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Argan oil is a highly sought-after natural product renowned for its therapeutic and rejuvenating
properties. This study focused on harnessing its dermatological bioactivity by developing stable
nanoemulsions through a simple low-energy method using a single non-ionic surfactant. The
composition and properties of Argan oil were analyzed using High-Performance Liquid
Chromatography (HPLC), Gas Chromatography (GC), and quality indexes, adhering to
international standards. The effect of system composition on stability was evaluated using a
pseudo-ternary phase diagram and Phase Inversion Composition (PIC) emulsification technique.
Optimal process parameters for producing stable nanoemulsion were determined through
Response Surface Methodology (RSM) analysis. The resulting nanoemulsions were characterized
for storage stability, average droplet size, and Polydispersity Index (PDI) using Dynamic Light
Scattering (DLS). The physicochemical properties and bioactive compounds of Argan oil were
identified, including a total tocopherol content of 841 +35 mg/kg and a total phenolic content of
83.81 +0.71 mg Gallic Acid Equivalent (GAE) per kg of oil, highlighting its dermatological
potential. The ideal composition was established, and phase behavior was monitored alongside
process parameters to ensure the formation of stable nanoemulsion. Stability analysis confirmed
the physical stability of the nanoemulsion over time under various storage conditions. Size
analysis revealed a small average droplet size (130.154 +0.115 nm) and a narrow droplet size
distribution (0.019 £0.003 nm). The low-energy PIC emulsification method successfully produced
stable Argan oil nanoemulsions using low-speed stirring and a single non-ionic surfactant,
requiring no additional compounds.

Keywords: Nanoemulsions, Argan oil, Low-energy emulsification, Response surface
methodology, Box-Behnken.

Introduction

Renowned for its hydrating properties, Argan oil enhances skin
elasticity, offers anti-aging benefits, and aids in healing burn wounds

The Argan tree (Argania Spinosa L. Skeels) is a remarkable
species native to Morocco, where it holds great importance for both the
local ecosystem and communities. This tree holds immense ecological
value also playing a vital role socially and economically, largely due to
its oil. Argan oil, a premium vegetable oil, is extracted from the kernels
of the Argan tree through traditional methods that avoid the use of
solvents or heat, ensuring the preservation of its natural properties.
Renowned for its numerous benefits, Argan oil is widely used in
cosmetic and pharmaceutical products.* Argan oil is rich in a diverse
range of beneficial compounds, including unsaturated and saturated
fatty acids, polyphenols, tocopherols, chlorophylls, carotenoids,
phytosterols, squalene, and coenzyme Q10.1° These components work
together to deliver a variety of bioactive effects.

*Corresponding author. E mail: yousra.mdarhri@gmail.com
Tel: +212649967627

Citation: Mdarhri Y, Bouziane I, Mokhtari N, Rissouli L, Touhami A,
Touhami F, Chabbi M. Evaluation of the Stability of Argan Oil
Nanoemulsions Formulated and Optimized through Experimental
Design for Dermatological Applications. Trop J Nat Prod Res. 2024;
8(12): 9414 — 9421 https://doi.org/10.26538/tjnpr/v8i12.9

Official Journal of Natural Product Research Group, Faculty of
Pharmacy, University of Benin, Benin City, Nigeria

while reducing inflammation. Additionally, Argan oil serves as a
treatment for various dermatological conditions, including acne,
psoriasis, eczema, and blisters.>*® To maximize its benefits and
preserve its integrity, Argan oil can be effectively encapsulated in
dermatological emulsion formulations. This approach not only helps to
preserve its quality but also improves its efficacy, by enabling a targeted
and sustained release of its bioactive compounds when applied to the
skin. As a natural powerhouse, Argan oil offers numerous advantages
for skin health and overall wellness. Nanoemulsions show a great
potential for targeted applications in industries such as pharmaceuticals,
cosmetics, and food. Nanoemulsions containing vegetable oils, such as
Argan oil, olive oil, and palm oil, have been the subject of various
studies.”® Particularly, nanoemulsions are used as drug delivery
systems due to their advantages over other methods, including their
ultrafine dispersions and differential drug-loading properties.
Nanoemulsions have been applied as drug delivery vehicles for several
systemic routes, including ocular, nasal, oral, topical, transdermal,
transmucosal, and parenteral routes.! For instance, the main benefit for
employing nanoemulsions in dermal applications is their ability to
enhance skin penetration and permeation through both the skin and the
pilosebaceous unit without the need for penetration enhancer.'® In
these applications, evaluating nanoemulsion stability is crucial.
Stability testing involves assessing the system’s ability to maintain its
desired state over time using various methods like, visual inspection,
centrifugation, accelerated stability tests, storage stability analysis,
creaming rate determination, and particle size analysis. Instability
issues can significantly affect nanoemulsion performance.? These
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changes may be influenced by the components, their proportions,
formulation techniques, and environmental conditions.

The emulsification process by Phase Inversion Composition (PIC) is a
low-energy preparation method that involves gradually adding one
phase to another while stirring continuously at constant temperature.
This technique relies on the critical balance of components that causes
the inversion of the continuous and dispersed phases enabling
emulsification without the need for high shear mixing. Emulsifying
agents stabilize the system by forming an interface at the surface of the
droplets.t?

