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Abstract: The argan tree is a versatile forest tree (silviculture-fruit-forestry) of great
importance for the country both in biological, phytogenetic and ecological biodiversity as
well as in economic and social aspects. It has significant medicinal and therapeutic potential.
The present study concentrated on saccharide-containing molecules, particularly saponins,
for their medicinal properties. Butanol was used to fractionate phytochemical groups from
different parts of Argania spinosa (branch, leaf, pulp, shell and seed), which were
subsequently precipitated in ether. It was found that solvent fractionation increased the total
saponin amount according to the colorimetric test using vanillin and sulfuric acid. The
butanol fraction of the argan shell and its precipitate showed the highest levels of triterpene
saponins compared to the rest of the plant parts studied. The samples showed antioxidant
capacity by DPPH versus ascorbic acid (ICsp = 1.92 pg/mL) and by ABTS using the similar
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standard (ICso = 11.31 pg/mL). The antioxidant activity of the samples was significantly
improved from the crude shell extract (ICso = 5.85 pg/mL) to its butanolic fraction (ICso =
2.94 pg/mL) and its precipitate (ICso = 1.57 pg/mL) using 2,2-diphenyl-picrylhydrazyl.
Indeed, the ABTS test, showed similarity to the core results. Also, the solid disc diffusion
method was used to highlight the antimicrobial activity of extracts from different parts of the
Argania spinosa plant. The EtOH 70% and Aqueous leaf extracts exhibited the highest
antibacterial activity, resulting in an inhibition zone of approximately 13 mm against the
growth of Staphylococcus saprophyticus. On the other hand, the extract of saponin filtrate
from the pulp part of the plant displayed the lowest antibacterial activity, with an inhibition
zone of 9 mm. All studied types of saponin extract from different parts of the plant do not
contribute to any antifungal activity against Botrytis cinerea.

Keywords: Argania spinosa; antioxidant activity; saponins; antibacterial activity; antifungal
activity

1. Introduction

Throughout the world, natural resources are facing a concerning degradation due to
the excessive exploitation and mismanagement practices ™. This not only poses a threat to
the overall ecosystem but also has the potential to lead to the loss of valuable natural
resources that possess significant pharmacological and biological properties. Many natural
resources harbor compounds and substances utilized for centuries in traditional medicine and
have shown promising therapeutic potential 2-61. Morocco is well-known for its diverse and
rich forestry, with several species of trees that possess significant medicinal properties ['-141,
Among these trees, the Argan tree (Argania spinosa L. Skeels) stands out as a highly endemic
species, ranking as the second most abundant forest species in the country, following the
Holm oak (Quercus ilex) and preceding the Cedar (Cedrus atlantica) %1, It is estimated that
the tree will live between 150 and 200 years. Drought and heat are not a problem for it. The
Argan tree grows wild and abundant in southwest Morocco's arid and semi-arid areas. In this
geographical area, the Argan tree plays an irreplaceable role in the ecological balance and in
preserving biodiversity. In addition to this environmental role, the Argan tree has a very
important economic interest; The Argan tree produces argan oil as its main product 1261,

There are two categories of Argan oil, cosmetic oil from unroasted almonds and
edible oil extracted from roasted almonds. The physicochemical properties of these two types
of Argan oil have been well studied 1781 as well as their production in a controlled and
reproducible manner (%29 and their pharmacological properties 2231, Indeed, the nutritional
properties of Argan oil are due to its chemical composition. According to the Moroccan
Standards Institute (IMANOR), Argan oil is composed of 80% unsaturated fatty acids 24,
and is particularly rich in tocopherols, molecules with powerful antioxidant properties. The
high content of tocopherols and the low content of linolenic acid are responsible for its
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oxidation resistance. The phospholipids present in Argan oil contribute to oil preservation
[25]

Unfortunately, the current worldwide fame of the Argan oil has partially
overshadowed the first intensive work carried out on the triterpenic saponins of the Argan
tree. For some time, this family of molecules has represented the most likely result to
successfully save the Argan tree from various threats it faced. In fact, saponins possess many
pharmacological and biological properties %1, and even if these compounds are no longer
studied as intensively as they were a few years ago, the need to diversify the A. spinosa
resource is sufficient to warrant further research.

Literature reports indicate that other Sapotaceae species contain glucuronidic
triterpenes 27-%%1. Originally, pure ethanol was believed insufficient as a solvent to extract
saponins from different parts of the A. spinosa plant. This paper investigated the total saponin
content in the crude extract of the different parts of A. spinosa (branch, leaf, pulp, shell, and
seed) as well as its fraction and precipitate. Due to the complexity of phytochemicals
contained in plant extracts, liquid-liquid extraction was used to separate the target
compounds, utilizing butanol as an organic solvent. The organic fraction was then
precipitated in diethyl ether to further recover the chemicals. Saponins can be precipitated by
utilizing ether to reduce the medium's dielectric constant. Therefore, this paper aimed to
compare the total saponins estimated in the extracts of different parts of the A. spinosa plant.

In this work, we investigated the antioxidant power of DPPH (2,2-diphenyl-
picrylhydrazyl) and ABTS (2,2'-azino-bis-3-ethylbenzothiazoline-6-sulphonic acid) of the
saponin extracts from the plant. However, the antimicrobial activity of the different extracts
was carried out using four bacterial strains for the antibacterial activity, and two fungi for the
antifungal activity. In addition, principal component analysis (PCA) was employed to
evaluate the correlation between antioxidant activity (DPPH, ABTS), secondary metabolites
(polyphenols, flavonoids, tannins), total sugars, and triterpene saponins in all extracts derived
from the A. spinosa saponin extraction process.

