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 ABSTRACT 

The present work was undertaken to compare the physico-chemical 

characteristics, fatty acid and sterol compositions as well as the triglyceride 

composition of Opuntia ficus indica seed oils extracted using two different 

methods: cold pressing and Soxhlet extraction. The results showed that the 

prickly pear seeds (PPS) were (on a dry weight basis) : water 6.63%, ash 

1.1%, oil 8.64%, and protein 9.18%. PPS were also a good source of K, 

and Mg. Solvent extraction had a significantly (p < 0.05) higher oil yield 

compared to cold pressing. The main fatty acids in PPS oils were linoleic 

(58.04% , 57.90 %) and oleic (26.29 % , 25.96 %  in solvent-extracted and 

cold pressed oil, respectively. Fatty acid and sterol composition were not 

affected by the extraction method. The peroxide index and free acidity of 

the solvent-extracted oil was significantly higher (p < 0.05) than that of the 

pressed oil. 
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1.Introduction  

The prickly pear (Opuntia ficus-indica L.) 

belongs to the Cactaceae family and has spread 

widely throughout the world. It was introduced 

into North Africa around the end of the 16 th 

century (Arba, 2009). About 1500 species of 

cacti belong to the genus Opuntia and are 

distributed mainly in South America, Australia, 

Africa, including the Mediterranean area 

(Ammar et al., 2014). Prickly pear cactus 

(Opuntia ficus-indica) is extensively cultivated 

in Tunisia. Actually, about 100.000 ha have 

been devoted to prickly pear cultivation in 

Tunisia, spread over Sahel, Kasserine and 

Kairouan regions (Motriet al., 2022). Currently, 

the prickly pear is of great interest not only for 

its ecological roles but also for its nutrtional, 

pharmaceutical and cosmetic potential (Barba 

et al., 2017).The literature reports promising 

information concerning biology, chemical 

composition, cultivation and applications of the 

different parts of this plant (Moudenet al., 

2016; Paiva et al., 2019; El Azizi et al., 2019; 

Jouiniet al., 2021). The main studies on 

Opuntia fruits have been the chemical analysis 

of pulp, skin and seeds and use of the pulp in 

juice production (Albergamoet al., 2022). The 

seeds make up about 10-15% of edible pulp and 

are usually discarded as waste after pulp 

extraction. Prickly pear seeds showed to 

contain polysaccharides, cellulose and 

hemicelluloses (Al-Naqebet al., 2021). The 

extracted oil constitutes 0.5-15.5 % of the total 

seed weight (Regalado et al., 2018). The 

composition of prickly pear seed oil and its 

chemical characteristics have been studied 

(Albergamoet al., 2022;Al-Naqebet al., 2021). 

Cactus pear seed oil has been viewed as an 

important vegetable oil, it is rich in 

polyunsaturated fatty acids, linoleic acid was 

established as a major fatty acid in seed oils. 

Significant levels of carotenoids and γ-

tocopherols, which can be used as antioxidants 

https://www.researchgate.net/profile/Fethi-Zagrouba?_sg=wQyvB93Ise_3DhXNcP-O6hChgXb6KRkCzlRJzLy2EUWhiFDHLe2LiOQM1cV5Fh2R8vaBulAAEjl08eCchAbBJg
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(Loizzo et al., 2019) and sterols were also 

found in this oil.  

Two different methods are commonly used 

for the production of oils : pressing and solvent 

(Soxhlet method). The Soxhlet method 

generally gives the highest oil yield but can 

have adverse effects on oil quality (Mechqoqa 

et al., 2021). The cold pressing procedure is 

desired because it does not use heat or chemical 

treatments to obtain natural edible petroleum 

products. However, Regalado-Rentería et al. 

(2018) reported that this approach has some 

disadvantages, such as low productivity and 

difficulty generating a consistent quality result. 

There is a scarcity of information on 

comparative studies of Opuntia ficus-indica oils 

extracted using both cold pressing and solvent 

extraction methods. The aim of this study was 

to examine the physicochemical properties of 

Opuntia ficus-indica seeds extracted using two 

different methods: cold pressing and the 

Soxhlet extraction system. The 

physicochemical characteristics assessed 

included oil yield, fatty acid composition, 

refractive index, density, peroxide value, free 

fatty acids, triglyceride composition, as well as 

sterols. 

