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Comparison of three different solid-phase microextraction fibres
for analysis of essential oils in yacon (Smallanthus sonchifolius) leaves
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Abstract

A headspace solid-phase microextraction (HS-SPME) procedure based on three commercialised fibers (100�m polydimethylsiloxane,
65�m polydimethylsiloxane–divinylbenzene and 50/30�m divinylbenzene–Carboxen–polydimethylsiloxane) is presented for the determi-
nation of a selected essential oils in dried leaves of yacon (Smallanthus sonchifolius). The extraction performances of these compounds
were compared using fibers with one, two and three coatings. The optimal experimental procedures for the adsorption and desorption of
target compounds were determined. Significant parameters affecting sorption process such as sample weight, sorption and desorption time
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nd temperature were optimised and discussed. Finally, the optimised procedures were applied successfully for the determina
ompounds in various yacon species. The relative concentration factors of three characteristic components of yacon were measure
valuation of the fiber efficiency. Main essential oils were isolated from dried yacon leaves by appropriate solid-phase microextra
nd semi-quantitative analysis of the target volatiles was conducted by gas chromatography–flame ionisation detection (GC–F
apillary column. Three compounds—�-pinene, caryophylene and�-cadinene were found as the predominant essential oils. Its relative c
as important for specification of yacon varieties. Solid-phase microextraction in combination with gas chromatography enabled a
imple determination of relative content of essential oils in yacon.
2005 Published by Elsevier B.V.
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. Introduction

Yacon (Smallanthus sonchifolius) is a tuber crop origi-
ally cultivated in South America in the Andean highlands.
his plant constitutes part of the diet of Indian tribes living in

he high mountain areas. It is food as well as acknowledged
edicinal plant for the local population and has gradually

eceived more attention due to its abundant content of fruc-
ooligosaccharides and phenolic compounds. Tubers are used
s a source for the production of natural sweeteners and
yrups suitable for persons suffering from digestive problems
1]. Yacon tubers contain a high concentration of oligofruc-
ans and the plant drew attention as a natural source for the
upply of oligofructans[2]. Antidiabetic properties have been
ttributed to yacon leaves, which are dried and used in the
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preparation of tea. Antifungal activities of the leaves extr
have recently been reported. These bioligical activities
related to the essential oils content in each part of plan[3].
The tubers contain fructose, glucose, saccharose and
type oligofructans[2,4,5]. Aerial part should contain som
antifungal and pesticidal compounds, as it is not necess
use pesticides in the cultivation of Yacon. Both parts of
plant (leaves and tubers) represent a rich source of phe
acids and other radical scavenging compounds. In Europ
crop has been introduced for cultivation in Czech Repu
[6].

Modern trends in analytical chemistry are towards the
plification and miniaturization of sample preparation, and
minimization of organic solvent used. However, liquid–liq
extraction (LLE) is procedure, which requires large amo
of toxic and expensive solvents that can be harmful to
operator and to the environment, is time consuming
tedious since it also requires pre-concentration of the ex
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and it is at this stage that the potential for loss of analytes or
contamination of samples is greatest.

As a modern alternative to traditional sample preparation
technology has been introduced solid-phase microextraction
(SPME). This technique is a extraction method developed
by Pawliszyn and coworkers in 1989[7–9]. It eliminates the
use of organic (toxic) solvents, and substantially shortens the
time of analysis when allowing one a convenient automation
of the sample preparation step[10–14]. SPME can integrate
sampling, extraction, concentration and sample introduction
into a single uninterrupted process, resulting in high sam-
ple throughput. Its important features are simplicity, low
cost, rapidity, selectivity and sensitivity when combined with
appropriate detection modes[10,11,15]. One of the critical
aspects on SPME optimisation is the selection of the appro-
priate fibre. SPME is used as a prior sample preparation stage,
not only in gas chromatography, but in liquid chromatogra-
phy [16] and capillary electrophoresis[17] as well.