2. Materials and Methods

2.1. Preparation of Argania spinosa extracts

The characterization of the extracts of A. spinosa focused on the different parts of the
tree, namely: branch, leaf, pulp, shell, and seed. The different parts of A. spinosa from
Lakhssas (29° 24’ 43" north, 9° 43’ 34" west), Guelmim-Oued Noun region were harvested
in the summer of 2020 for the study of saponins. The different parts of A. spinosa, freshly
harvested, were washed with tap water and left to dry in the shade for two weeks to preserve
as much integrity of their chemical composition as possible. After drying, the different parts
of A. spinosa were finely crushed with a professional grinder and then sieved on sieves.
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2.2. Extraction of saponins

Samples from different parts of the plant were delipidated by soxhlet for 6 hours using
hexane as an apolar solvent. The residue obtained was left in the oven at a temperature of 25
overnight to completely eliminate hexane. The residue was extracted with a 70:30
EtOH/water hydroalcoholic solution in a two-hour heat-reflux system. After extraction, a
rotary evaporator was used to chill and filter the solution until it was completely dry [36-38],

Secondly, the liquid-liquid extraction technique was employed. The crude 70%
ethanol extract was reconstituted in water and extracted vigorously with butanol in a
separatory funnel. For phase separation, the organic phase was removed, and more butanol
was added to the residual aqueous solution for further liquid-liquid extraction. This
fractionation process was further repeated in triplicate B¢, The organic butanol fraction
was merged and dried by a rotary evaporator. The aqueous phase was coated and
concentrated to dryness by a freeze-dryer.

The butanol fractions of the five parts were reconstituted in absolute methanol.
Moreover, adding diethyl ether to the organic fraction was done in a very slow manner and a
precipitate was formed at the end °. The phytochemicals that were not very soluble in
diethyl ether were precipitated. The precipitate was filtered using sintered glass and separated
from the solvent using a rotary evaporator (Rotavapor R-100, BUCHI).

2.3. Determination of secondary metabolites of Argania spinosa extracts
2.3.1. Determination of polyphenols

The content of phenolic compounds in the different extracts of Argania spinosa was
estimated by the Folin-Ciocalteu method. Briefly, 2.5 mL of Folin reagent (10-fold diluted)
is added to 500 pL of sample or standard (prepared in ethanol) with suitable dilutions, 2 mL
of Na2COs sodium carbonate solution (7.5%). After 15 min of incubation in a water bath at
45 °C, the absorbance was measured at 765 nm against a blank without extract, and the
calibration range obtained with gallic acid (1-200 g/mL) was used to calculate the
quantification of total polyphenols under the identical circumstances as the sample. Results
are given as milligrams of gallic acid equivalent per gram of extract (mg GAE/g) ¥,

2.3.2. Determination of flavonoids

The determination of total flavonoids was performed by the aluminum chloride
colorimetric method. 6.4 mL of distilled water and 1 mL of an extract at a specific
concentration were combined in a tube. Then 0.3 mL of sodium nitrite (NaNO-) solution (5%
concentration) was added. 0.3 mL of 10% aluminum chloride (AICI3) was added to the
mixture after 5 minutes. It was left for six minutes. The tubes were then filled with 2 mL of
sodium hydroxide (1M), thoroughly mixed, and agitated before being permitted to stand for
30 minutes. At 510 nm, the absorbances were measured. Flavonoid concentration was
deduced from a calibration range established with quercetin (2-200 pg/mL) and was
expressed as milligram quercetin equivalent per gram of extract (mg QE/g) 4.
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2.3.3. Determination of condensed tannins

We adopted the vanillin method with hydrochloric acid. This method depends on the
property of tannins to transform into red-colored anthocyanidols by reaction with vanillin 121,
3 mL of an ethanolic solution of 4% vanillin is added to 0.5 mL of the sample. The final step
is to add 1.5 mL of concentrated hydrochloric acid. The resulting combination is given 15
minutes to react at room temperature. At 500 nm, the absorbance is calculated in comparison
to a blank. The calibration curve was generated using various concentrations between 1 and
800 g/mL made from a stock solution of catechin. While the final result was expressed as mg
catechin equivalent (CE) per gram of extract (mg CE/g) 1431,

2.3.4. Analysis of triterpene saponins by UV spectrophotometer

2.5 mL of sulfuric acid (72% concentration) was added to a 250 pL sample that
included 1 mg/mL of sulfuric acid and 250 pL of vanillin (8 g/100 mL ethanol). The
combination was heated for 10 minutes at 60 degrees Celsius, then cooled for 5 minutes in
an ice-water bath. The mixture's absorbance was measured using a UV/is
spectrophotometer. (LLG-uniSPEC 2) at 544 nm. Different concentrations between 5 and
350 pg/mL prepared from a stock solution of oleanolic acid were used to plot the calibration
curve. While the results were expressed as mg oleanolic acid equivalent per gram of extract
(mg OAE/g) 81,

2.4. Quantification of sugar

In summary, 5 mL of concentrated sulfuric acid and 1 mL of phenol (5%) were
combined with 1 mL of sample. Stir and allow it to stand at room temperature for 10 minutes.
After 20 minutes, the mixture was incubated at 30 °C in a water bath to measure the yellow-
orange color at 488 nm. Quantification of the total score was calculated from the regression
equation of the calibration range established with glucose (5-100 pg/mL) under the same
conditions as the sample. Results are expressed via mg glucose equivalent per gram dry
matter (mg DE-Glu/g DM) 441,

