
ABSTRACT: Ultrasound was used to assist solid-phase extrac-
tion (SPE) of filbertone (E-5-methylhept-2-en-4-one) from hazel-
nut oil. Interferences from TG were reduced for effective sepa-
ration and detection during chromatographic analysis. The
enantiomeric distribution of filbertone was determined. Differ-
ent sorbent materials, sample volumes, and eluents were tested,
and the effect on filbertone recovery by ultrasound during the
elution step was evaluated. Experimentation performed on a 2-
mL volume of oil diluted with a 2-mL volume of n-hexane, using
a silica modified with either a cyano or phenyl group during the
extraction, and ultrasound-assisted elution with a 1-mL volume
of chloroform allowed filbertone recoveries of up to 94.4% (rel-
ative SD 6.5%) vs. 11% obtained when ultrasound was not ap-
plied. This improvement is most likely due to a mechanism of
cavitation. Ultrasonically assisted SPE is proposed as an acces-
sible and simple alternative to multidimensional chromato-
graphic techniques to accomplish the reliable determination of
the enantiomeric excess of chiral compounds in complex ma-
trices, such as hazelnut oil, since experimental conditions that
can bring about racemization are not required.
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Filbertone (E-5-methylhept-2-en-4-one) has been described
as a major flavor component of hazelnut (1,2). The absence
or presence of filbertone also has been proposed to differentiate
olive oil from hazelnut oil (3) and, thus, to detect adulterated
samples (4). The interest in analyzing both R- and S-enan-
tiomers of filbertone in a hazelnut oil has been underlined as
a means to improve the reliability of filbertone detection as
well as to investigate the natural compositional variability of
filbertone in hazelnut oils (5). 

The importance of the enantiomeric composition of chiral
compounds in foods recently has been highlighted (6–8).
Stereochemical analysis has been useful in differentiating nat-
urally occurring compounds from synthetic ones (9) and mon-
itoring fermentations, adulteration, and storage (8,10). How-
ever, the fact that foods are very complex matrices may make
enantiomer separation difficult, especially at low concentra-
tions, because of the lack of peak resolution during chromato-

graphic enantiomeric separations. Therefore, identification of
enantiomers in foodstuffs has been largely ignored. Isolation
of minor chiral compounds in oils may be difficult as it re-
quires a sample handling procedure adequate to preclude
racemization conditions as well as complete elimination of
TG to avoid undesirable interferences. 

Multidimensional chromatographic techniques (11,12) may
be used to overcome these problems by allowing improved
peak resolution of complex mixtures. We have already pro-
posed on-line coupling of reversed-phase LC and GC (RPLC-
GC) for the detection of filbertone in hazelnut oil (4,13,14). 

Multidimensional techniques are not currently available in
most laboratories as they are complex and tedious to operate
and must be optimized before the analysis can be done.
Therefore, alternative simpler separation strategies to isolate
and concentrate analytes from complex matrices using simple
and rapid techniques are needed. Solid-phase extraction
(SPE) is an efficient alternative for sample preparation prior
to chromatographic analysis (15). In the last few years, SPE
has been used to separate a variety of edible oil components,
including tocopherols and sterols (16,17), phenolic com-
pounds (18,19), and DG (20,21). In the same way, some au-
thors have also demonstrated the efficiency of ultrasound in
extraction procedures (22,23) and, in particular, its use in the
isolation of oil components (24,25). However, the applicabil-
ity of SPE for the analysis of filbertone in oils as well as the
use of ultrasound to improve the recovery of the compound
of interest from the sorbent during the SPE procedure, to our
knowledge, has not been demonstrated before. 

The objective of this research was to evaluate the potential
of ultrasonically assisted SPE and GC for the chiral analysis
of filbertone in hazelnut oil.

EXPERIMENTAL PROCEDURES

Samples and materials. (E)-5-Methylhept-2-en-4-one (filber-
tone) was obtained from Haarmann & Reimer (Holzminden,
Germany), and hazelnut oil was purchased from the commer-
cial market. Chloroform and n-hexane (HPLC grade) were ac-
quired from Lab Scan (Dublin, Ireland). Methanol (HPLC
grade) was purchased from Scharlau Chemie, S.A. (Barcelona,
Spain), and the water used was obtained from a Milli-Q water
purification system (Millipore, Milford, MA).

Ultrasonically assisted SPE (UASPE). A low-frequency
ultrasonic bath (Selecta, Madrid, Spain) was used to perform
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the UASPE procedure. Ultrasonic radiation (40 kHz, 150 W)
was applied to each sample for 2 min at approximately 22°C.
The UASPE was performed by immersing a vessel containing
the SPE cartridge in an ultrasonic bath during the elution step.

