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Valorisation of Argan oil requires the precise identification of different provenances markers. $e concentration of tocopherol is
regarded as one of the essential parameters that certifies the quality and purity of Argan oil. In this study, 39 Argan samples from
six different geographical origins (Safi, Essaouira, Agadir, Taroudant, Tiznit, and Sidi Ifni) from the central west of Morocco were
collected and extracted using cold pressing. $e total tocopherol amount was found to range from 783.23 to 1,271.68mg/kg.
Generally, c-tocopherol has the highest concentration in Argan oil. It should also be noted that the geographical origin was found
to have a strong effect on the amounts of all tocopherol homologues studied. Principal component analysis of tocopherol
concentrations highlighted a significant difference between the different provenances. $e content of tocopherol has also been
found to be strongly influenced by the distance from the coast and altitude, whereas no significant effect was found regarding other
ecological parameters. $e prediction ability of the LDA models was 87.2%. $e highest correct classification was revealed in
coastal provenances (100%), and the lowest values were from the continental ones (71.4%). $ese results provide the basis for
determining the geographical origins of Argan oil production with well-defined characteristics to increase the product’s value and
the income of local populations. In addition, this study provides a very promising basis for developing Argan varieties with a high
content of tocopherol homologues, as well as contributing to the traceability and protection of Argan oil’s geographical indication.

1. Introduction

Argan (Argania spinosa (L.) Skeels) is an endemic plant that
represents the only species of genus Argania and the family
of Sapotaceae in North Africa. Currently, the Moroccan
Argan forest spans the fertile Souss Valley, the Anti-Atlas
mountain range, and the coastal regions between Safi and
Agadir [1]. $is area exhibits high plant diversity and en-
demism [2]. $e Argan forest was recognised in 1998 as a
UNESCO biosphere reserve (Man and the Biosphere

Reserve) [3], and it significantly contributes to the economic
and social development in Morocco and sometimes even
represents the only source of income for the local population
[4]. Argan kernels provide a precious oil that is rich in anti-
oxidant compounds, such as saponins and tocopherols [5],
as well as fatty acids [6] and sterols [7].

Vitamin E is a vitamin of eight isomers: four tocopherols
and four tocotrienols [8]. Tocopherols are the isomers with
the greatest biological activity [9]. For example, α-tocoph-
erol (5,7,8-trimethyltocol) is effective against ischemic liver
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cell damage thanks to its free radical scavenging properties
[10]. Moreover, c-tocopherol (7,8-dimethyltocol) has been
found to have an effect on various types of tumours, even
more powerful than α-tocopherol, β-tocopherol (5,8-
dimethyltocol), and δ-tocopherol (8-methyltocol) [11]. To-
copherols and tocotrienols are present in fruits and plant
seeds [12]. $erefore, fixed oils are a major source of to-
copherols [13]. Several studies have compared tocopherol
levels in Argan oil and other oils such as olive oil and prickly
pear seed oil [14], $e results showed that Argan oil has very
high concentrations of tocopherols, especially the c-to-
copherol homologue [15]. In general, the presence of tocols
prevents lipid oxidation and, hence, maintains the quality
and shelf life of oils [16].

Argan oil plays a potential role in the prevention of
several diseases [17], including cancer [18], and has lipid-
lowering and anti-oxidant properties [19]. $ese pharma-
cological properties can be attributed to its high content of
tocopherols, especially c-tocopherol [8]. Argan oil is richer
in linoleic acid than olive oil (5.4%–13.2% compared to
32.3%–34.1%, respectively) [6]. $e total tocopherol content
is considered a purity criterion by the Moroccan 08.5.090
standard for Argan oil, with an established quantity that
should fluctuate between 600 and 900mg/kg of oil [20].
Gharby et al. [21] reported that the tocopherol content
ranges between 675 and 871mg/kg of oil, but a higher range
(687.4–1,068mg/kg of oil) has been observed by Aithammou
et al. [22].$is variability in tocopherol concentration can be
attributed to many factors, such as the climate [23], variety
[24], extraction method [25], storage conditions [26], fruits
form [27], and fruits maturity [28].