2.5. Study of biological activity
2.5.1. Antioxidant potentials of Argan extracts
2.5.1.1. Antioxidant test by DPPH

The DPPH solution is solubilized in absolute ethanol (0.2 mM). 2.5 mL of the test
extract was added to 0.5 mL of the DPPH solution. After vortexing the mixture, the tubes
were left at room temperature and dark for 30 minutes. The reading is made using a
spectrophotometer to measure the absorbance at 517 nm 3],

The negative control (NC) contains only the DPPH solution. The DPPH concentration
is deduced from a calibration range established with ascorbic acid (0.5-20 pg/mL) ©51,
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2.5.1.2. Cation-radical reduction test ABTS°*

The 7 mM ABTS stock solution was mixed with 2.45 mM potassium persulfate (1:1,
v/v), and the mixture was allowed to stand for 4 to 8 hours to allow the reaction to finish, and
the absorbance was stable. The ABTS°* solution was diluted in ethanol to an absorbance of
(0.70 £ 0.05) at 734 nm for measurements. The photometric assay was performed on 0.9 mL
of ABTS°" solution and 0.1 mL of extracts dissolved in ethanol solution and mixed for 45s;
measurements were made at 734 nm after 30 min in the dark 461,

2.5.2. Evaluation of antimicrobial properties

From the saponin extraction, extracts of different parts of the Argan tree of mass 10
mg were solubilized in 5 pL of dimethyl sulfoxide (DMSO) and 995 pL of distilled water.
They were filtered before any further use on Millipore filters (0.22 pum).

The antifungal activity was evaluated on the following fungi: Fusarium oxysporum
and Botrytis cinerea. These fungi were provided by the Team of Microbiology and Molecular
Biology (EMBM-FSR).

The bacteria used are the following: Raoultella ornithinolytica, (MZ853484.2),
Microbacterium resistens (MZ853466.2), and Staphylococcus saprophyticus (OP750262.1),
all isolated from a mine highly contaminated with metals and posing major health problems
[471 Escherichia coli (DH5a) was also tested. These bacteria were provided by the Team of
Microbiology and Molecular Biology (EMBM-FSR).

2.5.2.1. Antifungal test

The fungi were grown on PDA (Potato Dextrose Agar) medium. After seven days of
growth, these fungi were used to test the antifungal activity of the saponin extracts. To study
the effect of the extracts on the growth of the fungi, petri dishes of 55 mm diameter were
used. One hundred microliters of each extract were well spread on the plates containing PDA
medium, the plates were left open under a laminar flow hood for a maximum of 30 minutes
allowing the extracts to dry on agar. Finally, 0.6 cm discs of fungi were placed in the center
of each plate and incubated at 25 °C for 4-5 days in the dark. A plate containing only the
fungus was used as a control (471,

To evaluate the effect of the extracts on the growth of the fungi, the percentage of
growth inhibition was calculated according to the following formula:

Sy (dc—d0)—(dg—do)
0/ —
Inhibition % = (do—a0) x 100 (1)
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Where dg is the diameter of the fungus growth in the presence of the extract; d0 is the
diameter of the fungus disc deposited at TO; and dc is the diameter of the fungus growth in
the control box.

2.5.2.2. Antibacterial test

Muller-Hinton agar was prepared and sterilized by autoclaving for 20 minutes at 120
°C. Then the medium was poured onto 90 mm petri dishes and left for 24 hours at room
temperature to ensure no contamination.

Ten milliliters of nutrient broth were introduced into each test tube and then sterilized
for 20 min at 120 °C by autoclaving. After 24H, the bacterial strains were plated on a liquid
medium and left to grow for 24H. To prepare the working suspensions, the bacterial cultures
were adjusted by nutrient broth to have an optical density of 0.1.

The solid disk diffusion method demonstrated antimicrobial activity (4. One hundred
microliters of bacterial suspension with OD of 0.1 of each microbial strain were well spread
on a solid medium. Then discs were placed on top of the dried bacterial layer, each disc was
soaked with 10 pL of extract in such a way as to have different concentrations (a total of 5)
of the same extract per petri dish. The control petri dish contained tetracycline (TET 30 pg)
antibiotic disc (Sigma).

All tests were repeated three times. Finally, the plates were incubated at 37 °C for 18
to 24 hours, depending on the bacterial growth. The diameter of the bacterial growth
inhibition zone (a transparent halo around the discs) was measured (mm) 8 to evaluate the
antibacterial activity.

2.6. Statistical analysis
2.6.1. Principal Component Analysis (PCA)

The PCA is intended to establish the correlation between antioxidant activity, using
DPPH and ABTS as much as free radicals and the chemical composition in polyphenols,
flavonoids, and tannins for the crude extracts of different parts of the plant as well as the
quantification of total sugars and tritepenic saponins of the set of extracts from the process
of extraction of saponins from A. spinosa. PCA was performed on the results of (TPT, TFT,
TTT, TsuT, TsapT, and TTC) and antioxidant capacity by two tests, ABTS and DPPH, which
expressed the 8 variables for the five parts of A. spinosa.