This method has attracted widespread popularity for
the analysis of volatile flavour components in various
plants, food, beverage, natural product matrices, biologi-
cal and environmental samples[18–21]and now it’s widely
accepted as a reliable technique. An et al. recently reported
SPME–GC–MS for the analysis of fragrances from lavender
flowers[22].

The present study was carried out to evaluate the per-
f ME
fi ves
u s tha
a valu-
a sting
t ture,
a e of
d ere
a of
r s in
y com-
p
v

2

2

m
E em-
i uc,
C sea-
s rvest
t
u 1999
a , 25,
2

used
f rom

Sigma-Aldrich (Prague, Czech Republic) with purity >90%.
The individual stock solutions were prepared in methanol at
a concentration of 1000 mg l−1 and stored at 4◦C. Methanol
of analytical grade was obtained from Merck (Darmstadt,
Germany).

2.2. Instrumentation

All extracts obtained by SPME were analysed by GC–FID
system HP-5890 (Hewlett-Packard, Avondale, PA, USA)
equipped with capillary column Ultra No. 2 (25 m× 0.32 mm
I.D., 0.52�m film thickness of phenylmethylsilicone). Eval-
uations of chromatograms were performed with the use of
integration software CSW (Data Apex Prague, Czech Repub-
lic). For identification of individual essential oils GC–MS
system GC 17A coupled with MS detector QP 5050A (Shi-
madzu, Kyoto, Japan) were used. Extraction temperature was
adjusted by thermostat Julabo EC-5 (Julabo Labortechnik,
Seelbach, Germany).

2.3. SPME fibres and extraction conditions

Three different coated SPME fibers, 100�m poly-
dimethylsiloxane (PDMS), 65�m polydimethylsiloxane–
divinylbenzene (PDMS–DVB) and 50/30�m divinylben-
zene–Carboxen–polydimethylsiloxane StableFlex (DVB–
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ormance of three different commercially available SP
bers in the extraction of essential oils in yacon lea
sing head-space SPME. The experimental parameter
ffect the adsorption and desorption processes were e
ted. The extraction efficiencies were optimised by adju

he following parameters: extraction time and tempera
mount of sample for extraction, temperature and tim
esorption. Finally, the optimised SPME procedures w
pplied by employing GC with FID to determination
elative content of three most important essential oil
acon leaves. Based on the relative content of these
ounds it is possible to determine the yacon (S. sonchifolius)
ariety.

. Experimental

.1. Plant material and reagents

S. sonchifolius(yacon) plants, originally purchased fro
cuador, were obtained from the Institute of Medical Ch

stry and Biochemistry (Palacky University of Olomo
zech Republic). Samples were harvested during the
ons from 1999 to 2002. The leaves were collected at ha
ime, dried at room temperature and stored at 4◦C prior to
se. These samples were entitled as follows: October
nd 2001, April 2001, August 2001 and Clone 5, 17, 18
8, 31, 64 and 85.

Standards of essential oils, myrcene and humulene,
or identification of target compounds were purchased f
t

AR–PDMS) were used. The commercially available SP
evice for manual sampling and all fibers were purch

rom Supelco (Bellefonte, PA, USA). Before use, SP
bers were reconditioned by heating in hot injection po
gas chromatograph at 220◦C for 30 min in order to remov
ontaminants.

All extractions were performed in 8 ml dark glass SP
ials sealed with a PTFE faced septum caps (Supelco, B
onte, PA, USA). Prior to extraction, analysed samples w
ulverised in the friction dish to the small sized pow
ppropriate SPME fibre was exposed to the headspace
.5 g of dried sample contained in a 8 ml SPME vial. Prel
ary experiments using fibre exposition times between 5
0 min and temperatures between 30 and 90◦C were used t
etermine the optimal extraction conditions.

