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1 Introduction

The steadily increasing consumption of crude oil and appar-
ent insecurity in the supply and price of foreign petroleum
during the late 1970’s have boosted research on the substitu-
tion of traditional hydrocarbon fuels by alternative renewable
resources for feedstock chemicals [1].

Euphorbia rigida, a member of the Euphorbiaceae family, is
one such renewable source. Not suited for food production it
grows abundantly in arid and semi-arid regions in western
and south-western Anatolia, Turkey [2–4]. This family of
plants includes roughly 2000 species, ranging from small
herbs to large trees. The majority of them can produce a
milky latex that yields wide range of chemical such as rubber,
oils, terpenes, waxes, hydrocarbons, starch, resins, tannins,
and balsams of interest to various industries. In recent years
Euphorbia species have become attractive as petro-crops
because of their hydrocarbon potential. Several species of
Euphorbia such asEuphorbia lathyrisand Euphorbia tiru-
calli are being cultivated to evaluate their potential as bio-
sources of chemical feedstock [2, 5, 6].

Soxhlet extraction and pyrolytic conversion are the tradi-
tional methods for extraction of bio-oil and natural products
from the plant material, but the former is labor intensive and
time consuming, requires large volumes of solvents, and pol-
lutes the environment [7–9]. Pyrolytic techniques are equally
undesirable due to the high temperatures used, also entailing
loss of essential oils. With the demand for more environmen-
tally friendly methods and increased productivity, supercriti-
cal fluid extraction (SFE) has been evaluated. This method
offers several advantages, such as low viscosities, high diffu-
sivities and fast mass transfer, leading to rapid extraction.
Although many supercritical fluids have been used in SFE,
the most popular one is CO2 because of its easily attainable
supercritical condition at 75.3 atm and 318C. Carbon dioxide
is also readily available in a highly pure state. It is inexpen-
sive, non-polar, non-toxic, chemically inert, and is able to
solvate a wide range of organic compounds including those
having higher molecular mass. However, the limitation of
CO2 is that the polar organic compounds are often difficult to
extract from plant materials though they are soluble in super-
critical CO2. The extraction of polar molecules requires addi-
tion of a modifier, most commonly methanol [10–13].

In this study, supercritical CO2 was used to extract aliphatic
hydrocarbons with recoveries comparable to those of other
conventional extraction techniques [13–15]. After SFE of
Euphorbia rigida, quantitative analysis of the hydrocarbons
was performed by gas chromatography. Finally, GC/MS ana-
lysis was undertaken to confirm the identity of the hydrocar-
bons and some of the polar compounds such as aldehydes,
alcohols, esters,etc.

2 Experimental

2.1 Sample

Euphorbia rigidawas collected from south-western Anatolia
between Afyon and Denizli. The plants were harvested
between April to June, dried, and stored in a cool and a dark
room for six months. The plants’ leaves and stalks were
ground in a blender to produce a fine powder.

2.2 Extraction Procedure

Supercritical fluid extractions were performed using SFE
grade CO2 and an Isco Model 100 D syringe pump operated
at 400 atm; CO2 was cooled to –108C and –58C (Julabo F10
cooler). The plant material was mixed with (1:1) glass beads
(Alltech Associates, 100lm o.d. silanized) prior to loading
into an extraction cell (2.2 mL volume cell from Keystone
Scientific). The cell was placed in an extractor (Isco SFX-
2.10) which consists of a temperature controller, a vent valve,
an on/off valve, an extraction cell, and another on/off valve
to maintain the extraction cell at the required temperature.
The extractor was connected with the restrictor via a finger-
tight union (Keystone). The flow rate of the supercritical
fluid through the extraction cell was measured as liquid CO2

at the pump and was controlled by 10 cm long restrictors
(30 lm i.d.) cut from fused-silica tubing. Extracted analytes
were collected in a 21 mL collection vial with a screw cap
(with a hole) and PTFE-laminated silicon septa. Methylene
chloride (5 mL) was used as a trapping solvent.

The plant material was sequentially extracted with pure CO2

(at 400 atm, 508C) for 30 min, followed by CO2 + 10%
CH3OH (v/v) (at 400 atm, 508C) first in the static mode for
15 min to accomplish equilibrium in the cell and subsequently
in the dynamic mode for 30 min. Fractions were collected at
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settime intervalsfor both thepureCO2 andCH3OH-modified
CO2 extractions.Theaccuracyof thetemperatureandthepres-
suremeasurements(of the full scaleof thepump)were l18C
andl2%, respectively. Measurementswere carriedout in tri-
plicatewith astandard deviationof lessthan0.6%.

