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Abstract

Background: Assessment of the oil % in a representative sample of Salicornia bigelovii seeds with different
extraction methods using some of the organic solvents to reach the best economic one and determination of the
effect of S. bigelovii cultivation under different conditions of irrigation and fertilization on the percentage,
composition, and nutrition value of oil were done. From the International Training Centre-Mariut, Alexandria, we
obtained representative samples of Salicornia bigelovii seeds which are collected from the sea coast and 17 samples
of S. bigelovii seeds which are subjected to different treatments of irrigation and fertilization. The oil % in a blank
sample (B) was determined using different solvents (hexane, hexane-isopropanol, and ethanol) with variant
methods (shaker, conventional, and ultrasonic). Oil % in 17 samples was evaluated by the ultrasonic probe
technique using ethanol. The oil composition was determined in all samples by GC analysis. The phenolic and
flavonoid contents in the residue were determined with the Folin-Ciocalteu reagent and colorimetric method,
respectively.

Results: The ethanol has higher extraction efficiency and the ultrasonic probe recovered higher oil % in the blank
sample. Seventeen samples of S. bigelovii cultivated under different combined treatments of fertilization and
irrigation recorded oil % less than the blank sample. The fatty acids profile cleared that the oil of cultivated samples
(17 samples) had power for biodiesel production with high ignition properties and good stability due to the high
cetane number and a high percentage of palmitic acid. The nutrition value of the blank sample is higher than that
of the other 17 samples. The polyunsaturated fatty acids in the blank sample represent > 63% of the total fatty
acids.

Conclusion: The different combined treatments of fertilization and irrigation of S. bigelovii changed the fatty acid
profiles of all samples, palmitic, stearic, oleic, and linoleic acids were recognized as the most abundant saturated
fatty acids. The total phenolic and flavonoid contents differed in the sample to another one but less than their
contents in the blank sample.
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Background
One of the problems facing the world is how to provide
food needs in the frame of limiting soils for cultivation
and not enough water sources with increasing population
problem. Egypt, like other developing countries of the

arid and semi-arid regions, faces four major problems,
namely high rate of population increases, limited natural
sources of good quality water, the existence of salt-af-
fected land, and shortage of food and feed (Koyro et al.,
2011). In the agriculture regions, the change in the cli-
mate of a decrease in rainfall and an increase in
temperature means a water crisis (Fan et al., 2014).
Therefore, it requires a change in the established
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agricultural operations management and taking the non-
traditional direction to maintain productivity and in-
crease sustainability (García-Caparrós et al., 2018).
The recent technique for solving many of the agricul-

tural problems is finding 97% of the global water in the
seas and oceans while the territorial land is about 43%
arid or semi-arid. Presence parts of these areas near the
sea are a serious solution for agricultural irrigation, so
some wild plants which are tolerant of salinity, namely
Halophytes, can be grown. Salicornia (S.) is one of the
halophytes plants which contain a high percentage of oil.
Synthetic fertilizers play a significant role in soil and

groundwater pollution, causing the crop to be more
prone to diseases. Therefore, organic farming becomes
an important demand because of healthy food and a
clean environment. The essential components of organic
farming are biofertilizers. Biofertilizers are the sub-
stances that contain living microorganisms and are used
in the fields of agriculture to keep the soil rich in all
kinds of micro- and macro-nutrients. They are improv-
ing soil fertility via nitrogen fixation, phosphate, and po-
tassium solubilization or mineralization, production of
antibiotics, and biodegradation of organic matter in the
soil (Sheraz Mahdi et al., 2010; Kaushal Kumar et al.,
2013; Bhardwaj et al., 2014).
The greenhouse experiment studied the effect of

irrigation with diluted seawater (12.5%, 25.0%, 37.0%,
and 50.0%) on the halophytic plants (e.g., Sporobolus,
Leplochloa, and Salicornia europa), and found that
increasing seawater concentration increased the suc-
culence, Na/K ratio, and the content of proline, so-
dium, pigment, carbohydrates, and protein in the
plants at the different cuttings (Yuan et al., 2019;
Tawfik et al., 2013).
Tawfik (Tawfik, 2007) pointed out that the nutritional

