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Abstract

The present study is part of a comprehensive study dedicated to the cultivation of halophytes species on salt
affected soils, aiming on new value chains development from obtained biomass. The work is conducted on
the monitoring the degree of soil purification, the biomass production and seeds yield, and their chemical
composition. In this context, the paper contains information related to the oil content of Portulaca sativa sp.
seeds, in order to produce 2nd generation biofuels. Extraction of oil from seeds via traditional method
(Soxhlet method) and accelerated solvent extraction (ASE) were carried out. ASE method was applied
because requires small quantities of solvent, sample and operating time. ASE appear to be the most suitable
method and the optimal conditions were: pressure - 10.34 MPa, temperature - 105ºC, residence time - 10
min, solvent - petroleum ether, extraction ratio of 1:40, dynamic extraction time - 30 min, and 0.3 g
diatomaceous earth. The highest oil recovery achieved was 33.4%.
Key words: accelerated solvent extraction, extraction parameters, Portulaca sativa.

INTRODUCTION

vegetable oils (palm, soya bean, sunflower,
peanut, and olive oil), as fuel for engines dates
long ago, and is promoted again. It is a
renewable source and the ideal solution for
global energy demands (Shereena & Thangaraj,
2009).
For now, the annual worldwide oil production
is close to 135 Mt including palm, soybean, and
rapeseed oils (Jolivet et al., 2013).
One of the answers to the hypotheses presented
above is represented by halophyte plants. Using
halophytes as crops would lead to reduce water
consumption in agriculture and can be ideal for
areas with water availability (Koyro et al.,
2011). Some halophyte species (grasses,
shrubs, and trees, etc.) can remove the salt from
salt-affected soils through salt excluding,
excreting, or accumulating (Hasanuzzaman et
al., 2014; Karakaş et al., 2017).
Seeds of many halophytes (Portulaca sp.,
Salicornia bigelovii, etc.) contain appreciable

Global climate change, water scarcity, and
availability of nutrients in the soil (Guyer et al.,
2018) are the main problems affecting allnatural resources availability (Borsai et al.,
2018). Simultaneously, the population of the
globe and its needs are constantly increasing,
while resources are becoming less and less.
Therefore, a sustainable approach is needed,
targeting both need and consumption.
One of the sectors that needs attention, other
than the main one for food, is energy. Energy
demand is increasing along with population
growth, urbanization, and living standards. As
is known, the main categories of fuels are
petroleum, natural gas, coal, natural gas,
biofuels, nuclear energy, hydro energy, and
other sources like solar, wind, geothermal. Of
this, fossil fuels remain the main source of
energy (Khan et al., 2014). The use of
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quantities of oil and could be used as source of
energy. Biofuels obtained using halophyte
biomass could be a feasible alternative to
conventional ones. The main advantage of
using halophytes is that they don’t compete
with food (in terms of agricultural soil and
water resources). Other aspect is the low
impact on environment (Hameed & Khan,
2011). Non-edible biodiesel crops are expected
to use lands that are largely unproductive and
those that are located in poverty areas (Ahmia
et al., 2014).
Portulaca sativa (Family Portulacaceae) is a
possible candidate for this purpose. Is an
annual plant widespread both in temperate and
tropical regions. Portulaca is a grassy plant
with freshly stems, succulent leaves, yellow or
white small flowers and small black seeds
(Rahimi et al., 2019).
Besides its pharmacological potential (AlShedd et al., 2015), Portulaca is highly
adaptable to dry and saline conditions, being a
strong candidate for areas with dry conditions
and salty soils (Yazici et al., 2007).
Seeds are brown to black, oval, and tiny. A
single plant may produce 240.000 seeds, and
can germinate even after 5 - 40 years (Okafor et
al., 2014).
Regarding the chemical composition of the oil
from the seeds, related to the likelihood of
obtaining biodiesel, the specialized literature is
scarce. Thus, the main components found in
P. oleracea are fatty acid content of the oil
which was found to be composed of
unsaturated (79%) and saturated (20.7%)
compounds (Sodeifian et al., 2018).

et al., 2011), flavonoids (Kaleem & Ahmad,
2018), anionic surfactant removing (Rowe,
2010), foods (Hammond, 2003), phenols
(Luque de Castro & Priego Capote, 2010) etc.
This method is based on a large difference
between the boiling points of the solvent and
those of the extracted analytes.

