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Abstract Supercritical fluid extraction (SFE) of tea seed
oil was performed to study the effects of various param-
eters such as pressure, temperature, extraction time (dy-
namic) and modifier (ethanol) on the yield and compo-
sition of the oil. The results were also compared with
those obtained by Soxhlet extraction, ultrasonic extrac-
tion, and DGF (Deutsche Gesellschaft f�r Fettwissen-
schaft) standard method B-I5 (87) in lab conditions. The
yield of tea seed oil obtained using SFE was similar to
or higher than the other methods. The results from SFE
showed that the modifier and pressure have significant
effects on the extraction efficiency. The oil extracted by
SFE in the absence of modifier was clearer than the oils
obtained in other conditions. The fatty acid composition
of each extract was determined by gas chromatography.
Palmitic (C16:0), stearic (C18:0), oleic (C18:1), linoleic
(C18:2) and gadoleic (C20:1) fatty acids were observed in
the oil samples. Since it contains high-unsaturated fatty
acids (UFA) and low saturated fatty acids (SFA), edible
tea seed oil is also relatively healthy.
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Introduction

Lipids have important uses in all cells as structural
components, and nutritional interest in the lipid compo-
sitions of vegetable oils has been steadily increasing in
recent years [1].

Camellia tea seeds have been utilized in China for
more than a thousand years. Tea oil is the main cooking
oil in China’s southern provinces, especially Hunan,
where more than 50% of the vegetable cooking oil comes
from camellia. Tea oil is a high quality cooking oil, like
olive oil, and it stores well at room temperature. Tea oil is
a good raw material for industrial use and is used to
manufacture soap, margarine, hair oil, lubricants, paint, in
the syntheses of other high-molecular weight compounds,
and in rustproof oil [2].

Several studies have been devoted to tea seed oil com-
position. Palmitic (C16:0), stearic (C18:0), oleic (C18:1),
and linoleic (C18:2) fatty acids have been found in tea
seed oil obtained from different areas [3, 4, 5].

The extraction of natural products using carbon dioxide
in the near- or supercritical state (supercritical fluid ex-
traction, SFE) has received much recent attention. Super-
critical separation technology that uses carbon dioxide as
the solvent allows not only the design of environment-
friendly processes, but also the processing of biologi-
cal materials (carbon dioxide has a near-ambient critical
temperature), and the possibility of obtaining products free
of solvent residuals [6]. Because SFE has several distinctly
advantageous properties, such as relatively low viscosity
and high diffusivity, it is regarded as a promising alter-
native to conventional solvent extraction methods. SFE
can penetrate into the pores of solid materials more ef-
fectively than techniques based upon liquid solvents, so it
enables much faster mass transfer, resulting in faster ex-
tractions. For instance, the extraction time can be reduced
from hours or days for a liquid-solid extraction (LSE) to
a few tens of minutes for SFE, with comparable or bet-
ter recoveries. Also, in SFE, fresh fluid is continuously
pumped through the samples, so it can provide quantita-
tive or complete extraction, and the solvation power of the
fluid can be manipulated by changing pressure and/or
temperature, facilitating a remarkably high selectivity.
Solutes dissolved in supercritical CO2 can be easily sep-
arated by depressurization, and use of SFE eliminates or
significantly reduces the need for environmentally hostile
organic solvents [7, 8, 9, 10].
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Over the last few years, numerous applications of the
extraction of oily substances from different raw materials
such as hazelnut [1], celery seed [11], cherry seed [12],
microalgae spirulina [13], ground beef [14], grape seed
[15], meat and cheese products and oilseeds [16], as well
as coriander seed oil [17] have been reported in the lit-
erature.

The object of this work was to compare the results
from SFE with those from Soxhlet extraction, ultrasonic
extraction, and DGF standard method B-I 5(87). The in-
fluences of parameters such as temperature, pressure,
dynamic extraction time, and modifier on the SFE of tea
seed oil were also studied. The aim was to achieve the
following goals: (i) to find suitable extraction parameters
for the SFE of tea seed oil; (ii) to determine the fatty acid
composition of tea seed oil.

