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ABSTRACT
Background: Argania spinosa Skeels is an endemic forest essence of Morocco. The argan of
the north-east of Morocco remains a virgin subject of study without enough value given to it.
Objective: The aim of this study is to asses the evolution of biometric parameters and fatty
acids composition of the argan fruits from Beni-Snassen region during ripening. Materials
and Methods: 4 fruit shapes harvested over seven months were characterized through
the measurement of their biometric parameters (size and weight), and their composition
of majority fatty acids. Results: the studied argan tree could be classified into two major
groups, namely: early-riped trees with oval or oval-apiculate fruits and late-riped trees with
fusiform or spherical fruits. When considering the fruits size and weight, the highest values
were recorded on late-ripened fruits, more particularly fusiform shapes. The obtained results
showed, on one hand, a significant difference in the unsaturated fatty acids, according to
the fruit ripeness stage and shapes, being the later significantly affecting the stearic acid
content; and on another hand, it was noted an increase of oleic acid content while linoleic
acid decreased. In the maturation stage, the spherical shaped fruits were found to have the
highest ratio of unsaturated/saturated fatty acids. Conclusion: The results demonstrated the
possibility to predict the kernel’s weight from the fruit’s length. The results also showed the
good dietary and nutritional quality of spherical shapes and that the biometric parameters are
important criteria for the differentiation of argan tree fruits.
Key words: Argan fruits, Beni-Snassen, Biometeric parameters, Fatty acid, Ripeness.

INTRODUCTION
Argan (Argania spinosa L. Skeels), belonging to
the Sapotacea family, is the only one representing
the genus Argania in North Africa.1,2 It is a relic
and endemic forest essence of Morocco3,4. The
argan tree covers a coastal strip on a large part of
the Souss plain in the south -west of Morocco.5,6
This species is also present in the eastern area of
Morocco7, notably in the Beni Snassen mountain
and in the eastern Rif.8, 9.10 The fruit, commonly
known as "argan nuts", is interpreted either as a
berry, a "false drupe"8,10,11, or a drupe.12
At the ecological level, the argan tree contributes
to soil fertilization and protection against erosion13.
It is a thermophilic xerophyte14, a soil indifferent
species, and can reach an altitude of 1600m8. In
terms of nutrition, argan oil is rich in unsaturated
fatty acids, like oleic and linoleic acid15, which gives
it a high dietary value16. At the pharmacological
level, oil has hypocholesterolemic and hypotensive
effects17,18 in addition to cosmetic uses.16 At the
socioeconomic level, oil is a source of income for
3 million people, the majorly of whom live in rural
areas.5,19,14 Fruit pulp constitutes also a feeds for
livestock (cattle, sheep, goats and camels).20
The argan tree of south-western Morocco has been
studied in various ways. These studies concern the
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phenotypic and genetic variability of fruit21,22 and the
biochemical composition of fruit pulp23 and oil.24-26,15
However, the argan of the north-east of Morocco
remains a virgin subject of study without enough
value given to it.
In this regard, this study is a scientific contribution
to the evaluation of the performance of the natural
argan of Beni-Snassen. The objectives of this work
are the following:

• A study of the evolution of the biometric

paramerters of 4 types of argan fruits (spherical
forms, oval forms, oval apiculate forms and
fusiform forms, Figure 1) during maturation.

• A study of the evolution of fatty acids of argan
oil, derived from different fruit forms, during
maturation.

MATERIALS AND METHODS
Study area
The study concerns the fruit of the argan tree
(Argania spinosa L. Skeels) from Jbel Takermine
(Figure 2); a mountain of the western chain of BeniSnassen (north-east of Morocco) that culminates at
317 m. The Beni-Snassen lands are characterized by
a variable lithology; the geological formations are
formed, from the bottom to top, by limestone, marsh
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Figure 1: Different forms of argan fruit of Beni-Snassen.
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Figure 2: A. general location of study area in Morocco. B. map of Oriental Morocco (1/100000, Mapping direction- Rabat-1974) showing Jbel
Takermine (Beni-Snassen mountains).