2.6.2. Correlation matrix

Pearson correlations between TPT, TFT, TTT, TsuT, TsapT, TTC, ABTS, and DPPH
were performed by PCA. Which PCA expressed the 5 samples according to their response
values in a graph to facilitate the understanding of the variations of the data according to the
nature of the Argan parts (1,
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2.6.3. Analysis of the data

Pearson correlation was used to investigate the correlation between all parameters
used for the Argan parts in this paper. PCA was performed by XLSTAT 2014 software. Data
were represented as mean = standard error of the mean and were performed using IBM SPSS
Statistics 21 software.

3. Results and Discussion

3.1. Yield of extracts of different parts of Argania spinosa

The yields obtained from the different extracts of each plant part of A. spinosa are
shown in Figure 1. In the current study, water-ethanol was selected as the extraction solvent
for its low toxicity and great solubility for both terpenes and saponins . Most of the plant
extract's saponins had low solubility, as evidenced by the fact that decreasing the solvent's
polarity by adding more ethanol ¢!, Indeed, a hydroalcoholic solution (ethanol/water 70/30)
was used to extract different parts of the plant.

EtOH (70%)
BuOH
Precipitate
25 - _ .
Filtrate
Aqueous
20
S 15
=
) —
>
10 A -
-
-
57 N
N
N
0 I T T T T T T T T
Branch Leaf Pulp Shell Seed

Different parts of A. spinosa

Figure 1. Histogram of yields of the different extracts of the parts of the A. spinosa.

The yields of the Argan tree plant differ from one part to another. However, the leaves
of the Argan tree present very high yields, followed by the pulp, the shell, the branch, and
finally the seed. Generally, the ethanolic extracts of the different parts of A. spinosa showed
a significantly high percentage, followed by that of the aqueous phase, then the organic phase
(butanol) then the precipitate, and finally the filtrate. The saponin content of fresh Argan
grains is 0.5% P, while the wood of the Argan tree is also particularly rich in saponins, these
being found at a concentration of 5% to 6% %2, or a concentration twelve times higher than
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that of saponins in the cake. The crude content of saponin in the shell of the fruits of Argan
can be 0.01% to 1% 552, However, the pulp of the fruits of Argan is poor in saponins, whose
concentration is only 0.02% 54,

3.2. Quantitative evaluation of total secondary metabolites
3.2.1. Quantitative evaluation of total polyphenols, flavonoids, and condensed tannins

In this work, we were interested in analyzing these results, focusing on the
composition of polyphenols of 70% ethanolic extracts of different plant parts. The content of
phenolic compounds of different parts of the Argan tree was evaluated by the colorimetric
method of Folin-Ciocalteau.

These results show that the contents of total polyphenols, are higher at the level of the
raw extract of the shell’s value of 406.94 mg GAE/g extract followed by that of branch of
207.52 mg GAE/qg extract, then leaf of 145.34 mg GAE/g extract then pulp 73.58 mg GAE/g
extract, and finally the seed of 16.68 mg GAE/g extract (Table 1).

The results show that the flavonoid dosage follows the same logic as those of
polyphenols. The dosage of total flavonoids was carried out again on the 70% ethanolic
extracts of different parts of A. spinosa.

As for the polyphenols, the content of total flavonoids differs from one part to another
of the Argania plant. The shell is the part of the plant that has the highest content of total
flavonoids compared to other parts of the plant value of 50.67 mg QE/g extract, followed by
a branch of 32.36 mg QE/g extract, then a leaf of 13.27 mg QE/g extract then pulp 7.74 mg
QE/g extract, and finally, the seed of 2.03 mg QE/g extract (Table 1) The aerial part of the
Argan tree is particularly rich in flavonoids. This metabolic fraction can reach 17% of the
mixed leaves and branches 53541, The flavonoid content of the fruit pulp varies according to
the degree of maturity of the fruit and according to more complex criteria (genotypic) whose
impact would also be reflected in the shape of the fruit 51,

Tannins represent an exceptional class of polyphenols. Condensed tannins were
determined only on the 70% ethanolic extracts of different parts of A. spinosa. The tannin
molecules showed their presence only in two ethanolic extracts of the A. spinosa plant.
However, the leaves present a significant value in condensed tannins at 182.66 mg CE/g of
extract, compared to the shell, a value of 61.55 mg CE/g of extract (Table 1).
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Table 1. Secondary metabolite content of 70% ethanolic extracts from different parts of A. spinosa.

Parts TPT (mg GAE/Q) TFT (mg QE/qg) TTT (mg CE/qg)
Branch 207.52 £0.792 32.36 £ 0.26° NR

Leaf 145.34 + 0.66° 13.27 + 0.65° 182.66 + 0.552

Pulp 73.58+0.72¢ 7.74 £ 0.58° NR

Shell 406.94 + 1.054 50.67 + 0.26¢ 61.55 + 0.55°

Seed 16.68 + 0.26° 2.03 £ 0.065° NR

Data are presented as the mean of three individual triplicates (n = 3 £ SEM); means followed by similar letters
exposed in the same column are not different (P < 0.05). NR: No Results.

3.2.2. Evaluation of triterpene saponins present in extracts of different parts of the Argan
tree

Saponin assay showed that the total triterpene saponins of Argan parts increased
proportionally from the 70% ethanolic extract, followed by the butanolic extract, and finally,
the precipitate (Table 2). Total saponin concentration in the organic fraction appears to
increase modestly with cold ether precipitation. Again, the precipitate provided the highest
total saponin content. Ether, thus contributing to higher saponin content. Also, since highly
polar molecules like organic acids, polysaccharides, and proteins can stay in the aqueous
phase, their higher solubility in ethanol than in water can be explained. While other relatively
less polar substances, such as terpenoids and saponins, are dispersed in the organic phase, the
butanolic phase has a higher total saponin content as a result.