Figure 1. Soxhlet extraction system

Based on this property the extract is brought to
a boiling temperature of the solvent, which will
condense into a refrigerant and return to
cartridge containing sample extract. By
performing several extraction cycles, the
efficiency of the process can be controlled so
that the extraction efficiency is maximum.
However, two main drawbacks can occur in the
Soxhlet extraction technique. The first refers to
the fact that the extract is exposed throughout
the process to the boiling temperature of the
solvent, which, if very high, may affect some
analytes in the sample, thermally labile. The
second disadvantage is the low concentration in
the end, due to the large amount of solvent
used.
Accelerated solvent extraction (ASE, Figure 2)
is an extraction method based on the use of
high temperature and pressure to accelerate the
dissolution kinetics and to break the analyticalmatrix interaction bonds. For this reason, this
method is also called liquid pressurized
(solvent) extraction. In addition, increasing the
temperature reduces the viscosity of the
solvent, which makes it easier to penetrate the
solid matrix of the sample. In this way, the
extraction time is reduced from tens of minutes

MATERIALS AND METHODS
For this study were used two extraction
methods: Soxhlet technique and accelerated
solvent extraction.
The most popular solid-liquid extraction
technique is called Soxhlet technique, which is
practically carried out in an extraction
apparatus of the same name (Figure 1). Soxhlet
extraction is usually applied to solid or ″semisolid″ samples. The samples to be analysed are
first crushed and brought into a very fine
powder form to enlarge the surface of contact
in the extraction process. This method was used
for various purposes, like vegetable oils (Dutta
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to a maximum of several minutes, and the
extraction samples can be in small quantities.
This type of extraction is recommended by the
U.S. EPA for the extraction of solid samples
from the environment like dioxins and furans,
herbicides (Guzzella & Pozzoni, 1998),
Organochlorinated
Pesticides
(OCPs),
Organophosphorus
Pesticides
(OPPs),
Persistent Organic Pollutants (POPs), (Hubert
et al., 2001), Polybrominated Diphenyl Ethers
(PBDEs), Polychlorinated Biphenyls (PCBs)
(Brandli et al., 2006), etc. Also, the method is
applied in fats and food safety domains (Abdul
Mottaleb & Sarker, 2012).

Table 1. ASE and Soxhlet extraction variants
Extraction
solvent

Petroleum
ether
100%

Temperature
Static time
No. of cycles
Washing
volume
Purge time
Whole seeds
Sample 1
Sample 2

105°C
10 min
3
100%

Sample 3

60 sec
1.2 g
1.2 g
5g
10 g

Petroleum
ether 100%
ASE 350
105°C
10 min
6
100%
60 sec
5g
Soxhlet
20 refluxes

nHexane

nHexane

80°C
10 min
3
60%

80°C
10 min
6
60%

60 sec
5g

60 sec
5g

15 min/reflux

The advantage of the Soxhlet system is that
instead of many portions of warm solvent being
passed through the sample, just one batch of
solvent is recycled (Nafiu et al., 2017).
RESULTS AND DISCUSSIONS
The factors which influence the oil extraction
yield were: solvent of extraction, temperature,
extraction time and liquid/solid ratio. Thus,
optimal conditions for oil seeds extraction were
obtained as follows: temperature 105°C, static
time 10 min, and the number of cycles 3. Under
these conditions the best value obtained for the
oil extraction yield was 33.39 ± 0.013%. The
obtained results are similar with those found by
Petropoulos et al. (2020), 33.7% and 38.1%,
respectively. Compared to ground seeds, the
use of whole seeds, did not give positive
results. The results obtained according to the
extraction variants are presented in Table 2.

Figure 2. Components of an ASE system: 1 - the tank;
2 - pump; 3 - pump valve; 4 - purge valve;
5 - the extraction cell; 6 - thermostat enclosure;
7 - static valve; 8 - collection vial

The seed sample was minced to 1-2 mm. For
accelerated solvent extraction method, the
sample was mixed with diatomaceous earth.
The sample: diatomaceous earth ratio used was
4: 1. ASE 350 model equipment was used
(Figure 3).

Table 2. Oil content in Portulaca sp. seeds
Variants
Whole seeds
1.2 g shredded seeds,
petroleum ether, 3 cycles
1.2 g shredded seeds,
n-hexane, 3 cycles
5 g shredded seeds,
petroleum ether, 3 cycles
5 g shredded seeds,
petroleum ether, 6 cycles
5 g shredded seeds,
n-hexane, 3 cycles
5 g shredded seeds,
n-hexane, 6 cycles
10 g shredded seeds,
petroleum ether

Figure 3. ASE 350 system and extraction cell

For Soxhlet method, the sample: extraction
solvent ratio was 1: 40. Extraction variants for
accelerated solvent extraction (ASE 350) are
presented in Table 1. In static ASE, the sample
was extracted with solvent at elevated
temperature and pressure conditions without
any outflow of solvent (Mandal et al., 2015).
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g oil/
sample
0
0.4008