and sandstone (Oxfordian), dolomitic limestone (KimméridgianPortlandien), conglomerates and greasy limestone (Miocene), gravel
alluvium, silt and quaternary collapse.9 More particularly, at Jbel
Takermine, the argan grows on a rocky limestone substrate.27 Annual
precipitation ranges from 200 to 400mm.28 The level of vegetation in
Jbel Takermine is thermon mediterranean and the bioclimate is higherarid to lower semi-arid29, identical to those of the argan of southwestern Morocco.8

Sampling plan
The fruit harvest was carried out according to a stratified sampling plan.
Firstly, 12 ripe and fruitful argan trees were selected and divided into
Pharmacognosy Journal, Vol 13, Issue 2, Mar-Apr, 2021

4 stratums according to the fruit shape, namely: 3 trees with spherical
fruits, 3 trees with oval fruits, 3 trees with oval apiculate fruits and 3
trees with fusiform fruits. Secondly, random sampling was carried out
in each stratum; 30 fruits were randomly harvested from each tree
and at various stages of fruit ripening (from the beginning of fruit
development, January 2018, till their complete ripening and senescence,
July 2018).

Study of the fruit biometric parameters
The 4 fruit shapes harvested over seven months were characterized
through the measurement of their biometric parameters. These
measurements concerned the fruit’s weight, kernel’s weight, almond’s
297
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weight, and the length and width of the fruit and kernel. These biometric
measurements are made using a sliding foot and an analytical balance.
Each parameter is measured 3 times.

Lipid extraction and analysis
Lipid extraction was made from almonds according to the Blight &
Dyer method.30 2g of almonds (from a different form of fruits and
different maturation stages), were immerged in 10 ml of boiling water
for 3 minutes. Once boiled, the almonds were grinded in a mortar in
the presence of 15ml of methanol/chloroform (2:1 v/v). Then, 5ml of
chloroform and 10ml of fixation water were added successively. After
centrifugation at 5000xg for 15minutes, the chloroform phase was
taken and dried under nitrogen, and the residue was taken back into
3ml of chloroform to form the total lipid extract.
Lipids were then saponified, and their fatty acids were volatilized
by methylation.31 At 100µl of the lipid extract were added 25µl of an
internal standard (heptadecanoic acid, C17:0) and 3 ml of a methanolsulfuric acid solution (97.5/2.5, V/V). Subsequently, the sealed tubes
were placed in the water bath during 45min at 70°C. After cooling, 3ml
of heptane and 1ml of distilled water were added. The heptane phase
(containing the methyl esters) was then taken, dried under nitrogen
and the methyl esters were taken back into 1,5ml of heptane.
The methyl esters were then separated, identified and quantified
by a gas chromatography (GC Varian 3300) with flame-ionization
detection (FID). The parameters and operating conditions of the
analytical method are summarized as follows: the injector and detector
temperatures were set respectively to 240°C and 250°C. Helium was
used as carrier gas (pressure: 0,5bar) with a flow rate of 1ml/min and
an injection volume of 0,1µl. A retention capillary column (CP-WAX
52CB) with 50m in length and 0,32mm in diameter was used. During
analysis, the oven temperature ramp was gradually increased from 80°C
to 200°C for 20 min.
For each fruit form, the evolution of the majority fatty acids of argan
oil (palmitic acid C16:0, stearic acid 18:0, oleic acid C18:1 and linoleic
acid C18:2) was followed according to the stage of fruit ripeness (from
January 2018 to July 2018). For each test, the extractions and analysis
were repeated 3 times.

Statistical analysis
The statistical analyses are made by the SPSS software (13.5). These
included analysis of variance (ANOVA with two factors and an error
threshold of 5%), principal component analysis (PCA), and linear
regression.

