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after Supercritical Fluid Extraction

J. SEDLAKOVA, L. LOJKOVA, and V. KUBAN*

Department of Chemistry and Biochemistry, Mendel University of Agriculture and Forestry,
CZ-613 00 Brno, Czech Republic
e-mail: kuban@mendelu.cz

Received 12 July 2002

Six monoterpenes (a-pinene, (-pinene, 3-carene, phellandrene, camphene, and limonene) were
determined in the needles of Picea abies, P. omorica, and P. pungens spruces by gas chromatogra-
phy after supercritical fluid extraction (SFE) with carbon dioxide at the pressure 20 MPa and at
the temperature 80°C. Significant differences among the monoterpene content of individual spruce
cultivars were found. Limonene (34.3 %), a-pinene (30.4 %), and camphene (30.1 %); camphene
(44.5 %), limonene (24.5 %), and a-pinene (24.7 %), and finally limonene (51.5 %), camphene
(29.1 %), and a-pinene (18.2 %) are the main monoterpenes in P. omorica, P. abies, and P. pun-
gens cultivars, respectively. The relative standard deviations (RSDs) of ca. 1.0 %, 7.8 %, and 22.5 %
were found in the whole needles, ground samples, and cut samples of the cultivars, respectively. The
contents of minor monoterpenes decrease further from [-pinene through phellandrene to 3-carene
in all cultivars. The SFE from the whole needles has been found as the very suitable method for

isolation of monoterpenes from complex matrices.

The analysis of volatile compounds of plant origin
has been already investigated in many studies. Most
often, the studies of terpenes in coniferous trees ex-
plain differences based on geographic origin and/or to
confirm chemotaxonomy [1, 2]. Also the studies of the
effect of atmospheric pollution in urban locations on
the relative distribution of monoterpenes in essential
oil [3, 4] and the role of monoterpenes in atmospheric
disturbances [5] were performed. Further, many arti-
cles dealt with individual extraction techniques for the
isolation and subsequent determination of terpenes in
essential oils from various plant materials [6—11].

The terpenes are volatile compounds with strong
flavours, which are most often extracted from plant
materials [12, 13]. The hydrocarbon terpene skeleton
is a base of the terpenes structure, so they belong to
the group of isoprenoids. Even though isoprene itself
was not found in nature, its polymers, terpenic hy-
drocarbons and their oxygen derivatives are present
in high quantities very often in different species. The
terpenes are divided to several groups according to
the number of their carbon atoms in the molecule:
monoterpenes (Cyp), sesquiterpenes (Cys), diterpenes
(Cqp), triterpenes (Csp), tetraterpenes (Cao), and
polyterpenes [14, 15].

The terpenes are distributed in various parts of

Fig. 1. Cross-section of Picea abies needle.

plants: in florets, fruits, leafs, bark, and roots. They
are situated in glandular trichomes, papillas, glan-
dular cells, receptacles, channels, and intercellular
spaces. The cross-section of Picea abies needle is
shown for illustration in Fig. 1. The terpenes have
been found in various matrices. For example, (+)-
limonene was found in orange, lemon, and caraway
essential oil. (-)-Limonene is present in spruce and fir
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needles essential oil. a-Pinene is the most important
hydrocarbon in the turpentine essential oil and to-
gether with §-pinene forms the base of turpentine oil.
Citronellol is the main constituent of rose and gera-
nium essential oils. Geraniol is the main component of
rose oil. Menthol is a dominant terpenoid in pepper-
mint [16].

Currently, supercritical fluid extraction (SFE) rep-
resents a new, dynamically evolving separation tech-
nique that is very suitable for isolation of volatile com-
pounds from complex natural matrices [17]. Physico-
chemical properties of supercritical fluids represent
the transition between the properties of gases and lig-
uids, what is nowadays the main reason for the in-
creasing interest in SFE. In comparison to a liquid,
supercritical fluid has a higher diffusivity and lower
viscosity with high solvent power maintained. From
the mass transfer point of view, the properties of gases
are combined with the solvation properties of liquids
in supercritical fluids [18].