Table 2. Tritepene saponin content (mg OAE/g) of extracts from different parts of A. spinosa.

EtOH70% BuOH Precipitate Filtrate Aqueous
Branch 99.74+0.718 117.42+0.532 137.42+0.532 54.74+0.352 65.46+0.362
Leaf 98.14+0.89¢ 104.56+0.53" 160.10+0.26" 50.81+0.71° 64.92+0.532
Pulp 78.85+0.53" 84.21+0.54°¢ 130.81+0.71# 9.21+0.54°¢ 24.93+0.18°
Shell 246.28+0.39°¢ 297.47+0.26¢° 342.60+0.39°¢ 121.17+0.35¢ 126.89+0.36°
Seed 43.31+0.35¢ 53.31+0.35¢ 61.71+0.54¢ 9.21+0.54°¢ 14.21+0.54¢

Data are presented as the mean of three individual triplicates (n = 3 £ SEM), means followed by similar letters
exposed in the same column are not different (P < 0.05).

We were also interested in analyzing these results, focusing on the composition of
triterpenic saponins of different parts of Argania spinosa. For any type of extract, the
triterpene saponin content is best in the shell, followed by the leaf, branch, pulp, and the seed.

The shell precipitate presented the best content of triterpenic saponins with a value of
342.60 mg OAE/g of extract compared to the other precipitates of the plant. On the other
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hand, the seed precipitate of A. spinosa presented the lowest triterpene saponin value of 61.71
mg OAE/g of extract.

3.3. Quantification of total sugars

Sugars constitute the hydrophilic part of saponins. They can comprise one or more
osidic chains (linear or branched) at different positions on the aglycone 1. The contents of
soluble sugars vary according to the plant species presented in Table 3. Generally, the amount
of sugar in the 70% ethanolic extract is remarkably high in the pulp part of 477.50 mg D-
GIuE/g extract, followed by the branch part of 447.28 mg D-GIuE/g extract, the leaf part of
379.42 mg D-GIuE/qg extract, the shell part of 291.86 mg D-GIuE/g extract, and finally the
seed part of 216.97 mg D-GIuE/g extract.

Table 3. Total sugar content (mg D-GIUE/g) of extracts from different parts of A. spinosa.

EtOH70% BuOH Precipitate Filtrate Aqueous
Branch 447.28+1.77*2 254.75+0.442 300.97+0.89? 58.51+0.16% 160.08+0.442
Leaf 379.42+1.11° 268.97+0.44°  340.97+0.89" 70.24+0.11° 193.48+0.11°
Pulp 477.50+1.77¢ 261.95+0.8° 270.31+0.89°¢ 44.35+0.22°¢ 147.86+0.66°
Shell 291.86+1.554 143.59+0.44¢ 408.31+1.114 119.70+0.55¢ 127.26+0.33¢
Seed 216.97+0.44¢ 175.86+0.66° 317.86+0.44°¢ 22.79+0.22¢ 336.30+0.22¢

Data are presented as the mean of three individual triplicates (n = 3 £ SEM); means followed by similar letters
exposed in the same column are not different (P < 0.05).

The part of the branch, leaf, and pulp have kept the total sugar classification of
extracts as: Ethanol 70% ; Precipitate ; Butanol ; Aqueous ; and Filtrate. However, the seed
and shell precipitate extract showed better total sugar contents than the ethanolic extract with
values of 408.31 mg D-GIuE/g extract and 317.86 mg D-GIuE/g extract, respectively. Also,
the aqueous phase of Argan seed presented a total sugar content of 336.30 mg D-GIuE/g
extract higher than its precipitate. The sugar content is strongly influenced by the plant parts
and the choice of solvent.

3.4. Evaluation of the antioxidant activity

3.4.1. Determination of the scavenger effect of the DPPH radical

The data on the antioxidant activity of the extracts of different parts of Argania
towards the free radical DPPH are summarized in Table 4. The anti-free radical activity by
DPPH was measurably better in the precipitate of each part of the Argan tree compared to
the other extracts studied. The precipitate of the shell shows the best ICso value of 1.57
pg/mL, followed by the leaves (2.63 pug/mL), the branch (11.23 pg/mL), the pulp (90.74
pg/mL), and finally, the seed (372.87 pg/mL). The ICso values of the shell as well as leaf and
branch are very close to that of ascorbic acid (1.92 ug/mL) compared to those of pulp and
seed. The shell, leaf, and branch present better antioxidant activity than the pulp and seed.
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With the exception of the seed of the Argan tree, the other extracts demonstrated significant
antioxidant power as assessed by DPPH. According to the results obtained in Table 4, we
noticed a chronological order in 1Cso of the DPPH of the extracts of the Argan tree as follows:
precipitate ; butanol ; ethanolic 70% ; aqueous, and filtrate. While the Argan tree seeds
showed no antioxidant activity by DPPH in the butanolic, ethanolic, filtrate, and aqueous
extracts for a concentration range of up to 2000 pg/mL. This result of antioxidant activity
can be translated by the content of secondary metabolites. The free radical scavenging
activity of the saponins in the cake was determined against DPPH, and IC2s = 85 mM was
observed, while an 1C2s = 560 mM was established against hydroxy radicals ¢,

Table 4. Evaluation of the antioxidant activity of extracts of different parts of A. spinosa by DPPH.