2.Methods  

2.1.Plant material 

The fruits of Opuntia ficus indicaspecies 

were harvested at maturity in the region of 

Knais, (Sousse, Tunisia) at 35.68 m altitude. 

The fruits are washed under running water and 

air-dried in the dark and peeled by hand. The 

seeds are separated from the pulp using a 

manual cooking grinder then they are washed 

several times with distilled water and dried in 

an oven in the dark at 35°C. 

 

2.2.Weight and size  

The weight of the seeds was evaluated, 

randomly, on one hundred seeds. Ten differents 

samples were used for the size determination of 

PPS. With the Vernier, the length and diameter 

were measured and expressed in centimeters 

(Lassoued et al., 2021). 

 

 

2.3.Proximate chemical analysis 

The moisture content of prickly pear seeds 

was evaluated using AOAC (2000) techniques. 

The ash content was determined according to 

the AOAC(1990) method. Crude protein 

content was estimated by Kjeldahl (N × 6.25).  

 

2.4.Mineral contents 

Ca, K, Mg, and Na were quantified using 

atomic absorption spectrophotometry. Sample 

were incinerated and then dissolved with two 

milliliters of H2O2. Concentration standards of 

0.5 – 25.0 μgmL−1 were used to determine the 

minerals quantitatively (AOAC, 1984). 

 

2.5.Extraction techniques of prickly pear 

seed oils 

The oil was extracted with two extraction 

methods: 

- Solvent extraction : The seeds were ground in 

a grinder (Fritsch International, Germany). The 

oil was extracted in a Soxhlet with hexane at 

68°C for 8 hours. A vacuum rotary evaporator 

was used to remove the solvent with little 

heating (40°C). The recovered oil was kept at a 

temperature of - 20°C.. The recovered oil was 

stored at -20°C. 

- Extraction by cold pressing : a SMIR screw 

press was used. The recovered oil was decanted 

and then stored at -20°C. 

 

2.6.Oil yield 

The oil yield of each extraction method was 

calculated as follows : 

𝑌𝑖𝑒𝑙𝑑(%) =
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑜𝑖𝑙 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 (𝑔) 

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑃𝑃𝑆 (𝑔)
× 100(1) 

 

2.7.Physicochemical parameters 

An Abbe refractometer with a temperature 

adjustment was used to determine the refractive 

index of oil samples (model G manufactured by 

Carl-Zeiss, Germany). A densimeter PAAR 

DMA 45 was used to measure density at 20 °C 

(Chempro, Paar, Graz, Austria). Official 

procedures were used to establish the value of 

peroxide and to quantify free fatty acids 

(AOAC, 1997).  
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2.8.Fatty acid composition 

The total fatty acid composition of the 

PPSoils, determined by conversion oil to fatty 

acid methyl esters (FAME), was achieved 

according to the NF T60-233, and NF T60-234 

method. 30 mg of lipids were diluted in 3 ml of 

sodium methoxide (0.05 M) containing three or 

four drops of phenolphthalein. After a 10-

minute reflux, 3 mL of methanol/acetyl 

chloride (1:1, v/v) were added to the mixture. 

The mixture was then cooled at room 

temperature after another 10 minutes of 

refluxing.10 ml of ultrapure water and 6 ml of 

hexane were added. The upper organic phase 

containing FAMEs was finally recovered. The 

methyl esters were then analyzed by gas 

chromatography (Agilent, HP 6890 series) with 

a flame ionization detector equipped with a 

capillary column packed with a stationary 

phase: Agilent CP-Sil 8850, 50 m × 0.25 mm 

internal diameter × 0.2 mm film thickness). 

Operating conditions were as follows: helium 

as the carrier gas was at a flow rate of 1.5 

mL/min and injection volume was 1 mL.The 

injector temperature was kept at 250°C, while 

the oven temperature was kept at 165°C and 

gradually increased to 210°C at a rate of 

2°C/min. By comparing the peaks area and 

retention times of the fatty acid methyl esters to 

those of the pure standard FAME, the peaks 

were classified and quantified. The percentage 

of total detected fatty acids (g/100 g total fatty 

acid) was used to calculate the results. 
 

