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Aridity Impact on the yield and the composition of argan oil (Argania 
spinosa (L. Skeels))

In this study, we investigated the effect of environmental condi-
tions on the composition in fatty acid and the yield of argan oil 
of seeds from seven locations following an increase of aridity 
gradient; Essaouira, Tamanar, Imouzzer, Admine, Ait Baha, Mer-
ght and Bouizakarne. Indeed, the analysis of the composition 
of argan oil showed that the saturated fatty acids varied in the 
same way in the fruits of the studied plants. Therefore, oleic acid 
increased with altitude and linoleic acid decreased with aridity. 
Moreover, no significant differences were found on oil yield of the 
studied areas. Furthermore, we compared the antioxidant activity 
of alimentary and cosmetic oil. The results showed that alimenta-
ry oil had the highest antioxidant capacity compared to cosmetic 
oil.
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Introduction   

Argan oil is obtained from the argan tree 

(Argania spinosa), a species of the Sapotaceae 

family, located in Southwestern Morocco. This 

oil, which is very rich in fat, is consumed by the 

indigenous populations; it is extracted from the 

almonds and represents 25% of the fat (Collier 

and Lemaire, 1974). The extraction of the oil is 

done in a traditional way and allows oil yield 

which does not exceed 30% (Charrouf, 1995, 

M'Hirit et al., 1998), but this yield can vary 

between 35 and 55 % according to the extraction 

method (Charrouf, 1998). On the other side, the 

extraction of argan oil which is done at the 

laboratory from crushed almonds using hexane 

at the soxhlet records a yield of 50 to 55% 

(Charrouf, 1984). 

The composition of argan oil has been studied 

by several authors in relation to its dietary 

characteristics (Collier and Lemaire 1974, 

Charrouf 1984, Boukhobza and Pichon-Prum 

1988, Rahmani 2005, Benzaria et al., 2006) and 

nutritional characteristics (Belcadi Haloui, 1994). 

Argan oil is characterized by the highest level of 

oleic and linoleic acids (more than 80 % of 

unsaturated fatty acids) and the lowest level of 

linolenic acid. The saturated fatty acids (16-

20%) are essentially represented by palmitic and 

stearic acids. However, the unsaturated fatty 

acids may confer to argan oil 

hypocholesterolemic and antiatherogenic 

actions (Charrouf, 2002b, Berrougui et al., 

2003). They also play an interesting role in the 

prevention of cardiovascular diseases 

(Charrouf, 2002a). 

The percentage of the fatty acid composition of 

the oil differs depending on the fruit form 

(Belcadi-Haloui et al., 2008). This composition 

may present some variations according to the 

geographical origin (Maurin et al., 1992) and 

under the effect of the climate. In fact, the rate of 

palmitic acid increases when moving from the 

plain to the highlands, while the rate of oleic acid 

increases with rainfall and the percentage of 

linoleic acid increases with altitude (Fellat-

Zarrouck, 1987, Maurin et al., 1989). The argan 

oil is also characterized by its richness in sterols 

(Rahmani, 2005) and tocopherols (Charrouf and 

Guillaume, 1999, Belcadi-Haloui et al., 2008, 

Marfil et al., 2011). These compounds also have 

hypocholesterolemic actions and intervene in 

the prevention of cardiovascular diseases (Drissi 

et al., 2004). Furthermore, sterols contribute to 

the prevention of prostate cancer (Bennani et al., 

2007). Studies have shown that argan oil, which 

is rich in vitamin E (tocopherols), stimulates an 

enzymatic activity related to the detoxification 

and to the antioxidant defense of cells (Belcadi 

Haloui, 1994, Belcadi-Haloui et al., 2008). 

Besides to these components, argan oil is rich in 

phenolic compounds which also have 

antioxidant activity; nevertheless, these phenols 

are present in small quantities in the order of 4 

mg/kg per argan oil (Khalouki et al., 2003). 

Previous work has shown that argan oil has 

antioxidant activity that could be related to the 

presence of phenolic compounds (Kamal et al., 

2016). 

