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ABSTRACT

In this study, an optimized vortex-assisted method for rapid screening of oil content in Jatropha curcas L. (Jatropha) seeds is
described. A 2", fractional factorial design was employed to study the influence of vortex stirring rate, sample:solvent ratio,
extraction time, and the number of extraction cycles in the Jatropha oil extraction efficiency. Gas chromatography-mass spectrom-
etry (GC-MS) was used for the identification of the fatty acids. The number of extraction cycles was the most important factor, and
the optimum conditions were two extractions with hexane ata sample:solvent ratio of 1:5 mg:uL, under vortex-stirring at 2500 rpm
for 1 min. Linoleic acid, oleic acid and palmitic acid were the major fatty acids of Jatropha oil. The method showed inherent
advantages of simplicity, accuracy, short time of analysis, and low consumption of both organic solvent and sample, and may
serve as a cost-effective alternative to the modified Soxhlet method in estimation of oil content and composition in Jatropha

breeding programmes.
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1. Introduction

Jatropha is a perennial crop of easy cultivation and healthy life
cycle that has received increasing popularity as a biodiesel
feedstock, foodstuff, natural fence, and medicinal plant. The oil,
the most valuable Jatropha commodity, comprises 35 % of the
whole seed mass and is rich in nutritionally important fatty
acids, including oleic, linoleic, palmitic and stearic acids.! Such
components also confer the Jatropha oil unique physico-
chemical properties, which make it a good source of biodiesel
suitable for petrodiesel engines.? Nonetheless, the oil yield is still
much lower than expected and is one of the main bottlenecks in
the sustainability of Jatropha projects.? Thus, the improvement
of oilseed content is amongst the top priorities of the Jatropha
breeding programmes.*

In the routine estimation of oil content for sorting, identifica-
tion, and selection of elite accessions, breeders demand a rapid,
efficient, non-destructive, accurate and cost-effective analytical
method, applicable even when the sample amount is rather
small. Liquid-solid extraction methods — such as the Soxhlet
method® and ultrasound-assisted extraction® — are commonly
employed. However, they are tedious and require long extrac-
tion times (>1 h) and consume a large amount of both samples
(>2 g) and solvent (>150 mL). High-throughput methods
(near-infrared reflectance spectroscopy and nuclear magnetic
resonance)’® and supercritical CO, ° were also developed as
alternatives for the extraction of oil in Jatropha seeds. Although
being environmentally friendly and/or fast alternatives for the
estimation of oil content, these techniques are unaffordable to
many laboratories, especially in developing countries.

Vortex is a low-cost mechanical stirring device that has been
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hugely employed in solvent extraction techniques — particularly
in the determination of trace levels of various analytes by
dispersive liquid-liquid microextraction — to increase the specific
surface area for mass transfer, reduce the diffusion distance,
hence improving the extraction rates.! Several studies have
reported that the vortex-assisted extraction methods have
provided high repeatability, very low limits of detection and
quantitation, good enrichment, and extraction efficiency within
a short extraction time.!®!3 Despite such advantages, studies
focused on the optimization of vortex-assisted extraction of oil
are scarce in the literature.

In this study, the vortex-assisted extraction method followed
by GC-MS for the screening of oil content and composition in
Jatropha seeds was optimized. Its performance was compared to
the modified Soxhlet method.

2. Experimental

2.1. Chemicals and Sample Preparation

Potassium hydroxide (99 %), hexane (98 %) and methanol
(99 %) were, respectively, purchased from Rochelle Chemi-
cals, Merck and SkyLabs, all based in Johannesburg, South
Africa.

Jatropha seeds were collected from 10 genotypes grown in the
Jatropha germplasm in Boane District, Maputo, Mozambique
(26°02'20.4” South, 32°21'06.5” East). The local climatic condi-
tions are classified as sub-humid, with average annual rainfall,
humidity and temperature of 752 mm, 80.6 %, and 23.7 °C,
respectively. The samples were air-dried, without incidence of
sunrays at room temperature, cracked and the kernels were
finely ground using mortar and pestle and stored at —14 °C in
screw-capped 15 mL polypropylene vials.
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2.2. Instrumentation

The chemical composition of Jatropha oil was determined on a
gas chromatograph (Agilent GC system 7820A) equipped with
mass spectrometer (Agilent Mass Spectrometry detector 5977B).
ThermoScientific LP Vortex Mixer 0-3200 rpm was employed for
sample stirring, whereas the centrifugation was performed on
the IWAKI micro 6 CFM-100 and Thermo ALC 4206 centrifuges.
The volume of extractant and extract was measured using a
Gilson micropipette 200-1000 L. Vacuum evaporation was
performed on an Eyela rotary evaporator (pump Eyelas-1005,
water-bath Eyela®5B-2100, rotator EyelalN-12004),