status of the halophytes forages plants concentrated on
the quantity of protein, phosphorus, and plant content
of produced energy. However, Fang et al. (Yuan et al.,
2019) indicated that potassium is an important nutrient
and plays an essential role in water relations, osmotic
adjustment, stomatal movement, and finally resistance to
drought. Nitrogen metabolism is the most important
factor that influences plant growth and performance,
some studies showed the reduction of nitrate uptake and
a decrease in nitrate reductase activity under water stress
(Ismail & Hiroshi, 2012).
The algae are used as a biofertilizer for many plants

to overcome the difficult conditions such as high al-
kaline degree, salinity, and content of calcium. El-
Sayed et al. (El-Sayed et al., 2015) showed that the
application of algae foliar at a rate of 300 g/fed
achieved the highest values of the fresh and dry
weight of the plant. Abd El-Baky et al. (Abd El-Baky
et al., 2016) cleared that the algae foliar extracts can

improve non-enzymatic and enzymatic antioxidant
defense systems in potatoes cultivated under drought
stress conditions.
Oil is considered the largest energy source which is

playing a central role in human nutrition and to
maintain food security (Shahi et al., 2014). The salt-
water crops are considered of oil production sources,
such as Salicornia spp. which are leafless, succulent,
and small-seeded and used as conventional oil crops
(Abideen et al., 2015). The physical and chemical ana-
lysis of oils showed that their fatty acid composition
is similar to other common edible vegetable oils. Sali-
cornia fruticose lipid analysis revealed the presence of
11 fatty acids such as palmitic acid (32.4%) and lino-
leic acid (14.16%) (Radwan et al., 2007). Salicornia
bigelovii is very rich in linoleic acid (about 70%) with
a fatty acid profile that is similar to sunflower oil
(Gouda & Elsebaie, 2016). The seed contains about
26–33% oil (similar to safflower oil), 35% protein, and
salt content of about 3% (Garcia, 2010).
The most common types of plant oils are waxes,

triglycerides, and phospholipids. The molecular struc-
ture of triglycerides consists of three fatty acid mole-
cules bonded to one glycerol molecule. Triglycerides
are used as an energy source stored mostly in seeds
and to a lesser extent within the plant itself. The
phospholipid consists of two fatty acids bonded to
glycerol with a phosphate functional group (Falasca
et al., 2014).
The oil was extracted from the seeds through solvent

extraction methods (Narasimha Rao et al., 2015). Else-
baie et al. (Elsebaie et al., 2013) evaluated the methods
of oil extraction from glasswort seeds and reported that
chloroform and methanol mixture (2:1 v:v) gave the
maximum amount extracted from seeds (28.59%). Ade-
wale et al. (Folayan et al., 2019) used the supercritical
fluid extraction process (SFE) as a viable alternative to li-
quid extraction.
The Salicornia oil will be a candidate for biofuel pro-

duction for containing a small amount of C18:3 (Ruana
et al., 2008). The high percentage of polyunsaturated
fatty acids (> 40%) is referring to the nutraceutical and
pharmaceutical components in such oil (Kang et al.,
2011; Hammami et al., 2018).
The research is focused on the effect of Salicornia

bigelovii cultivation under different conditions of ir-
rigation and fertilization on both the percentages
and fatty acids composition of the oil. The capabil-
ity of this oil is to produce biofuel and finally for
nutritional, cosmeceutical, and pharmaceutical appli-
cations. The characterizations of samples will com-
pare with blank samples that were collected from
the desert coastal area of the saline aquatic
environment.
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Methods
From the International Training Centre-Mariut, Alexan-
dria, we obtained of the following:

– The blank samples of S. bigelovii seeds which are
collected from the desert coastal area of the saline
aquatic environment

– Test samples of S. bigelovii seeds (17 samples) which
are subjected to different cultivation conditions of
irrigation and fertilization, as shown in Table 1.

– All chemicals were used from the analytical grade

Work steps are as follows:

1. From the desert of the North West Coast areas, the
following were collected:
(a) A representative sample of S. bigelovii seeds for

testing as a blank one
(b) Representative samples of soil, ground well

water, and seawater
2. Comparative tests were conducted to identify the

most successful cultivation method of S. bigelovii by
using either seeds or semi-cuts or hard-cuts or
transplants were tested by using some growth regu-
lators (indole butyric acid and gibberellic acid for
activate seeds germination and rooting the cuts).