0
33.4±0.013

0.0994

8.25± 0.083

0.423

8.46±0.416

0.4586

9.17±0.383

0.4214

8.43±0.378

0.4994

9.98± 0.035

1.671

16.71±0.273

g oil %

REFERENCES

Regarding Soxhlet extraction, the amount of oil
obtained from the sample was 1.67 g.
According to the obtained results found by
Hoseini et al. (2019), it can be concluded that
Portulaca weed seeds are a suitable source for
biodiesel production.
Regarding the extraction solvent, the best
variant was the one in which petroleum ether
was used. The results are similar with those
found by Uoonlue and Muangrat (2019) on
Camellia sinensis.
Regarding the use of a larger quantity of
sample 5 g and even if was kept the same
number of cycles and the same solvent it was
found that the amount of oil obtained was
smaller than that obtained in the initial version
of 1.2 g.
Among the experiment, the most influential
parameter was solvent type. Although solvent
sample ratio is reported to have no significant
effect, this aspect has been shown to be
partially demonstrated, the amount of solvent
can be greatly reduced. Taking as reference
other experiments on other types of samples,
each optimized method is unique to the plants.
However, regarding purity, advanced extraction
technology such as ASE should be considered.

Abdul Mottaleb, M., Sarker, S. (2012). Accelerated
solvent extraction for natural products isolation.
Methods in molecular biology (Clifton, N.J.), 864,
75‒87.
Ahmia, A.C., Danane, F., Bessah, R. and Boumesbah, I.
(2014). Raw material for biodiesel production.
Valorization of used edible oil. Revue des Energies
Renouvelables, 17(2). 335–343.
Al-Sheddi, E.S., Nayyar Farshori, N., Al-Oqail, M.M.,
Musarrat, J., Al-Khedhairy, A.A., Siddiqui, M.A.
(2015). Portulaca oleracea seed oil exerts cytotoxic
effects on human liver cancer (HepG2) and Human
Lung Cancer (A-549) cell lines. Asian Pacific Journal
of Cancer Prevention, 16, 3383‒3387.
Borsai, O., Al Hassan, M., Boscaiu, M., Sestras, R.E.,
Vicente, O. (2018). The genus Portulaca as a suitable
model to study the mechanisms of plant tolerance to
drought and salinity. The EuroBiotech Journal, 1‒10.
Brandli, R.C., Bucheli, T.D., Kupper, T., Stadelmann,
F.X., Tarradellas, J. (2006). Optimised accelerated
solvent extraction of PCBs and PAHs from compost.
International Journal of Environmental Analytical
Chemistry, 86(7). 505–525.
Dutta, R., Sarkar, U., Mukherjee, A. (2011). Soxhlet
extraction of Crotalaria juncea oil using cylindrical
and annular packed beds. International Journal of
Chemical Engineering and Applications, 6(2). 130‒
134.
Guyer Anouk, Bruce E. Hibbard, Annelie Holzkämper,
Matthias, and Christelle A. M. Robert. (2018).
Influence of drought on plant performance through
changes in belowground tritrophic interactions.
Ecology and Evolution. 8(13). 6756–6765.
Guzzella, L., Pozzoni, P. (1998). ASE of herbicides in
agricultural soil samples. International Journal of
Environmental Analytical Chemistry, 71(3–4). 1–9.
Hameed, A., Khan, M.A. (2011). Halophytes: Biology
and Economic Potentials, 39. 40‒44.
Hammond, E.W. (2003). Triglycerides characterization
and determination. Encyclopedia of Food Sciences
and Nutrition (Second Edition), 5868‒5873.
Hasanuzzaman, M., Nahar, K., Alam, M., Bhowmik,
P.C., Amzad H., Rahman, M.M., Narasimha Vara
Prasad, M., Ozturk, M., Fujita, M. (2014). Potential
use of halophytes to remediate saline soils. BioMed
Research International, 2014: 589341.
Hoseini, S.S., Najafi, G., Sadeghi, A. (2019). Chemical
characterization of oil and biodiesel from common
purslane (Portulaca) seed as novel weed plant
feedstock. Industrial Crops and Products, 140,
111582.
Hubert, A., Wenzel, K.D., Engelwald, W., Schuurman,
G. (2001). ASE- More efficient extraction of POPs
and PAHs from real contaminated plant and soils.
Reviews in Analytical Chemistry, 2001.101–143.
Jolivet, P., Deruyffelaere, C., Boulard, C., Quinsac, A.,
Savoire, R., Nesi, N. and Chardot, T. (2013).
Deciphering the structural organization of the oil
bodies in the Brassica napus seed as a mean to