$e genotype has an important impact on oil yield and
composition [29]. In the case of apricots (Prunus armeniaca
L.), the genetic factor influences the composition of to-
copherol homologues [29]. Furthermore, the variability of
tocopherol composition in various seed oils recovered from
the by-products of the apple industry has been attributed to
cultivars [30]. Using SRAP and REMAP markers, strong
genetic differentiation has been found within Argan pop-
ulations [31]. A. spinosa forests have been considered as
“climax” [32]. $is state of equilibrium has been reached by
spontaneous vegetation under the action of the natural
environment, excluding direct or indirect human action
[33].

$e consumption of cold-pressed oils has increased in
recent years [34]. $e global Argan oil market is expected to
grow at a revenue-based compound annual growth rate of
10.8% between 2020 and 2027 [35]. Such development re-
quires more control to protect the consumer and the pro-
ducer from fraud. In fact, several marketing and
promotional strategies aimed to relate food products to their
geographical origin. European Union legislation, for ex-
ample, allows the reservation of geographical designations
for food products, such as Protected Designations of Origin
(PDO) and protected geographical indications (PGI) [36].
$e combination of chemical composition and chemometric
tools such as linear discriminant analysis (LDA) [37] and
partial least squares discriminant analysis (PLS-DA) [23] has
been used for determining authenticity and quality control

of Argan oil. However, there is a lack of studies focussing on
the relationship between the tocopherol concentration in
Argan oil and geographical origin [22].

$e aim of this study was to determine the tocopherols
concentration from six Moroccan provinces: Safi, Essaouira,
Agadir Ida Outanane, Taroudant, Tiznit, and Sidi Ifni, as-
sociated with the chemometric technique LDA, to classify
Argan oil according to its geographical origin. $is may
constitute the basis for geographical origin certification that
helps protect the consumer and the producer from fraud and
increase the value of Argan oil in the world market. In
addition, it can provide a database for updating the
Moroccan standard on Argan oil.

2. Materials and Methods

2.1. Plant Material. Argan plants naturally reproduce by
seeding, which is the very reason for their great diversity.
However, this study focussed on the potential for industrial
production representative of a specific environment, very
close to that intended for industrial production by local
women’s cooperatives. To this end, a maximum of trees
contributed to the constitution of our batches of samples.
$erefore, Argan fruits from natural populations were
collected at full maturity from adult trees from six different
geographical origins in the central west of Morocco: Safi (for
the first time), Essaouira, Agadir, Taroudant, Tiznit, and Sidi
Ifni (Figure 1).

$is area is characterized by a semiarid to arid climate
[1]. Temperature and rainfall data were collected from
different weather stations for the period from 1989 to 2019
(Table 1). A total of 39 samples were collected between
August and November 2018. After sun drying for two weeks,
20 kg of fruit for each studied point was depulped and
crushed manually between two stones, yielding between 800
and 1,500 g of kernels for each sample.$e kernels were then
tightly closed by vacuum to eliminate oxidation until the
extraction process. $e moisture within the Argan kernels
was measured using the international standard ISO 665 to be
in the range from 3% to 5%.

2.2. Oil Extraction. To allow the extrapolation of the results
to potential production at the level of cooperatives and local
industries, the extraction method used was identical to that
used to produce Argan oil in Morocco. For this purpose,
unroasted kernels were cold-pressed using an oil press
(Komet CA59 G; IBG Monforts Oekotec GmbH Co. KG,
Mönchengladbach, Germany). $e screw speed was main-
tained at 30 rpm, and the temperature of the heated press
was fixed at 50°C. $e temperature of the obtained oil was
20°C. $en, once the oil was decanted, it was preserved in
250mL dark glass bottles in a refrigerator (at 4°C) filled with
nitrogen to avoid oxidation. $e oil yield varied between
48.43% and 50.67%.

