the analysis time and resolution. For
10 mM SDS the compounds were not separated and at
40 mM SDS the migration times increased considerably.
At 30 mM SDS the separation efficiency was highest but
for the peaks of linalool, thymol, geraniol and citronellol
only partial separation was achieved. Addition of 10% of
methanol to the BGE lead to better separation of the ana-
lytes except of thymol and linalool that migrated together.
An increased concentration of methanol in the BGE did
not improve the separation. The best resolution was
achieved after the addition of 10% of acetonitrile to the
BGE. The migration times decreased and the peaks of
compounds were separated down to the baseline. Thus the
optimum BGE for the MEKC separation was 20 mM
TAPSO in aqueous 10% (v/v) acetonitrile of pH 7.5 con-
taining 30 mM SDS. A typical electrophoreogram of a
model mixture of the monoterpene alcohols including far-
nesol as potential internal standard obtained under optimal
separation conditions is shown in Fig. 1.

2.2. Quantitative analysis — calibration curves and
figures of merit

Calibration curves relating the analyte peak area/internal
standard peak area ratio to concentration of the analyte
were measured with five calibration solutions containing
50-200 mg 17! of eugenol, thymol and geraniol, 100—
400 mg 17! of linalool and citronellol and 100 mg 1= of
farnesol as internal standard. Each calibration point was
measured in five replicates with the optimum BGE under
the separation conditions given in the Experimental sec-
tion. At the same time the migration times of the analytes
were determined and the repeatability of the peak areas at
concentration level of 100 mg 17! of eugenol, thymol and
geraniol and 200 mg 1! of linalool and citronellol was
evaluated. The linear regression parameters of calibration
curves, migration times determined and corresponding
RSD values are summarized in Table 1. It can be seen that
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Fig. 1: Separation of a model mixture of terpene alcohols by MEKC; in-
jected sample contains 100 mg/l of eugenol (1), 200 mg/l of lina-
lool (2), 100 mg/1 of thymol (3), 100 mg/l of geraniol (4), 200 mg/l
of citronellol (5) and 100 mg/l of farnesol (IS). For separation con-
ditions see Experimental

the repeatability is fairly good since the RSD values of
migration times and peak areas do not exceed 2.1%. The
limit of detection (LOD) values were calculated from the
linear regression data as 3.3 SDy/slope where SD; stands
for the standard deviation of intercept; similarly the limit
of quantification (LOQ) values were estimated as 10 SDy/
slope (Rodrigues et al. 2001, 2002). The limits of quantifi-
cation varied between 14 mg 1! (for thymol) and 48 mg
17! (for linalool). These LOQ values are fully sufficient
for the analysis of real essential oil samples since the con-
tent of individual major monoterpene alcohols in pharma-
copoeial essential oils typically exceeds 10%.

2.3. Determination of the monoterpene alcohols
in commercial pharmacopoeial essential oils

The MEKC method developed has been applied to the
determination of major monoterpene alcohols in commer-
cial pharmacopoeial essential oils Geranii etheroleum (li-
nalool, geraniol, citonellol), Caryophylli floris etheroleum
(eugenol), Lavandulae etheroleum (linalool) and Thymi
etheroleum (thymol). The electrophoreograms of these real
samples are shown in Fig. 2. The peaks of these five ana-
Iytes were identified by spiking the test solutions succes-
sively with the monoterpene standard solutions that re-
sulted in the increase of the heights of the appropriate
peaks. Quantification was carried out using calibration
curves of the individual analytes and the content of the
monoterpenes was calculated as their percentage in the
essential oils analysed. The accuracy of the results was
evaluated by the added-found (recovery) experiments; to
estimate the recovery the essential oils, initially analysed
by MEKC, were treated with the analyte standards to in-
crease their concentration by 100 mg 17! and thereafter
they were subjected to additional MEKC assay. The re-
covery values (~96% to 99%) indicate that the proposed
method is sufficiently accurate. The accuracy of the results
of the MEKC assay of original essential oil samples was
also tested by comparison with the results obtained by a
reference GC method (Kim et al. 2000) with use of the
Student’s t-test (Eckshlager et al. 1980). The results of the
MEKC and GC analyses of real samples are reported in
Table 2. The Student’s t-test did not reveal any statistically
significant difference between the results obtained by the
proposed MEKC and reference GC assay.

Apparently the proposed MEKC method is suitable for the
assay of monoterpene alcohols in commercial pharmaco-
poeial essential oils. From six terpene alcohols determined
by our proposed MEKC method only linalool was deter-
mined earlier by MEKC in orange oil (Ogawa et al. 2002)
or in Majorana hortensis essential oil samples (Rodrigues
etal. 2002). Compared to gas chromatography (GC)
which is the officinal method for the quality control of
pharmacopoeial essential oils the MEKC separation is sub-
stantially less time consuming (the separation of real sam-
ples takes about 10 min in contrast to > 30 min for GC).
The MEKC method is sufficiently sensitive, reproducible
and the results do not show statistical difference from
those of GC.

