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Abstract: Argan oil (AO), extracted from the argan tree’s fruits, is principally composed of mono-
unsaturated fatty acids, polyphenols, tocopherols, and sterols. This unique chemical composition is
likely to be responsible for its beneficial effects. The argan tree (Argania spinosa) grows endemically
in the southwest of Morocco. This study aimed to evaluate the chemical composition of three types
of argan oil from three geographical locations: argan oil extracted from argan nuts collected from a
plantation (Casablanca, AOC) and two forest stands of argan trees growing naturally in their native
environment of the south-west of Morocco ((regions of Essaouira (AOE) and Taroudant (AOT)). The
composition of the three oils corresponds to the known composition of argan oil in terms of fatty
acids and unsaponifiable fraction. The chemical analyses revealed that the argan oil extracted from
the plantations (AOC) is significantly richer in linoleic acid, linolenic acid, and tocopherols compared
to the oil from the two natural stands (AOE and AOT) of argan trees. These results suggest that it is
possible to facilitate an assisted migration of the argan tree outside its natural area into sites exposed
to sea spray without affecting the quality of its argan oil.
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1. Introduction

The forests of the argan tree, or Argania spinosa (L.) Skeels, a species endemic to
Morocco, currently extend only to the arid and semi-arid zones of southwestern Morocco.
Argan trees cover an area of 828,000 hectares, and they are the second-most important
forest species in Morocco after the holm oak [1]. During the Tertiary period, when it first
appeared, the argan tree is thought to have spread over a large part of Morocco [2]. In
the Quaternary period, it would have been pushed back to the southwest by the glacial
invasion. This probably explains the presence of two small areas of argan trees in the upper
Grou valley to the southeast of Rabat and the northwestern foothills of the Beni-Snassen,
near Oujda [3]. Argania spinosa trees adjust their physiological status and leaf attributes to
environmental conditions, allowing plants to thrive under a dry climate [4]. All parts of the
argan tree are usable and present great economic, medicinal, and therapeutic interests [5]
thanks to extracts from its organs (fruit and leaves) [6]. Despite the economic, social,
and environmental importance of this tree, little interest has been given to its installation
outside its biotope in Morocco and abroad [7]. The failure of the extension, planting, and
reforestation operations of the argan tree is due to major obstacles such as rainfall, humidity,
cold, and different traits related to root architecture [8]. Pre-inoculation with an effective
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strain of an endomycorrhizal fungus (Glomus intraradices Schenck & Smith) provides a clear
advantage for the growth of argan tree seedlings. This technique deserves to be considered
in the current practice of nurseries, as it is already practiced in some countries for other
woody species [9,10].

