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Abstract

This study compares conventional Soxhlet extraction and analytical scale supercritical fluid extraction (SFE) for their yields in extracting
of hydrocarbons from arid-land plantEuphorbia macroclada. The plant material was firstly sequentially extracted with supercritical carbon
dioxide, modified with 10% methanol (v/v) in the optimum conditions that is a pressure of 400 atm and a temperature of 50◦C and then it
was sonicated in methylene chloride for an additional 4 h.E.macrocladawas secondly extracted by using a Soxhlet apparatus at 30◦C for 8 h
in methylene chloride. The validated SFE was then compared to the extraction yield ofE. macrocladawith a Soxhlet extraction by using the
Student’st-test at the 95% confidence level. All of extracts were fractionated with silica-gel in a glass column to get better hydrocarbon yields.
Thus, the highest hydrocarbons yield fromE. macrocladawas achieved with SFE (5.8%) when it compared with Soxhlet extractions (1.1%).
Gas chromatography (GC) analysis was performed to determine the quantitative hydrocarbons from plant material. The greatest quantitative
hydrocarbon recovery from GC was obtained by supercritical carbon dioxide extract (0.6 mg g−1).
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The use of large amounts of highly purified organic haz-
ardous solvents, with high costs of both purchase and dis-
posal, and its use over an extended period can create health
problems. In addition long extraction times are needed, due
to slow analyte diffusion and desorption from the sample
matrix to the extraction fluid. Soxhlet generates dirty ex-
tracts, and the sample preparation has been estimated to con-
stitute about two-thirds of the total time of analysis as well.
As a consequence, there has been an increasing demand for
new better and more environmentally friendly extraction
methods in analytical chemistry[1–11]. Thus, supercriti-
cal fluid extraction (SFE) has received significant attention
as an analytical tool for the extraction of hydrocarbons
from such as plant materials[12–14], soils[15–17], and
coal [18].

Carbon dioxide is the most common supercritical
fluid used for analytical-SFE because of its favorable
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temperature–pressure critical points (31◦C; 75 atm), chemi-
cal inertness, availability, low cost, and safety. Furthermore,
an extraction CO2 can be depressurized to a gas at atmo-
spheric pressure, thus leaving behind the extracted material.
One of the more important advantages of using carbon
dioxide for SFE is that, removal of extraction solvent and
waste disposal are neither a major problem nor expense.
The low polarity of CO2, however, makes it an inappro-
priate extraction solvent for polar compounds. In order to
enhance the solvating power of CO2, the addition of a few
percent of a modifier solvent, most commonly, methanol is
required[11,19–23].

Since the oil crisis of the early 1970s, declining reserves
and instable prices of fossil fuels have boosted the research
for an alternative renewable hydrocarbon resource plants to
replace petroleum all over the world. One of the renewable
hydrocarbon resource plants isEuphorbia macrocladais a
member of the Euphorbiaceae family and it grows abun-
dantly in arid and semi-arid-land regions in Anatolia, Turkey.
This family of plants includes roughly 2000 species, rang-
ing from small herbs to large trees. The most of them can
produce milky latex, which yields wide range of chemical
such as rubber, oils, terpenes, waxes, hydrocarbons, starch,
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resins, tannins, and balsams of interest to various industries
but not use for food production. In last 25 years,Euphorbia
species have become attractive as petro-crops due to their
hydrocarbon potential[12,24–27]. There is not found any
information about the chemical composition ofE. macro-
clada in the literature and this plant was chosen for this
respect.

The objective of this study was to investigate the extrac-
tion of hydrocarbons fromE. macrocladaby using super-
critical fluid extraction with the yield comparable to that of
conventional Soxhlet extraction technique. Then, SFE and
Soxhlet extraction ofE. macroclada, quantitative analysis
of the hydrocarbons was performed by gas chromatog-
raphy (GC). At the end of the characterization, GC/MS
analysis was undertaken to confirm the identity of hydrocar-
bons. In addition to, the validated SFE was then compared
to the extraction yield ofE. macrocladawith a Soxhlet
extraction.

2. Experimental

2.1. Materials

E. macrocladawas collected from near Afyon, Turkey.
The plant was harvested between April and June, dried and
stored in a cool and dark room for 6 months. The plants’
leaves and stalks were ground in a mill to produce a fine
powder.