CONCLUSIONS
Comparing the two extraction methods used,
we concluded that the oil content was higher
for ASE method than Soxhlet (33.4% vs
16.71%). The extraction ratio was the same 1:
40. The differences between the 2 methods
were related to the extraction time, the volume
of the solvent and the amount of sample used.
Thus, for the Soxhlet vs ASE method the
extraction time was 5 h-1 h, the volume of the
solvent 400 ml-100 ml, and the sample amount
was 10 g-1.2 g.
ACKNOWLEDGEMENTS
This work has been developed and was
financially supported through the Romanian
National Research Program PNIII, Subprogram
3.2 International and European Cooperation Horizon 2020, financing contract no. 44/2018,
Integrated system of bioremediation –
biorefinering using halophyte species - code:
ERANET-FACCE-SURPLUS-HaloSYS.

641

improve the oil extraction yield. Industrial Crops and
Products, 44. 549‒557.
Kaleem, M., Ahmad, A. (2018). Chapter 8-Flavonoids as
nutraceuticals.
Therapeutic,
Probiotic,
and
Unconventional Foods, 137‒155.
Karakaş, S., Ali Çullu, M., Dikilitaş, M. (2017).
Comparison of two halophyte species (Salsola soda
and Portulaca oleracea) for salt removal potential
under different soil salinity conditions. Turkish
Journal of Agriculture and Forestry, 41: 183-190.
Khan, T.M.Y., Atabani, A.E., Badruddin, I.A. (2014).
Recent scenario and technologies to utilize nonedible oils for biodiesel production. Renewable &
Sustainable Energy Reviews, 37: 840–851.
Koyro, H.W., Khan, M.A., Lieth H. (2011). Halophytic
crops: A resource for the future to reduce the water
crisis? Emirates Journal of Food and Agriculture,
23:001‒016.
Luque de Castro, M.D., Priego Capote, F. (2010).
Extraction of oleuropein and related phenols from
olive leaves and branches in olives and olive oil.
Health and Disease Prevention, 259‒273.
Mandal Subhash, C., Mandal, V., Das, A.K. (2015).
Chapter 6 - Classification of Extraction Methods,
Essentials of Botanical Extraction, Academic Press,
83‒136.
Nafiu, M.O., Hamid, A.A., Muritala, H.F., Adeyemi,
S.B. (2017). Chapter 7 - Preparation, Standardization,
and Quality Control of Medicinal Plants in Africa,
doi: 10.1016/B978-0-12-809286-6.00007-8.
Okafor, I.A., Ayalokunrin, M.B., Orachu, L. A. (2014).
A review on Portulaca oleracea (Purslane) plant - Its
nature and biomedical benefits. International Journal
of Biomedical Research, 1-6.
Petropoulos, S., Fernandes, A., Arampatzis, D.A.,
Tsiropoulos, N.G., Petrović, J., Soković, M., Barros,

L., Ferreira, I. (2020). Seed oil and seed oil
byproducts of common purslane (Portulaca oleracea
L.): A new insight to plant-based sources rich in
omega-3
fatty
acids,
LWT,
123,
doi.org/10.1016/j.lwt.2020.109099.
Rahimi, V.B., Ajam, F., Rakhshandeh, H., Askari, V.R.
(2019). A pharmacological review on Portulaca
oleracea: focusing on anti-inflammatory, antioxidant,
immuno-modulatory
and
antitumor
activities. Journal of Pharmacopuncture, 22(1). 007‒
015.
Rowe, H.D. (2010). Retention of anionic surfactant
following garment laundering and its potential effect
on dermatitis sufferers. Medical and Healthcare
Textiles, 156‒163.
Shereena, K.M., Thangaraj, T. (2009). Biodiesel: an
alternative fuel produced from vegetable oils by
transesterification. Electronic Journal of Biology, 5
(3). 67‒74.
Sodeifian, G., Ardestani, N.S., Sajadian, S.A.,
Moghadamian, K. (2018). Properties of Portulaca
oleracea seed oil via supercritical fluid extraction:
Experimental and optimization. The Journal of
Supercritical Fluids, 135. 34‒44.
Uoonlue, N., Muangrat, R. (2019). Effect of different
solvents on subcritical solvent extraction of oil from
Assam tea seeds (Camellia sinensis var. assamica):
Optimization of oil extraction and physicochemical
analysis. Journal of food process engineering, 42(2).
e12960.
Yazici, I., Turkan, I., Sekmen, A.H., Demiral, T., (2007).
Salinity tolerance of purslane (Portulaca oleracea L.)
is achieved by enhanced antioxidative system, lower
level of lipid peroxidation and proline accumulation.
Environmental and Experimental Botany, 61(1). 49‒
57.

642