Argan oil is known for its richness in unsaturated fatty acids and its minor compounds,
polyphenols, tocopherols, sterols, etc., which give it its antioxidant properties. The quan-
tification of these minor compounds is important and their determination is necessary,
as their variation can be accompanied by nutritional health modifications. Indeed, some
compounds, such as polyunsaturated fatty acids (essential fatty acids) or vitamin E (toco-
pherols), are responsible for the nutritional interest in argan oil. This particular biochemical
profile of argan oil has often led to its being considered as a new functional food or health
food [11]. Argan oil is composed of triaglycerols, of which 80% comprises unsaturated
fatty acids, which are known for their role in primary and secondary prevention of car-
diovascular disease [12]. These are dominated by oleic acid at 48%, followed by linoleic
acid at approximately 32%. The saturated fatty acids in argan oil are palmitic acid (approxi-
mately 13%) and stearic acids (approximately 5%). The unsaponifiable fraction of argan
oil contains equal amounts (20%) of sterols and triterpenes. Schottenol and spinasterol
are the two main sterols, and these molecules seem to have protective properties for the
epidermis. Finally, a-tocopherol (vitamin E) plays the role of a regulator in the immune
system and in inflammation [12]. In addition, the polyphenols contained in argan oil play
a promoting role in the prevention of and therapy for diseases with underlying inflam-
matory conditions, including cancer, neurodegenerative diseases, obesity, diabetes, type
II diabetes, and cardiovascular disease [13]. Research conducted on argan oil attributes
nutritional, medicinal (pharmacological), and cosmetic benefits to it. Its consumption
regulates the lipid profile [14], protects against cardiovascular diseases, atherosclerosis, and
certain cancers [15-17], and also increases androgenic activity [18]. Argan oil has been used
traditionally for many centuries. The development of processes to extract oil by mechanical
cold presses from non-torrified almonds has motivated some laboratories to integrate it
into cosmetic products, such as soaps, shampoos, and creams [17,19]. It is used to nourish
hair, prevent hair loss, and fortify dull and brittle hair [20]. It is also used for the treatment
of chapped, dry, or dehydrated skin and acne. Long-term use reduces the speed of wrinkle
appearance and helps with the healing of scars [21,22]. The quality of the oil is linked to
the concentration of many trace metals. Some metals are known to increase the rate of oil
oxidation. The assessment of elemental concentration in vegetable oil is vital because of
their elicit toxic effect on the human health if consumed in excessive quantities. The main
objective of this study is to evaluate and compare the composition of argan oil from an
argan tree plantation outside its natural area with those from two natural forest stands
grown in southwestern Morocco.

2. Materials and Methods
2.1. Plant Material

The first argan oil originated from “Tafingoult”, a small rural commune in Taroudant
Province of the Souss-Massa region (Morocco), at the following location (latitude: 30°46'0” N;
longitude: —8°22'60"” W). It is characterized by a hot and cold semi-arid climate (Képpen-
Geiger climate classification) [23]. The soil of “Tafingoult” belongs to the category of silty
soils of the textural class known as “sandy silt”, and the most abundant species is Argania
spinosa, followed by Tetraclinis articulata and Quercus rotundifolia.

The second argan oil originated from “Smimou”, a town in Essaouira Province of
the Marrakech-Safi region (Morocco) at the following location (latitude: 31°12'49” N;
longitude: —9°42'21” W). It is characterized by a hot and cold semi-arid climate (Képpen-
Geiger climate classification) [24]. The soil of “Smimou” belongs to the category of silty
soils of textural class known as “silt”, and the most abundant species is Argania spinosa,
followed by Tetraclinis articulata.
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The planted argan trees in Casablanca were planted in 2008. The argan plants used
were grown in the “Ounagha forest nursery” in Essaouira in polyethylene bags until they
were suitable for transplantation (1 year). The argan tree plantation is located in an urban
area of Casablanca, in “Hay Laymoune”, and in the vicinity of the city in “Dar Bouazza”
(see Figures S1-55).

2.2. Sampling and Processing of Argan Nuts

Three types of argan oil were extracted by cold mechanical pressure from unroasted
argan kernels. These are the argan oils from the fruits of the plantation in “Casablanca”
(AOC) and the two other oils from forest trees in the prefectures of “Taroudant” (AOT)
and “Essaouira” (AOE). The three samples were obtained from the dried fruits of the 2018
collection, when the planted trees were 8 years old, and the wholes were treated in parallel
under the same conditions of pulping, crushing, and extracting [25]. The argan fruits were
collected in October 2018 and dried in the traditional way by exposure to the sun, then
depulped. The nuts were crushed and the almonds were directly extracted in May 2019.
The extraction was performed using 446 g of kernels from each provenance (Figure 1). The
obtained oils were stored after decantation in sterile, hermetically sealed, coated bottles to
avoid the impact of external factors. The first analyses were carried out during the week
preceding the extraction. All of the results were obtained 3 weeks after the extraction of
the samples. All of the analyses were carried out at the Official Laboratory of Chemical
Analysis and Research of Casablanca, “LOARC”, and the National School of Agriculture
Meknes (ENAM).