3. Greenhouse experiments using Salicornia
transplants were conducted. Saline well water or/
and diluted seawater as a source of irrigation (4

treatments) combined with four fertilization
treatments including algae (Amphora) extract (as a
source of biofertilizer), NPK, and micronutrients
during an integrated and balanced fertilizer
program were conducted (Table 1).

4. Whole plants were collected and the seeds were
brought out to evaluate oil percentage at different
conditions of cultivation and to identify the viability
of oil for human consumption and to be used as a
biofuel.

5. The blank samples of S. bigelovii seeds were
subjected to the following tests:
(a) Determination the humidity percentage
(b) A certain weight W0 of S. bigelovii seeds was

dried at 85 °C until constant weight W1. The
percentage of humidity will be calculated after
cooling.

(c) Oil extraction
(d) The total oil from the dried seeds after grinding

was extracted using different solvents of hexane,
hexane to isopropanol mixture (3:2 v/v), and
ethanol through different techniques, at ratio
1:6 wt./v of dry biomass to solvent, as follows:

(e) Shaker (Elsebaie et al., 2013)
Mixing of 10 g of ground seeds with solvent in a
conical flask was done. The mixture was subject
to agitation, at ambient temperature for 24 h
using a shaker (Model3060, ORBITAL SHAK
ER), at 150 rpm. In the end, the reaction
mixture was filtrated and the solvent will be
evaporated by using a rotary vacuum
evaporator.

(f) Conventional method (Basily et al., 2018a)
(g) Ground seeds (10 g) with organic solvent were

placed in a flask. The suspensions were
continuously stirred using a magnetic stirrer at
constant temperature (65 5C) for 2 h with
reflux. After extraction time and filtration, the
oil will be separated from the solvent using a
rotary evaporator.

(h) Ultrasonic probe technique (Basily et al., 2018a)
(i) The same steps as in conventional method

except that the suspension will be subjected to
ultrasonic generator probe Model Sollics Vibra
Cell V500 at room temperature, for 15 min.
After extraction and filtration, the oil will be
separated from the solvent using a rotary
vacuum evaporator.

(j) The oil samples after all the extraction
processes are transferred to sealed glass vials
and stored at 5 °C for further analysis.

(k) The samples of S. bigelovii seeds which are
subject to different treatments of irrigation and
fertilization as shown in Table 1 will be dried

Table 1 Samples key under different combined treatments of
fertilization and irrigation

Treatments Sample
No.Irrigation Fertilization

100% well water NPK 1

NPK + micro 2

Algae 3

NPK + micro + algae 4

100% sea water NPK 5

NPK + micro 6

Algae 7

NPK + micro + algae 8

50% sea water + 50% well water NPK 9

NPK + micro 10

Algae 11

NPK + micro + algae 12

25% sea water + 75% well water NPK 13

NPK + micro 14

Algae 15

NPK + micro + algae 16

Control (without irrigation or fertilization) 17
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and ground to prepare for the oil extraction
process by ultrasonic generator probe Model
Sollics Vibra Cell V500 at room temperature,
for 15 min using a solvent system of ethanol.
After extraction and filtration, the oil will be
separated from the solvent using a rotary
vacuum evaporator.

6. Gas chromatography analysis of extracted oil
(a) For all extraction processes, the fatty acids

profiles for oil samples were determined using
chromatography (GC) provided with a split
automatic injector and silica capillary column
DB-5 (length, 60 m; ID, 0.32 mm). Helium is
used as a carrier gas at a flow rate of 1 mL/min.
The column was held at 150 °C for 1 min and
ramped to 240 °C, at a rate of 30 °C/min, and
held at 240 °C, for 30 min. Standards are used to
give rise to well-individualized peaks that allow
the identification of the fatty acid composition.

(b) Cetane number of the produced oil can be
calculated from the fatty acid profiles according
to the following equation (Clements 1996;
Hawash and AboElenin, 2015):

CM ¼ ΣXME wt:%ð Þ:CNME

(c) where CN is the cetane number of biodiesel, XME
is the weight percentage of each methyl ester, and
CNME is a cetane number of individual methyl
ester

7. Extraction of phenolic compounds
(a) Four grams of de-oiled biomass was suspended

in 20 ml of 80% ethanol, homogenized for 3 min
at 4 °C to disrupt cells. The homogenate was
centrifuged at 2000 rpm for 15 min at 4 °C.