Experimental

Materials

Tea seeds (Lahijan variety) were obtained from the Lahijan Tea
Research Center of Iran. The seeds were dried in the shade until
they reached a moisture content of 7%, and then these dried seeds
were maintained at �10 �C until test time. Standards for palmitic,
stearic, oleic, linoleic, gadoleic, and margaric acids were obtained
from Aldrich or Sigma (USA). Hexane and petroleum benzene
were of analytical grade and were obtained from Merck Chemical
Co. (Germany). An Elma Transsonic model 690/H ultrasonic bath
(Germany) was used to extraction the tea seed oil by ultrasonica-
tion.

A Suprex MPS/225 system (Pittsburg, KS, USA) operated in the
SFE mode was used for all of the extractions. In this study, ex-
tractions were accomplished with a 10 ml extraction vessel. Nine
extractions were carried out at constant static time of 20 min,
temperatures of 60, 70, and 80 �C, pressures of 300, 350, and
400 atm, and dynamic times of 20, 30, and 40 min. Ethanol at two
different concentrations (7.5 and 15%) were used as modifier.
Table 1 shows the SFE experimental conditions for tea seed oil
extractions. A Duraflow manual variable restrictor (Suprex, USA)
was used in the SFE system to collect the extracted oils. The su-
percritical carbon dioxide flow rate through the Duraflow restrictor
was approximately 1.0€0.1 ml/min (compressed).

The fatty acid methyl esters (FAMEs) were prepared by fol-
lowing the procedure described by Metcalf et al [18]. 50 mg of
extracted oil was saponified with 5 ml methanolic NaOH (2%)
solution by refluxing for 10 min at 90 �C. After the addition of
2.2 ml BF3-methanolic, the sample was boiled for 5 min. The

FAMEs were extracted from a salt-saturated mixture with hexane.
The FAMEs were then analyzed using a gas chromatograph
(UNICAM model 4600, England) coupled with a FID detector. The
column used for oil separation was a fused silica BPX70 column,
30 m�0.22 mm i.d.�0.25 mm film thickness (from SGE). The oven
temperature was held at 180 �C during separation; the injector and
detector temperatures were 250 and 260 �C, respectively. The
carrier gas (helium) flow rate was 1 ml/min. Two microliters of
methyl esters of free fatty acids were injected into the split injector.
The split ratio was adjusted to 1:50. The compounds were identified
by comparison of retention time with authentic compounds. The
internal standard C17:0 was used in the quantitative analysis of the
extracted oils.

DGF standard method B-I (87)

5 g of the seeds were milled using a laboratory mill. 20 ml of light
petroleum benzene (50–70 �C) was used during milling, and a
further 50 ml was used to transfer the ground sample into a filter
cup. The extraction was then carried out for 4 h in Twisselmann
extraction apparatus. After extraction, the solvent was evaporated
and the extract was dried at 103 �C to remove residual solvent,
cooled for 30 min in a desiccator, and then weighed. This procedure
was repeated until a constant extract weight was obtained [19].

Soxhlet extraction

For Soxhlet extraction, 2 g of milled tea-seeds were weighed out
and then dried in an oven at a temperature of 103 �C. The dried
sample was placed in an extraction thimble and then Soxhlet ex-
tracted for 7.5 h using 150 ml petroleum benzene (50–70 �C). After
extraction, the solvent was evaporated and the extract was dried at
103 �C to remove residual solvent, cooled for 30 min in a desic-
cator, and weighed. This procedure was repeated until a constant
extract weight was obtained.

Sonication procedure

5 g of the milled seeds were mixed with 70 ml petroleum benzene
(50–70 �C). The mixture was then sonicated in an ultrasonic bath
for 30 min. After extraction the solvent was evaporated and the
extract was dried according to the method above.