(b)

Figure 1. Sampling and extraction of argan oil from the plantation and two natural forest stands
of argan trees. (a) Argan nuts from a plantation in Casablanca. (b) Composite samples of argan
kernels collected from the three sampling sites (Essaouira, Casablanca, and Taroudant). (c) Argan oil
extracted by cold mechanical pressure.

2.3. Physico-Chemical Parameters

The physicochemical parameters used for classifying the three argan oils (Casablanca,
Taroudant, and Essaouira) were the acidity, the peroxide value, and the spectrophotometric
characteristics.

2.3.1. Acidity

Acidity is an indicator used to determine the content of free fatty acids resulting from
the hydrolysis of triglycerides. It is expressed as a percentage of oleic acid and detected
by ISO 660 [26]. In this experiment, 10 g of argan oil was added to a mixture of solvents
of ethanol (50 mL) and diethyl ether (v:v) previously neutralized by potassium hydroxide
(KOH 0.1 N) in the presence of phenolphthalein. The fatty acids were titrated with a
potassium solution (0.1 N) until the appearance of pink coloration. The volume of the
added potassium solution was noted, and then the acidity was expressed as a percentage
of free oleic acid according to the following formula:
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Acidity % = (N x V x M)/(Wt of sample (g) x 10) @D

where:

N: normality of standard KOH solution used for titration (0.1 mole/liter);
V: volume (mL) of standard KOH solution used for titration;

M: molecular weight of oleic acid (282 g/mole);

Wt: weight (g) of the sample.

2.3.2. Peroxide Value

The peroxide value of each type of oil was determined according to the protocol
ISO 3960 [27]. A 5 g sample of argan oil was solubilized in a mixture of acetic acid (30 mL)
and isooctane (20 mL), and 1 mL of saturated potassium iodide (KI) solution was then
added to the mixture. After a one-minute reaction, 100 mL of distilled water was added
with 1 mL of starch solution. The obtained mixture was then titrated with a 0.01% sodium
thiosulfate solution until a black color was obtained. The added volume was noted, and
the peroxide value was calculated using the formula:

Peroxide Value in meq O, /kg = (V x 1000 x N)/(Wt of sample (g)) 2)

where:

V: volume (mL) of sodium thiosulfate used for the determination;
N: normality of sodium thiosulfate solution (Na;S,03);
Wt: weight (g) of the sample.

2.3.3. Spectrophotometric Characteristics

An analytical method was used to determine abnormal oxidized compounds in virgin
argan oil, according to the International Oleic Council standard [28]. A 0.25 g sample
was adjusted to 25 mL with cyclohexane, and after homogenization, the absorbance was
measured at 232 nm, 266 nm, 270 nm, and 274 nm using double beam UV-Vis Spec-
trophotometer (6850 UV /Vis. Spectrophotometer-JENWAY). The variation of the specific
extinction (Ak) was calculated using the formula:

AK = AK = K270 nm — [(K274 nm + K266 nm) /2] @)

where:

K270 nm: absorbance at 270 nm.
K274 + K266 nm: absorbance at 270 nm plus or minus 4 nm (K 274 + K266).

2.4. Chemical Composition
2.4.1. Fatty Acids

A test sample containing between 0.3 and 0.4 g of argan oil was introduced into a glass
screw tube with 4 mL of methanolic potassium hydroxide solution. After stirring to esterify
the mixture, extraction of the methyl esters was carried out by adding 4 mL of the isooctane
solution. In order to increase the density of water and to separate the two phases (water and
oil), 1 g of sodium bisulfate monohydrate was added to the mixture, which was agitated at
the vortex and left to rest for 4 min. A 0.5 mL intake of the mixture was then diluted by
hexane (up to 10 times) in a vial. The vial was finally placed in the in the autosampler rack
of gas chromatography (GC) for the injection of the solution [29]. The analysis of fatty acid
methyl esters was processed by gas chromatography (GC; HP 6890, Agilent Technologies,
Santa Clara, CA, USA) equipped with a flame ionization detector and a capillary column
(Carbowax 20M, 30 m x 0.32 mm, 0.25 pm thickness, Agilent Technologies, Santa Clara,
CA, USA). The nitrogen flow rate was 2.5 mL/min. The temperature was programmed
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Pb, Cd (mg/Kg) =