2.3. Physicochemical Quality Parameters. Free acidity
(expressed as percentage oleic acid), spectrophotometric UV
indices K232 and K270, peroxide value given as
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milliequivalents of active oxygen per kilogram of oil (meq
O2/kg), and oil content (%) were determined according to
ISO 660 (2009) [38], ISO 3656 (2002) [39], ISO 3960 (2007)
[40], and ISO 659 (2009) [41], respectively.

2.4. Tocopherols Composition. According to ISO 9936 [42],
1 g of Argan oil was dissolved in 25mL of isooctane/iso-
propanol (99:1, v/v). Tocopherols were determined using a
Shimadzu LC-10 high-performance liquid chromatography
system. $e sample was first injected into a LiChrospher Si
60 column (L� 250mm, Φ� 4.6mm id, and ø� 5 µm film
thickness), and then tocopherols were detected using an RF-
10AXL HPLC Fluorescence Detector (Shimadzu, Columbia,
MD, USA) at an excitation wavelength of 290 nm and an
emission of 330 nm. $e eluent used was a 99:1 isooctane/
isopropanol (v/v) mixture, and the flow rate was set at

1.2mL/min. $e tocopherol standards α-, β-, c-, and
δ-tocopherols (Sigma-Aldrich, Madrid, Spain) and Argan oil
samples were quantified simultaneously. $e different
compounds of tocopherol were identified by comparing the
retention times with authentic standards and confirmed by
extrapolating the peak area of the individual tocopherol to
the pre-established specific tocopherol calibration curve.

2.5. Statistical Analyses. All statistical analyses were per-
formed using IBM SPSS Statistics version 21 (IBM Corp.,
Armonk, NY, USA) and R software version 3.6.2 (R
Foundation for Statistical Computing, Vienna, Austria).
One-way analysis of variance (ANOVA) was performed
followed by Tukey’s post hoc test to determine the statis-
tically significant differences between the means of to-
copherol concentrations from different provenances
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Figure 1: Altitude of sampling provenances and localisation of Argan samples.

Table 1: Geographical parameters of the six sampled provenances of argan trees.

Provenance Code Sample size Latitude Longitude Altitude (masl) Temperature min-max
(°C)

Rainfall
(mm/year)

Distance from coast
(km.a.c.f )

Safi SA 4 32°02′N 9°18′W 112 13.15–29.60 320.36 5.57
Essaouira ES 7 30°59′N 9°36′W 138 13.50–26.40 292.17 19.77
Agadir AG 7 30°22′N 9°23′W 103 12.92–24.55 264.40 22.27
Taroudant TA 7 30°26′N 8°33′W 592 11.42–31.20 210.37 106.86
Tiznit TI 7 29°41′N 9°19′W 497 12.70–26.31 205.47 62.54
Sidi Ifni SI 7 29°23′N 9°56′W 349 13.44–28.70 155.92 21.95
Masl: meters above sea level; km.a.c.f: km as the crow flies.
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(p< 0.05). Pearson’s correlation heatmap was also assessed
to determine the relationship between the geographical
parameters and quantity of tocopherols. Furthermore,
principal component analysis (PCA) was performed to study
whether the means of those regions are significantly dif-
ferent. In addition, linear discriminant analysis (LDA) was
applied for creating predictive models that maximize the
discrimination of the predefined regions. $e difference
between means was normalized by a measure of the within-
class variability. $e statistical significance of each dis-
criminant function was evaluated by Wilk’s lambda.