After SFE, the sample (residue) was removed from the
extractioncell andplacedin a vial andsonicatedwith 10 mL
of CH2Cl2 for 4 h. Thesolvent wasthenevaporatedto 1.5mL
and C19-nonadecanewas addedas internal standard to the
sample for GC-FID analysis. The SFE recoveries from
Euphorbia rigida were thencomparedwith the hydrocarbon
recoveriesobtainedby theSoxhletprocess.

To determine100% recovery, the plant material (1 g) was
placedin a cellulosethimble, transferredto a Soxhlet extrac-
tor andextractedfor 8 h with 75mL CH2Cl2. A vacuumeva-
poratorwasthenusedfor evaporationof thesolventat 308C.
The SFE and Soxhlet extractswere fractionatedin a silica-
gel columnwith pentaneto recoverthehydrocarbonfraction.
First, silica-gel (Fisons, 30–70 mesh) was dried at 1708C
and then placedin a chromatographiccolumn (45cm61.6
cm i. d.). Samples were loaded onto the column and eluted
with 75 mL pentane. Fractionswere collected in a 100mL
flask andpentanewasevaporatedoff at 308C under vacuum.

UV spectra(UnicamUV2-100) were recordedin CH3OH by
using1 cm3 cell. An appropriatewavelength range(190nm–
900nm) waschosento analyzetheextracts.

GC-FID analysis was performed (Hewlett-Packard 5890)
with helium as carrier gas on a BP1 capillary column
(25m60.32mm i.d.; 0.5 lm film thickness) from SGE
(Scientific GlassEngineering). The injectionport anddetec-
tor were both heatedat 3108C. The GC oven was ramped
from 408C (2 min hold) at 15 K min–1 to 3008C. The split-
lessinjection mode wasused. Quantitative determination of
the hydrocarbonswas basedon comparison of peak areas
with those of the internal standard. An n-alkane standard
from C14 to C40 (Aldrich) (2.91mg each) was preparedin
pentane(10mL) andstoredin a refrigeratorat 58C.

GC/MS analysis was carried out on a Carlo Erba model
HRGC5160 anda VG-Trio 1000 (Fisons)massspectrometer.
A BPX5 capillary column (SGE; 25m60.32mm i.d.;
0.5lm film thickness)wasused. Themassspectrometerwas
set to scanbetweenm/z 40 and 400, total ion current (TIC)
and selective ion monitoring (SIM) modes; the electron-
impactionizing voltagewas70 eV.

3 Resultsand Discussion

3.1 Fractionation

The yield of Soxhlet extractionof 1 g of Euphorbia rigida
86.4mg g–1 and that of SFE was 74.9mg g–1. Thesewere
further fractionatedusinga silica-gelcolumn with pentaneas
eluent. As can be seen from Table 1, the percentage of
extractable hydrocarbons obtained by Soxhlet extraction

(0.19%)waslower thanby SFE(0.21%). Theyield of hydro-
carbonsafter columnfractionationfrom SFEwas0.27wt %,
i. e. 30% more hydrocarbons than the Soxhlet (0.19%)
extract.Thus,supercritical CO2 extractedthe majority of the
hydrocarbons.The modifier wasusedto recovermorepolar
high molecularweighthydrocarbons.

Not all of theextractablematerial consistedof hydrocarbons;
some pigments such as taraxanthin (413nm), lycopene
(456nm), andchlorophyll (a) (665nm) arealsoextracted, as
determinedby UV spectroscopy[16].

3.2 GC-FID of SFEandSoxhlet Extracts

The hydrocarbons pre-fractionated with pentane using a
silica-gel column were determined by GC with the aid of
externalandinternalstandards(Table 2, Figure 1, Figure 2).

Table1. The percentagesof extractby SFE and Soxhletand the per-
centagesof hydrocarbonsin SFEandSoxhlet.

Extraction
Type

Conditions Extractableplant
material(wt %)

Extractablehydrocar-
bonsfrom plant(wt %)

SFE CO2/508C 4.02l 0.60a) 0.21l 0.04a)

CO2 + 10% 1.99l 0.13a) 0.06l 0.003a)

CH3OH/508C
Residueb) 1.48l 0.22a) –

Soxhlet 8 h/CH2Cl2 8.64l 0.039a) 0.19l 0.02a)

a) Valuesin l arethestandarddeviationof triplicateextractions.
b) Sonicationof plantresiduein CH2Cl2 for 4 h.