(b) The resulting supernatant was centrifuged again
at 2000 rpm for 10 min. the residue was
repeatedly extracted with the same solvent until
they were colorless. Then, the supernatant was
filtered through Millipore filters. The filtrate
was evaporated to dryness to give a crude
ethanolic extract (enriched in phenolic
compounds) and immediately analyzed (Sarojini
et al., 2013; Basily et al., 2018b).

(c) Total phenols extracts were determined in
triplicate by the Folin-Ciocalteu reagent using

gallic acid as a standard (Singleton & Rossi,
1965; Anandjiwala, 2007).

8. Extraction of flavonoids compounds (Baviskar &
Khandelwal, 2015)
(a) One gram of de-oiled biomass was crushed in

motor, added 5 ml of distilled water, centrifuged
at 1000 rpm for 15 min, and incubated at 4 °C
for 20 min. Then, it was transferred to the water
bath adjusted at 100 °C for 20 min. The super-
natant was filtrated through filter paper No. 1
the filtrate was adjusted to 25 ml with 95%
methanol solution and incubated at room
temperature for 48 h for the determination of
flavonoid content. Total flavonoid was measured
by a colorimetric assay according to Kim et al.
(Dae-Ok et al., 2003) with some modifications
(Khaleghnezhad et al., 2019). Flavonoid content
(FC) was expressed as mg Rutin equivalents per
gram of dried biomass (mg RE g−1) (Massoumeh
et al., 2014).All samples were analyzed three
times.

Results
Humidity percentage
The percentage of water in the dried seeds at 85 °C until
a constant weight had recorded an average of 8% dry
weight.

Oil content of blank sample
The yield percentage of oil extracted from dry biomass
of blank samples of S. bigelovii seeds by different
methods (shaker, conventional, and ultrasonic probe)
using different organic solvents are reported in Fig. 1.
The oil percentage obtained by using the ultrasonic

probe is more than that by the conventional method
which recorded a percentage of oil more than that of the
shaker process. The ethanol in all extraction techniques
produced a maximum yield of oil. Hexane-isopropanol
recovered an oil percentage higher than hexane.

Fatty acid profile of blank sample
Gas chromatography analysis of the fatty acids compos-
ition of blank samples oils, which are extracted by three
methods (shaker, conventional, and ultrasonic probe)
using ethanol solvent represented in Table 2.
The GC analysis showed eleven fatty acids distinctly.

Six were saturated and five unsaturated. The palmitic
(C16:0) was the dominant saturated fatty acids (18.6–
19.5%), while linoleic-ω6 acid (18:2) was the major un-
saturated fatty acid (34.3–35.3%), oleic acid (18:1) as
mono-unsaturated fatty acid recorded 16–17.5% of total
fatty acids. The unsaturated FA (USFA) was almost
twice saturated FA (SFA).
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Effect of different cultivation treatments on
Oil yield
The cultivation of S. bigelovii plant under variant mixed
treatments of irrigation and fertilizing was affected on its
oil content as clearing in Table 3.
The recovered oil, by ethanol with an ultrasonic probe,

from the blank sample (B) which was a representative
sample from the desert of the North West Coast, was
36.3%. However, the highest percentage of oil was 35%
obtained from sample No. 16, which was subjected to
75% well water for irrigation and fertilized with a com-
bination of NPK + micro + algae. The control sample
No. 17 was grown under the same environmental condi-
tions of cultivation as the other samples (1–16),

excluding irrigation and fertilization. It produced an ac-
ceptable amount of oil (25%), but less than the oil % in
the blank sample (B).

Fatty acid composition
The oil compositions of different cultivation treatments
samples (1–17) were determined by GC analysis, as
shown in Table 4.
The different combined treatments of fertilization and

irrigation of S. bigelovii have changed the fatty acid

Fig. 1 Effect of different solvent with variant extraction methods on the oil percentage of blank sample

Table 2 Fatty acids profile of blank samples oil extracted by
different methods using ethanol

Fatty
Acids

F.A. % of

Shaker Conventional Ultrasonic

C12 3.5 3.0 4..2

C16 18.6 19 19.5

C17 4.0 4.3 3.5

C18 1.5 2.0 2.5

C20 5.5 6.0 4.5

C24 1,2 0.5 1.1

C18:1 ω-9 16.0 17.1 17.5

C20:1 2.2 1.2 0.8

C18:2 ω-6 34.9 36.0 36.5

C18:3 ω-3 5.2 5.4 5,5

C22:2 ω-3 5.0 4.9 4.4

SFA 34.3 34.8 35.3

USFA 63.3 64.6 64.7

MUSFA 18.2 18.3 18.3

PUFA 45.1 46.3 46.4

Table 3 Total oil % of S. bigelovii seeds cultivated under
different combined treatments

Treatments Sample
No.