.4. Chromatographic analysis

After extraction, the SPME fiber was removed from
ample vial and immediately inserted into the injection
f the gas chromatograph using an SPME-liner where

hermal desorption occurs at 220◦C for 5 min. Separatio
onditions were as follows: initial column temperature 60◦C,
ncreased to 150◦C at 5◦C min−1 and, finally, increased
80◦C at 30◦C min−1 (hold 2 min). The injector and detec

emperatures were maintained at 220 and 190◦C, respec
ively. The nitrogen (purity 5.0, Linde Technoplyn, Prag
zech Republic) was used as carrier gas with 40 kPa co
ead pressure at a flow-rate of 1.7 ml min−1 (split ratio of
: 10). Hydrogen and air (both Linde Technoplyn, Pra
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Czech Republic) at 30 and 300 ml min−1, respectively, were
used in the FID.

3. Results and discussion

The aim of this investigation was to gain qualitative and
semi-quantitative essential oils profiles for direct compari-
son of various yacon (S. sonchifolius) varieties. The relative
content of at least three of main essential oils is impotrant for
characterisation of various yacon varieties. As a predominant
essential oils of yacon leaves�-pinene, caryophylene and
�-cadinene were found. Chemical structures of mentioned
compounds are shown on theFig. 1.

3.1. Optimisation of SPME conditions

To develop a SPME procedure for the determination of
essential oils, optimisation of several variables related to the
extraction and desorption steps is required (SPME fiber selec-
tion, sample weight, extraction time and temperature as well
as the time and temperature of desorption) in order to achieve
maximum efficiency of extraction of the compounds studied
and to resolve the selectivity of the different coatings versus
other components present in the matrix.
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Fig. 2. Comparison of chromatograms obtained for tested SPME fibres. (1)
�-pinene, (2) caryophylene, (3)�-cadinene.

configuration of GC–FID. The fibre maintains its perfor-
mance well for >100 extractions with between-day precision
below 10%.

3.1.2. Effect of temperature
The effect of the extraction temperature on the HS-SPME

efficiency was tested. In this investigation, temperatures var-
ied every 10◦C from 30 to 90◦C with the DVB–CAR–PDMS
fiber. At this evaluation stage, the extraction time was set
at 40 min in order to obtain equilibrium. Dependencies of
GC–FID peak areas on extraction temperature for three com-
ponents such as�-pinene, caryophylene and�-cadinene are
shown inFig. 3.

It was observed that�-pinene extraction decreased with
temperature. Caryophylene and�-cadinene using the selected
fiber at 80◦C showed relatively the highest peak areas. In sub-
sequent studies, this temperature was selected as the extrac-
tion temperature.

3.1.3. Sorption time profile
HS-SPME is considered complete when the analyte

concentration has reached equilibrium between the sam-
ple matrix and the fiber coating. Determination of adsorp-
tion equilibrium times for �-pinene, caryophylene and
�-cadinene as the test references was carried out using the
D es
w le

F ssen-
t

.1.1. Selection of SPME coating
SPME is a process dependent on the equilibrium pro

nvolving partitioning of the analytes from the sample into
tationary phase and the extraction time depends on the
f stationary phase used. Three SPME fiber coatings
valuated to the most suitable for the HS-SPME–GC–
etermination of essential oils.

With the aim of comparing the extraction efficie
ies of the three different commercially available SP
bers (100�m PDMS, 65�m PDMS–DVB and 50/30�m
VB–CAR–PDMS) were studied.Fig. 2 displays the com
arison of chromatograms obtained for each of the fi

ested. All extractions were performed at 80◦C for the time
nterval 40 min.

The best results being obtained for most of the
et compounds with the fiber DVB–CAR–PDMS, wh
an be explained not only by the nature of the fi
ut by slightly larger capacity for the analytes. Using
VB–CAR–PDMS fibre allows the simultaneous extrac
f target compounds, with a single SPME procedure and
sed in a single chromatographic run with an instrume

Fig. 1. Chemical structure of target essential oils.
VB–CAR–PDMS. In this investigation, adsorption tim
ere varied 5–70 min at 80◦C. The extraction time profi

ig. 3. Effect of extraction temperature on the HS-SPME-GC of target e
ial oils of yacon. (� ) �-pinene, (©) caryophylene, (�) �-cadinene.
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Fig. 4. Effect of extraction time on the HS-SPME–GC of target essential
oils of yacon. (�) �-pinene, (©) caryophylene, (� ) �-cadinene.

was obtained by plotting the FID response versus the extrac-
tion times evaluated (Fig. 4).