In the SFE, predominantly the carbon dioxide is
used [19—21], because of its low critical temperature
(31°C) and pressure (7.38 MPa), nontoxic character,
incombustibility, and low reactivity. Its polarity and
extraction power is close to hexane and the extraction
efficiency is decreasing with a growing analyte polar-
ity. In the determination of volatile, reactive, and ther-
mosensitive terpenes, analyzed in this work, low criti-
cal temperature and nonpolar character of supercriti-
cal fluid is preferred. In addition to the SFE, the steam
distillation [22] according to the standard CSN 58
0110, rapid steam distillation [10] and hexane extrac-
tion [23], Soxtec, accelerated solvent extraction (ASE)
[9], and microwave oven extraction [1] can be used for
the isolation and the gas chromatographic (GC) deter-
mination of the volatile components in spruce needles.
Volatile compounds can be isolated from the gaseous
samples also by a solid phase microextraction (SPME)
followed by a thermal desorption with direct injection
into a GC column [24].

The GC with flame ionization detector (FID) or
mass spectrometry (MS) detection is mostly being
used for the determination of volatile compounds. The
benefits of high-performance liquid chromatography
(HPLC) with UV [25, 26] or polarimetric detection,
derivative spectrophotometry in the UV region, and
proton magnetic resonance have been recognized [27].

EXPERIMENTAL

Spruce needles of the Pinaceae family, in particu-
lar of Serbian spruce (Picea omorica) and Blue spruce
(Picea pungens) were collected in the campus of the
Mendel University in Brno in 1999, 2000. The nee-
dles of Norway spruce (Picea abies) were gathered
in Sobésice, the northern part of the city Brno, in
1999 and 2000. The spruce needles were cut as a
whole branch ca. in 2 m height, hermetically sealed
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in PE bags, immediately transferred into the cooled
box (0°C), transported to the laboratory, where they
were separated from the branch and stored in the lap
vials at the temperature —18°C until the extraction.

To determine the content of a-pinene, [-pinene,
camphene, 3-carene, phellandrene, and limonene in
SFE extracts, a gas chromatograph HP4890D equip-
ped with FID was used. The separation was carried
out on an HP-INNOWax column (polyethylene gly-
col, length x i.d. x film thickness: 30 m x 0.25 mm
x 0.25 pm, all Hewlett—Packard) at the helium flow
rate 1 cm® min~!, injector temperature 240°C, and
detector temperature 250°C. A column temperature
program: 60°C, 5°C min~! to 150°C, 0.01 min, 40°C
min~! to 220°C, 0.3 min was used. Total time of the
analysis was about 20 min. 1 mm? of the extract was
injected into the column. Final chromatograms were
processed by CSW data acquisition program (version
1.7, Data Apex, Prague).

Standards of a-pinene, (-pinene, camphene, 3-
carene, phellandrene, and limonene (purity > 99.5 %,
Fluka, Switzerland) were used to test the extraction
efficiency. An HPLC purity hexane (Merck, Germany)
was used for the trapping of extracted substances.
Liquid carbon dioxide (for food industry), nitrogen
(99.99 % and/or 99.996 %), hydrogen (99.999 %), and
medicinal oxygen were used for SFE and GC (all AGA,
Brno).

Supercritical Fluid Extraction

Monoterpenes were extracted from the spruce nee-
dles by means of supercritical CO5 in the supercritical
fluid extractor SE-1 (SEKO-K, Brno), trapped into
hexane in a trapping vial and analyzed via GC. Ap-
proximately 2 g (+ 0.01 mg) of a sample were weighted
into an extraction cartridge. The cartridge was in-
serted into a stainless steel extraction cell of inner vol-
ume 7.0 cm?, according to the volume of a sample, and
closed by frits on both sides. The extraction cell, sup-
plied with a depressurization screw, was fastened with
an extraction cap. The restrictor heater was adjusted
to 120°C to prevent the restrictor plugging. The car-
bon dioxide, the extraction medium, came out from
the extraction cell through the restrictor, leading to a
trapping vial with hexane. A fused silica capillary of
i.d. 30 ym was applied as a restrictor. Trapping was
carried out at room temperature. Heating and cool-
ing regulation of a trapping vial were off during these
procedures.