RESULTS
Variation in weight of fruit, kernel and almond
The average weight of the fruit, kernel and almond varies according to
the fruit shape and its ripeness stage (Figure 3). This is confirmed by the
two-way ANOVA test, which shows a highly significant effect (ANOVA
with two factors and an error threshold of 5%) of the ripening stage and
fruit shape on the weights of the fruit, kernel and almond.
The average weight of the 4 fruit shapes increased during fruit ripening;
it reached 10,5g for oval fruits, 10,1g for oval apiculate fruits, 6,29g for
spherical fruits, and 11,34g for fusiformfruits. Thus, the weight of the
ripe fruit varied between 6,29 and 11,34g.
At the maturity stage, the average weight of the kernels fluctuated
between 1,95g (spherical shapes) and 4,97g (fusiform shapes), whereas
that of the almonds varied between 0,5g (spherical shapes) and 1g (oval
shapes, oval apiculate shapes and fusiforms shapes).
298

Variation in fruit and kernel size
Figure 4 shows that the length and width of the fruit and the kernel
vary according to the fruit forms and the fruit’s stage of maturity. This
is confirmed by the two-way ANOVA test, which shows that there is
a highly significant effect (Probability <0.05: significant differences a
threshold of 5%) of the maturity stage and fruit forms on the size of the
fruit and the kernel.
The length of the fruit at maturity varies between 21mm (spherical
shapes) and 50mm (fusiforms shapes). The average width of the fruit
reaches 24,9mm for oval fruits, 16,56mm for oval apiculate fruits,
18,02mm for spherical fruits and 17mm for fusiform fruits. At the
maturity stage, the kernel’s lenght varied between 17,9mm (spherical
fruits) and 32,2mm (fusiform fruits), whereas the kernel’s width varied
between 13,03mm (oval apiculate fruits) and 16,25mm (spherical
fruits).

Evolution of the majority fatty acids
On one side, the analysis of the histogram (Figure 5), showed that the
rate of saturated fatty acids (C16:0 and C18:0), for the 4 fruit shapes,
remained relatively low and stable during the development of the argan
fruit. This was confirmed by the two-way ANOVA test which showed
a non-significant effect (threshold of 5%) of the maturity stage on the
saturated fatty acid level.
On another side, the fruit shape appeared to have a highly significant
effect only on the C18:0 rates. However, the unsaturated fatty acid
rate (C18:1 and C18:2) was relatively high, while being subjected to
significant changes during fruit development. This is in agreement
with the two-way ANOVA test which showed a highly significant effect
(threshold of 5%) of the maturity
stage on the C18:1 and C18:2 rates. Inversely, the fruit shape appeared
to have a weakly significant effect on the C18:2 rates.
At maturity, the ratio of unsaturated fatty acid/saturated fatty acid
(UFA/SFA) varies depending on the fruit shape, as shown in Table 1.
More particularly, the highest ratio was found in the spherical fruits
(4,07), while the lowest ratio was reached in the oval apiculate and
fusiform fruits (3,25 and 3,34, respectively). In turn, oval fruits showed
an intermediate ratio (3,55).

DISCUSION AND CONCLUSION
The lower limit of the average fruit weight is close to that reported by
M’Hirit & al.8 in the south-western of Morocco, while the upper limit is
much lower than that of M’Hirit & al.8 Indeed, according to this author,
the average weight of argan fruits was found to vary between 5 and 20g.
According to the stage of maturity, the argan fruits of the Beni-Snassen
can be classified into 2 types of trees: early trees that produce oval and
oval-apiculate fruits (maturity at the end of May) and late trees that
produce the fusiform and spherical fruits (maturity at the end of July).
This difference in maturity stage was also reported by Chernane & al.22 in
the argan of southwest Morocco. However, early fruits were represented
by oval and spherical shapes, whereas late fruits were represented by
oval apiculate shapes and fusiform shapes.22This difference in maturity
stage is related to the flowering period, which appears to be dependent
on the climatic years32, the soil nature22 and the tree genotype.33
The maximum average weight of kernels was reached in the fusiform
shapes, whereas that of almonds was reached in the oval, oval apiculate
and fusiform shapes. These results are consistent with those of Charrouf
& Pioch11 where the maximum weight of almonds was obtained in case
of oval and fusiform fruits. However, the weight of almonds seems to
be much higher than in the Agadir area, where it ranges from 0,17 to
0,41g.11
Pharmacognosy Journal, Vol 13, Issue 2, Mar-Apr, 2021