2.9.Triglyceride Composition 

The triacylglycerol (TAG) profile was 

determined using reverse-phase high-

performance liquid chromatography equipped 

with a refractive index detector. The separation 

of triglycerides was carried out using a hypersil 

ODS column (250 × 4 mm) with a particle size 

of 5 μm and were eluted from the column with 

an acetonitrile-acetone mixture (65/35, v/v) at a 

flow rate of 0.8 mL/min. The peaks were 

identified by comparison with standard TAG 

peak retention times and retention times 

observed in chromatographs of other vegetable 

oils such as rapeseed oil, soybean oil, and olive 

oil. The peak areas produced by the data 

integrator were used for quantification. 

2.10.Sterols analysis 

Separation of sterol was performed 

according to the NF ISO 12228 method. After 

adding 1 mg of FLUKA cholesterol as an 

internal standard and a few antibumping 

granules, 250 mg of PPS oil was refluxed for 

15 minutes with 5 mL ethanolic KOH solution 

(3 %, w/v). 5 mL ethanol was added to the 

mixture right away. At a flow rate of 2 mL/min, 

the unsaponifiable component was eluted 

through a glass column packed with a slurry of 

260 aluminum oxide (Scharlau) in ethanol (1:2, 

w/v) with 5 mL ethanol and 30 mL diethyl 

ether. The extract was evaporated at 40°C 

under reduced pressure in a rotary evaporator, 

and the ether was entirely evaporated under 

nitrogen steam. A FLUKA silica gel F254 plate 

was created in the solvent solution n-hexane–

diethyl ether (1:1, v/v) for sterol 

characterisation. The thin-layer plate was 

sprayed with methanol to detect sterols; the 

sterol bands were scraped off the plate and 

recovered using diethyl ether extraction. After 

that, the extract was evaporated in a rotary 

evaporator and nitrogen was added. The 

trimethylsilyl ether sterols (TMS) derivatives 

were prepared by adding 100 μl of a silylant 

reagent N-methyl-N-(trimethylsilyl) 

rifluoroacetamide/pyridine (1:10, v/v) in a 

capped glass vial and heated to 105 °C for 15 

min. Standard solution preparation: 

derivatization was used to create a combination 

of sterol standard solutions (cholesterol, 

sitosterol, stigmasterol, betulin, ergosterol, and 

campesterol). A Hewlett Packard 6890 

(Agilent) gas chromatograph with a FID 

detector and a capillary column HP5 (5 percent 

phenylmethylsiloxane, 30 m 0.32 mm; internal 

diameter, film thickness 0.25 m) was used to 

analyze sterols by gas chromatography. Injector 

temperature was 320°C, column temperature 

was a 4°/min gradient from 240°C to 255°C (65 

min), and the carrier gas was helium at a flow 

rate of 1 mL/min. The ISO 12228 reference 

method was used to identify the sterol peak, 

which was then validated by mass spectrometry 

using the NIST 2002 database. 
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2.11.Statistical analysis 

The values of different parameters were 

expressed as the mean ± standard deviation (x¯ 

± SD) of three independent experiments. one-

way analysis of variance (ANOVA) was used 

for statistical analysis where the method of 

extraction is the only factor taken into account. 

The comparison between the means was carried 

out with the Student–Newman–Keuls test and 

the differences between individual means and 

each single used mean were deemed to be 

significant at p < 0.05. 

3.Results  

3.1.Size and weight 

Few studies have examined the size and 

morphological description of prickly pear 

seeds. Morphological characterization showed 

that Opuntia ficus indica seeds are very hard, 

flat in shape, more or less lenticular. The seed 

size was 0.52 cm for the length and 0.28 cm for 

the width (Table 1).  

 

Table 1. Size and weight of PPS 
Length 

(cm) 

width (cm) weigh of  

100 seeds (g) 

0.52 ± 0.05 0.28 ± 0.04 1.65 ± 0.08 

Values are means ± Standard Deviations (SD) of three 

determinations. 
These values are in agreement with those 

reported by  Barabraet al. (1995). The mass of 

100 seeds was 1.65 g. This result is higher than 

that obtained by Ennouriet al. (2005) (1.38 g), 

and  Tliliet al. (2011) (0.89 g to 1.42 g). The 

variation in prickly pear seed mass and size 

certainly attributed to botanical origin; it is 

influenced by differences in growing conditions 

(agronomic and climatic). 