The instrument was controlled from the front panel
and all values were displayed on the screen. Extrac-
tion programs created by the users could be stored
in the extractor memory. The pressure was adjusted
by the pneumatically controlled piston micropump to
the values of 7 to 40 MPa. The whole system worked
with three gas cylinders (extraction and cooling COq
and No as a pressure gas). A minimal Ny pressure of
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1.5 MPa was necessary to achieve the CO, working
pressure of 40 MPa. The volume of a piston micro-
pump was 10 cm?3. It was not large enough for a long
extraction time. Extraction time is influenced by the
restrictor length and internal diameter (i.d.). Before
the pump filling started, the pump head was cooled
by a stream of liquid COs to 3°C, and then the filling
time started to be counted. If the extraction medium
stored in the pump was depleted during the extrac-
tion, the Valco valve switched automatically and the
pump filling started again. The time of pump filling
was preset to 2 min. When the pump was filled, the
Valco valve was switched again and the pressure was
increased up to the required value. The extraction was
terminated automatically after the preset extraction
time expired.

RESULTS AND DISCUSSION

The needle samples collection and storage is the
most crucial operation of the analyses. The method
for collection of such materials has not been standard-
ized yet, as can be seen from various studies (see lit-
erature). The sampling strategy depends mostly on
the extraction method used, since different amounts
of plant materials are needed for various methods. For
example, 0.01—0.1 g is necessary for the SPME, 0.1—
1 g for SFE, and 1—10 g for the sonication while the
steam distillation requires 10—100 g. Thus, the sam-
ple homogeneity is affected by the amount of a sam-
ple, and various methods are used for the monitoring
of variations in relative distribution of monoterpenes
in the needles, i.e. the lesser is the sample mass, the
higher is the heterogeneity.

Also the storage of needle samples has a great im-
pact on the content of individual monoterpenes. The
needles, although treated immediately after the collec-
tion, must be stored at such temperature, under which
distinct changes do not occur. The effect of temper-
ature on the samples storage was investigated in the
sample of P. omorica needles. The influence of temper-
ature rate from 4°C to —18°C (refrigerator) and also
the storage in liquid nitrogen on quality of results was
investigated. The monoterpenes content decreases ac-
cording to the temperature, at which the sample was
stored, i.e. the lower storage temperature, the less the
monoterpenes content changes. Thus, the refrigerator
was used in further experiments to store the samples.

The optimization study of temperature and pres-
sure extraction conditions of the SFE method was car-
ried out. For the determination of monoterpenes in
spruce needles, the pressure 20 MPa and the extrac-
tion cell temperature 80°C were found to be the most
suitable. At higher temperatures, high-molecular com-
pounds were coextracted, which caused problems both
during the extraction (restrictor plugging) and during
the GC analysis.

Several modifiers (methanol, ethanol, acetonitrile,
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Fig. 2. The effect of sample preparation method on the amount
(@) and representation (b) of monoterpenes in P. abies.

acetone, dichloromethane, chloroform, hexane, tolu-
ene) were also tested, but the nonmodified CO2 pro-
vides more selective extraction with sufficient ex-
traction efficiency. With modifiers, waxes were coex-
tracted, which caused problems with restrictor plug-
ging and during GC analyses.

The amount of individual monoterpenes in essen-
tial oils depends on a particle size and on the sample
preparation method. The needle samples of P. abies
and P. omorica were extracted in the form of whole
needles, needles cut into small pieces (= 1.5 mm), and
needles cryogenically ground under liquid nitrogen (=~
10 pm). The results are presented in Figs. 2 and 3.

The highest amount of monoterpenes was obtained
in the case of the ground samples, lesser for the
cut samples and the lowest extraction efficiency was
gained in the case of whole needles. But at the same
time the best reproducibility was ascertained for the
whole samples, with the RSD of ca. 1.01 %, and in
the case of ground sample (RSD was 7.75 %), while
the worst RSD was obtained for cut samples (RSD
22.47 %). Thus, the whole needle samples were used
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Fig. 3. The effect of sample preparation method on the amount
(a) and representation (b) of monoterpenes in P. omor-
ica.

for further measurement and observation of various
dependences, which showed the best RSDs values at
the slightly lower extraction efficiency.

The representation of individual monoterpenes in
P. abies varies according to the sample prepara-
tion method (see Fig. 2b). The content of a-pinene
and camphene increases gradually from the W values
(whole needles) across the G values (ground needles)
to the C values (cut needles). The content of -pinene,
3-carene, and phellandrene increases in the order G,
C, W and the portion of limonene changes from C to
G and W.