Hg (mg/Kg) =

from 140 to 240 °C at 10 °C/min. The injected quantity was 1 uL. Fatty acids were identified
by comparing their retention times to those of the standards.

2.4.2. Sterol Composition

The fat, with the addition of «-cholestanol (250 uL) as internal standard, was saponified
with potassium hydroxide in ethanolic solution (25 mL). Then, the unsaponifiable matter
was extracted with diethyl ether (200 mL). The sterol fraction was separated from the
unsaponifiable extract by silica gel plate chromatography (TLC) at about 2 cm; then, the
sterols recovered from the silica gel were analyzed by capillary column gas chromatography
(Varian 3800 instrument) equipped with a VF-1 ms column and using helium (20 to 35 cm/s);
hydrogen (30 to 50 cm/s) as carrier gas. The column temperature was isothermal at
260 £5 °C, and the temperature of the injector and detector was 280 °C-300 °C. The
injected quantity was 1 pL for each analysis [30].

2.4.3. Tocopherol Composition

For this step, 0.25 g of the sample was dissolved in 25 mL of isooctane. The separation
of the different tocopherols was achieved by high performance liquid chromatography
(HPLC). The tocopherol content was determined by HPLC using Shimadzu instruments
equipped with a C18-Varian column (250 mm X 4.6 mm X 5 um). Detection was per-
formed using a fluorescence detector (excitation wavelength 290 nm, detection wavelength
330 nm). The tocopherols content was determined using calibration factors determined
from standard solutions [31].

2.4.4. Heavy Metals

To measure the totality of metals, a total mineralization of the sample to be analyzed
was recommended. For the mineralization assay, 0.3 g of oil was mixed with 7 mL of
nitric acid (HNOj3) and 1 mL of hydrogen peroxide (H,O;). The mixture was placed
in the microwave for 1 h. After cooling, the content was poured into a 50 mL flask
and adjusted with distilled water. Finally, the determination of metals was achieved by
Atomic Absorption Spectrometry (AAS) using double beam UV-Vis Spectrophotometer
(6850 UV /Vis. Spectrophotometer-JENWAY) [32]. The concentration of lead, mercury, and
cadmium in the samples was calculated using the following formula:

Sample concentration (mg/L) — blanc concentration (mg/L
1% g g
(20 x weight of the sample (g))

(4)

(Sample concentration (mg/L) — blanc concentration (mg/L))
(50 x weight of the sample (g))

©)

2.5. Statistical Analyses

Statistical analyses of the different variables were performed using the analysis of
variance. The hypothesis of the normality of the error terms of all the variables was
checked. Mean comparisons were made using the Bonferroni test at a 5% significance
level. All statistical analyses were carried out using SPSS Statistics Software (IBM SPSS
Statistics 25.0) [33]. Each reported value is the mean of duplicate or triplicate samples
prepared for each type of argan oil. The results of the ANOVA and post hoc Bonferroni
tests were considered statistically significant if p < 0.05.

3. Results
3.1. Physico-Chemical Parameters
3.1.1. Acidity
The obtained results revealed that Casablanca argan oil had a high acidity level of

0.37% compared to that of the Essaouira and Taroudant oils, which had levels of 0.25% and
0.2%, respectively, without reaching the significance level (Table 1).
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Table 1. Comparison of physico-chemical parameters of argan oil from a plantation (Casablanca) and
two natural forest stands (Taroudant and Essaouira) of argan trees.