2.3. Optimization of Vortex-assisted Extraction Method

Vortex-assisted method was optimized based on the method
described by Zhang et al.® with some modifications. Five to ten
Jatropha seeds per variety were dehusked and the kernels
ground using pestle and mortar. Around 300 mg of the pasty
sample (obtained by quartering method) were extracted with
aliquots (1500-4500 pL) of hexane, under vortex stirring
(1500-2500 rpm) for 1-5 min. The extract was then centrifuged at
5000 rpm for 5 min and filtered through filter paper Advantec
5A (reduced to a diameter of ~7 cm; alternatively, a 0.45 um
membrane filter can be used). Filtration was performed rapidly
at temperatures not exceeding 24 °C to avoid solvent evapora-
tion and consequent sample concentration. Afterwards, an
aliquot of 800 uL of the filtrate was quickly pipetted to a tared
Petri dish and left to dry (~10 min), in a fume hood at room
temperature, and then in a vacuum oven (Memmert) at 80 °C
for 15 min. Then, the dish with oil was re-weighed, and the oil
content was calculated using Equation 1.

%Qil = (Wdish+oil - Wdish ) xV
V, xWg

where W, .., and W, are Petri dish weights (mg) with and
without oil, respectively; V is the total volume of hexane used for
extraction (mL); V, is the volume of the aliquot (mL) (in this case
0.8 mL); and W, is the sample weight (mg)

To study the influence of the vortex stirring rate (1500, 2000 and
2500 rpm), sample:solvent ratio (1:5, 1:10 and 1:15 mg:uL),
extraction time (1, 3 and 5 min) and the number of extraction
cycles (1,2and 3) on oil extraction yield, a resolution IV fractional
factorial design (241), nine randomized runs and two replicates
were chosen.

x100 1)

2.4. Soxhlet Extraction

The Soxhlet method according to Shivani et al.,'* with slight
modifications, was performed. Almost 3 g of ground kernels (in
triplicate) were placed in the thimble, plugged with cotton, and
placed in the Soxhlet apparatus. Subsequently, hexane was
added through the siphon until two consecutive solvent dis-
charges occurred (volume corresponding to more than 150 mL
in a 250 mL flask). The sample was extracted for 8 h at 64—66 °C
(mild boiling). The solvent was removed by vacuum evapora-
tion at 40 °C and then dried in a vacuum oven at 80 °C for 15 min.
The oil content was calculated as a percentage of total oil present
in seed kernels.

2.5. GC-MS Analysis

For GC-MS analysis, the triacylglycerides were transesterified
with methanol, according to Senou ef al.,'> with modifications.
Two drops of oil from the Soxhlet method were dissolved in
1200 L of hexane in a 2 mL centrifuge microtube. In the case of
vortex-assisted method extracts, an aliquot of 1200 uL of hexane
extract of seeds was placed in the microtube. In both tubes,

500 uL of 2 mol L-! potassium hydroxide in methanol was added.
Then, the mixture was shaken in a vortex for 2 min at 2500 rpm
and centrifuged for 2 min. One microlitre of the upper layer was
injected in the GC-MS system in the split mode at 1:30. The fatty
acids methyl esters were separated on an HP-5MS 5 % phenyl
methyl siloxane capillary column (30 m X 250 um X 0.25 um).
Helium was used as carrier gas at a flow rate of 1 mL min-'. The
oven temperature was initially set to 150 °C, increased to 190 °C
by 8 °C min~!, and ramped at 10 °C min! to 230 °C, which was
held for 18 min. The injector and detector temperatures were
280 °C and 300 °C, respectively. The components were identified
by matching their recorded mass spectra with those of
NIST14.LIB library data.

2.6. Statistical Analysis

The analysis of variance (ANOVA) was performed to study the
significance of the factors and their interaction in the experimen-
tal design. While statistical significance between oil contents
obtained by two methods was assessed by paired t-test, one-way
ANOVA followed by Fisher’s least significant difference (LSD)
method was used to assess the significance of differences
between mean oil contents in atleast three samples. All statistical
analyses were performed at the 95 % confidence interval, and
the results were considered significant at P < 0.05. The Minitab
17.0 software package was used for data analysis.