Supercritical fluid extraction (SFE)

Exactly 2.0000 g (€0.1 mg) of powdered plant material (mesh 40)
was weighed out, and after mixing with an appropriate amount of
glass beads, was placed in the extraction vessel (10 ml). The ex-
traction was then performed with supercritical carbon dioxide under
the nine conditions mentioned in Table 1. The extracted analytes

Table 1 The four factor, three
level (L9) orthogonal array de-
sign for the SCF extraction of
tea seed oil a

Run
Number

Pressure
(bar)

Temperature
(�C)

Dynamic time
(min)

Modifier
(%)

Yield
(%)b

1 300 60 20 0 7.1
2 300 70 30 7.5 13.5
3 300 80 40 15 28.6
4 350 60 30 15 31.6
5 350 70 40 0 19.6
6 350 80 20 7.5 24.5
7 400 60 40 7.5 30.0
8 400 70 20 15 31.4
9 400 80 30 0 23.7
a Extraction yields for Soxhlet, sonication, and DGF standard method were 30.3€0.2, 21.0€0.2, and
23.3€0.3%, respectively; b Relative standard deviations (%RSD) for the three replicate extractions
were in the range 1–5%
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were collected in 3 ml of hexane in 5 ml volumetric flasks. The
final volumes of the extracted analytes were adjusted to 5 ml with
hexane at the end of the extraction. In order to increase collection
efficiency, the volumetric flask was placed in an ice bath during the
dynamic time. For all of the modifier studies, ethanol was spiked
directly into the extraction vessel with charged samples prior to
extraction.

Results and discussion

Soxhlet extraction has traditionally been used to extract
oils. In this study, we compare the efficiency of this
method with other extraction methods, especially SFE.

Since various parameters can potentially affect the
extraction process, optimization of the experimental con-
ditions is a critical step in the development of the SFE
method. In fact, the fluid pressures and temperatures, the
percentage of modifier and the extraction times are gen-
erally considered to be the most important factors. The
optimization of the method can be carried out step-by-
step or by using an experimental design. Table 1 shows
different conditions for SFE experiments carried out to
extract tea seed oil according to the Taguchi experimental
design [20]. All of the selected factors were examined
using a three-level orthogonal array design with a L9 (34)

matrix. In this study, interactions among variables were
not incorporated into the matrix, and we focused on the
main effects of the four most important factors [20, 21].

The extraction yields from the different methods—
SFE, Soxhlet, Sonication and DGF method B-I 5(87)—
are shown in Table 1. The results shown in Table 1
were transformed into those in Table 2 after analysis of
variance (ANOVA) was carried out on the results. The
ANOVA results from this experiment indicate that the
modifier and the pressure play an important role in SFE.

The mean extraction yields for the corresponding
factors at each level were calculated according to the
assignment of the experiment (Fig. 1). For example, the
extraction yields of the three trials at 300 atm were
evaluated as mean values of the corresponding three runs.
The mean values of the three levels of each factor (such as
pressure) reveal how the extraction yield changes when
the level of that factor is changed. Figure 1 shows the
variation in extraction yield as a function of changes in
the factors studied. Pressure and modifier were found to
be the most important factors, where higher levels of
modifier and pressure significantly increase the yield of
oil, as illustrated in Fig. 1b and Fig. 1c. At lower pres-
sures, the solubility of oil was affected by the vapor
pressure of the oil; apparently the CO2 acts like an ideal

Table 2 ANOVA table for the
SFE experiments (at 95% con-
fidence)

Source of variance Sum of squares Degrees of freedom Mean square F valuea Percent

Pressure 231.1 2 115.6 8.6 39.8
Temperature 26.1 2 13.1 - 4.5
Time 39.9 2 20.0 1.5 6.9
Modifier % 283.3 2 141.7 10.6 48.7
Pooled error 26.9 6 13.5
Total 607.3 14 100
a Critical value of F is 5.16 with 95% confidence level

Fig. 1a–d Effects of dynamic
extraction time (a), percentage
of modifier (ethanol) (b), pres-
sure (c) and temperature (d) on
the yield (%) when extracting
the oil using the SFE method
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gas that does not have any special solvent characteristics
in this case. However, at higher pressures, the solubility
of the oil increased due to the increased density of CO2.
As the density increased, the distance between molecules
decreased and the interaction between the oil and CO2
increased, leading greater oil solubility in CO2 [22].