Therefore, the objective of this work is twofold: 

Firstly to determine the effect of the provenance 

on yield and the composition of argan oil. 

Secondly, to compare the antioxidant activity of 

cosmetic and food oil.  

Materials and methods 

Plant material 

The fruits of argan tree were collected from 

seven locations including Essaouira, Tamanar, 

Imouzzer Ida Outanane, Admine, Ait Baha, 

Merght and Bouizakarne. The geographic and 

climatic data of the location for this study are 

shown in Table 1.  

2 Argan oil yield 

The fruits of each location were subjected to oil 

extraction. The argan seeds were dried in a hot 

air oven at 30 °C overnight then crushed and 

weighed in triplicate, and then the ground argan 

seeds were extracted with hexane in soxhlet for 

8h. Thus, the oil obtained is used to calculate the 

oil yield and to determine the fatty acid 

composition. The oil content is expressed as a 
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percentage related to the weight of the almonds 

(Chernane, 2000). 

3 Analysis of argan oil by gas 

chromatography 

For the determination of the fatty acid 

composition, 1.5 μl of the oil was analyzed using 

a gas chromatograph, Agilent 6890 with FID 

detector. The injection, the oven of the column 

and the FID detector temperatures are 220, 175 

and 220 ° C, respectively. The capillary column 

used, of the BPX70 type, has a length of 60 m 

and an internal diameter of 320 μm. 

 

Table 1 Geographic and climatic data of argan  

Location Position Geographic 
origin 

Altitude 
(m) 

Annual 
rainfall 
(mm) 

Temperature  

(°C) 

Climate 

Essaouira N31°05’14.5 

W009°40’32.4 

Atlantic coast 117 280 9 to 22 Semi-arid 

Tamanar N30°59’30 

W009°42’42.9 

Atlantic coast 183 300  6.6 to 36 Semi-arid 

Imouzzer Ida 
Outanane 

N30°40’23 

W009°28’48 

Northern side 
of the Anti-
Atlas 

900 120 to 
422 

2 to 32 Semi-arid 

Admine N30°20’3 

W 9°27’50  

Souss plain 90 239 5 to 37 Arid 

Ait Baha N30°03’49.7 

W009°07’15.3 

Northern side 
of the Anti-
Atlas 

610 120 6 to 38 Arid 

Merght N29°25’18.5 

W009°42’29 

Southern side 
of the Anti-
Atlas 

712 250 to 
300 

18 to 33 Arid 

Bouizakarne N29°09’57.7 

W009°43’34.1 

Northen limit of 
the Sahara 

629 146 10 to 36 Arid 

 

4 Antioxidant activity 

Ten grams of the cosmetic and food argan oil 

were dissolved in 20 ml of hexane, and the 

solution was extracted successively with 3 x 20 

ml of methanol/water (80:20, v/v) (Besbes et al., 

2004).  

The evaluation of antioxidant assay of extracts 

was evaluated using DPPH scavenging method. 

An aliquot of 2.5 ml of sample was mixed with 

0.5 ml of methanolic solution of DPPH (0.2 mM). 

The mixture was shaken vigorously and 

incubated 30 min in the dark. Then the 

absorbance of the mixture was taken at 517 nm 

against a blank (DPPH solution without extract). 

The decrease in absorbance indicates the free 

radical scavenging effect of the tested sample. 

The scavenging activity was estimated based on 

the percentage of DPPH radical scavenged 

according to the following formula (Loo et al., 

2008):  

P = [(A1–  A2) ×  100]/A1 

(P: Percentage of DPPH radical scavenged, A1: 

control absorbance (DPPH solution without 

extract), A2: sample absorbance). 

5 Statistical analysis 

The results were analyzed by one-way ANOVA 

test using STATISTICA 6; each data represents 

the average of three replicates. Significant 

differences between the means were 

determined using the Newman and Keuls test, at 

p<0.05. 