Chergui, et al.: Evolution of Biometric Parameters and Oil Fatty Acid Composition of Argan "Argania spinosa L. Skeels" Fruits from Beni-Snassen (Eastern Region
of Morocco) During Ripening

Figure 3: Evolution of the average weight of the fruit, kernel and almond of the argan tree during maturation.
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Figure 4: Evolution of size (average values) of fruit and argan kernel during maturation.
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Figure 5: Evolution of the fatty acid rate (average values) of the 4 forms of the argan fruit during maturation.

Pharmacognosy Journal, Vol 13, Issue 2, Mar-Apr, 2021

301

Chergui, et al.: Evolution of Biometric Parameters and Oil Fatty Acid Composition of Argan "Argania spinosa L. Skeels" Fruits from Beni-Snassen (Eastern Region
of Morocco) During Ripening
Table 1: Rates of saturated and unsaturated fatty acids in the different shapes of argan fruit at the ripe
stage. SFA: Saturated Fatty Acid. UFA: Unsaturated Fatty Acid.

Spherical fruits
Oval apiculate fruits
Fusiform fruits
Oval fruits

SFA rate
(C16:0 & C18:0)
(average values)
19,71%
23,5%
23%
21,95%

Although the oval and oval apiculate shapes are early fruits, the
maximum weight of the fruit and the kernel is relatively low, compared
to that of the late fruits. Thus, fusiform fruits appear to be of good
quality because they show, at maturity, the maximum weight of the
fruit, the kernel and the almond (11,34g; 4,97g; 1g respectively).
Fruit growth follows a bisigmoid curve characterized by rapid growth at
the beginning (until February-March), a slowdown in growth (towards
March-April), a growth recovery and a subsequent stabilization (in
May for early fruits and July for late fruits). This growth kinetics is also
observed in the argan cultivated in Palestine32 and in kernel fruits and
grapes.34 This kinetics is marked by a period of lower activity; during
this intermediate period, kernel lignification and embryo development
occur.22,35
The length of the fruit at maturity varies between 21 and 50mm. This
range is close to that of Ferradous21 and Ferradous & al.36 where ripe
fruit size ranges between 10-17mm and 48,3-50mm. Similar results
were reported by Bani-Aameur & al.33 in the argan of Aït Melloul
(southwest Morocco) where the length of the mature fruit varies
between 20-25mm and 45-50mm.
At the maturity stage, the width of the fruit varies between 16,56 and
24,9mm. This width range is similar to that of Charrouf & Pioch11,
which report that the width of mature argan fruit of Agadir varies
between 15,8mm and 23.9mm.
The maximum length of the fruit and the kernel was reached in the
fusiform fruits, whereas the maximum width of the fruit was reached
in the oval fruits. For kernels, the maximum width was reached in
spherical fruits. Therefore, the fusiform shapes reached the highest
ratio of length/with (2,94), which is in good agreement with the results
of other authors, such as Zahidi37 and Maallah.38 However, this ratio is
higher than that cited by Chernane & al.22 and Charrouf & Pioch11 (2,08
and 2,07 respectively) for the argan of south-western Morocco.
The evolution of fruit and kernel sizes also distinguishes early fruits,
whose growth tends to stabilize around May-June (oval and oval
apiculate fruits) and late fruits, whose growth continues until the end
of July (spherical and fusiform fruits). These results show differences
with the work of Bani-Aameur & al.33, performed on the argan of Aït
Melloul. In fact, these authors distinguished 4 groups, namely: the early
argan group, the late argan group, the short cycle late argan group and
the spread cycle late argan group. Inversely, the Beni-Snassen argan
showed only 2 groups, namely: early trees and late trees.
Although the early Beni-Snassen trees are close to the early Aït Melloul
trees, in terms of the knotting period (March), the fruits of the former
grow in May-June of the following year, while the fruit of the second
one grow in April of the following year. Similarly, even if the knotting
periods of the late Beni-Snassen trees and Aït Melloul trees are quite
similar (July), the periods of fruit ripening appear to be different: in the
first case, the ripening occurs in July of the following year, while in the
second case it is done in May of the following year. These differences in
maturation periods would be due to several factors like climate32, soil
nature22 and tree genotype.33
302