 

3.2.Proximate chemical analysis 

The chemical composition of prickly pear 

seeds is shown in Table 2. The moisture content 

was low (8.71%), which was beneficial in 

extending the shelf life of prickly pear seeds 

because higher moisture content may cause 

decomposition by micro organism. The oil 

yield value (8.64%) obtained for PPSwas lower 

than that of Nassar (2008) containing 10.43% 

oil. But they are close to those reported by  

Habibi (2004) and Tliliet al. (2011) who 

estimate this content at 9%, and 6.85% 

respectively. Crude protein, and total ash were 

9.18%, and 1.1%, respectively, for prickly pear 

seeds on a dry weight basis. The protein content 

was higher than that  found by  Nebbache et al. 

(2009) while it is close to the result obtained by 

Tlili et al. (2011), (8.10%). The ash content of 

PPSharvested in Tunisia was consistent with 

those reported by  Ennouriet al. (2005) and 

Habibi (2004) who estimate this content at: 

1.1% and  1.3%.respectively. Differences in 

chemical composition of prickly pear seeds 

could be attributed to growing climates, 

ripening stages, extraction methods used and 

plant varieties (Ettalibi et al., 2021). 

 

Table 2. Chemical composition (% dry matter) 

of PPS 

Moisture 8.71±0.2 

Ash 1.1±0.13 

Protein 9.18±0.2 

Crude oil 8.64±0.62 
Values are means ± Standard Deviations (SD) of three 

determinations. 
 

3.3.Mineral contents 

The mineral content of prickly pear seeds is 

shown in Fig. 1. The most abundant mineral in 

prickly pear seeds was potassium (167 mg/100 

g), while the calcium content was the lowest 

(18.2 mg/100 g). These results are in agreement 

with those of Mostafaet al. (2014) for the 

Moroccan PPS. However, The calcium and 

magnesium contents are lower than those found 

by  Ozcan and Al Juhaimi (2011) for the 

turkishPPS. Prickly pear seeds are a good 

source of minerals, especially potassium, from 

a nutritional aspect. This mineral contributes to 

alkalinization and helps to maintain the 

electrolyte balance of body fluids. 
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Figure 1. Mineral content of PPS (mg/kg). 

 

3.4.Oil yield 

The oil yields of PPSfrom cold pressing 

extraction are significantly lower (p < 0.05) 

than that obtained by solvent extraction (Fig. 

2). The oil yield of Opuntia ficus indica seeds 

was 4.68 % and 8.64% for cold pressing 

extraction and solvent extraction, respectively. 

It was also found by   Regalado-Rentería et al. 

(2018), Loizzo et al. (2019)and  De Wit et al. 

(2021) that the oil yield of prickly pear seeds 

was affected by the extraction technique. 

Karabagiaset al. (2020) reported that the most 

important factors on the oil yield of PPS are the 

variety and the extraction process. Generally, 

the majority of scientific work is on solvent-

extracted oils which give better oil yield (Al 

Naqeb et al., 2021). 

Figure 2. Oil yields obtained by different 

recovery techniques (Values with different letters are 

significantly different p < 0.05) 

3.5.Physicochemical parameters 

The different physico-chemical indices of 

PPSoil are presented in Table 3. The peroxide 

index is a useful measure for predicting the 

onset of oxidation since it quantifies the amount 

of hydroperoxide in the oil (Martin-Polvillo et 

al., 2004). The peroxide index of the solvent-

extracted oil was significantly higher (p<0.05) 

than that of the pressed oil (Table 3), 5.13 

meqO2 kg-1 and 2.14 meq O2 kg-1 for solvent-

extracted oil and pressed oil, respectively. 

These peroxide index values are lower than the 

10 meq O2/kg oil values found in most 

conventional oils(Codex, 2009). Peroxide index 

values of chemically extracted prickly pear 

seed oils were above the recommended limit, 

De wit et al.(2017)  reported that it ranged 

between 9.5 and 23.30 meq O2 kg-1. A peroxide 

index value of 12 meq O2/kg has been reported 

for Algerian Opuntia ficus-indica cold-pressed 

seed oils (Koshak et al., 2020). Peroxide value 

is affected by oil extraction method, cultivars, 

growth conditions, soil geography, harvesting 

routines, as well as handling and storage, 

according to Koubaa et al. (2016).  