3. Results and Discussion

3.1. Optimization of the Vortex-assisted Method

Previous studies have shown that hexane is the most efficient
oil extractant, and the so-obtained oil is less turbid.’20 Qil
extraction yield is influenced by kernel particle size and experi-
mental conditions, including solvent-to-sample ratio, stirring
rate, as well as extraction temperature and time.!71820 In
the current study four continuous variables were evaluated,
namely: vortex stirring rate (1500, 2000 and 2500 rpm),
sample:solvent ratio (1:5, 1:10 and 1:15 mg:uL), extraction time
(1, 3 and 5 min) and number of extraction cycles (1, 2 and 3).

A resolution IV screening design (24 fractional factorial, four
replications) was chosen, to determine the most important
factors affecting the oil extraction process. The design matrix
with oil recovery (average = S.D.) is summarized in Table 1.
A centre point (trial # 9) was added to investigate a possi-
ble non-linear relationship between the factors and extraction
yield.

Table 1 shows that the best yield (57.9 + 3.6 %) was achieved by
three extraction cycles with hexane under stirring at 2500 rpm, at
a sample:solvent ratio of 1 mg:5 uL for 1 min (run 6). The lowest

Table 1 Experimental design matrix (2*'}, fractional factorial) with oil
content.

# Stirring rate Sample:solvent Extraction Numberof Oil +S.D.

/rpm ratio time extraction 1%
/mg:ul /min cycles
1 1500 1:15 1 3 545+ 0.7
2 1500 1:5 5 3 56.7 + 3.3
3 2500 1:15 1 1 477 1.2
4 1500 1:5 1 1 43.6 = 4.1
5 2500 1:5 5 1 412+ 14
6 2500 1:5 1 3 579 £ 3.6
7 1500 1:15 5 1 42.3 + 0.1
8 2500 1:15 5 3 547 +1.8
9 2000 1:10 3 2 52.0 +1.7
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recovery was registered in run 5 whose analytical conditions
are quite similar to the run 6 except for the extraction time and
number of extractions.

The significance of the studied factors in the oil yield is shown
in the Pareto chart (Fig. 1), in which the effects are represented
by bars in descending order of their standardized effects 2!.

Significant factors at the 95 % confidence interval are those
whose bars extend beyond the vertical line, i.e. effects with t
value higher than +2.26.2! Therefore, the number of extraction
cycles (D) is the unique main effect that significantly affects (P <
0.05) the oil extraction and has a positive effect on the extraction
yield. Likewise, the interaction stirring rate X extraction time
(AC) is the only statistically significant interaction, and its behav-
iour is portrayed in Fig. 2.

According to Fig. 2, if the mixture is shaken at high frequencies
(~2500 rpm), then a shorter time is needed to achieve high
recoveries; in contrast, at low, stirring rates (~1500 rpm) longer
contact time is necessary to get a good extraction yield. These
results confirm the hypothesis that the high rotational speed
provided by vortex agitation weakens the adhesive interactions
(such as van der Waals forces, hydrogen bonding, and dipole
attractions) between triacylglycerides molecules and active sites
of the matrix, and increases the surface area for mass transfer.
Consequently, the extractant diffuses easily into the matrix, and
the extraction equilibrium is achieved within a relatively short

Term
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Figure 1 Pareto chart of the standardized effects for 2}, fractional facto-
rial design.
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Figure 2 Two-way interaction plot between stirring rate and extraction
time in 2, factorial fractional design for oil recovery.

time.1022 Therefore, the time was fixed at its lowest level (1 min)
whereas the stirring rate was kept at the highest level (2500 rpm).

The statistical significance of the number of extraction cycles
suggests that the solvent must be renewed throughout the
extraction process, i.e. the first extraction does not ensure a
quantitative extraction of the oil present in Jatropha seeds.??
Since the sample:solvent ratio is not statistically significant, it
was maintained at the lowest level (1:5 mg:uL) to save costs of
acquisition of chemicals and avoid discarding a large amount of
organic solvents to the environment. In summary, the optimum
levels for the extraction time, stirring rate, and sample:solvent
ratio were 1 min, 2500 rpm, and 1:5 mg:uL.

Being the unique statistically significant factor, the number
of extraction cycles was optimized univariately, keeping the
stirring rate, sample:solvent ratio, and time at the optimum
levels, namely 2500 rpm, 1:5 mg:uL, and 1 min, respectively.
Three extraction levels (1, 2, and 3) were tested, and the respec-
tive recoveries are displayed in Fig. 3.