Depending on the properties of the samples and the
desired compounds, the best modifier can usually be de-
termined via preliminary experiments. At least 17 modi-
fiers have been studied in SFEs of natural products.
Among these modifiers, methanol is the most commonly
used because it is an effective polar modifier and is up to
20% miscible with CO2 [7]. However, as our preliminary
experiments showed, methanol wasn’t a good modifier in
this case. We decided upon ethanol instead, because it is
safe, commonly available, and inexpensive [15]. When
the modifier was used in the SFE, the extraction yield was
higher and the oil was darker. This influence of the
modifier on the oil can be explained by the fact that the
modifier (ethanol) increases the extraction of some polar
compounds (such as polyphenols). The temperature did
not influence the yield of oil (Fig. 1d, Table 2) signifi-
cantly, although higher temperatures appear to be unfa-
vorable to the extraction of UFAs.

Soxhlet extraction has been traditionally used to de-
termine total oil. Therefore the yield of oil in the Soxhlet
extraction may be more than the other methods. The yield
of oil from Soxhlet extraction was found to be 30.3€0.2%
(see Table 1). This indicates that the SFE efficiency is
about 54% (16.4% with pure CO2) of that of Soxhlet
extraction, while the color is almost the same. Also, the
yields gained by sonication and the DGF standard method
were found to be 21.0€0.2 and 23.3€0.3 %, respectively
(see Table 1). This indicates that the SFE efficiency is
about 78% of that of sonication, and about 70% of that of
the DGF standard method, with the same color and fatty
acid compositions. These results are acceptable, since
pure CO2 was used as supercritical fluid in this case.
Addition of 15% modifier (ethanol) increased the ex-
traction yield from SFE to the same level as Soxhlet—
higher than the sonication and DGF standard methods,
although the oil darkened. Our future work on the tea
seeds may include improving the purification of the oil.

In Table 3, the fatty acid contents of the oils extracted
by the different methods—SFE, Soxhlet, sonication and
DGF standard method B-I 5(87)—are shown. Palmitic
(C16:0), stearic (C18:0), oleic (C18:1), linoleic (C18:2)
and gadoleic (C20:1) fatty acids were identified in the tea
seed oil by gas chromatography, as previously reported
[3]. The major fatty acid (at 50% of total oil) in the oil
was oleic acid. The proportions of unsaturated fatty acids
(UFA) and saturated fatty acids (SFA) in the extracted
oils were 58.1–71.7% and 17.4–23.7%, respectively. As
shown in Table 3, the differences in the compositions of
the SFAs and UFAs from oils extracted with solvent and
pure SF CO2 (or modified CO2) were minor.

Conclusions

In conclusion, SFE is a very useful method for extracting
valuable pure tea seed oil without any remaining organic
solvents (such as hexane or petroleum benzene). The
greener nature of SF CO2 makes it a desirable option
when compared with traditional organic solvent extrac-
tions. Furthermore, it is safer, and a one-step process. SFE
uses lower input energy than the Soxhlet method, so the
operating cost is lower for SFE. A complete and detailed
economic study is required in this area. The yield of oil
depends on the pressure and the type and amount of
modifier applied during extraction. The extraction effi-
ciency by SF CO2 is 54% of that obtained using Soxhlet,
although this can be increased to the same efficiency as
Soxhlet by adding 15% ethanol (although the oil becomes
darker, probably due to the presence of some contaminant
polar compounds).
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