Lipids are one of the most alterable 

compounds, the presence of water or air can 

respectively lead to hydrolysis and oxidation 

phenomena (Ollé, 2000). Free fatty acids is an 

important indicator of oil quality by measuring 

the level of free fatty acids in oils. Lipid 

hydrolysis is affected by chemical or enzymatic 

processes, resulting in the presence of free fatty 

acids (Sharma and Jain, 2015). As shown in 

Table 3, free fatty acids content of oil cold 

pressed (4.16%) was significantly (p < 0.05) 

lower than these obtained by soxhlet method 

(9.09 %). This is due to highly polar solvents 

induce triglycerides hydrolysis and 

saponification processes in vegetable oils, 

allowing for the generation of free fatty acids 

(Gharby et al., 2015). These results were 

compared to previous study obtained by  De 

Wit et al. (2017) where free fatty acids ranged 

between 2.49 % and 5.08% in chemically 

extracted oil and less than 2 % in cold-pressed 

oil.  The free fatty acid concentration of cold-

pressed PPS oil was lower than that found by 

Brahmi et al. (2020) (21.2% for Algerian cold-

pressed PPS oil) but higher than those found by  

Ozcan and Al Juhaimi (2011)  (1.41% for 

Turkish cold-pressed PPS oil). A combination 
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of catalysts, such as enzymes, and residues 

generated after extraction may be responsible 

for the high levels of free fatty acids. 

Furthermore, free fatty acids could be present 

since the oil was not refined. 

As indicated in Table 3, there was no 

significant difference in refraction index, 

extracts by solvent and by oil press (p < 0.05). 

According to the Table 3 refraction index was 

1.4721 for solvent extracted oil and pressed oil. 

This result is similar to those reported by  

Gharbyet al.(2011) (1.464) and  De Wit et al. 

(2017) (1.4658 and 1.4676), but it was  lower 

than that reported by  Ennouriet al. (2005) 

(1.4831).  

The density of the PPS oil at 20°C was 

established as 0.901 and 0.907 (Table 3) for 

cold pressing extraction and solvent extraction, 

respectively. The density of both samples was 

generally determined within the range of 

published cactus seed oil density 

values(Ennouri, 2005; Zine et al., 2013)]. The 

results of the one-way ANOVA study revealed 

no significant differences between PPS oil 

extracted by pressing and PPS oil extracted by 

solvent. 

 

Table 3. Comparison of physic-chemical 

properties of Soxhelt extracted and cold pressed 

PPS oils 

Parameter 
Soxhlet 

extracted 

Cold 

pressed 

Refractive 

Index 
1,4721a± 0.01 1,4712a± 0.0 

Density 0,901a± 0.03 0,907a± 0.01 

Free acidity 

(%) 
9,09b± 0.20 4,16a± 0.05 

Peroxide value 

(meq O2 kg−1) 
5,13b ± 0.2 2,14a ± 0.1 

Values with different letters in the same row are significantly 

different p < 0.05. Values are means ± Standard Deviations of 

three determinations. 
 

3.6.Fatty acid composition 

Fatty acid composition of PPS oils is shown 

in Table 4. Eight kinds of fatty acids were 

detected in PPS oils samples. Analysis of the 

fatty acid composition of the lipid fractions 

obtained with differents extraction methods 

(cold-pressing and soxhlet) did not reveal 

significant difference (p < 0.05) in the fatty 

acid profile. These results were similar to those 

previously reported for red pepper seed oils, 

which found no significant variations in fatty 

acid composition between cold pressing and 

soxhlet extracted seed oils (Chouaibi et al., 

2019). By comparing the results of the two 

extraction methods, it can be seen that the PPS 

oil produced by cold pressing is also rich in 

unsaturated fatty acids (UFA) (C18:1 =25.96% 

and C18:2 = 57.90 %) than that extracted by the 

Soxhlet method (C18:1 = 26.29 and C18:1 = 

58.04%). Polyunsaturated fatty acids (PUFAs) 

were the most prominent fatty acid with rate, of 

total fatty acids, greater than 58%. They are 

mainly represented by linoleic acid with a 

higher content than in sesame oil (42.10%) 