UFA rate
(C18 :1 & C18 :2)
(average values)
80,29%
76,5%
77%
78,05%

Ratio of UFA/SFA
4,07
3,25
3,34
3,55

Big size and weight appear to be a character that occurs much more
in late fruits, particularly fusiform fruits, than in early fruits. Thus,
fusiform fruits can have an interest in terms of quantities of oil and
other derivatives.
As is the case with weight, the curve of the evolution of the fruit and the
kernel sizes during maturation also shows a bisigmoid tendency. This
is different from the work of Chernane & al.22, where the curve tends
to be sigmoid.
The statistical analysis of the different biometric parameters measured
by the Durbin-Watson test (Table 2), indicated the possibility of
establishing a linear regression between fruit length and kernel weight.
In fact, this test gave a value of 1,743 (value between 1,5 and 2,5). Also,
the correlation coefficient (R) indicated a good correlation between
these two variables (R=0,93), whereas, the coefficient of determination
R2 (0,864), suggested that the length of the fruit contributes with 86,4%
in explaining the fruit’s weight. Thus, there is a good linear regression
between the two variables.
The analysis of the coefficients of the simple linear regression equation
(Table 3) showed that the constant and the regression coefficient were
significantly different from 0.
Thus, the model of the simple linear regression can be formulated by
next equation:
Kernel weight = 0.102*fruit length-0.321
The simple linear regression curve is graphically shown in Figure 6.
Knowing the length of the fruit, this model allows predicting the weight
of the kernel, with an accuracy of 86.4%.
When the fruit is still young, the quantity of C18:2 is greater than that
of C18:1. Neverthless, as the fruit matures, the two fatty acids undergo
reverse variations; C18:1 increases and C18:2 decreases, then tend to
stabilize from May onward in case of the fusiform fruits (41% and 36%
respectively). In other shapes, these two fatty acids tend to stabilize
from June (45.29 and 35% for spherical fruits; 45.86% and 32.19% for
oval fruits; 45.5% and 31% for oval apiculate fruits).
The evolution of C18:1 and C18:2 levels in Beni-Snassen argan fruits is
consistent with that reported by Chernane & al.22, which reported an
increase of C18:1 and a decrease of C18:2 for all shapes of southwestern
Morocco fruit during maturation. The same variations were also
observed in olive trees39,40, in ivy seeds41, and rapeseed.42 Negative
correlations were also observed between the rate of C18:1 and the rate
of polyunsaturated fatty acids (C8:2 and C18:3) in sycamore maple cell
cultures.43 This phenomenon can be explained by the fact that these
fatty acids are involved in the formation of phospholipids, which in
turn form the structure of newly formed cell membranes.42 These lipid
changes occur during the maturation phase of the seed.44
At ripeness stage, the majority fatty acids of Beni-Snassen argan oil are
C16:0 (14 to 15%), C18:0 (5,1 to 9%), C18:1 (41 to 45,86%) and C18:2
(31 to 36%). It’s worth to mention that Beni-Snassen’s argan oil is oleiclinoleic.45,46 Also, according to the Dubois & al.47 classification, this oil
belongs to the monounsaturated fatty acids class, the saturated fatty
acids and linoleic acids subclas.
Pharmacognosy Journal, Vol 13, Issue 2, Mar-Apr, 2021
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The proportions of the majority fatty acids of Beni-Snassen argan oil
comply with Moroccan industrial standards.48 However, Beni-Snassen
oil is richer in linolenic acid (C18:3) than in southwestern Morocco:
the proportion of C18:3 can reach 0,6%49, which is twice the Moroccan
standard ( ≤ 0,3%) and twice that marketed in Spain (0,34% produced
semi-automatically).15 Hence, the richness of this essential fatty acid50,51
gives Beni-Snassen argan oil important nutritional and dietary roles.
The results showed that the fusiform fruits have good biometric
characteristics, in terms of size and weight, but a low ratio of UFA/SFA.
However, these fruits may have an interest in terms of quantity of oil
and other products. In contrast, spherical fruits are of significant dietary
and nutritional value, as they have a relatively high ratio of UFA/SFA.
Statistical analysis of the different quantitative variables studied by the
PCA, indicated that there is a statistically acceptable factorial solution
(Kaiser-Meyer-Olkin Index = 0,724, between 0,7 and 0,8) (Table 4).
Also, the Bartlett’s test of sphericity suggested the highly significant
correlation between variables (Table 4). This correlation was also
confirmed by the correlation matrix (Table 5).
The factorization operation identified 11 components, 3 of which have
eigenvalues greater than 1 and cumulate 84,943% of the explained total
variance (Table 6). More particularly, component 1, after rotation, could
explain 4 to 5 variables/11 (42,636% of the total variance).