Table 1: Migration times (t;), CE calibration parameters and figures of merit for monoterpene alcohols determined by the pro-

posed CE method

Analyte ty (min) y=kx +q* r Area RSD** LOD LOQ

(RSD; n = 5) (n=75) (mg 171 (mg 171
Eugenol k =0.418 £ 0.005

7.23 (1.7) q=1.347 £ 0.848 0.9997 2.1 20 67
Linalool k =0.132 £ 0.003

7.68 (0.9) q=—1.154 £ 0.638 0.9994 0.4 16 48
Thymol k = 0.383 £ 0.004

7.95 (2.1) q=—-0.031 £ 0.532 0.9998 1.9 5 14
Geraniol k = 0.248 £ 0.003

8.31 (1.6) q=—0.348 £ 0.516 0.9996 2.0 7 21
Citronellol k =0.145 £ 0.002

9.89 (0.7) q = —2.385 £0.627 0.9995 1.5 14 43
x: analyte concentration (mg - 17'); y: peak area ratio (analyte/internal standard)

k = slope; q = intercept; r = correlation coefficient; n = number of experiments; RSD = relative standard deviation of the peak area and electrophoretic migration time values ty;
LOD = limit of detection; LOQ = limit of quantification. Concentration, LOD and LOQ are expressed in mg - 17!

* five calibration points; each calibration point was measured in five replicates

** calculated from the measured peak areas for calibration solutions containing 100 mg 1! of eugenol, thymol and geraniol and 200 mg - 1-! of linalool and citronellol (five measure-

ments)
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L essential oils: (I) Geranii etheroleum, (II) Lavandu-

lae etheroleum, (1) Caryophylli floris etheroleum
and (IV) Thymi etheroleum

Table 2: Results of CE assay of major monoterpene alcohols in the pharmacopoeial essential oils and estimation of recoveries

Analyte Found % (CE); Found % (GC); Added mg - 17! Found mg - 17! Recovery % t-Test™
(RSD %; n=15) (RSD %; n=5) (CE) (RSD %; n=3)

Geranii etheroleum

Linalool 11.52 (3.6) 12.18 (3.1) 100.0 98.4 98.4 (2.3) 2.348

Geraniol 21.93 (2.9) 22.82 (2.7) 100.0 96.8 96.8 (2.4) 2.047

Citronellol 37.56 (1.9) 38.74 (2.7) 100.0 98.9 98.9 (1.3) 1.818

Lavandulae etheroleum

Linalool 41.88 (2.3) 43.13 (3.1) 100.0 96.6 96.6 (1.9) 1.518

Caryophylli floris etheroleum

Eugenol 84.73 (1.6) 85.92 (1.2) 100.0 99.1 99.1 (1.3) 2.292

Thymi etheroleum

Thymol 38.43 (1.7) 36.94 (2.9) 100.0 95.9 959 (2.1) 1.525

* At 95% confidence level; ny = ng = 5; te = 2.571 (critical value); n is the number of parallel samples analyzed

3. Experimental
3.1. Materials

The standards of eugenol (99%), linalool (98%), thymol (99.5%), geraniol
(98%), citronellol (99%), citronellal (98%), farnesol (97%), sodium dode-
cyl sulphate (SDS), methanol and acetonitrile were obtained from Aldrich
(USA), TAPSO (N-[tris(hydroxymethyl)methyl]-3-amino-2-hydroxypropa-
nesulfonic acid), 2-morpholinoethansulfonic acid (MES), 2-hydroxy-3-[4-
(2-hydroxyethyl)-1-piperazinyl]propanesulfonic acid (HEPPSO) and hep-
tane puriss. p.a. (GC) were obtained from Fluka (Buchs, Switzerland),
sodium hydroxide and TRIS (tris-(hydroxymethylamino)methane) were
purchased from Lachema (Brno, Czech Republic). Commercial essential
oils Geranii etheroleum, Caryophylli floris etheroleum, Lavandulae ethero-
leum and Thymi etheroleum were obtained from Kulich company (Hradec
Krélové/Ricany, Czech Republic). A Millipore Milli-Q RG ultra pure water
was used throughout.
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3.2. Equipment

A computer-controlled PrinCE 650 capillary electrophoresis system (Prince
Technologies B.V., The Netherlands) equipped with UV-VIS HPLC spectro-
photometric detector LAMBDA (Leonberg, Germany) and WinPrinCE soft-
ware (as an integrated module of DAX data acquisition and analysis pack-
age) was used. The separation capillary was a fused silica tube (50 um I. D.,
total length 75 cm, 42 cm effective length) maintained at 25 °C. The separa-
tions were performed at the applied voltage of 20 kV. Samples were injected
hydrodynamically at a pressure of 50 mbar for 6 s. Detection was carried out
at 200 nm. The capillary was cleaned daily by flushing with 0.1 M NaOH
for 60 min and 60 min with deionized water. The capillary was rinsed with
0.1 M NaOH (2 min), deionized water (2 min) and buffer (4 min) after
each separation run. These steps were very important to prevent adsorption
of the analytes on the capillary walls. The PHM 220 (Radiometer, France)
pH-meter with PHC2401-8 combined glass electrode calibrated with stan-
dard Radiometer buffers was employed for pH measurements.