The Student test (p<0.001) allowed to discern 

the difference between cosmetic and food oils. 
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Results 

1 Argan oil content 

The highest oil content recorded in the argan 

fruit of Merght location with 55.55% dry weight of 

almonds (DW), followed by Bouizakarne location 

with 54.92% DW. The oil yield of argan fruit 

reached an average of 53.42% in Essaouira and 

Ait Baha locations, while this content decreased 

in the fruit of Tamanar and Imouzzer locations 

(52.52% and 52.03% DW respectively). The 

lowest oil content was found in fruits of Admine 

with a value of 48.14% DW (Table 2). 

The results from the analysis of variance showed 

that there is no significant difference (at p<0.05) 

between the studied locations for the results of 

the argan oil content (Table 2). 

 

Table 2. Argan oil yield of the seven studied localities. 

Localities Essaouira Tamanar Imouzzer Admine Ait Baha Merght Bouizakarne 

Oil yield (%) 53.42 

± 

2.97a 

52.52 

± 

2.17a 

52.03 

± 

2.75a 

48.14 

± 

4.35a 

53.42 

± 

4.31a 

55.55 

± 

3.41a 

54.92 

± 

0.59a 

The averages in each column followed by a different letter are significantly different (p<0.05). 

Data are expressed in mg/g ± SD (n=3). 

 

2 Fatty acid composition of argan oil 

The gas chromatographic analysis showed that 

argan oil contained between 79.02 and 81.1% of 

unsaturated fatty acids, mostly composed of 

oleic and linoleic acids. Whereas saturated fatty 

acids varied from 17.72 to 19.6% and 

represented principally by palmitic and stearic 

acids (Table 3). 

The highest concentration of oleic acid (C18:1) 

was observed in fruit oil of Imouzzer location with 

a 48%, followed by the percentage of 

Bouizakarne, Aït Baha and Essaouira with 

47.65, 47.51 and 47.46%, respectively. The 

Merght location fruits recorded an oleic acid 

value of 46.93% and the lowest percentage was 

observed in the fruit oil of Admine location with 

44.34%. Besides, this location has a significantly 

high value of linoleic acid (C18:2) (35.3%), 

followed by the fruits of Tamanar location with a 

percentage of 34.92%. The oils of Essaouira, 

Imouzzer, Merght, and Ait Baha locations have 

the values of linoleic acid of 33.1%, 32.7%, 

32.43% and 31.37%, respectively. The lowest 

content of linoleic acid was recorded in the oil of 

Bouizakarne location with 31.37% (Table 3). 

For the palmitic acid content (C16:0), the 

Bouizakarne location recorded the highest value 

(13.4%), followed by Tamanar and Merght areas 

with 13.13%. This acid has a concentration of 

12.91 and 12.54% in Admine and Ait Baha 

locations, respectively. However, Imouzzer 

almonds have the lowest content of palmitic acid 

with 12.1% (Table 3). 

The Bouizakarne location has a high 

concentration of stearic acid (C18:0), like the 

case of palmitic acid with 6.2%, followed by 

Admine, Merght, Ait Baha, Essaouira and 

Imouzzer locations with, respectively, a 

percentage of 6.06%, 5.9%, 5.79%, 5.6% and 

5.58%. This percentage reached 5.47% in the 

argan oil of Tamanar locality (Table 3). 

Regarding the calculated ratio between 

unsaturated and saturated fatty acids, it reached 

4.58 in Imouzzer location oil, followed 

respectively by that of Essaouira and Aït Baha 

locations with 4.45 and 4.27. The almond oils of 

Merght, Admine and Tamanar localities 

recorded, respectively, the reports of 4.2, 4.19 

and 4.12. This report is lower in the oil of 

Bouizakarne locality with 4.03 (Table 4). 
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Table 3. Fatty acid composition of argan oil from the seven studied localities. 