Oil
%Irrigation Fertilization

100% well water NPK 1 30

NPK + micro 2 26

Algae 3 20

NPK + micro + algae 4 33

100% sea water NPK 5 21

NPK + micro 6 22

Algae 7 21.2

NPK + micro + algae 8 25

50% sea water + 50% well water NPK 9 26

NPK + micro 10 25,5

Algae 11 20.5

NPK + micro + algae 12 33

25% sea water + 75% well water NPK 13 19

NPK + micro 14 25

Algae 15 22

NPK + micro + algae 16 35

Control without irrigation and fertilization 17 25

Blank B 36.3
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profiles of all samples, where the saturated FA (SFA)
was more than the unsaturated FA (USFA), except two
samples No. 10 and 16 where the USFA percentage is
higher than SFA, by 2–6%.
The most abundant saturated fatty acids were palmitic

acid (C16:0) and stearic acid (C18:0). Oleic acid (C18:1)
and linoleic acid (C18:2) were the most unsaturated fatty
acid present.

Nutrition activity

Fatty acids Generally, the ratio of polyunsaturated fatty
acid (PUFA) to saturated fatty acid (SFA) is used to
evaluate the nutritional value of oil (Choi et al., 2014;
López-Yerena et al., 2018). The effects of MUFA and
PUFA+MUFA/SFA on the plasma and liver lipid con-
centrations in rats were examined by Chang and Huang
(López-Yerena et al., 2018). They concluded that
MUFA/SFA must be < 1, PUFA/SFA < 2, and PUFA/
MUFA > 2 and PUFA+MUFA/SFA must not exceed
than 2, for lowering the effects of triacylglycerol and
cholesterol on the plasma and liver lipid concentrations.
The ratio of polyunsaturated fatty acid to saturated

fatty acid for the blank sample was in agreement with
Chang and Huang, where
MUFA/SFA = 0.5, PUFA / SFA = 1.3, PUFA/MUFA =

2.5, and PUFA+MUFA/SFA = 1.8.
The GC analysis of oil samples (Table 3), recorded

that, all of them are not rich in PUFA.

The ratios of PUFA/SFA for nutrition value were not
revealed for most samples.

Total phenolic and flavonoid content The total poly-
phenolic content of investigated samples 1–17 according
to the Folin method differed from one to another
between 2.13 and 3.66 mg Gallic/1 g dry weights of de-
oiled biomass, as shown in Fig. 2. The colorimetric
determination of total flavonoid content in the samples
recorded a variation from 1.28 to 2.44 mg/1 g dry weight
in flavonoid content. The samples with higher oil % re-
corded low phenolic and flavonoid content, whereas the
phenolic and flavonoid content in the blank sample was
higher value, 4.5 and 2.9 mg/1 g, respectively.

Discussion
Oil content of blank sample
The results show that ethanol has higher extraction effi-
ciency than the other used solvents. This is for the fact
that the efficiency of oil extraction is mostly dependent
on the solvent polarity (Basily et al., 2018a).
The polar solvents can open the wall of cells and thus

allow more extraction of the cell contents (Tir et al.,
2012), so it is the most promising solvent for oil extrac-
tion. The ethanol and isopropanol as polar solvents of
short-chain alcohols are used in several studies as alter-
native solvents for extraction because they are safer (Ro-
drigues et al., 2010; Russin et al., 2010).

Table 4 The fatty acid profile and cetane No. of oil in samples cultivated under different treatments