Table2. Comparisonof CO2, CO2 + 10% CH3OH, sonication in
CH2Cl2, andSoxhlettherecoveryof thequantitationof thehydrocarbons
from Euphorbiarigida.

Species Concentration(lg g– 1)
CO2

a) CO2+10%CH3OHb) Soxhletc)

C13 5.8 ND ND
C15 2.3 ND ND
C20 8.7 ND 9.9
C21 3.9 ND 2.6
C22 ND ND 11.0
C23 16.2 ND 35.9
C24 ND ND 32.8
C25 23.9 4.6 31.9
C26 3.6 ND 7.3
C27 11.7 3.1 24.4
C28 32.7 ND 6.4
C29 672 10.4 486
C30 2.3 ND ND
C31 73.4 8.4 88.1
C33 26.3 2.1 27.1

See Figure 1 and Figure 2 for chromatographicresults. ND = not
detected.

a) Sampleextractedat 400atm,508C CO2 for 30min.
b) Sampleextractedat 400atm,508C CO2 + 10%CH3OH for 30min.
c) Sampleextractedwith Soxhletapparatus,8 h, in CH2Cl2.
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The recovery of hydrocarbons from the SFE-CO2 extract
(0.88mg g–1) is higherthanthatof SFE-CO2 + CH3OH modi-
fier (0.029mg g–1) andof Soxhlet extraction (0.76mg g–1).

3.3 GC/MSof SFE-CO2 Extract

The SFEextractsanalyzed by GC/MS (Figure 3). Although
thetotal ion currentchromatogramis quitecomplex andcon-
tains several overlapping peaks (including a large hump at
22–24min), thereconstructedselected ion current chromato-
gramsfor alkanes (m/e= 57) and alkenes(m/e= 55) show
clearly resolvedchromatographic peaksthat could be used
for quantification of the individual species[17]. This extract
consistsof somealkanes,alkenes, anda free fatty acid,alco-
hols,an ester, an aldehyde,andsometetracyclic triterpenoid
compounds(Table 3).

4 Conclusions

SFE has been shown to successfully extract hydrocarbons
from Euphorbia rigida. SFE was complete within 60min,
which is eight times faster than Soxhlet extraction. This
methodwaseasier to performandinexpensive; moreover, the
consumption of solvent(1–2 mL) waslower thanin Soxhlet
extraction (75mL).

Theper-samplecostof SFEgradeCO2 is oftenonly 1 or 2%
of equivalent extraction solvents. For instance, the SFE
extraction of a 1 g sampleat an average CO2 flow rate of
0.21mL min–1 and 30min time requires approximately
0.63g of CO2. This cost is lessthanUS Dollar 0.01 ascom-
paredto US Dollar 5–20 for comparable Soxhlet extraction
solvents.A significantamountof electricenergy canbesaved
aswell. The implementationof SFEcaneliminatelong, high
temperature reflux periods and solvent concentration eva-
porationsteps.Furthermore, laboratoryventing costscanbe
reduced.

Sincesupercritical fluids possesseslow viscosity, high diffu-
sivity andhencefast masstransfer is achieved,this leadsto
rapidextraction thanSoxhlet extraction. The useof CO2 asa

Figure 1. GC analysisof SFEsamplefrom Euphorbiarigida on a BP1
capillary column.A) 508C, 400atm CO2 B) 508C, 400atm CO2 + 10%
CH3OH C) Sonicationin CH2Cl2.

Figure 2. GC analysisof a Soxhletextractfrom Euphorbiarigida on a
BP1capillarycolumn.

Figure 3. Total ion andselectedion GC/MSchromatogramsof extract
of Euphorbiarigida ona BPX5capillarycolumn.

Table3. The identificationof sometetracyclictriterpenoidcompounds
by usingGC/MS(Numbersreferto Figure3).

Numbers Nameof compounds

1 9-Octadecenal
2 1-Eicosanol
3 Heneicosylformate
4 1-Heptacosanol
5 Kauren-18-ol-acetate,(4b)
6 Cholest-8-en-3-ol,14-methyl-,(3b, 5a)-
7 9,19-Cyclolanostan-3-ol,24-methylene,(3b)-
8 9,19-Cyclo-9b-lanostane-3b, 25-diol
9 Ergost-25-ene-3,5,6,12-tetrol,(3b, 5a, 6b, 12b)

10 9,19-Cyclolanost-23-ene-3,25-diol-3-acetate,(3b, 23-E)
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supercritical extraction fluid also reduces hazards to the
environment.
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