Fatty acid Percentage 

Essaouira Tamanar Imouzzer Admine Aït Baha Merght Bouizakarne 

Myristic acid (C14:0) 0.14 0.15 0.15 0.14 0.15 0.17 0.15 

Penetadecanoic acid 

(C15:0) 

0.05 0.06 0.05 0.05 0.05 0.05 0.05 

Palmitic acid (C16:0) 12.54ab 13.13b 12.1a 13b 12.91b 13.13b 13.4b 

Palmitoleic acid (C16:1) 0.08 0.11 0.1 0.09 0.09 0.12 0.13 

Heptadecanoic acid 

(C17:0) 

0.08 0.09 0.08 0.08 0.08 0.08 0.08 

Heptadecenoic acid 

(C17:1) 

0.02 0.02 0.03 0.03 0.02 0.03 0.02 

Stearic acid (C18:0) 5.6c 5.47a 5.58ab 6.05ab 5.79ab 5.9ab 6.2b 

Oleic acid (C18:1) 47.46c 44.51a 48d 44.34a 47.51c 46.93b 47.65c 

Linoleic acid (C18:2) 33.1b 34.92c 33.1b 35.3c 32.43b 32.7b 31.37a 

Linolenic acid (C18:3) 0.11 0.09 0.11 0.12 0.09 0.12 0.09 

Arachidic acid (C20:0) 0.35 0.34 0.31 0.38 0.38 0.37 0.41 

Gadoleic acid (C20:1) 0.41 0.34 0.32 0.35 0.38 0.3 0.31 

Behenic acid (C22:0) 0.1 0.08 0.08 0.09 0.11 0.1 0.12 

The averages in each column followed by a different letter are significantly different (p<0.05). 

Data are expressed in mg/g ± SD (n=3). 

Table 4. Saturated and unsaturated fatty acid composition of argan oil from the seven studied 

localities. 

Localities Unsaturated saturated Unsaturated /Saturated 

Essaouira 80.54bc 18.11ab 4.45c 

Tamanar 79.43a 19.28bc 4.12ab 

Imouzzer  81.1c 17.72a 4.58d 

Admine  79.64a 19.03cd 4.19ab 

Ait baha 79.94ab 18.7bc 4.27b 

Merght  79.67a 18.99cd 4.2ab 

Bouizakarne  79.02a 19.6d 4.03a 

The averages in each line followed by a different letter are significantly different (p<0.05). 

Data are expressed in mg/g ± SD (n=3). 
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The results from the analysis of variance showed 

a significant difference (at p<0.05) between the 

studied localities. 

3  Antioxidant activity 

The statistical analysis of the antioxidant activity 

of the cosmetic and food oil showed that there is 

a highly significant difference (at p<0.001) 

(Table 5). The food oil has a strong antioxidant 

activity with a value of 64.03%, contrary to the 

cosmetic oil which has an antioxidant activity 

value of 58.43% (Table 5).  

 

Table 5. Antioxidant activity of cosmetic and food argan oil. 

 Food oil Cosmetic oil  

Antioxidant activity (%) 64.03±0.93a 58.43±0.96b  

The averages in each column followed by a different letter are significantly different (p<0.05). 

Data are expressed in mg/g ± SD (n=3). 

 

Discussion  

The comparison between the extraction of oil by 

the artisanal method (Charrouf, 1995, Charrouf, 

1998, M'Hirit et al., 1998) and Soxhlet method 

(Charrouf, 1984) showed that the later method 

allowed an oil yield higher than that obtained by 

the use of the artisanal method. That's why we 

used the soxhlet method to get better oil yield. 

Concerning the yield of argan oil, there is no 

significant difference between argan fruits of 

different localities. Indeed, no significant 

correlation was observed between climate 

change and the oil content of almonds. Our 

results show that the oil content varies from 

48.14% to 55.55% DW almonds. In the literature, 

this content can vary from 50% to 55% DW 

(Charrouf, 1984, Nerd et al., 1994, Charrouf and 

Guillaume, 1999). However, Maalah (1992) 

reported that the oil content varies from 48% to 

68% DW almonds. 

The oil content of argan seeds depends on 

several factors, namely, the fruit type, its growth 

and its development (Maalah, 1992). 