F.A Sample No.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

C12 1 6 2.9 5.1 - 12 10 7 3.5 - 2.9 2 8 4 4.9 1.6 -

C14 15 1 8.7 5.4 3 15 13 3 3.7 1.6 10 4 20.5 2 5.4 1.6 -

C16 24 27 46 44 40 48 41 57 48 28 38 43 44.5 35 29 24 31.3

C18 10 21 16 17 18 10 10 18 26 20 14 19 16.4 20 16 19 22.2

C18-1 ω-9 8 36 2.8 19 22 10 4 9 7.8 40 31 27 2.7 32 34 40 30.3

C18-2 ω-6 30 3 7.3 10 10 3 11 3.4 7.8 7 4 3.2 5.3 5 7.7 10 12.2

C18-3 ω-3 4 1 1.3 0 1.3 2 11 3 2.9 4 - 1.4 2.5 2 2.5 2.1 3.2

S.F.A. 51 55 73 71 60.7 58 74 84 81 49 64.9 68 89.4 61 56 46 54.2

US.F.A. 42 41 11 29 33.8 15 26 15 19 51 35 31.6 10.5 39 44 52 45.7

MUS.F.A. 8 36 2.8 19 22.3 10 4 9 7.8 40 31 27 2.7 32 34 40 30.3

PUFA 35 5 8.6 10 11.5 5 22 6.4 11 11 4 4.6 7.8 7 10 12 15.5

T.F.A 93 96 85 99 94.5 99 100 100 100 100 99.9 99.6 99.9 100 100 98 99.9

MUS./ S.F. 0 1 0 0.3 0.4 0.1 0.1 0.3 0.1 0.8 0.5 0.4 0.03 0.5 0.6 0.8 0.6

PUS./S.F.A. 1 0 0.1 0.2 0.2 0.1 0.3 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.2 0.3 0.3

PUS/MUS. 5 0 3.1 0.5 0.5 0.5 5 0.5 1.4 0.3 0.1 0.2 2.8 0.2 0.3 0.3 0.5

PU.+MU/SF 1 1 0.2 0.4 0.6 0.2 0.3 0.4 0.2 1 0.5 0.5 0.1 0.6 0.8 1.1 0.8

Cetane No. 55 66 61 70 64.9 70 62 69 71 66 61.2 70.4 66.8 68 66 64 66.3

S.F.A. saturated fatty acid, US.F.A. unsaturated fatty acid, M US.F.A. mono-unsaturated F.A., PUFA polyunsaturated fatty acid, T.F.A. total fatty acid
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The ultrasonic probe systems recorded maximum oil
% with all solvents used for extraction process. The per-
formance of ultrasonic technique is based on an electro-
magnetic transducer (i.e., converting mechanical energy
or electrical one to big frequency sound) as an ultra-
sound power, commonly operating at a frequency of 20
kHz, and the ultrasonic probe energy is introducing dir-
ectly into the extraction vessel not transfer through the
liquid medium to the cells (Basily et al., 2018a).

Fatty acid profile of blank sample
There are slight differences in the fatty acid composition
of the oil extracted either by different methods or with
various organic solvents. This means that the extraction
method and the solvent are affecting in the oil yield per-
centage, not in the oil composition. The result is in
agreement with previous studies (Basily et al., 2018a).

Effect of different cultivation treatments on
Oil yield
The environmental conditions of cultivation are primary
factors in the oil yield percentage. Previous researches
(Yuan et al., 2019; Tawfik et al., 2013; Tawfik, 2007)
studied the effect of different cultivation treatments on
the productivity of the halophyte plants. From the per-
centages of oil in our study, it can be concluded that the
well water and NPK + micro + algae have a significant
effect to increase the percentage of oil recovery from the
seeds. Samples 4, 8, 12, and 16 were cultivated under the
same treatments of fertilization of micronutrients, NPK,
and biofertilizer of algal extract and different irrigation
system at well water percentage of 100, 0, 50, and 75%.
The lowest oil % was recorded from sample 8 due to the
absence of well water in its irrigation system, and in-
creases with the increasing percentage of well water to
reach a higher value at sample 16 with inserting 25%

seawater. This is in agreement with other studies
(Bhardwaj et al., 2014; Tawfik et al., 2013), where the
moderate salinity and biofertilizer improve the product-
ivity of halophyte and its contents of protein and carbo-
hydrate. The other combined treatments of fertilization
and irrigation of S. bigelovii recorded lower oil
percentages.