The projection of the different variables in the three dimensions
formed by the three factorial axis (Figure 7) after rotation, allowed to
distinguish 3 groups:
•

Component 1: This axis explains the pattern of correlations in
group 1. This latter consists of 5 well-correlated biometric variables
(Table 5), namely: fruit weight, kernel weight, almond weight, fruit
length and kernel length. Then, it explains 42,636% of the observed
total variance and summarizes the previous 5 variables. On this
axis, C18:2 is located in the opposite of group 1 (coordinates and
correlation, Figure 7). Indeed, C18:2 shows a negative correlation
with the group 1 variables (Table 5).

•

Component 2: this axis explains the pattern of correlations in group
2. This group is represented by 4 biochemical variables: C16:0, C18:0,
C18:1 and C18:2. Then, it explains 21,951% of the total variance.

•

Component 3: This axis explains the pattern of correlations in
group 3. This group is represented by 2 biometric variables, namely:
the kernel width and the fruit width. Then, it explains 20,355% of the
total variance. On this axis, C18:2 is located in the opposite of group
3 (coordinates and correlation, Figure 7). Indeed, C18:2 also shows
a negative correlation with fruit width and kernel width (Table 5).

It appears that the biometric parameters (group 1 and group 3) provide
much of the information on the studied fruits (62,991% of the total
variance) and constitute important criteria for differentiation of argan

Table 2: Correlation coefficient (R), determination coefficient (R2) and Durbin-Watson test for the linear regression model.

Table 3: Coefficients of simple linear regression equation.

Table 4: KMO and Bartlett's Test.
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
Approx. Chi-Square
Bartlett's Test of Sphericity
df
Sig.

Pharmacognosy Journal, Vol 13, Issue 2, Mar-Apr, 2021

,724
1097,834
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Figure 6: Linear regression curve and equation of kernel weight by fruit length.

Figure 7: Components plot in rotated space and rotated component matrix.
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Table 5: Correlation Matrix.

Table 6: Eigen values of different components.

tree fruits. However, the biometric paramaters are weakly correlated to
the proportions of oleic and linoleic acids (Table 5).

prediction of the weight of the kernel can be made from the length of
the fruit.

The results of this work constitute a scientific contribution to the
evaluation of the performance of the natural argan originating from
Ben-snassen forest.

Furthermore, the majority fatty acid profile of Beni-Snassen oil is
comparable to that of southwestern Morocco (oleic-linoleic oil). The
results also showed the good dietary and nutritional quality of spherical
shapes due to their good ratio of unsaturated/saturated fatty acids.

The biometric study showed that the maturity of the different fruit
shapes occurs between May and July, and that the fusiform fruit has
the best biometric qualities. This type of fruit can be of interest in terms
of quantity of oil and other products. The study showed that a good
Pharmacognosy Journal, Vol 13, Issue 2, Mar-Apr, 2021

The biomteric parameters are the most important criteria for
differentiation of argan tree fruits. However, these parameters are
weakly correlated to the proportions of oleic and linoleic acids.
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