Samples % Acidity 1 Peroxide Value OD at 232 nm ! OD at 270 nm ! Variation of Specific
P ° y meqO,/Kg (K232 nm) (K270 nm) Extinction at 270 nm (AK)
Casablanca 037 £0.02° 0 1.37 £ 0.06 ° 0.19 +0.00° 0.00 £0.002
Taroudant 0.25+0.04° 0 1.70+0.002 0.20 +0.00® 0.00 £0.002
Essaouira 0.2£0.032 0 1.50 4+ 0.01 2P 0.34 £0.00° 0.00 £0.002

1 Mean values = standard deviation (n = 2). Values in the same column with different letters are significantly
different at p < 0.05, according to the Bonferroni test.

3.1.2. Peroxide Value

The results of the analyses of the three oils (Casablanca, Essaouira, and Taroudant)
(Table 1) show a definitive absence of hydroperoxides (0 meqO,/kg).

3.1.3. Spectrophotometric Characteristics

Casablanca oil recorded ultraviolet absorbance values that were close to those of the
other two oils studied (Table 1). The absorbance values obtained at 232 nm and 270 nm in
the argan oils of Casablanca, Taroudant, and Essaouira were in the order of 1.37 and 0.19
(AK =0.00), 1.702 and 0.198 (AK = 0.00), and 1.501 and 0.348 (AK = 0.00), respectively.

3.2. Chemical Composition
3.2.1. Fatty Acids

Analysis of the fatty acid profile results indicated that the differences in the percent-
ages of certain fatty acids, including C-14:0, C-16:1, C-17:0, C-17:1, and C-18:0, were not
statistically significant (Table 2). The comparison of the results of AOC analysis with those
of AOT and AOE revealed that AOC was significantly less rich in oleic acid compared to
AOT and AOE (42.66%, 47.55%, and 47.14%, respectively). In addition, AOC was signifi-
cantly richer in linoleic acid than AOT and AOE (36.95%, 31.65%, and 34.28%, respectively).
For linolenic acid, AOC was significantly richer, with a percentage of 0.11% compared
to 0.08% for AOT and AOE. Trans fatty acids were absent in all of the studied samples
(Table 2).

Table 2. Comparison of cis and trans fatty acid concentration (%) of argan oil from argan trees
grown on a plantation (Casablanca: AOC) and in two natural forest stands (Taroudant: AOT and
Essaouira: AOE).

Fatty Acids ! Casablanca % Taroudant % Essaouira %
Myristic acid (C-14:0) 0.13+0.00° 0.14%+ 0.002 0.14+0.002
Palmitic acid (C-16:0) 12.97 + 0.00 b 13.42 + 0.06 @ 12.35 + 0.04 €
Palmitoleic acid (C-16:1) 0.10 +0.002 0.11+0.002 0.12+0.002
Margaric acid (C-17:0) 0.09 £0.002 0.08 £0.002 0.07 £0.002
Heptadecenoic acid (C-17:1) 0.02 +0.002 0.02%+ 0.002 0.01% 4+ 0.00 2
Stearic acid (C-18:0) 6.16 + 0.06 @ 6.11 +£0.042 5.04 +0.01P
Oleic acid (C-18:1 (w-9)) 42.66 +0.11P 4755 4+0.122 47.14 +£0.002
Linoleic acid (C-18:2 (w-6)) 36.95+0.182 31.65 +0.18P 3428 +0.01°¢
Linolenic acid (C-18:3 (w-3)) 0.11 £0.002 0.08 +0.00b 0.08 £ 0.00b
Arachidic acid (C-20:0) 0.42 +0.002 0.40 +0.00 2 0.34 +0.00 ©
Gadoleic (C-20:1) 0.40 + 0.00P 0.43 +0.002 0.43 +0.002
Trans fatty acids 0.002 0.002 0.002
Elaidic acid (Cy5:1T) 0.002 0.002 0.002
Linolelaidic acid (Cy5:2T) 0.002 0.002 0.004