The amount of oil varied from 51.5 = 1.0 % to 58.9 = 3.0 % in
the single and three extractions, respectively. Assuming 58.9 %
as the total amount of oil presentin this Jatropha seed, over 87 %
of seed oil content is recovered in the first cycle and the remain-
der is recovered in the other cycles. Notwithstanding this fact,
the oil recovery in the single extraction differs significantly
(p<0.05) from that of two and three extractions cycles. Further,
the differences between the oil content from two and three
extractions are not statistically significant (P > 0.05). Therefore,
the number of extraction cycles was kept at 2, and the optimum
conditions were two extractions with hexane ata sample:solvent
ratio of 1:5 mg:uL, under vortex stirring at 2500 rpm for 1 min.

3.2. Comparison with Other Studies

The Soxhlet method is the most widespread analytical tech-
nique for the determination of oil content in a variety of oilseeds,
including Jatropha. Hence, the performance of the proposed
method was compared with the modified Soxhlet method
described elsewhere.!* The oil content recovered by the Soxhlet
method was 58.1 = 1.7 %, which does not differ significantly
(P > 0.05) from the content obtained using the vortex-assisted
extraction method (57.9 + 2.4 %).

The GC-MS chromatograms of the main components of the
oils obtained from both extraction methods are shown in Fig. 4.

In the oils obtained from both methods, linoleic (18:2 A%12),
oleic (18:1 A?%), palmitic (16:0) and stearic (18:0) acids were found
to be the major components, whilst palmitoleic acid (16:1 A%
and myristic acid (16:0) were detected in trace amounts. These
findings are in line with the previous reports,>?> which have

63
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48

1 ' 2 ' 3
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Figure 3 Oil content obtained in various extraction cycles from Jatropha
seed kernel (the means are of three replicates). Means that do not share a
letter (A or B) are significantly different (P < 0.05).
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Figure 4 GC-MS chromatogram of fatty acids methyl esters identified in Jatropha seeds oil extracted by vortex-assisted (a) and modified Soxhlet (b)
methods. Where C1, C2, C3, C4, C5, and C6 represent the methyl esters of myristic acid (14:0), palmitoleic acid (16:1 A%), palmitic acid (16:0), linoleic

acid (18:2 A**), oleic acid (18:1 A?) and stearic acid (18:0), respectively.

revealed that palmitic and stearic acids are the major saturated
fatty acids, whilst oleic and linoleic acids are the most abundant
unsaturated fatty acids in Jatropha oil.

The close agreement between vortex-assisted extraction and
the modified Soxhlet methods, both in oil yields and composi-
tion, implies that the former is a suitable alternative to the modi-
fied Soxhlet method in Jatropha oil quantification. This method
(vortex-assisted extraction method) has numerous advantages
over the Soxhlet method, including the possibility of simulta-
neous analysis of various replicates, simplicity, short analysis
time (37 min vs. 9 h), and requirement of a small amount of
sample (300 mg vs. 4-5 g). Furthermore, the proposed method
is relatively cheap and environmentally sustainable, since it does
not require the use of rotavapor, and consumes a lower quantity
of expensive organic solvents than Soxhlet (3 mL vs. 150 mL).

3.3. Analysis of Jatropha Samples

To assess the effectiveness of the method for the proposed
application, Jatropha seeds samples from different accessions
were analyzed, and the results are presented in Fig. 5.

The oil content ranged from 46.7 % to 58.0 %, and the method
showed good repeatability with RSDs varying from 0.4 % to
5.7 %. One-way ANOVA test showed that the differences
between samples are statistically significant. Since Jatropha
exhibits low genetic variability,? these differences may be associ-
ated with epigenetic mechanisms* whereby genetically identi-
cal cultivars may exhibit different phenotypic characteristics
according to the agroclimatic conditions.

4. Conclusions
A vortex-assisted extraction method for the determination of
Jatropha seed oil was optimized. Out of the studied effects, only
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S1 S2 S3 sS4 S5 S6 S7 S8 S9 SIO

Sample code

Figure 5 QOil content in the seeds from different Jatropha accessions
(n=3). S1-510 are the seed samples numbered from 1 to 10.

the extraction cycles and the interaction stirring rate X extrac-
tion time were found to be statistically significant. The optimum
conditions were two consecutive extractions with hexane at the
sample:solvent ratio of 1:5 mg:uL under vortex stirring at
2500 rpm for 1 min. The method has demonstrated to be fast,
simple, accurate, and requires a relatively low amount of both
organic solvent and sample. The proposed method is a potential
alternative to the modified Soxhlet method in the analysis of oil
in Jatropha seeds.
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