3. Results and Discussion

3.1. Physicochemical Quality Parameters. $e oil content
ranged between 50.94% in Agadir and 55.67% in Taroudant.
$e results obtained for the oil content are in agreement with
the range obtained by Ait Aabd et al. [43] (51.83–57.50%).
$e ANOVA followed by Tukey’s post hoc test confirmed
significant differences between Argan provenances.
According to the Moroccan Normalization guidelines
SNIMA 08.5.090 [20], Argan oils extracted belong to the
extra virgin Argan oil category (Table 2). $e lowest acidity
value was found in Agadir (0.15%). However, the highest
value was detected in Safi (0.26%). $e spectrophotometric
UV indices K232 and K270 ranged between 0.94 and 1.05 and
0.14 and 0.17, respectively. Furthermore, the highest per-
oxide value was noticed in Sidi Ifni (2.13meq O2/kg oil) and
lowest in Taroudant (1.46meq O2/kg oil). $e overall quality
parameters confirmed the high quality of Argan oil samples.

3.2. Tocopherols Composition. As shown in Figure 2, c-to-
copherol was found to be the predominant tocopherol in
Argan oil, followed by α-tocopherol and δ-tocopherol
(c-tocopherol> α-tocopherol≈ δ-tocopherol). c-tocopherol
represents 90% of the total tocopherols [44]. Compared to
the literature, similar results were obtained for mechanically
pressed unroasted Argan kernels from old trees [22]. $e
results showed that β-tocopherol is present in Argan oil but
in very low concentrations. Generally, the results obtained in
this study are similar to those of Taribak et al. [45]. It should
be noted, however, that β-tocopherol has not been detected
in any of the studied oils, which might be attributed to the
extraction method [46]. $e amounts of tocopherols
established by the Moroccan 08.5.090 standard [20] for extra
virgin Argan oil are 18–75mg/kg for α-tocopherol,
640–810mg/kg for c-tocopherol, 54–110mg/kg for δ-to-
copherol, and 600–900mg/kg for total tocopherol. All values
were within the established limits, except for c-tocopherol in
the samples from Safi, Essaouira, Agadir, and Sidi Ifni, which
exceeded 810mg/kg. $ese provinces presented the coastal
Argan samples. Abbasi et al. [47] reported that the amount
of tocopherols is strongly affected by abiotic stress, especially
c-tocopherol that has an important role in protecting
polyunsaturated fatty acids from oxidation and consequently
increasing the seeds’ longevity [48]. $e results obtained prove
that the current standard does not reflect the real performance
in terms of the concentration of tocopherols in Argan oil.

Considering the geographical origins, ANOVA revealed a
high variability for the three tocopherol homologues. $e
highest total tocopherol content was found in Safi
(1,271.68mg/kg), followed by Agadir (1,167.93mg/kg) and
Sidi Ifni (1,106.87mg/kg). $ese values were confirmed by
the results obtained by Aithammou et al. [22] for the same
extraction method and age of trees. $e lowest value was
obtained for the samples from Taroudant (783.23mg/kg),
although this value remains very important. Kharbach et al.
[23] reported that the samples of Taroudant (865mg/kg of
oil) have the lowest total tocopherol content, which is in line
with the results obtained for the same region. $e value of
c-tocopherol was found to range from 1,120.75mg/kg of oil
in Safi to 657.10mg/kg of oil in Taroudant. $is range agrees
with other results in the literature: 700.30–1,068mg/kg of oil
[22], 664–802mg/kg [23], 531–756mg/kg oil [6], and
545.9–701.1mg/kg oil [49]. $e value of α-tocopherol was
found to range from 84.59mg/kg in Taroudant to 48.72mg/
kg in Safi, with both regions exhibiting the lowest and
highest altitude (Table 1). $e range of variability for
δ-tocopherol was found to be between 102.21mg/kg of oil in
Safi and 41.53mg/kg of oil in Taroudant. $ese detected
values are consistent with the interval found by Aithammou
et al. [22] (36.42–132mg/kg of oil) and Kharbach et al. [23]
(58.55–104.36mg/kg of oil). According to El Kharrassi et al.
[14] compared to olive oil, Argan oil has the highest con-
centration of total and c-tocopherols, whereas the highest
concentration of α-tocopherol was observed in olive oil. In
addition, Gharby et al. [50] mentioned that Argan oil has the
highest concentration of α-and δ-tocopherols compared to
cactus pear seed oil. As reported by Górnaś et al. [29], biotic
factors (genotype) also affect the content of tocopherols in
fruit kernel oils, such as apple cultivars (Malus domestica
Borkh.), plums (Prunus domestica L.), and apricots (Prunus
armeniaca L.). However, Dolde, Vlahakis, and Hazebrock
[51] reported that the composition of tocopherols in oil
seeds, such as sunflower and soybean, is highly dependent on
environmental conditions rather than on genetic factors.