I1Cso (ug/mL) EtOH70% BuOH Precipitate Filtrate Agueous
Branch 15.77+0.112 12.57+0.042 11.23+0.162 25.27+0.372 17.03+0.032
Leaf 7.52+0.17° 3.00+0.01° 2.63+0.02° 9.74+0.13° 8.51+0.065°
Pulp 164.27+0.8° 149.12+1.7¢ 90.74+0.79° 180.35+0.70°¢ 177.34+0.85°¢
Shell 5.85+0.16° 2.94+0.02° 1.57+0.2° 8.20+0.02° 6.48+0.085°
Seed NA NA 372.87+0.05¢ NA NA
Ascorbic Acid 1.92 + 0.04¢

Data are presented as the mean of three individual triplicates (n = 3 £ SEM); means followed by similar letters
exposed in the same column are not different (P < 0.05). NA: No Activity.

3.4.2. Determination of the scavenger effect of the ABTS radical.

In our work, we opted for ABTS to test extracts of different parts of A. spinosa. The
results obtained illustrated in Table 5 showed that the inhibitory action of the samples was
improved from the crude extract of 70% ethanol to the butanolic fraction as well as its
precipitate for the different parts of the plant except the seeds. The precipitate of the latter
part showed low antioxidant activity in a concentration range of up to 2000 pg/mL.

Table 5. Evaluating the antioxidant activity of extracts of different parts of A. spinosa by ABTS.

I1Cso (ug/mL) EtOH70% BuOH Precipitate Filtrate Aqueous
Branch 61.25+0.492 59.4+0.33% 56.53+0.572 73.82+0.062 68.68+0.392
Leaf 33.85+0.28° 29.6+0.19° 24.07+0.12° 46.05+0.22° 41.01+0.06°
Pulp 210.64+1.55°¢ 179.13+1.03¢ 174.24+0.78°¢ 270.16+2.91°¢ 255.34+1.26°¢
Shell 31.48+0.17° 27.25+0.47° 21.77+0.02° 44.16+0.41° 39.3740.24°
Seed NA NA 516.86+4.03¢ NA NA
Ascorbic Acid 11.31+0.05¢

Data are presented as the mean of three individual triplicates (n = 3 + SEM); means followed by similar letters
exposed in the same column are not different (P < 0.05). NA: No Activity.
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However, the other extracts of A. spinosa seed showed no activity against the ABTS
radical, which means that a high concentration of the samples is necessary to present its
antioxidant power. As for the DPPH test, the precipitate of the shell has the best ICso value
(21.77 pg/mL), followed by leaves (24.07 pg/mL), the branch (56.53 pg/mL), the pulp
(174.24 pg/mL), and finally the seed (516.86 pg/mL). The precipitate of the shell and leaf
was very close to the value of ascorbic acid (11.31 pg/mL). Saponins were associated with
various biological activities, such as antioxidant activity 571, It was shown that the total
flavonoid extract of the leaves has antiradical and antioxidant activity. The antioxidant effect
was confirmed by observing a reduction in the effects of oxidative stress produced on UV-
irradiated human skin cells 8, The extract of flavonoids from the Argan tree could thus be
used in cosmetology as a skin protector 8. The confirmation of these effects in vivo would
allow great valorization of the leaves of the Argan tree.

3.5. Evaluation of the antimicrobial activity of Argan extracts

The study of the antimicrobial activity of the extracts of different parts of Argania
prepared at a concentration of 10 mg/mL was examined on microorganisms by the disc
diffusion method.

3.5.1. Antibacterial activity

The antibacterial activity of the extracts of different parts of Argania spinosa was
evaluated on different bacterial strains: Escherichia coli, Microbacterium resistens,
Raoultella ornithinolytica, and Staphylococcus saprophyticus. The inhibition results
generated by the extracts from different parts of Argania spinosa after 24 hours at 37 °C
incubation are recorded in Table 6.

Based on the results in Table 6, the extracts of different parts of the Argania spinosa
plant showed no bactericidal activity on Escherichia coli and Raoultella ornithinolytica
strains. However, saponin precipitates obtained from the leaf and shell of Argania spinosa
had inhibitory effects on the growth of Microbacterium resistens, with inhibition zone
measurements of 10 mm and 11 mm, respectively. As for the extracts EtOH 70%, aqueous
and filtrate of the leaf of the Argan tree showed an inhibition of the growth of the bacterium
Staphylococcus saprophyticus, yielding inhibitory zones of 13 mm, 13 mm, and 12 mm,
respectively. The aqueous phase of the leaves was the only one that showed antibacterial
activity against both Microbacterium resistens and Staphylococcus saprophyticus. The
filtrate of the Argania spinosa pulp exhibited sensitivity against Microbacterium resistens
bacteria, resulting in an inhibition zone of 9 mm. Generally, the leaves of Argania spinosa
were the only ones that exhibited stronger antibacterial activity against Microbacterium
resistens and Staphylococcus saprophyticus compared to other parts of the plant studied.
Saponin extract from Argan oilcake showed antibacterial activity at a concentration of 500
ug/mL on Cutibacterium acne bacteria, while no inhibition of bacterial growth was observed
against Prevotella intermedia up to the highest concentration (12500 pg/mL) B9,
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Table 6. Inhibition zone diameter (mm) of different extracts from different parts of Argania spinosa
compared to Tetracycline (TET) as reference.