Fatty acid composition
In previous research (Knothe, 2012), palmitic, stearic,
oleic, and linoleic acids were recognized as the most
common fatty acids that were suitable for biodiesel pro-
duction. In particular, oils with oleic acid (C18-1) con-
tent have been reported to have a feasible balance of fuel
properties (Gopinath et al., 2015). That agrees with our
results as clear in a Table 4, the calculated cetane num-
ber of FA components higher than 50 for all samples.
Overall, the oil of cultivated samples is reasonable for
biodiesel production with good quality (Gopinath et al.,
2015). The stability of the oil is better than the other
commercial oils because of the small amount of linolenic
acid C18:3 (5.2–5.5%) (Gopinath et al., 2015).
Comparing with the blank sample (B) found that it

contains FAs with a carbon chain of more than 18 as
C20, C20-1 C22-2, and C24. The percentage of palmitic
A. and stearic A. is very low, 19.5% and 2.5%, respect-
ively. Its cetane No. is too small (29.6). As a result, the
oil of this sample (B) is not promising enough for biofuel
production.

Nutrition activity

Fatty acids The unsaturated fatty acids of the blank
sample were recorded > 63% of the total FAs. Such FAs
composition has an important role in cosmetology and
medical applications (Minzangi et al., 2011; Torri et al.,

Fig. 2 The polyphenolic and flavonoids content in samples, 1–17 and blank (B)
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2019). The free FAs can be generated in the skin as a re-
sult of triglycerides decomposition by bacteria. The de-
struction of the epidermal protective layer and loss of
skin water leads the epidermis to produce more lipids in
the lamellar granules of the stratum granulose. The re-
generation of the lipids decreases with aging, so the oil-
containing FAs of omega-6 series increase the lipid’s
reproduction in the lamellar granules (Zare et al., 2019).
The blank sample oil was rich in polyunsaturated fatty
acids, especially, oleic acid (17.5%) and linoleic acid
(36.5%), which have a medical effect. Naturally, the lino-
leic C18:2 is a component of sebum, and decreasing its
content assists to block skin pores leading to the forma-
tion of eczemas and comedos. So the linoleic can be
used for solving the problems of skin care and skin rich-
ness (Zielińska & Nowak, 2014).

Total phenolic and flavonoid content The total phen-
olic concentrations of investigated samples based on the
Folin method were varied from sample to another one
(Fig. 2). This agrees with previous studies that demon-
strated that culture parameters and the type of plant are
affected in the concentration and composition of phen-
olic compounds of biomass (Safafar et al., 2015). Phen-
olic compounds are considered to be biologically active
components with various health beneficial properties
(Zhao et al., 2014).
The colorimetric determination of flavonoid content

clarifies a variation in flavonoid content which may be
due to the difference in physicochemical parameters of
cultivation. Flavonoids are secondary metabolites and
have the capacity to act as strong antioxidants capable
to scavenge free radicals which are harmful to the hu-
man body and food products (Shashank & Abhay, 2013).
With the increasing demand for natural products in

pharmaceuticals, nutraceuticals, and cosmetic industries,
flavonoids and phenolic are gaining vital importance
with their multiple activities as antioxidants by inhibition
of reactive oxygen species (ROS) generation and direct
or indirect scavenging of free radicals. Recently, natural
antioxidants discovered in plants have attracted some
interest as anti-microbial, anti-cancer, and anti-diabetic.
They have the capacity to improve food quality and sta-
bility (Esmaeili et al., 2015).

Conclusion
The different combined treatments of fertilization and
irrigation of S. bigelovii changed the fatty acid profiles of
all samples than the blank one, where the saturated FA
became more than the unsaturated FA. Except for two
samples 10 and 16, there is no significant difference be-
tween the SFA and USFA percentages. Such oil is being
more reasonable for biodiesel production. The most
abundant saturated fatty acids were palmitic acid (C16:0)

and stearic acid (C18:0). Oleic acid (C18:1) and linoleic
acid (C18:2) were the most abundant unsaturated fatty
acid. In palmitic, stearic, oleic, and linoleic acids were
recognized as the most common fatty acids for biodiesel.
In particular, oils with oleic acid content have been re-
ported to have a feasible balance of fuel properties that
agrees with our results. The higher cetane number than
50 for all samples is referring to this oil has power for
biodiesel production with good ignition properties. The
nutrition activity of the blank sample was higher than
the recultivated samples. The omega series acids ω-9
(oleic), ω-6 (linoleic), and ω-3 (α-linolenic) have wide
applications in cosmetic industries as thickening agents,
water-binding agents, and antioxidants in facial and skin
care products. Phenolic compounds have an important
role in human health as radical scavengers. Flavonoids
are secondary metabolites with multiple activities as
anti-microbial, anti-cancer, and anti-diabetic.
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