In the case of selected SPME fiber the optimum extraction
time was 40 min and no significant improvement in the extrac-
tion was obtained at longer times where decreasing amount
of �-pinene is due to competitive sorption of the others com-
pounds contained in yacon. In subsequent studies, this time
was selected as the extraction time.

3.1.4. Desorption conditions
The following step in the optimisation process was to

select the optimum desorption conditions, which were deter-
mined by testing different temperatures and times, consid-
ering the optimum values to be those obtained when all
analytes were desorbed from the fiber coating with min-
imal carryover effect to the following analysis. For the
DVB–CAR–PDMS fiber, desorption temperatures ranged
between 200 and 250◦C. The time of desorption was also
optimised, varying between 1 and 15 min. Stabilization of the
chromatograms was observed and reproducible peak areas
were obtained for the references mixture using desorption
time of 5 min at 220◦C. These values of temperature and
desorption time were selected for subsequent studies.

3.1.5. Total content of essential oils
was
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Fig. 5. Relative content of target essential oils in various yacon
samples–mixed samples. The vertical axis expresses the name of each anal-
ysed sample.

But the aim of this study was diferentiation of various yacon
species based on essential oils profile. Our limits of detection
and quantitation are low enough for this study.

3.2. Application to real samples

The optimised SPME method for the DVB–CAR–PDMS
fiber was applied successfully to the analysis of various yacon
varieties with the aim of finding out the variances in relative
contents of target essential oils. For application of dried yacon
leaves, 80◦C extraction temperature and 40 min extraction
time were finally used. All samples were analysed five times.
The relative standard deviation RSD = 5% was determined.
Confirmation of the peaks was realised using a MS detector
and comparing with the standards of myrcene and humu-
lene. For each target compounds the relative content was only
determined according to the aim of this study. All results were
calculated like the amount of each compound related to the

F –pure
s ple.
The total content of essential oils in yacon leaves
etermined by steam distilation and was found at the
f 0.1% (m/m) with RSD = 2.5%. These experiments w
erformed using approx. 40 g of dried sample and 600 m
ater with duration of 4 h.

.1.6. Validation of evaluated method
For the method described above, the limits of detec

ere found LOD = 0.1 mg of each essential oil per 1 g
lant material. The limits of quantification (LOQ) of ea

arget compound were determined at the level 0.3 mg pe
f plant material. The limits of detection were calculate
OD = 3×N, whereN is the baseline noise at the app
riate retention time with areas equal to the mean valu
ve blanks. The limits of quantification were calculated
OQ = 10×N. These limits seems to be higher in the c

rary to minimise of detection limits of analytical procedu

ig. 6. Relative content of target essential oils in various yacon samples
amples. The vertical axis expresses the name of each analysed sam
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sum of amounts of analysed essential oils. Results obtained
by these experiments are shown onFigs. 5 and 6.

According to very similar relative content of target essen-
tial oils it is possible to decide that these samples (Clone 5
conformable to Clone 17 and Clone 18 conformable to Clone
28) are the same or very similar varieties of yacon.

4. Conclusions

The SPME method used for the extraction of yacon
volatiles ensured qualitative differentiation of the yacon vari-
eties. SPME combined with GC–FID was found to be suitable
for the determination of essential oils in dried yacon leaves.
This technique is simple, economical, do not require any pre-
liminary sample preparation step and reduce the volume of
(toxic) solvents used.

Usually the process of fibre type selection is made based
on the nature and thickness of the polymeric coating. Inter-
nal sublayers that exist in PDMS–DVB fibres can have an
important role in the selectivity of the fibre towards small
differences in the polarity of analytes. The process of SPME
fibre selection for a particular application cannot be entirely
dependent on product information but based on a deep knowl-
edge of inherent properties of the fibre.

In our target compounds 30/50�m DVB–CAR–PDMS
fi ng
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