The yield of argan oil relative to the total fruit 

stays less than that of the olive oil. In fact, the 

seed occupies only a small part of the fruit; 

approximately 5 to 6% of the total weight of the 

fruit (Chernane, 2000), which influences the oil 

yield of the tree. 

The study of the chemical composition of argan 

oil from the seven studied locations by gas 

chromatography is in agreement with the work of 

the other authors (Hilali et al., 2005, Rahmani 

2005, Belcadi-Haloui et al. 2008, Gharby, 2012). 

Argan oil contains from 79.02 to 81.81% of 

unsaturated fatty acids, mostly composed by 

oleic and linoleic acids, while heptadecenoic, 

linolenic and gadoleic acids are the minority 

components (less than 0.4%) (Khallouki et al., 

2003, Gharby, 2012). This oil also contains 

17.72 to 19.56% of saturated fatty acids, 

essentially composed of by palmitic and stearic 

acids (Belcadi-Haloui et al., 2008). 

The proportions of palmitic acid and stearic acid 

generally vary in the same way in the argan fruits 

of different studied localities; this proves that the 

climatic conditions have no influence on the 

composition of oils saturated fatty acid from 

different localities. These results agree with 

those of Fellat-Zarrouck (1987); Hilali et al. 

(2005) and Gharby (2012). However, oleic acid 

increases slightly with altitude, while linoleic acid 

decreases with the increase of aridity gradient. 

Our results differ from those of Fellat-Zarrouck 

(1987) and Maurin et al. (1989) who showed that 

the rate of oleic acid increases with rainfall and 

that of linoleic acid increases with altitude. 

Furthermore, Imouzzer area, located at high 

altitudes with a fresh climate, is richer in 
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unsaturated fatty acids (81.1%) and less rich in 

saturated fatty acids (17.72%). However, 

Bouizakarne area, which is characterized by a 

dry climate, has the highest concentration of 

saturated fatty acids (19.6%) and the lowest 

concentration of unsaturated fatty acids 

(17.72%). 

The relationship between unsaturated and 

saturated fatty acids of different studied localities 

is rather important and varies between 4.03 to 

4.58, which gives to the argan oil a very 

important nutritional value (Rahmani, 2005). 

Therefore, this will allow the oil to exert a 

protective effect hypocholesterolemic and 

antiatherogenic (Charrouf, 2002b, Berrougui et 

al., 2003). 

In addition to fatty acids, argan oil is rich in 

polyphenols; antioxidant compounds. Previous 

studies have shown a correlation between total 

phenol contents and antioxidant activity 

(Popovici et al., 2009, El Guiche et al., 2015). 

Furthermore, our results show that the 

antioxidant activity of the edible oil (64.03%) is 

more important than that of the cosmetic oil with 

a value of 58.43%. This strong activity observed 

in edible oil could be explained by the presence 

of extraction residues (cake), rich in saponins 

(Charrouf, 1991). These components also have 

an anti-radical and antioxidant activity (Charrouf, 

1998, Guillaume and Charrouf, 2005). 

The richness of the oil in antioxidant compounds 

allows its preservation against autoxidation 

(Chimi et al., 1994, Belcadi-Haloui et al., 2015, 

Belcadi-Haloui et al., 2018). Moreover, these 

compounds have a suppressive effect on the 

xanthine oxidase activity, acting principally 

against the superoxide anion generated by the 

hypoxanthine-xanthine oxidase system 

(Khalouki et al., 2003). 

In conclusion, the analysis of the composition of 

argan oil in saturated fatty acids, in the seven 

studied localities, reveals that they generally 

vary in the same way, while the oleic acid 

increases slightly with the altitude and linoleic 

acid decreases with the increase of aridity 

gradient. Besides, aridity has no effect on argan 

oil content, showing that the argan tree, which is 

known by its resistance to the environmental 

conditions of arid and semi-arid areas, can 

maintain relatively high oil content. Moreover, 

the food oil has a significant antioxidant activity 

more than the cosmetic oil, thanks to its richness 

in antioxidant compounds. 
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