Inhibition zone diameter E - . Microbacterium Raoultella Staphylococcus
scherichia coli . N . .
(mm) resistens ornithinolytica saprophyticus
EtOH 70% - - - -
BuOH - - - -
Branch Aqgueous - - - -
Precipitate - - - -
Filtrate - - - -
EtOH 70% - - - 13 +0.05%
BuOH - - -
Leaf Agueous - 15 +0.022 - 13+0.072
Precipitate - 10 +0.032 - -
Filtrate - - - 12 £0.032
EtOH 70% - - - -
BuOH - - - -
Pulp Aqueous - - - -
Precipitate - -
Filtrate - 9+0.03? - -
EtOH 70% - - - -
BuOH - - - -
Shell Aqueous - -
Precipitate - 11 +0.052 - -
Filtrate - - - -
EtOH 70% - - - -
BuOH - - - -
Seed Agueous - - - -
Precipitate - - - -
Filtrate - - - -
TET 30 pg 23 33 15 25

Data are presented as the mean of three individual triplicates (n = 3 + SEM), means followed by similar letters
exposed in the same column are not different (P < 0.05).

3.5.2. Antifungal activity

The antifungal activity of different parts of Argania spinosa extracts was investigated
against two fungi Botrytis cinerea and Fusarium oxysporum. The results obtained on Botrytis
cinerea, after incubation in the dark at 25 °C for five days, show that our prepared samples
do not contribute to any antifungal activity (Table 7).

Unlike Fusarium oxysporum which showed inhibitions ranging from 1.92% to
32.69% for some extracts from the five parts of A. spinosa. The 70% of leaf, pulp, shell, and
seed ethanolic extracts showed various inhibitions of 1.92%, 13.46%, 26.92%, and 1.92 %,
respectively. While the butanolic fraction showed antifungal activity only at the branch, shell,
and seed parts. The latter part of the organic fraction showed good antifungal activity with a
value of 32.69% compared to the branch and shell of 5.77% and 17.31%, respectively. As
for the saponin precipitates, the different parts of the plant revealed their ineffectiveness
towards the two studied fungi, which means that a high concentration of the saponin
precipitates samples is necessary to present its antifungal power and/or the range of chosen
fungi or yeasts to prove this effect. Also, the aqueous phase of the branch, pulp, and seed
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showed inhibitions towards Fusarium oxysporum fungus of a significant value of 32.69% for
seed and pulp, while the branch presented a low value of 1.92%. In addition, the seed is the
only part of the Argan tree that showed antifungal activity in its different extracts except for
its saponin precipitate. This result confirms then that the seed part of the Argan tree fruit has
antifungal potential rather than antibacterial activity. Saponins are natural substances with a
wide spectrum of biological activity; some are already used in therapeutics as
hepatoprotective, anti-inflammatory, and anticancer activities B71. Antifungal studies have
revealed an action against Cladosporium cucumerinum (phytopathogenic fungus of the
Cucurbitaceae family), Polysticus versicolor, and a fungus pathogenic to humans: Candida
albicans. The minimum inhibitory concentrations are 12.5 and 50 ug/mL for C. cucumerinum
and P. versicolor, respectively. On the other hand, the mixture of saponins does not show
any activity against Candida albicans [6%.

Table 7. Evaluation of the antifungal power of extracts of different parts of Argania spinosa by the
disc diffusion method.

Inhibition % Botrytis cinerea Fusarium oxysporum
EtOH 70% - -
BuOH - 5.77 £0.052
Branch Aqueous - 1.92 +0.06°
Precipitate - -
Filtrate - -
EtOH 70% - 1.92 +0.02°
BuOH - -
Leaf Aqgueous -
Precipitate -
Filtrate - -
EtOH 70% - 13.46 £ 0.08°
BuOH - -
Pulp Aqueous - 32.69 +0.08¢
Precipitate - -
Filtrate - -
EtOH 70% - 26.92 +£0.07¢
BuOH - 17.32 £ 0.04f
Shell Aqueous - -
Precipitate -
Filtrate - -
EtOH70% - 1.92 +0.02°
BuOH - 32.69 +0.07¢
Seed Aqueous - 32.69 + 0.09¢
Precipitate - -
Filtrate - 9.62 +0.049

Data are presented as the mean of three individual triplicates (n = 3 £ SEM); means followed by similar letters
exposed in the same column are not different (P < 0.05).

3.6. Statistical analysis

3.6.1. Correlation matrix

The correlation coefficients for TPT, TFT, TTT, TsuT, TsapT, ABTS, and DPPH are
presented in Table 8. Also, DPPH (1/DPPH ICso) and ABTS (1/ABTS ICso) represent the
free radical inhibition power, DPPH, and ABTS, respectively. However, Table 9 shows the
p-values of the correlation matrix coefficient between all variables.
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Table 8. Coefficient of the Pearson correlation matrix between the antioxidant capacity and
antioxidant compounds in the different parts of the Argan tree.

Variables TPT TFT TTT TsuT TsapT 1/DPPH 1/ABTS
TPT 1
TFT 0.980 1
TTT 0.210 0.057 1
TsuT -0.042 -0.003 -0.037 1
TsapT 0.963 0.925 0.369 -0.226 1
1/DPPH 0.861 0.769 0.673 -0.113 0.930 1
1/ABTS 0.801 0.717 0.730 0.059 0.863 0.977 1

Values in bold differ from 0 at a significance level of alpha = 0.05.

