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Short Report

A Novel Method for Extraction of Oils from Oleaginous Seeds
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Um novo método de extrac@o de 6leos de sementes oleaginosas foi desenvolvido. Este método
estd baseado no uso de solu¢do aquosa de monolaurato de polioxietilenoglicol sorbitano (Tween
20). Comparado com métodos existentes, a nova técnica € rapida e ambientalmente amigdavel. Em
adi¢ao, o 6leo obtido por este método tem as mesmas propriedades fisico-quimicas e composicao
similar aquelas obtidas pelo método cldssico com um melhor potencial antioxidante, revelado

pelo teste DPPH.

A new method of extraction of oils from oleaginous seeds was developed. This method is based
on the use of aqueous solution of polyethylene glycol sorbitan monolaurate (Tween 20). Compared
with existing methods, the new technique is rapid and environmentally friendly. In addition, the
obtained oil by this method has the same physicochemical properties and similar composition as
those obtained by the classical method with a better antioxidant potential revealed by DPPH test.
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Introduction

Lipids have been constituents of human nutrition
from ancient times and their correlation with health is
well established, in addition the importance of oilseeds in
global economy is indisputable.' Then the method of their
extraction is of a great interest and different methods such as
conventional methods,* enzymatic extraction,’ ultrasound
assisted extraction,® microwaves assisted extraction,’
supercritical solvents extraction® or other methods.’ Each
method has shortcomings and advantages.'®

In this paper a new method is developed to extract
oils from seeds. We propose here a clean method by
using surfactants as extraction agent with wetting
properties, dispersion, solubilisation and emulsification for
circumventing the solvents and reducing time. The selected
seeds for this study are those of Nigella sativa. Therefore,
the aim of this study was to test this hypothesis by
determining the influence of surfactant concentration and
treatment time (heating and stirring) on the efficiency of oil
extraction from Nigella sativa seeds. The oils extracted by
conventional method (extraction with hexane) and proposed
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method (extraction with surfactant) were analyzed and
characterized by using classical analytical procedures,
spectroscopic and chromatographic methods.

Experimental
Samples and reagents

The seeds of Nigella sativa were purchased from local
market and were carefully cleaned by hand to remove
foreign materials. The cleaned seeds were dried for 18 h
at 105 °C in an oven, and then ground with a coffee
grinder and passed through a standard sieve of 0.5 mm and
the fine powder obtained was stored at —20 °C until use. All
experiments were performed with the same dried material.
All the chemicals used were of analytical grade and were
purchased from Sigma and Roth (Strasbourg, France).

Conventional extraction (CE)

Soxhlet extraction was employed to determine the oil
yield for comparison with the technique proposed. With
this aim, three extractions were carried out using for each
150 mL of n-hexane and 10 g of the milled seeds. After
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extraction for overnight, the solution was filtered and then
followed by solvent removal in a rotary evaporator under
reduced pressure at 40 °C. The oils obtained were then
dried in the oven at 70 £ 1°C for 2 h, after which they were
cooled in desiccators before weighed and the yields were
calculated. The oil sample was kept at 4 °C in a refrigerator
for further analysis.

Surfactant assisted extraction (SAE)

A 10 g sample was mixed in glass beaker with a
surfactant aqueous solution to the required powder to
solution ratio at different concentrations and the suspension
was stirred (1000 rpm) and heated for a desired time
at constant temperature. After which the mixture was
acidified to pH 4-5 with sulfuric acid (1% m/v) and 3 g
of ammonium sulphate was added to precipitate proteins.
Then the content was boiled for 5 min to reach cloud point
of Tween 20 (76 °C). The sample was left for 30 min to
cool at room temperature, two phases are formed and
the upper oil phase was collected after centrifugation at
2000 x g for 10 min, weighed and stored at 4 °C. In all cases,
control experiments were performed without surfactant
addition and all experiments were performed in triplicates.

Physicochemical analysis of the oil components

Acid, saponification, iodine and peroxide values of
the sample oils were determined, according to AOCS.'
These properties determined for extracted oil obtained at
the optimal operating conditions and the oil extracted by
conventional method.

Gas chromatographic analysis

Fatty acid compositions of the oils extracted by CE and
SAE were determined using gas chromatography (GC)
after derivatization to fatty acid methyl esters (FAME). The
preparation of FAME was performed via transesterification.
Then one milliliter of the test sample was thoroughly mixed
with 1 mL of a 10% (v/v) solution of concentrated H,SO,
in methanol, the mixture was shaken vigorously and then
heated at 110 °C for 2 h in closed vials. After cooling, the
upper phase was separated.

Methyl esters were analyzed by Perkin-Elmer
Gas Chromatography interfaced to Clarus 500 mass
spectrometer equipped with a hydrogen flame ionization
detector. Separation was performed on fused silica capillary
column (30 m x 0.32 mm x 0.25 pum) HP5-MS (crossbond
5% biphenyl, 95% dimethylpolysiloxane). The carrier
gas was helium with a flow rate of 1 mL min’'; split ratio
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was 1:100. The column temperature was programmed as
follow: the initial column temperature was 50 °C, which
was maintained for 1 min, from 50 to 180 °C at 25 °C min’!,
from 180 to 260 °C at 5 °C min' and the detector and
injector temperature held constant at 250 °C.