2.2. Extraction procedures

2.2.1. SFE
Supercritical fluid extractions were operated using pure

CO2 (99.9%) and an Isco Model 260 D syringe pump with
a cooling jacket cooled by a 9505 Model circulating bath
(Polyscience, USA) set at−5◦C. An amount of 1 g of plant
material was mixed with 1 g of prewashed sea sand and
placed into the extraction cell (10.4 ml, Keystone Scientific,
Bellefonte, PA, USA) and the rest of the cell was then filled
with sand. The extraction cell was placed inside a Carlo Erba
GC oven. 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 restrictor (30�m i.d.)
cut from stainless steel tubing (Coopers Needle Works Ltd.,
Birmingham, UK). The restrictor was heated to prevent it
from plugging. Extracted analytes were collected by placing
the outlet of the restrictor into a 21 ml vial containing 5 ml
of methylene chloride.

The plant material was extracted with CO2 at pressures of
200 and 400 atm and at temperatures of 50 and 100◦C. The
optimum yield was obtained at 400 atm and 50◦C and these
parameters was then used for later experiments. For this re-
spect,E. macrocladawas sequentially extracted with pure
CO2 (at 400 atm, 50◦C) for 30 min, followed by CO2+10%
CH3OH (v/v) (at 400 atm, 50◦C) first in the static mode

for 15 min to accomplish equilibrium in the cell and sub-
sequently in the dynamic mode for 30 min. Extracts were
collected at set time intervals for both the pure CO2 and
CO2–CH3OH modified. The accuracy of the temperature
and the pressure measurements (of the full scale of the pump)
were±1◦C and±2%, respectively. Measurements were car-
ried out in triplicate with a relative standard deviation of less
than 9.6%.

After SFE, the sample (residue) was removed from the
extraction cell and placed in a vial and sonicated with 10 ml
of CH2Cl2 for 4 h. The solvent was then evaporated to 1.5 ml
and C12-dodecane was added as internal standard to the
sample for GC–flame ionization detection (FID) analysis.
The SFE recoveries fromE.macrocladawere then compared
with the hydrocarbon recoveries obtained by the Soxhlet
extraction.

2.2.2. Soxhlet
The plant material (1 g) was placed in a cellulose thimble,

transferred to a Soxhlet extractor. The round bottom extrac-
tion flask was filled with 75 ml of methylene chloride, and
extraction at the boiling point was allowed to proceed for
8 h. A vacuum evaporator was then used for evaporation of
the solvent at 30◦C.

2.3. Fractionation procedure

The SFE and Soxhlet extracts were fractionated in a
silica-gel column withn-pentane to recover the hydrocar-
bon fractions. First, silica-gel (60–120 Mesh) was dried
at 170◦C and then placed in a chromatographic column
(40 cm×1.5 cm i.d.). Samples were loaded onto the column
and eluted with 75 mln-pentane. Fractions were collected
in a 100 ml flask andn-pentane was evaporated off at 30◦C
under vacuum.

2.3.1. Chromatographic analysis
GC–flame ionization detection (FID) were performed us-

ing a Hewlett-Packard 5890 gas chromatography with he-
lium as carrier gas on a 25 m BP1 capillary column (SGE,
0.32 mm i.d.; 0.5�m film thickness). Injections were per-
formed in the splitless mode. The oven temperature pro-
gram was 40◦C (2 min hold) followed by a 15◦C min−1

temperature ramp to 300◦C followed by a 20 min hold.
Quantitative determination of the hydrocarbons was based
on comparison of peak areas with those of the internal stan-
dard. Ann-alkane standard from C12 to C40 (Aldrich) was
prepared inn-pentane (10 ml) and stored in a refrigerator
at 4◦C.