(Kurt, 2018) and a much higher content than in 

Pistacia lentiscus seeds oil (<24%) (Ait 

Mouhamed et al., 2020). This fatty acid may 

have nutritional and physiological benefits in 

the prevention of coronary heart disease and 

cancer (Oomah et al., 2000). Adulteration of 

cactus oil with other oils rich in linolenic acid, 

such as rapeseed oil and soybean oil, can be 

detected by measuring the modest amount of 

linolenic acid (0.4 and 0.65 percent) (Taoufik et 

al., 2015) PUFAs are followed by 

monounsaturated fatty acids (MUFA) making 

up more than 25% of total fatty acids. In 

addition of his nutritional value, the presence of 

a significant amount of oleic acid ensures the 

oil's stability and suitability for industrial 

use.Total saturated fatty acid (SFA) contents 

were 14.51% and 14,97% for PPS oil extracted 

by solvent and pressing, respectively. Palmitic 

acid is the most abundant SFA which offers the 

appropriate amount of plasticity for cosmetics 

applications. Furthermore, it should be noted 

that PPS oil is highly unsaturated with 

unsaturation rate UFA/SFA greater than 4.5%. 

The high unsaturated/saturated ratio may give 

PPS oil its nutritional, dietetic virtues and 

curative properties. On the other hand, high 

ratio signifies high potential for oxidation 

reactions of the oils with relation to the 

presence of double bonds. The richness of 

omega-6 of this oil makes it as an alternative 

source of this essential fatty acid. Results 
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revealed that fatty acid compositions of the 

studied PPS oils were consistent with the 

results obtained by Ozcan and Al Juhaimi 

(2011) where content of palmitic acid 

(12.23%), oleic acid (25.52%) and linoleic acid 

(61.01%). Nonetheless, other studies have 

reported lower levels of oleic acid (18.88%) 

and higher levels of linoleic acid (63.46%) 

(Ettalibi et al., 2021). Some investigations 

observed differences in linoleic acid content, 

which could be attributed to fruit genotype, 

growth environment, or maturation stage. PPS 

oil, based on our results, could be a valuable 

supply of essential fatty acids, which could be 

beneficial to the cosmeceutical and 

pharmaceutical industries. 

 

Table 4. Fatty Acid Composition (g/100 g) of Soxhelt extracted and cold pressed PPS oils 

 Soxhletextracted Cold pressed 

Palmitic C16 :0 11.30 ± 0.30 a 11.40 ± 0.10 a 

PalmitoléicC16 :1 0.40 ± 0.20 a 0.55 ± 0.05 a 

Stearic C18 :0 2.94 ± 0.30 a 3.30 ± 0.01 a 

Oleic C18 :1n9 26.29 ± 1.05 a 25.96 ± 1.50 a 

Linoleic C18 :2 58.04 ± 2.10 a 57.90 ± 2.20 a 

LinolénicC18 :3n3 0.40 ± 0.05 a 0.65 ± 0.01 a 

Arachidic C20 :1 0.13 ± 0.01 a 0.14 ± 0.01 a 

Arachidic C20 :0 0.27 ± 0.02 a 0.27 ± 0.05 a 

SFA 14.51 ± 0.62 a 14.97 ± 0.16 a 

PUFA 58.44 ± 2.15 a 58.55 ± 2.21 a 

MUFA 26.82 ± 1.26 a 26.65 ± 1.56 a 

UFA/SFA 4.58 4.55 
SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids;  

Values with different letters in the same row are significantly different p < 0.05.  

Values are means ± Standard Deviations (SD) of three determinations. 

 

3.7.Triglyceride Composition 

Determining the type and amounts of TAG 

species present in oil can be used to understand 

their physical and functional properties. 

According to the Table 5, prickly pear seed oils 

contain 12 TAGs, the predominant component 

is LLL (22.79% – 21.99%), followed by OLL 

(21.36%–21.56%) for the oil extracted by 

solvent and cold press, respectively. PLL and 

PLLn triglycerides are found in trace amounts. 

This result is in agreement with that reported by 

Ettalibiet al. (2021). 

 

Table 5. Triacylglycerol (TAG) composition ofSoxhelt extracted and cold pressed PPS oils 

 Relative composition (%)  Relative composition (%) 

Soxhlet extracted Cold pressed Soxhlet extracted Cold pressed 

LLLn 22.79b ±0.02 21.99a ±0.01 OOO 1.86a ±0.00 2.32b ±0.01 

OLL 21.36a ±0.02 21.56b ±0.03 PLLn 0.29a  ±0.02 1.13b ±0.04 

POL 14.03a ± 0.01 15.06b ± 0.01 POP 2.65b ±0.05 2.21a ±0.02 

LOO 13.22a ±0.05 13.29a ±0.03 ALO 2.41a±0.00 2.99b±0.01 

POO 1.99a ±0.02 1.95a ±0.03 SOO 9.61b±0.01 6.93a±0.02 

PLL 0.31a ±0.01 0.30a ±0.02 OPS 3.78b±0.02 2.99a±0.03 
Values with different letters in the same row are significantly different p < 0.05.  