Identification of fatty acid methyl esters was carried
out by comparison of retention times of unknown peaks
with authentic fatty acid methyl esters. Fatty acid methyl
esters were quantified as percentages of the total methyl
ester peak areas.

Antioxidant activity

The oil samples obtained under optimal conditions
of new method and that obtained with conventional
method were subjected to analysis of their antioxidant
activity using a 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical-scavenging assay as described by Zhang et al.'' with
a slight modification. An aliquot of oil (100 L) was mixed
with 1.4 mL of toluene and then added to 1 mL of 0.004%
DPPH in toluene. The mixture was shaken vigorously and
was stayed in dark for 30 min at room temperature. The
absorbance data were read at 515 nm using a Varian
spectrophotometer.

The radical-scavenging activities of the samples,
expressed as percentage inhibition of DPPH, were
calculated according to equation 1:

AL —A
1 (%) = 100 bk~ Zsample 0

blank

where, A, .. is the absorbance of the control reaction
mixture excluding the oil extract and A is the
absorbance of the tested oil extract solution.

The amount of sample needed to decrease the initial
DPPH concentration by 50% (IC,,) was calculated
graphically by using the curve drawn for inhibition
percentage versus used concentration.

sample

Results and Discussion
Effect of surfactant concentration

Effect of surfactant concentration on yield of
extraction is shown in Figure 1. When the concentration
of the solution is increased the amount of extracted oil
increased gradually. Although, higher concentration
values showed extraction difficulties due to formation
of intermediary layer between oil and aqueous phase.
Therefore concentration of 0.5% was selected as the most
suitable concentration for extraction.
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Figure 1. Effect of surfactant concentration on yield extraction.
Effect of extraction time

Figure 2 shows the effect of time on the yield of oil.
The results demonstrated that the yield of oil increases
with the extraction time and attains a plateau at 2 h. In any
case, based on the results so far, 60 min was found to be
an optimum operating time for SAE.
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Figure 2. Variation of yield extraction with time treatment.
Effect of temperature

As shown in Figure 3, the yield of oil changes with
increasing temperature. When the temperature changed
from 30 to 65 °C, the yield of oil increased about 28% and
359
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Figure 3. Effect of temperature on yield extraction.
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it is possible to observe that 60 °C is the optimum
temperature.

Effect of liquid to solid ratio

As shown in Figure 4, the yields of oil extracted by SAE
was found to be dependent with the ratio of liquid to solid and
then the best yield was obtained with the ratio 1:20.
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Figure 4. Solid to liquid ratio (g mL").
Oil characterization

Physicochemical properties
Oils obtained by both methods are characterized and
the results are summarized in Table 1.

Table 1. Physicochemical properties of sample oils

Physicochemical properties CE SAE
Acid index (mg of KOH g of oil)

241+05 215+04
Saponification index (mg of KOH g of oil) 1995 189 +4
Iodine value (g of I, 100 g™ of oil) 111+2 1173
Peroxide value (mequiv. O, kg™ of oil)

9.6+0.3 8.1+0.2

Values are given as means of three replicates = SD.

Gas chromatography analysis
The fatty acids profile of Nigella seed oils obtained by
CE and SAE methods is shown in Table 2.

Antioxidant activity

IC,, in this test was defined as the concentration of the
oil required to cause 50% inhibition of the total DPPH
radicals. IC,, of the sample was expressed in mg mL"' and
calculated through the interpolation of linear regression
analysis. A lower value corresponds to a higher antioxidant
activity of the oil sample.

Inhibition potentials of both samples through DPPH
scavenging activity are presented in Figure 5. IC,; values
for oils obtained by SAE and CE method are 28.85 and
42.07 mg mL", respectively.
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Table 2. Fatty acid composition of Nigella sativa seed oils obtained by
both methods

Fatty acid Percent of total fatty acids
CE SAE

Myristic 0.23 £0.08 0.25 +0.02
Palmitic 17.8 £ 0.15 17.1 £0.26
Stearic 2.86£0.11 2.68 £0.14
Oleic 22.45+0.33 2291 +0.39
Linoleic 5323 £0.54 53.49 £0.39
Linolenic 0.68 +0.09 0.73 +0.07
Arachidic 0.12 £ 0.05 0.14 £ 0.04
Eicosenoic 0.39 £ 0.09 0.42 +0.06
Behenic 1.72 +0.11 1.51 +0.08

Values are given as means of three replicates = SD.
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Figure 5. Antioxidant activity of oils obtained by CE and SAE methods.
Conclusion

Varying several parameters, such as concentration,
temperature, time and ratio of solid to liquid, an oil with
similar quality'? was obtained and sometimes superior than
that obtained by conventional method. The only drawback
of the method is that the yield is still below of the method
using solvents (31% for SAE and 35% for CE). Therefore,
the use of surfactants confirm the results previously
obtained of extraction with alkaloids." The results obtained
with the use of surfactant, corroborate that the method
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allows an extraction with high quality and good yield, less
pollution and a significant economic and safety benefits.
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