3.3. Relation between Geographical Parameters and
Tocopherols. Pearson’s correlation analysis (Figure 3)
revealed that the longitude, minimum temperature, and
rainfall have no effect on the tocopherol content. However,
distance from the coast was found to exhibit a strong positive
correlation with α-tocopherol and a strong negative cor-
relation with c-tocopherol, δ-tocopherol, and total to-
copherols (correlation is significant at the 0.01 level). A
significant correlation was also found between altitude and
tocopherol homologues. Although latitude was found to
have a significant negative correlation with c-tocopherol and
total tocopherol, a significant positive correlation was ob-
served with α-tocopherol. $e maximum temperature was
also found to have a significant correlation with α-to-
copherol. $e geographical origin can affect the process of
producing effective substances, especially in climatic con-
ditions [52]. To date, few studies have been conducted to
investigate the interaction between climatic parameters and
tocopherol content in Argan oil. However, levels of

4 Journal of Food Quality



c-tocopherol increased with average temperature and total
sunshine and decreased with total rainfall in flaxseed oil [53].
$e total tocopherol of olive oil is also strongly affected by
altitude [54]. Other Argan oil compounds such as fatty acids
were influenced by altitude, latitude, and longitude
[37, 43, 55].

3.4. Principal Compound Analysis (PCA). Figure 4 shows a
score PCA plot for the 39 Argan oil samples obtained from six
provenances according to their tocopherol composition. $e
first two principal components were found to be very sig-
nificant, explaining 93% of the total inertia. Although PC1
(Dim1) presented 81.8% of the total inertia, PC2 (Dim2)
presented 11.2%. PC1 allowed classifying the coastal sampled
locations on the left side of PCA. However, the most con-
tinental sampled provinces were plotted on the right side. On
the one hand, the coastal locations were characterized by high
concentrations of c-tocopherol, δ-tocopherol, and total to-
copherols. On the other hand, α-tocopherol was the most
remarkable tocopherol homologue in continental Argan oil
samples. Hence, it can be concluded that c-tocopherol could

be used as a good marker of coastal Argan oils. In addition,
α-tocopherol can be used as a marker of the continental
provinces. $e geographical origin has a high impact on
tocopherols concentration, showing a distinction between the
different studied provenances. $is easy, rapid, and precise
technique can be used by laboratories to protect this precious
oil from fraud such as adulteration by other cheaper oils.
Furthermore, it can be combined with other analyses such as
fatty acids and phytosterol to enhance the protected geo-
graphical indication (PGI).

3.5. Linear Discriminant Analysis (LDA). LDA is a super-
vised method contrarily to PCA. It was performed to create
discriminant models for the classification of Argan oil
according to their geographical origin. Figure 5 shows the
LDA scatter plot for Argan oils from six provinces. $e most
continental provinces were plotted on the left of function 1,
whereas the coastal origins are plotted on the right. A
distinct separation between the provinces was relevant, with
some overlap, notably between Tiznit and Taroudant, which
can be explained by the geographical parameter similarities.

Table 2: Mean values and standard deviations of the oil content and quality parameters of Argan oil from six provenances.