Values are means ± Standard Deviations (SD) of three determinations. 
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In addition, the triglyceride profile obtained 

for cold press oil extraction in this study are 

close to those described by  Zineet al. (2013). 

When the triglyceride content of oils extracted 

using two different procedures was compared, 

significant differences (p0.05) were found for 

LLLn, OLL, POL, OOO, PLLn, POP, ALO, 

SOO, and OPS. Therefore, the extraction 

method should affect triglyceride levels. 

 

3.8.Sterols analysis  

The sterol composition of PPS oil is 

presented in Table 6. Six kinds of sterols were 

identified in PPS oils and quantified by 

corresponding sterol standards. Sterolic fraction 

was composed by β-sitosterol: 71.56% and 

70.26%, campesterol: 11.26% and 10.68%, Δ5-

avenastérol: 8.68% and 9.45%, Δ7- avenastérol: 

3.75% and 3.84%, stigmasterol: 3.44% and 

3.71% and cholestérol: 1.12% and 1.05% for 

PPS oil extracted by pressing and solvent 

methode, respectively. These results are in 

good agreement with prior studie' finding 

(Taoufik et al., 2015). The one-way ANOVA 

analysis did not show a significant (p < 0.05) 

difference between PPS oil extracted by 

pressing and solvent methode. β-sitosterol was 

reported as the main sterol identified in seed 

oils with about 70% of total sterols. 

Furthermore, campesteroland Δ5-avenasterol 

were found in concentrations that exceeded 

10% and 9% of the total sterol content, 

respectively. The presence of low levels of 

stigmasterol, cholesterol, and 7-avenasterol was 

also discovered.El Mannoubiet al. (2009) and 

Zine et al. (2013) were published similar results 

where β-sitosterol was the sterol marker with 

72% and 75.3% respectively.The obtained 

results for β-sitosterol were lower than those 

reported for PPS oil (80.82% and ≥ 77%) from 

Morocco (Taoufik et al., 2015; Gharby et al., 

2020). However, in our study, the cholesterol 

values were higher than those found in 

literature. The mature stage of seeds may be 

responsible for differences in sterol content. In 

addition to their antioxidant activity, sterols are 

interesting because they affect the human body 

by preventing cholesterol absorption from the 

intestine and lowering blood levels of the low 

density lipoprotein cholesterol component. 

Phytosterols have been proven to have a variety 

of nutritional impacts (Tapieroet al., 2003). 

 

Table 6. Sterol composition (Weight Percentages) of Soxhelt extracted and cold pressed PPS oils 

 Soxhlet extracted Cold pressed 

Cholesterol 1.12 ± 0.01a 1.05 ± 0.10 a 

Campesterol 11.26 ± 0.05 a 10.68 ± 0.60 a 

Stigmasterol 3.44 ± 0.02 a 3.71 ± 0.01 a 

β-Sitosterol 71.56 ± 1.05 a 70.26 ± 2.00 a 

Δ5-avenasterol 8.68 ± 0.50 a 9.45 ± 0.01 a 

Δ7- avenasterol 3.75 ± 0.01 a 3.84 ± 0.01 a 
Values with different letters in the same row are significantly different p < 0.05. Values are means ± SD of three determinations. 

 

4.Conclusion 

Comparative study of physicochemical, 

fatty acid, triglyceride and sterols compositions 

of PPS oil according to its extraction method 

had been examined. Refractive index and 

density did not change significantly with the 

used technique, while free acidity and peroxide 

value increased significantly when organic 

solvent extractionwas used. This study revealed 

that fatty acid and sterols composition were not 

affected by the extraction technique, however 

extraction with hexane greatly affect 

triglyceride levels.  

Highlighting, the good chemical composition 

and the richness in PUFA of PPS oil permitted 

to establish its potential applications in 

nutritional or pharmaceutical industry. PPS oil 

is also a suitable ingredient in the fields of 

cosmetic and phytotherapy industry.Other 

biological activities should be evaluated, as 

well as the active components responsible for 

the oil's antioxidant activity.  
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