1 Mean values + standard deviation (1 = 2). Values in the same column with different letters are significantly
different at p < 0.05, according to the Bonferroni test.
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3.2.2. Sterol Composition

The sterol assay results presented in Table 3 show that the difference between the
percentages of sterol derivatives, especially campesterol, spinasterol, schottenol, and others,
in the three studied oils was statistically non-significant, and that AOC and AOE were
significantly richer in cholesterol than AOT (0.08 = 0.001%, 0.09 £ 0.01 and % 0.2+ 0.05%,
respectively). For delta-7-aventiserol, AOC was significantly richer than AOE (44 0.08%,
3.55 £ 0.04%). The total sterol content in AOC compared to AOT constituted almost
identical percentages, with a non-significant difference (143.17 & 6.56 and 143.33 + 4.09,
respectively) (Table 3).

Table 3. Comparison of sterol concentration (%) of argan oil from argan trees grown on a plantation
(Casablanca: AOC) and in two natural forest stands (Taroudant: AOT and Essaouira: AOE).

Sterol Composition ! Casablanca % Taroudant % Essaouira %
Cholesterol 0.08 £0.002 0.240.05° 0.09 £0.012
Campesterol 0.19+0.022 0.20+0.022 0.18 +0.022
Spinasterol 33.67 +£0.44° 33.79 £0.172 33.14 £049°
Schottenol 39.97 £0.852 39.84 £0.65° 40.65 +0.39 2
Delta-7-Aventiserol 4+0.082 3.86 +0.09 %P 3.55 4 0.04°
Others 9.982 10.012 10912
Total sterols (mg/100 g) 143.33 + 6.56 © 143.17 £ 4.09° 151.74 +4.092

1 Mean values =+ standard deviation (n = 2). Values in the same column with different letters are significantly
different at p < 0.05, according to the Bonferroni test.

3.2.3. Tocopherol Composition

The results of the tocopherol assay presented in Table 4 show that AOC was signif-
icantly richer in gamma-tocopherols, with 90.53% =+ 0.22 compared to AOT and AOE
(87.15 £ 0.06% and 87.88 £ 0.06%, respectively). On the other hand, AOC and AOE
were significantly richer in total tocopherols than AOT (758.47 + 5.65, 749.43 + 0.04 and
662.80 & 3.06) (Table 4).

Table 4. Comparison of tocopherol concentration (%) of argan oil from argan trees grown on a
plantation (Casablanca: AOC) and in two natural forest stands (Taroudant: AOT and Essaouira: AOE).

Tocopherols Composition ! Casablanca Taroudant Essaouira

Alpha-tocopherols % 424+0.052 704+011°2 449 +0.212
Gamma-tocopherols % 90.53 +£0.222 87.15 + 0.06 ° 87.88 + 0.06 ©
Delta-tocopherols % 5.23+0.17% 581 £0.172 7.64 +£0.142
Total tocopherols (mg/kg) 758.47 £5.65? 662.80 + 3.06 ° 749.434 0.04 °

1 Mean values = standard deviation (1 = 2). Values in the same column with different letters are significantly
different at p <0.05, according to the Bonferroni test.

3.2.4. Heavy Metals

The results showed similar concentrations for the three oils studied. Indeed, mer-
cury and cadmium were represented by a rate lower than 0.015 mg/kg, and lead by a
concentration lower than 0.07 mg/kg.

4. Discussion

This study demonstrated that the free acidity of the analyzed samples remained below
0.8%, revealing that the three samples should be classified as extra virgin argan oil according
to the Moroccan standard N.M. 08.5.090 [34]. These results were in accordance with those
reported in previous studies [35,36], which estimated an acidity ranging from 0.12% to
0.64% [35].