Table 9. p-values of the correlation matrix coefficient between all variables.

Variables TPT TFT TTT TsuT TsapT 1/DPPH 1/ABTS

TPT 0
TFT 0.004 0
TTT 0.734 0.928 0
TsuT 0.946 0.996 0.952 0

TsapT 0.009 0.025 0.541 0.714 0

1/DPPH 0.061 0.128 0.213 0.857 0.022 0

1/ABTS 0.104 0.173 0.161 0.925 0.060 0.004 0

Values in bold differ from 0 at a significance level of alpha = 0.05.

According to Table 8 and Table 9, Pearson's correlation analysis between antioxidant
activity and phytochemical amounts revealed that TsapT had a strong positive correlation (p-
value < 0.05) with antioxidant activity. The correlation data of TsapT was 0.930 with the
scavenger effect of DPPH radical. The linear positive correlation between polyphenols (TPT)
and flavonoids (TFT) was also observed (r> = 0.980). However, tannins (TTT) did not
contribute much to antioxidant activities. In addition, the correlation matrix showed a strong
correlation between ABTS and DPPH (r? = 0.977).

3.6.2. Analysis of the data by PCA

The results of the testing on phytochemicals are regarded as variables. The PCA in
Figure 2 (F1-F2) factorial design projects them. 67.84% of the information is presented in
the first component (F1), and 17.11% is explained in the second component (F2). 84.94% is
the combined proportion of the first two elements. However, because their linear combination
is more than 50%, it already adequately represents the variables. As a result, the first two
axes can adequately explain all of the data. The plane created by the axes F1 and F2 in Figure
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2 depicts the correlation between the variables. The positive correlation between the DPPH
and ABTS tests and the TPC, TFC, and TsapT tests substantially determines the shape of the

F1 axis (Figure 2).

Variables (axes F1 et F2 : 84.94 %)
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Figure 2. Factorial plan of principal component analysis carried out on the values (TPT, TFC, TTC, TsapT,

TsuT, DPPH and ABTS) of different parts of the Argan tree.

Biplot (axes F1 et F2 : 89,64 %)
* ~ —
- ]
A ,/ * TsuT \'\ o
i x\ /’_'__.- o, .
i %
3 / Gl / ™,
{ v/ Gl M,
| |/ * shellp \
2 ledt E f she \
‘E [ pupE o Branchlg H. leatp * ABTS .II
= 1 T * DPPH |
" | Seed® * Branch P Lmels * jeal B |
~ o Pulglia |
w | = N, leafE /
o + t t 1 bl 11103 Blanch B i I"|l.. T |
| * seedE * i \ * shell/
4 ".\. % pulp & - Er.n:h:;.'r \\ /.-
\ Seed B a’f.ﬁ.;_. \t\\:h:llh * shellE //
, * pulpF  Brpnch’ o ® TeanT "
- *, A — sapT -
: S % Seedfl ——
\___\___ _____,.f
-3
£ 5 -4 3 -2 -1 0 1 b 3 5
F1 (53,98 %)

Figure 3. Projection on the factorial plane (F1xF2) of the variables of different parts of A. spinosa. Gl: Group
I; Gll: Group |1 DPPH(1/DPPH ICs0;ABTS(1/ABTS ICxp).
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The five individuals are depicted in Figure 3 as split into two groups (extracts). Group
| contain 8 extracts (shell P, leaf B, leaf P, shell E, leaf F, shell A, shell F, shell B), According
to the DPPH and ABTS assays, this group's antioxidant capacity is noticeably stronger than
that of group I1. This group's antioxidant activity is also distinguished by extremely high
TsapT levels.

The 17 remaining extracts comprise Group Il, distinguished by its high TsuT level
and lower antioxidant activity when compared to extracts from Group | by the DPPH and
ABTS assays. This low antioxidant activity is reflected in the low content of TsapT.

4. Conclusions

The technique of butanol fractionation followed by ether precipitation appears to be
important for recovering saccharide-containing compounds from the crude extract of A.
spinosa. Given the calorimetric results of the colorimetric test using vanillin and sulfuric
acid, it turned out that the precipitates of the different parts of A. spinosa are rich in saponin
molecules. This family of molecules seems to be the secondary metabolites with the best
potential for industrial use. For this purpose, the biological activities of the extracts of
different parts of A. spinosa was evaluated. The study of the antimicrobial activity of the
extracts of the Argan tree prepared at a concentration of 10 mg/mL was examined on
microorganisms by the disc diffusion method. The extracts of saponin EtOH 70% and
aqueous from leaves of A. spinosa plant showed significant antibacterial activity against
Microbacterium resistens, with a remarkable inhibition zone of 13 mm for both extracts.
While the saponin extracts did not exhibit any antifungal activity against Botrytis cinerea,
many of them presented an antifungal activity ranging from 1.92% to 32.69% inhibition of
the growth of Fusarium oxysporum fungi. In addition, the antioxidant activity of the extracts
of different parts of the studied plant was also evaluated by two methods: DPPH free radical
test and ABTS free radical test. The different tests showed that the samples' inhibitory action
was improved from the crude extract of 70% ethanol to the butanol fraction as well as it’s
precipitate for the different parts of the plant except the unroasted shells of A. spinosa. In
addition, the PCA data analysis study demonstrated a positive correlation between the content
of saponin compounds and antioxidant activity.
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