SPE. Packed conventional 3-mL SPE cartridges with a
500-mg weight of different sorbents (i.e., silica chemically
modified by groups of different polarity such as cyano,
phenyl; and some hydrocarbon chains, namely, C2, C8, and
C18) were obtained from International Sorbent Technology
(IST, Hengoed, Mid Glamorgan, United Kingdom).
Methanol, methanol/water, and chloroform were tested as
elution solvents. SPE operation mode included the following
steps: (i) sample pretreatment, which involved dilution of the
oil in a solvent; (ii) SPE tube packing conditioning, which
was accomplished by rinsing the tube with a 1-mL volume of
both the matrix and the elution solvents; (iii) sample applica-
tion, which was carried out by flowing slowly through the
SPE tube; and (iv) analyte elution with an appropriate solvent
at a flow rate of approximately 1 mL/min. 

Sorbent materials and elution solvents were evaluated rel-
ative to recovery obtained for filbertone (defined as the ratio
between the amounts extracted vs. that in the sample before
SPE). The choice of the solvent for filbertone release was
made on the basis of several factors: (i) tested sorbent mater-
ial; (ii) strength necessary to elute the filbertone with the low-
est possible volume; (iii) enough volatility to guarantee com-
patibility with the subsequent GC analysis; and (iv) ease of
elimination if further concentration was required.

To establish the so-called “safe sampling volume” (i.e., the
sample volume that can be applied without loss of analyte),
the SPE step was carried out starting with different sample
volumes (i.e., 1, 2, 5, and 8 mL). The bed weight (500 mg)
and the size (3 mL) of the SPE cartridge were selected on the
basis of both the sample volume and the mass of the com-
pound to be extracted. The results showed that percolation
through the packing material of more than 2-mL volumes
yielded significant decreases of filbertone recoveries. Most
probably, this is due to exceeding the analyte breakthrough
(maximum analyte mass that can be retained by the SPE
packing) in the experimental conditions proposed. Conse-
quently, the use of a 2-mL volume was considered to be
preferable to 1 mL because of the higher filbertone content
obtained in the final extract with no apparent decrease in its
recovery. In all cases, the elution was performed in a single
step with a 1-mL volume, as the use of two aliquots (2 × 1
mL) did not result in higher recoveries. Once the SPE step
had been completed, the sensitivity required for the GC analy-
sis was achieved by concentration under a nitrogen stream.

GC analysis. A PerkinElmer (Norwalk, CT) Model 8500
gas chromatograph fitted with a programmed temperature va-
porizer (PTV) injector and an FID operated at 250°C was
used. Samples were placed on a 25-m × 0.25-mm i.d fused-
silica column coated with a 0.25-µm layer of Chirasil-β-Dex
(Chrompack, Middelburg, The Netherlands), and using he-
lium as the carrier gas. Initially, the column was maintained 5
min at 45°C and then raised (3°C/min) to 90°C and then to

180°C (at 5°C/min). A 0.2-µL volume of the concentrated ex-
tract was injected into the chromatographic column using the
PTV injector in the splitless mode (at 250°C). Data acquisi-
tion from the FID was performed by using an HP ChemSta-
tion (Hewlett-Packard, Wilmington, DE).

The use of Chirasil-β-Dex as the GC column allowed the
determination of both R- and S-enantiomers of filbertone by
using the term enantiomeric excess, ee, expressing the excess
of one enantiomer over the other (26). Identification of filber-
tone was carried out from both R- and S-enantiomers by
matching their retention times with those measured when
standards were analyzed under identical experimental condi-
tions. Moreover, the presence of both enantiomers of filber-
tone was confirmed by adding a solution of the standard to a
corresponding extract similarly analyzed. 

RESULTS AND DISCUSSION

Experimental conditions were evaluated to achieve both the
elimination of TG from the hazelnut oil and the isolation of fil-
bertone. n-Hexane was chosen as the most suitable solvent to re-
duce oil viscosity, thus ensuring its free flow through the sorbent.

Despite the low volatility of the eluent methanol/water
(65:35, vol/vol), it was included in the present study because
of its proven ability to elute filbertone from alkyl-modified
silica used as the stationary phase when reversed-phase LC
(RPLC) was employed as the preseparation technique (14).
However, the use of the mentioned eluent was finally dis-
carded due to the difficulty in eliminating it in the preconcen-
tration step prior to GC analysis. Other combinations, namely,
C2-methanol, cyano-methanol/water (65:35), and C18-
methanol, were ruled out as well because of poor separation
of the matrix components or extremely low recoveries, which
made the identification of filbertone impossible.