In terms of peroxide value, the three argan oils (Casablanca, Taroudant, and Essaouira)
were free of hydroperoxides (0 meqO,/kg), and, therefore, did not contain primary ox-
idation products due to the presence of antioxidants contained in the fruit of the argan
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tree, which enriches the oil with these substances during its extraction [21]. Thus, the
analyzed argan oils (Casablanca, Taroudant, and Essaouira) complied with the Moroccan
standard NM. 08.5.090, which sets a value of 15 meq O, /kg of oil for extra virgin argan
oil [37]. These results are superior to those obtained by Gharby et al. (2011), whose values
ranged from 0.03 to 0.93 meq O, /kg oil, and Azizi et al. (2022), who found values that
varied between 1.07 and 3.30 meq O, /kg. This may be due to our control of the different
stages of processing of our products, from the harvesting of the fruits to the obtaining and
conservation of the oil, as well as during the analysis of the different parameters.

The determination of the specific extinction of argan oil allowed us to highlight
its quality and to confirm the results given by the peroxide value determination. The
absorbance results of the three oils at 270 nm conformed with the Moroccan standard
(NM.08.5.090), since these values were all lower than (or equal to) 0.35 in the results
reported by Rahmani [37]. The specific extinction of argan oil was also determined by
Gharby et al. in 2011 [35], for a cosmetic o0il from Taroudant. The results revealed K270
values that generally varied between 0.02 and 0.16. The specific extinction of argan oil was
also determined by Hilali [38] on samples taken from 21 trees. This study showed values of
K270 that generally varied between 0.228 and 0.426.

Moroccan standard NM. 08.5.090 for argan oil has not yet set a value for extinction at
232. Regarding extra virgin olive oil, it specifies this for K232 nm values below 2.50 [39]. By
extrapolation, we deduced that the absorbance of our samples at 232 nm was low. Indeed,
the lowest value determined for AOC was 1.37 &£ 0.06. The maximum value was recorded
for AOT (1.70 £ 0.00) and the average value for AOE (1.50 & 0.00). The values of the specific
extinction variation (AK) for the three studied samples remain within the limits set by the
Moroccan standard (the standard recommends a AK that is always <0.01) [37]. According
to the obtained values of absorbance in the ultraviolet, and comparing our results with the
Moroccan standard, we can classify our oils in the category of “Extra virgin oil” according
to the Moroccan standard N.M. 08.5.090.

As far as contaminants are concerned, the results obtained in this study show that
cadmium and mercury contamination was very limited, since the levels recorded were
lower than 0.015 mg/kg, which does not exceed 0.002 mg/kg [40]. All samples contained
less than 0.07 mg/kg of lead, and were, therefore, in compliance with European regulations,
which tolerate a value less than or equal to 0.1 mg/kg.