GC/MS analysis was carried out on GCQ Finnigan Mat
Model GC and ion-trap-mass spectrometer. A CP-Sil 8
CBMS capillary column (25 m× 0.32 mm i.d.; 0.5�m film
thickness) was used. The mass spectrometer was set to
scan betweenm/z20 and 350, total ion current (TIC), and
selective ion monitoring (SIM) modes, the electron-impact
ionizing voltage was 70 eV.
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3. Results and discussion

3.1. Effect of system temperature and pressure of SFE

At the constant pressure of 400 atm, when the extrac-
tion temperature was elevated from 50 to 100◦C, extraction
yield dropped from 5.1± 9.6% to 2.8 ± 11.5% indicating
that higher extraction yield was achieved at lower extraction
temperature. This result was not surprising since the solvent
strength of a supercritical fluid usually increases with its
density[4]. Therefore, elevated temperatures would result in
a decreased density of supercritical carbon dioxide. Thus, an
extraction temperature of 50◦C was chosen for later exper-
iments because of increased the yield of extract from plant
material.

At the constant temperature of 50◦C, when the extraction
pressure was increased from 200 to 400 atm, the yield rate
of extracts increased from 2.20± 10.8% to 5.1± 9.6% in-
dicating that higher extraction pressures resulted in higher
the yield of the extract. The results were expected because
above the critical point, increasing the pressure at a con-
stant temperature will increase the density of supercritical
CO2 and increase the solvating power of the supercritical
fluid [28]. Moreover, the dielectric constant of CO2 increases
with increasing pressure in the supercritical phase. Thus,
higher pressure would have more extracting capability. Be-
cause a better extraction yield of extracts was achieved at
the extraction pressure of 400 atm, it was chosen for later
experiments.

3.2. Comparison of supercritical fluid and Soxhlet
extractions

After the optimum (temperature and pressure) extrac-
tion conditions of the SFE were determined, this procedure
was compared with the Soxhlet extraction, a conventional
method. SFE were also performed in triplicate and show a
relative standard deviation (R.S.D.) of about 9.6% which are
significantly higher than R.S.D. for five times Soxhlet extrac-
tions (6.5%). The results are shown inTable 1. The extraction
yield of the supercritical fluid and the Soxhlet extractions
were evaluated statistically using the Student’st-test at the
95% confidence level[29–31]. There were no significant dif-
ferences between these two extraction methods in the extrac-
tion yield (5.1% versus 5.7% extract, respectively, for SFE
and Soxhlet extraction) and is attributed to random error.
Thus, the Soxhlet extraction can offer comparative extrac-

Table 1
Comparison of the yield of extracts with SFE and Soxhlet extraction

Extraction
type

Number of
extraction (n)

Extract
(wt.%)

R.S.D.
(%)a

SFE 3 5.1 9.6
Soxhlet 3 5.7 6.5

a R.S.D.: relative standard deviation.

Table 2
The yield of hydrocarbons from SFE and Soxhlet extraction

Extraction
type

Number of
fraction (n)

Hydrocarbon
yield (wt.%)

R.S.D.a

SFE 3 5.8 6.0
Soxhlet 3 1.1 18.6

a R.S.D.: relative standard deviation.

tion yield with supercritical fluid extraction. The variances
of these two extraction methods evaluated using theF-test
at the 95% confidence level indicated that there were no sig-
nificant differences (2.35×10−5 versus 1.37×10−5, respec-
tively, for SFE and Soxhlet extraction method). As a result,
the Soxhlet extraction method gives higher extract yields and
good repeatability than that of supercritical fluid extraction.

3.3. Chromatographic separation and detection

The extracts that were obtained from SFE and Soxhlet
extractions were fractionated using a silica-gel column with
n-pentane as eluent and the results were given inTable 2.

The percentage R.S.D. value of hydrocarbon from Soxh-
let extract (18.6%) was much larger than that of SFE (6.0%).

Table 3
Comparison concentration (�g g−1) of hydrocarbons inE. macroclada
obtained from CO2, CO2 + 10% CH3OH and Soxhlet extractions

Species Concentration (�g g−1)