Initially, the use of silica modified with a phenyl (or cyano)
group as the sorbent together with chloroform as the elution
solvent for SPE seemed to be the best option to isolate filber-
tone from a hazelnut oil. However, under these conditions low
filbertone recoveries of 11–16% were achieved. SPE perfor-
mance was improved by establishing experimental conditions
using ultrasound to enhance filbertone release from the sorbent
of the cartridge. The UASPE was conducted by performing the
elution step with the SPE cartridge in a vessel immersed in an
ultrasonic bath.

The application of ultrasonication greatly improved extrac-
tion of filbertone. Specifically, filbertone recoveries (calculated
for R- + S-enantiomers from three replicates) increased from
12.1 to 80.0% (when the sorbent silica was modified with a
phenyl group) and from 11.0 to 94.4% (when silica was modi-
fied with a cyano group) (Fig. 1). As the temperature is kept
constant (22–23°C) throughout UASPE, it seems evident that
the mechanism of filbertone release must be that of cavitation.
This phenomenon, which is based on the formation and activ-
ity of bubbles in a liquid due to local negative pressures, is fre-
quent in ultrasonic procedures and results in a variety of chem-
ical effects (27,28). 
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To verify the suitability of the developed method, it was
applied to a conventional sample of hazelnut oil. Figure 2
shows the chromatogram of an SPE-GC analysis of hazelnut
oil under the experimental conditions presented above. The
high resolution achieved for R- and S-filbertone allowed de-
tection and quantification of the compound. In this respect, it
is clear that a more reliable detection of filbertone could be
performed on the basis of determining both R- and S-filber-
tone enantiomers (4).

Figure 2 also shows that other constituents of hazelnut oil
were extracted and eluted together with filbertone. This is
probably due to omission of a washing step, which is usually
recommended immediately after adding the sample and prior
to the analyte elution, to remove undesired compounds from
the SPE column. This step was found to be unnecessary for
filbertone separation, and its omission minimized losses of
the compound.

The relative SD value (RSD, calculated from three repli-
cates) was 6.5% (for R + S forms); the corresponding detection
limits (estimated from a signal equal to five times the baseline
noise) were 0.14 and 0.11 mg/L for R- and S-enantiomers, re-
spectively. Likewise, filbertone exhibited an ee of 20.2% (26),
the S-enantiomer being the predominant isomer. The ee value
was calculated from peak areas by considering the excess of
the predominant enantiomer, expressed as a percentage, i.e.,
[(predominant enantiomer − minor enantiomer)/(predominant
enantiomer + minor enantiomer)] × 100. The concentration of
filbertone in the analyzed oil was found to be 1.18 mg/L; 75
min was the time of the overall analytical procedure.

Considerably higher concentrations of filbertone in hazel-
nut oils previously had been detected in our laboratory by
RPLC-GC [e.g., 17.4 mg/L in the hazelnut oil used in this
study during the SPE optimization step vs. 1.18 mg/L in the
hazelnut oil analyzed with the optimized procedure (14)].
Moreover, the comparison of the filbertone enantiomeric
composition estimated from the latter hazelnut oil (i.e., about

20%) and from compositions in other oils (about 73%) (5)
suggests that these differences may depend on whether the oil
is obtained from roasted or unroasted hazelnuts. Also, it is ev-
ident that the exposure of the sample to some kind of heating
(i.e., deodorization) could have promoted the loss of the ana-
lyzed compound and/or the modification of its enantiomeric
distribution.

The method proposed here (i.e., the dilution of a 2-mL vol-
ume of oil with a 2-mL volume of n-hexane, the SPE step
using a silica modified with either cyano or phenyl groups,
the ultrasound-assisted elution with a 1-mL volume of chlo-
roform, and the subsequent GC analysis) may be a valuable
alternative for the identification of filbertone in hazelnut oil.
The UASPE method is proposed as an interesting and versa-
tile option. Besides its simplicity, accessibility, and low cost,
further advantages of UASPE are the requirement of low vol-
umes of organic solvents and the fact that it allows a reliable
determination of the enantiomeric composition of a chiral
marker since the sample is not exposed to conditions (e.g.,
heat) that could cause racemization. Moreover, the results ob-
tained suggest the great potential of ultrasonication to en-
hance analyte recoveries in the elution step and, therefore, to
enlarge the field of application of SPE by allowing the devel-
opment of more sensitive and rapid methods based on ultra-
sonically assisted elution. 
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