It was noted that the three samples analyzed showed approximately identical per-
centages of saturated fatty acids and some monounsaturated fatty acids, such as C16:1,
C17:1, and C20:1, with the predominance of palmitic and stearic acid. These results are
similar to the results reported in the study carried out by Khallouki in 2003 [41]. AOC was
significantly richer in linoleic acid (36.95% =+ 0.18%) and linolenic acid (0.11% = 0.00%)
compared to AOT and AOE, which had, respectively, 31.65% =+ 0.18% and 34.28% =+ 0.01%
for linoleic acid and 0.08% for linolenic acid. A comparison of our results to those published
by Khallouki reveals that the composition of AOC in linolenic acid (36.95% =+ 0.18%) is
similar to that found by Khallouki (36%) [41]. The percentage of linolenic acid in AOC
(0.11% =+ 0.002%) found in this study was higher than the results reported by Khallouki,
who did not detect the presence of linolenic acid, and higher than the result reported by
Gharby et al. in 2021, who had worked on cosmetic argan oil prepared from regurgitated
nuts before and after deodorization (0.10 £ 0.01 and 0.07 £ 0.01, respectively) [42]. The
comparison of our results with those of Gharby showed that AOC was richer with linoleic
acid (36.95% =+ 0.180%) compared to the levels (32.1 £ 0.15 and 31.36 £ 0.20) reported
by Gharby [42]. AOC was also richer in linoleic acid than the three argan oils that were
analyzed by Zarrouk (33.71 £ 0.73, 33.38 £ 0.40 and 31.99 & 0.31) [43]. Argan oil from a
plantation in Casablanca was less rich in oleic acid than the other oils analyzed. It would
have compensated for the lack of oleic acid by a higher percentage of linoleic acid. The
variations observed in the fatty acid composition of argan oil could be attributed to various
factors, including the geographical origin and the effect of climate, especially rainfall [44,45].
The rest of the fatty acids analyzed in AOC presented rates close to those found in argan
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oils from the other two regions, Taroudant and Essaouira (AOE and AOT). After extraction,
the three samples did not undergo any treatment, which explains the absence of trans
fatty acids; thus, they were classified as pure oils. Indeed, the presence of trans fatty acids
in argan oil suitable for consumption is an indicator of the presence of refined oil. The
Moroccan standard tolerates a percentage of trans fats less than or equal to 0.05% [34].
The most dominant sterols in the three analyzed samples were schottenol (AOC: 39.97%,
AOT: 39.84%, and AOE: 40.65%) and spinasterol (AOC: 33.67%, AOT: 33.79%, and AOE:
33.14%). This is in line with the studies established by Khallouki in 2003 [41] and Zarrouk
in 2019 [43], which also detected a dominance of these components. AOE contains a total
sterol content that exceeds that present in the other two analyzed oils, AOT and AOE.

The y-tocopherol is the most represented vitamin in argan oil tocopherols. Its con-
centration was significantly higher in AOC compared to AOT and AOE (90.53% =+ 0.22%,
87.15% =+ 0.06 and 87.88% = 0.06, respectively). These results are in accordance with the
results reported by Azizi et al. (2022), who indicated that the y-tocopherols were the most
abundant, followed by «-tocopherols and, finally, the 5-tocopherols. On the other hand,
the total tocopherol content in AOC was statistically higher (758.47 &+ 5.65 mg/kg of oil),
compared to that of AOT (662.80 £ 3.06 mg/kg of oil). The total tocopherol content of AOC
exceeded that reported by Khallouki et al., 2003 (629 mg/kg oil) [41] and Gharby et al., 2021
(75 £ 5.5 and 60 = 3.5 mg/100 g of oil) [42].

5. Conclusions and Research Needs

The chemical and phytochemical proprieties of argan oil (Argania spinosa L. skeels)
from three regions of Morocco (an argan plantation in the region of Casablanca and two
spontaneous cultures) were analyzed and compared. It was found that the argan trees,
although they were grown outside their biotope in the region of Casablanca, produced high-
quality oil which was richer in linoleic and linolenic acid, as well as in certain unsaponifiable
compounds such as sterols and tocopherols. These properties constitute an added value for
its use in the nutritional and pharmaco-cosmetic field. The findings of this study will be
useful for selecting the domestication of the argan tree as a real opportunity to mitigate of
the pressure on this resource, to develop it, and to conserve it, which will have a positive
impact on development both in the socio-economic and ecological fields. However, in
order to better understand the effect of genotype environment-interaction on the yield and
quality of argan oil, it is necessary to produce experimental designs of the same argan
genotypes in different reforestation sites. The production and multiplication of the selected
genotypes requires the development of clonal or varietal forestry specific to the argan tree.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/f14020180/s1, Figure S1: Photo of the three argan trees taken
from the terrace in the background tramway of Casablanca; Figure S2: Argan tree N°1; Figure S3:
Argan tree N°2 with tramway of Casablanca in the background in left; Figure S4: Argan tree N°3
with tramway of Casablanca in the background in right; Figure S5: Branch of argan tree planted in
Casablanca with argan fruits, and the tramway of Casablanca in the background.
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