CO2
a CO2 + 10% CH3OHb Soxhletc

C13 – 1.4 ± 0.1d –
C14 – 1.4 ± 0.1d 2.5 ± 0.1d

C15 – 0.7 ± 0.1d 8.8 ± 0.1d

C16 18.8 ± 0.1d 21.7 ± 0.2d 1.9 ± 0.1d

C17 1.4 ± 0.2d – –
C18 13.0 ± 0.1d 10.1 ± 0.1d 4.3 ± 0.1d

C19 5.8 ± 0.1d 2.9 ± 0.1d 9.4 ± 0.1d

C20 59.2 ± 0.1d 53.4 ± 0.1d 11.4 ± 0.1d

C21 2.9 ± 0.1d 5.8 ± 0.1d 3.7 ± 0.1d

C22 49.1 ± 0.2d 15.9 ± 0.1d 5.2 ± 0.1d

C23 4.3 ± 0.1d – 6.0 ± 0.1d

C24 7.2 ± 0.1d 2.9 ± 0.1d 5.5 ± 0.1d

C25 14.4 ± 0.2d 1.4 ± 0.1d 18.4 ± 0.1d

C26 180.4± 0.1d 176.1± 0.2d 15.8 ± 0.1d

C27 7.2 ± 0.1d 1.4 ± 0.1d 11.8 ± 0.1d

C28 64.9 ± 0.1d 10.1 ± 0.1d 17.9 ± 0.1d

C29 5.8 ± 0.1d 8.7 ± 0.1d 3.3 ± 0.1d

C30 26.0 ± 0.1d 11.6 ± 0.1d 3.1 ± 0.1d

C31 13.0 ± 0.1d 2.2 ± 0.1d 16.5 ± 0.1d

C32 1.4 ± 0.1d – 8.7 ± 0.1d

C33 – – –
C34 20.2 ± 0.1d – 0.3 ± 0.1d

C35 57.7 ± 0.1d – 0.3 ± 0.1d

C36 – – 0.1 ± 0.1d

a Sample extracted at 400 atm, 50◦C CO2 for 30 min.
b Sample extracted at 400 atm, 50◦C CO2 + 10% CH3OH for 30 min.
c Sample extracted with Soxhlet apparatus, 30◦C with 75 ml CH2Cl2

for 8 h.
d Values in± are the standard deviation of triplicate injection.
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Fig. 1. Total ion and selected ion GC/MS chromatograms of extract of
E. macrocladaon a CP-Sil 8 CBMS capillary column.

The high R.S.D. for hydrocarbon from Soxhlet is due to the
small concentration of hydrocarbons. The yield of hydrocar-
bons after column fractionation from SFE was 5.81 wt.%,
i.e. 82% more hydrocarbons than that of Soxhlet (1.1 wt.%)
extract. Thus, supercritical CO2 extracted the majority of
the hydrocarbons and SFE showed excellent precision (6.0
versus 18.6). It is much more selective than Soxhlet hydro-
carbon fraction.

The hydrocarbons obtained from column fractionation of
extracts were quantitatively determined by GC with aid of
external and internal standards (Table 3). The yield of hy-
drocarbons from the SFE-CO2 extract (0.6 mg g−1) is higher
than that of SFE-CO2 + CH3OH modifier (0.3 mg g−1) and
of Soxhlet extraction (0.2 mg g−1). This result is well agree-
ment with fractionation results. As shown inTable 3, the dis-
tributions of hydrocarbons, which are in a maximum range
of C20–C31 and in a minimum range of C13–C20 were ob-
tained forE. macroclada.

The SFE extracts, which is including the highest amount
of hydrocarbons, were analyzed by GC/MS (Fig. 1). Anal-
ysis of extracts by GC/MS showed that, in most cases, the
total ion chromatogram (TIC) contained many chromato-
graphic background was such that peaks due to hydrocar-
bons could not be detected (resolved) at all. It was possi-
ble to confirm by monitoring selected ions (m/e= 57, for
alkanes andm/e = 55, for alkenes) for the hydrocarbons of
interest.

4. Conclusions

This study demonstrated that SFE is suitable for the rou-
tine extraction of hydrocarbons from plant material. The
most striking advantages of analytical-SFE over conven-
tional Soxhlet extraction were in the selectivity of the ex-
traction, much cleaner extracts (seeFig. 1), less time (1 h
instead of 8 h), and less hazardous organic solvent (5 ml in-
stead of 75 ml).

Although the extraction yields obtained by conventional
Soxhlet extraction, were higher than those of obtained by
supercritical fluid extraction and also showed higher accu-
racy (5.7% versus 5.1%) and precision (6.5 versus 9.6) than
supercritical fluid extraction, after column fractionation of
these extracts, SFE extract showed higher hydrocarbon yield
(5.8% versus 1.1%) than Soxhlet extract and SFE method
was also exhibited excellent precision (6.0 versus 18.6) than
Soxhlet extraction method.
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by Eskişehir-Anadolu University for the Scientific Research
Projects (Project No. AUAF 011073) is also acknowledged.