Provenance Safi Essaouira Agadir Taroudant Tiznit Sidi Ifni SNIMA
08.5.090

Oil content (% dry matter) 54.94± 1.6b 53.43± 0.68ab 50.94± 1.12a 55.67± 0.41b 51.57± 0.80a 55.22± 0.36b —
Free fatty acid (%) 0.26± 0.02c 0.24± 0.03b 0.15± 0.01a 0.20± 0.01ab 0.24± 0.02b 0.20± 0.01b ≤0.8
K232 1.05± 0.07a 0.94± 0.09a 1.14± 0.05a 1.03± 0.07a 0.98± 0.04a 0.99± 0.07a ≤2.52
K270 0.18± 0.03a 0.15± 0.02a 0.17± 0.03a 0.17± 0.01a 0.15± 0.02a 0.14± 0.02a ≤0.35
Peroxyde value (meq O2/kg oil) 1.68± 0.06ab 1.57± 0.13a 1.97± 0.06cd 1.46± 0.04a 1.83± 0.08bc 2.13± 0.07d ≤15
Values are expressed asmean± SD. Different letters in the same line designate significant differences (p< 0.05).K232 andK270: ultra violet specific extinction at
232 and 270 nm, respectively.
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Table 3 presented three discriminant functions created
based onWilks’ lambda values, which explained 100% of the
variance (Table 3); 85.7% of the total variance was explained
by function 1, 10.7% explained by function 2, and 3.6%
explained by function 3. $e Wilks’ lambda values (Table 3)
for the functions 1, 2, and 3 were 0.02, 0.30, and 0.69, re-
spectively, with p-values 0.0001, 0.0001, and 0.007. $e LDA
showed a good predictive ability, which can reach up to
87.2% for the geographical origin classification.

Discriminant models allowed a good prediction with an
accuracy of 87.2% (Table 4). Essaouira, Safi, and Sidi Ifni
presented the highest correct classification rate (100%)
followed by Agadir (85.71%). Taroudant and Tiznit pre-
sented the lowest classification rate (71.42%). According to
the results obtained by Elgadi et al. [37] using the LDA

models based on fatty acids and isotope combination, the
classification rate fluctuate between 85.7% and 100%, which
was near to the obtained accuracy. Furthermore, the results
obtained by Miklavčič et al. [56] based on fatty acid profile
using OPLS-DA showed a similar rate (82%–100%). $e
high accuracy confirms the performance of tocopherols in
the prediction of geographical origin.
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4. Conclusion

$e results obtained in this study highlight the impact of
the geographical origin on the α-tocopherol, c-tocopherol,
and δ-tocopherol content. Pearson’s correlation analysis
showed that the longitude, minimum temperature, and
rainfall have no effect on the content of tocopherols.
However, distance from the coast, latitude, and altitude was
found to exhibit a strong correlation with the majority of
tocopherol homologues. PCA also revealed a distinction
between provenances and confirmed the relationship be-
tween the geographical origin and tocopherol concentra-
tion. In addition, α-tocopherol and c-tocopherol could
present promising markers to protect the geographical
origin of Argan oil. $e prediction ability of the LDA
models was 87.2%. Our study provided interesting results
for the variability of tocopherol homologues concentration
in six principal production areas.$is technique is easy, not
expensive, and rapid for laboratories to control the fraud
related to geographical origin. $ese results present a
preliminary basis for determining the geographical origins
of Argan oil and highlight the real tocopherols potential in
Argan oil that varies from 1,271.68 to 844.05mg/kg of oil.
Further future studies more exhaustive are planned to
confirm the obtained results. In addition, more studies
focussing on biotic factors (genotype/variety/cultivar) are
necessary to have a clear overview of tocopherol homo-
logues variation, which is very useful particularly for va-
rietal selection objectives.
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Marecik, A. Grygier, and M. Rudzińska, “Tocopherols,
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