Pharmazie 61 (2006) 12
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GC analysis was performed on Shimadzu GC-17A gas chromatograph
equipped with a flame ionization detector. Data were recorded and analysed
by DataApex CSW® 1.7 (Prague, Czech Republic) software. A Supelco
Equity™-5  (poly-5% diphenyl/95% dimethylsiloxane, 30 m x 0.32 mm,
1.0 um) capillary column was used. The injector and the detector were op-
erated at 250 °C. The GC analysis was performed in the split mode
(1:100). The column temperature was programmed from 75 °C (8.0 min)
to 200 °C at 4 °C min~!. Nitrogen (99.999%) was used as the carrier gas
and the column head pressure was set at 100 kPa that corresponds to a
column linear flow rate of 3.0 ml/min.

3.3. Electrolytes and sample preparation for CE

Generally, the background electrolyte solutions examined during optimiza-
tion of the separation of the terpenoids were prepared by dissolving the
corresponding substances in aqueous 10% (v/v) acetonitrile. The apparent
pH of the aqueous-organic BGEs was adjusted with TRIS; the pH values
were measured directly in the prepared BGEs. The calibration measure-
ments and the MEKC analyses of real samples were carried out with the
optimum electrolyte of pH 7.5. To prepare 50 ml of such electrolyte 0.26 g
of TAPSO and 0.43 g of SDS were dissolved in 45 ml of aqueous 10%
(v/v) acetonitrile (a 15-min sonication was applied), the pH 7.5 of this
solution was adjusted by the addition of TRIS (typically 0.6 to 0.7 g was
needed; the pH change was monitored by using a combined glass elec-
trode) and the final volume of the electrolyte was set to 50 ml with aque-
ous 10% (v/v) acetonitrile. Stock solutions containing 1 g - 17! of eugenol,
thymol and geraniol and 2 g - 17! of linalool and citronellol were prepared
by dissolving the weighed amount in methanol. The final model mixture
of analyte standards was prepared by mixing the stock solution with the
background electrolyte (1:9). Calibration solutions were prepared by dilut-
ing the stock solutions with the background electrolyte (BGE); they con-
tained 100 mg - 17! of farnesol as internal standard. Commercial essential
oils were dissolved in methanol (concentration 10 g - 17! of each) and di-
luted (1:4) with the BGE. All solutions were degassed for 15 min in an
ultrasonic bath and filtered through a Millipore Millex-LCR membrane
filter (pore size 0.45 um).

3.4. Calibration curves

The calibration curves of terpene alcohols were obtained with five standard
solutions of various concentrations ranging from 50 to 200 mg -1~! for
eugenol, thymol and geraniol and from 100 to 400 mg - 17! for linalool
and citronellol. Farnesol (100 mg - 1-!) was used as internal standard.

3.5. Standard solutions for gas chromatography

Stock solutions of reference standards of linalool, citronellol, geraniol, eu-
genol and thymol (5.0 mg - mI~! of each) were prepared by dissolving ac-
curate weight of the compound (50 mg) in heptane (10 ml). The stock so-
lutions were stored at 5°C in a refrigerator and brought to room
temperature immediately before use. The calibration solutions (containing
0.1-1.0 mg ml~' of the analytes) were prepared freshly by diluting the
stock solution with heptane in appropriate quantities with addition of citro-
nellal as internal standard. The calibration solutions containing
0.5 mg - ml~! of citronellal as internal standard were injected in triplicate
into the gas chromatograph.

3.6. Comparative quantitative GC analysis of essential oils

A liquid sample of Geranii etheroleum, Lavandulae etheroleum, Caryo-
phylli floris etheroleum or Thymi etheroleum (0.5 g) was diluted to 10 ml
with heptane in a volumetric flask. A 100-ul portion of this diluted sample
solution was mixed with 100 pl of internal standard (50 mg - ml~" of citro-
nellal in heptane) and the mixture was diluted to 10 ml with heptane to get
the test solution. The test solution and a reference standard solution con-
taining all the analytes and the internal standard (0.5 mg - ml~! of each in
heptane) were injected in triplicate and the mean values of the peak areas
of the analytes and internal standard were evaluated by using the appropri-
ate software. The content of the individual analytes was calculated accord-
ing to Eq. (1)

At/Ais& Cs’t -F

%(analyte) = oD 100 (1)

N Ar/ Aisr
where A, is the peak area of the analyte in the test solution , Ajy is the
peak area of the internal standard in the test solution, A, is the peak area
of the analyte in the reference solution, Aj is the peak area of the internal
standard in the reference solution, Cy (g - ml~!) is the concentration of the
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analyte in the reference solution, F is purity of the reference standard, D is
dilution of the sample and m (g) is the weighed amount of the sample of
the essential oil.
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