References

[1] K. Hartonen, G. Meissner, T. Kesälä, M.-L. Riekkola, J. Microcolumn
Sep. 12 (2000) 412.

[2] E. Björklund, T. Nilsson, S. Bøwadt, Trends Anal. Chem. 19 (2000)
434.

[3] J.L. Snyder, R.L. Grob, M.E. McNally, T.S. Oostdyk, Anal. Chem.
64 (1992) 1940.

[4] M.A. McHugg, V.J. Krukonis, Supercritical Fluid Extraction, Prin-
ciples and Practice, Butterworths Publishers, Stoneham, USA, 1986.

[5] J.R. Dean, G. Xiong, Trends Anal. Chem. 19 (2000) 553.
[6] O.P. Heemken, N. Theobald, B.W. Wenclawiak, Anal. Chem. 69

(1997) 2171.
[7] L. Sun, H.K. Lee, J. Chromatogr. A 1014 (2003) 165.
[8] V. Camel, Analyst 126 (2001) 1182.
[9] N. Aghel, Y. Yamini, A. Hadjiakhoondi, S.M. Pourmortazavi, Talanta

62 (2004) 407.
[10] P. Ambrosino, F. Galvano, V. Fogliano, A. Logrieco, R. Fresa, A.

Ritieni, Talanta 62 (2004) 523.
[11] Q. Lang, C.M. Wai, Talanta 53 (2001) 771.
[12] A. Özcan, A.S. Özcan, J. High Resolut. Chromatogr. 23 (2000) 397.
[13] G.D.P.S. Augustus, M. Jayabalan, G.J. Seiler, Biomass Bioenergy 24

(2003) 437.
[14] G.A. Scora, M. Ahmed, R.W. Scora, Ind. Crop Prod. 4 (1995) 179.
[15] M.D. Burford, S.B. Hawthorne, D.J. Miller, J. Chromatogr. 685

(1994) 95.
[16] S.E. Eckert-Tilotta, S.B. Hawthorne, D.J. Miller, Fuel 72 (1993)

1015.
[17] S.B. Hawthorne, C.B. Grabanski, E. Martin, D.J. Miller, J. Chro-

matogr. A 892 (2000) 421.
[18] M.G.R. Vale, L.P. Luz, A.F. Martins, E.B. Caramão, C. Dariva, J.V.

de Oliveira, J. Microcolumn Sep. 10 (1998) 259.
[19] M.D. David, J.N. Seiber, Anal. Chem. 68 (1996) 3038.
[20] S. Scalia, L. Giuffreda, P. Pallado, J. Pharm. Biomed. Anal. 21

(1999) 549.
[21] M.L. Jeong, D.J. Chesney, J. Supercrit. Fluids 16 (1999) 33.
[22] A. Koinecke, R. Kreuzig, M. Bahadir, J. Chromatogr. A 786 (1997)

155.
[23] P.R. Eckard, L.T. Taylor, J. High Resolut. Chromatogr. 22 (1999)

469.
[24] E.K. Nemethy, J.W. Otvos, M. Calvin, Pure Appl. Chem. 53 (1981)

1101.



A. Özcan, A.S. Özcan / Talanta 64 (2004) 491–495 495

[25] M. Calvin, Pure Appl. Chem. 50 (1978) 407.
[26] A. Özcan, A.E. Pütün, K.D. Bartle, E. Pütün, Energy Sources 22

(2000) 809.
[27] A.E. Pütün, A. Özcan, H.F. Gerçel, E. Pütün, Fuel 80 (2001) 1371.
[28] M.D. Luque de Castro, M. Valcárcel, M.T. Tena, Analytical Super-

critical Fluid Extraction, Springer Verlag, Berlin, Germany, 1994.

[29] D.A. Skoog, D.M. West, F.J. Holler, Fundamentals of Analytical
Chemistry, seventh ed., Saunders College Publishing, Florida, USA,
1996.

[30] T.J. Farrant, Practical Statistics for the Analytical Scientist, Royal
Society of Chemistry, Cambridge, UK, 1997.

[31] J.R. Bowyer, J.D. Pleil, J. Chromatogr. A 787 (1997) 171.