As for the monoterpenes from P. omorica, the rep-
resentation of a-pinene, limonene, and phellandrene is
consistent with the results obtained for P. abies (cf.
data in Figs. 2 and 3). The representation of 3-carene
varies in the rank of W, G, C| the one of camphene
from C, G, W, and (-pinene from G to C'and W.

In various spruce species from the Pinaceae group
(P. abies, P. omorica, and P. pungens), contents of
six prevailing monoterpenes (a-pinene, 5-pinene, cam-
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Fig. 4. The amount of monoterpenes in the whole needles
of individual cultivars (a) and the dependence of the
amount of obtained monoterpenes in the whole needles
of P. omorica on the extraction procedure (b).

phene, 3-carene, phellandrene, and limonene) were
examined. The results are summarized in Fig. 4a.
As seen from the figure, there are significant differ-
ences among the monoterpene contents of individual
spruce cultivars. In the P. omorica, the mostly rep-
resentative monoterpenes are limonene (34.3 %), a-
pinene (30.4 %), and camphene (30.1 %). Camphene
(44.5 %), limonene (24.5 %), and a-pinene (24.7 %)
are the most representative monoterpenes in P. abies.
And finally, limonene (51.5 %), camphene (29.1 %),
and a-pinene (18.2 %) are the most representative
monoterpenes in P. pungens spruce. In all the spruce
cultivars, the content of monoterpenes decreases fur-
ther from [-pinene through phellandrene to 3-carene,
which is the least representative one.

The dependences of the monoterpenes amounts on
the sample extraction method were investigated us-
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ing four extraction methods. The highest amounts of
monoterpenes (447.2 ug g~1) were obtained by means
of supercritical fluid extraction (pressure 20 MPa,
temperature 80°C, extraction time 60 min) and wvia
the steam distillation (274.61 pg g~!) according to
CSN 58 0110 (extraction time 4 h). One order of mag-
nitude lower results (24.93 ug g=1) were obtained by
sonication (extraction time 4 h) and the lowest recov-
ery was gained by means of the extraction into the
fluttered solvent (6.72 ug g~!). The sonication and
SFE methods had the best reproducibility with RSDs
1.87 % and 3.27 %, respectively. The other two meth-
ods, steam distillation and extraction to the fluttered
solvent, had very poor reproducibility, RSDs 18.03 %
and 17.65 %, respectively. The used extraction method
was found to have a great influence on the represen-
tation of individual monoterpenes. The results for the
whole needles of P. omorica spruce are in Fig. 4b.

CONCLUSION

The collection and storage of needle samples has
been shown as the most important part of the analy-
ses. The samples were cooled immediately after pick-
ing up and stored at the temperature, under which
considerable changes do not occur (in the freezer), be-
cause of a significant effect of needles storage. For the
determination of monoterpenes in spruce needles, SFE
from 0.1 g to 1 g amounts of the whole needles was
performed under the pressure 20 MPa and at the tem-
perature 80°C. The best reproducibility (RSD 1.01 %)
but lower extraction efficiencies were ascertained for
the whole needles.

Significant differences were found among the con-
tents of individual monoterpenes in different spruce
cultivars. Limonene (34.3 %), a-pinene (30.4 %), and
camphene (30.1 %); camphene (44.5 %), limonene
(24.5 %), and a-pinene (24.7 %), and finally, limonene
(51.5 %), camphene (29.1 %), and a-pinene (18.2 %)
are the main monoterpenes in P. omorica, P. abies,
and P. pungens cultivars, respectively.

The efficiencies of four separation methods for
the extraction of monoterpenes from needles (the su-
percritical fluid extraction, steam distillation, sonica-
tion, and extraction into the fluttered solvent) were
compared. It was found that the highest amount of
monoterpenes was extracted by means of SFE (447.72
pg g~1) and also the RSD of this method is favourable
(3.72 %). The used extraction method has also a great
impact on the representation of monoterpenes.

Thus, SFE has been shown as a dynamically evolv-
ing separation technique, which is very suitable for the
extraction of monoterpenes from coniferous needles.
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