The nanoemulsion formulation process can be strategically planned
using the Design of Experiments (DOE) method, also known as
experimental design. This method involves studying how different
process variables affect the characteristics of the nanoemulsion system.
Additionally, the pseudo-ternary phase diagram is a valuable tool that
provides insights into how different components and their proportions
influence the phase behavior and properties of the prepared systems.
This approach aids in selecting optimal mixtures and designing
formulations with desired characteristics. Response Surface
Methodology (RSM), statistical and mathematical approach, is applied
to develop, improve, and optimize multivariate processes by analyzing
how input variables might influence the process and identifying those
that significantly impact system’s output. Several studies have used
RSM to stabilize and optimize nanoemulsion formulation.41718

This study represents a novel contribution aimed at enhancing the value
of Argan oil through the synthesis and characterization of Argan oil-
based nanoemulsions. The formulation uses a non-ionic surfactant and
a simple low-energy method. This was achieved through a screening
approach that examined the composition of oil and surfactant, as
indicated by the pseudo-ternary phase diagram. The production
conditions of these Argan oil nanoemulsions were further optimized by
adjusting process parameters, using Response Surface Methodology.
Further research is recommended to explore the bioactive properties of
these nanoemulsions and their potential pharmaceutical applications.

Materials and Methods

Materials

Unroasted Argan kernels were acquired from the Arganeraie Biosphere
Reserve (RBA) in Morocco. The following reagents were used in the
study: Tween 20 (Loba Chemie): diethyl ether, potassium iodide,
cyclohexane, iodine monochloride, hydrochloric acid, acetone,
isooctane, and sodium carbonate (Honeywell); sodium thiosulfate
(Labkem); acetonitrile (Fisher Scientific); and ethanol, potassium
hydroxide, phenolphthalein, chloroform, acetic acid, starch, methanol,
hexane, folin-ciocalteu reagent, p-anisidine, gallic acid, fatty acid
methyl esters, and tocopherols (Sigma-Aldrich). All reagents were of
extra-pure, analytical, or HPLC grade.

Oil Characterization

Argan oil (Argania Spinosa L. Skeels) was extracted through
mechanical cold pressing of unroasted Moroccan Argan kernels. The
oil yield was calculated based on the weight of kernels and the amount
of oil produced. Its physicochemical properties were analyzed in
accordance with international standards, including: acid value and free
fatty acid content (ISO 660),'° peroxide value (International Olive
Council Standard),? specific ultraviolet extinction (ISO 3656),%* iodine
value (1SO 3961),2 saponification value (ISO 3657),% unsaponifiable
matter (1SO 3596),2 relative density at 20°C (1SO 6883),% refraction
index (1SO 6320),2® moisture and volatile matter (ISO 662),%" insoluble
impurities (ISO 663),% anisidine value, and total oxidation value (1SO
6885).2°

The fatty acid composition of the oil was determined using Gas
Chromatography (GC) (Ultra GC Trace Thermo-Fischer, France) with
a CP-SIL 5CB capillary column (0.32 mm x 50 m x 1.20 pm) following
the International Olive Council Standard Method.* Tocopherol content
was determined using High-Performance Liquid Chromatography
(HPLC) (HPLC-DAD Shimadzu, Japan) with Wakosil C18HG column
(5 um, 4.6 x 150 mm) in accordance with ISO 9936.3! Total phenolic
content was measured a modified Folin-Ciocalteu procedure using
Gallic acid as the standard.®? Pigment content was measured
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spectrophotometrically using a UV-2005 Spectrophotometer (J.P.
Selecta, Spain).*®

Construction of Pseudo-Ternary Phase Diagram

A pseudo-ternary phase diagram was constructed by mixing Argan oil,
Tween 20, and water using the aqueous titration method.®* Initially, nine
oil-to-surfactant ratios (ranging from 1:9 to 9:1 w/w) were prepared.
Bi-distilled water was gradually added dropwise to each mixture at
room temperature adjusting the water concentration from 9% to 95% of
the total weight in intervals of 3-7%. Each sample was stirred for 40
minutes at 1500 rpm using a magnetic stirrer and then allowed to
equilibrate at room temperature for 24 hours. The physical state of each
sample was visually inspected, and combinations without phase
separation were identified and plotted on the pseudo-ternary phase
diagram.

Evaluation of Formulations

Thermodynamic Stability, Storage Stability, and Creaming Index
Thermodynamic stability was evaluated using several stress tests:
centrifugation at 3000 rpm for 30 minutes, freeze-thaw cycles (-20°C /
+25°C), and heating-cooling cycles (4°C / 40°C). The formulations
were stored for four months under different conditions—refrigeration
(4 £1°C), room temperature (25°C £1°C), and in a hot air oven (40
+1°C)—to monitor storage stability until phase separation occurred,
forming a top opaque layer and a transparent lower layer.
Destabilization at 40°C was quantified using the creaming index
calculated as the percentage of the lower layer height relative to the total
formulation height.®

pH, Droplet Size, and Polydispersity Index

The apparent pH was measured immediately after homogenization,
while particle size analysis was performed using light scattering (Nano
DS Cilas, France) 24 hours after preparation, at ambient temperature.

Response Surface Experimental Design

A Box-Behnken response surface experimental design was developed
to investigate the effects of various operational parameters on the
properties of nanoemulsions. This design incorporated three factors at
three levels, which is suitable for studying quadratic response surfaces
and generating second-order polynomial models. The independent
variables were mixing temperature (X1), mixing time (X2), and stirring
velocity (Xs), while the dependent variable was the average droplet size
of the nanoemulsion (). The variable levels—high (+1), medium (0),
and low (-1)—are detailed in Table 1. The experimental design
produced a second-degree polynomial equation for average droplet size,
represented as Equation (1):

Y =ag+ a1 Xy + a,X, + azXs + a1, X? + a,X3 + agsX3 +

a1,X1X; + a13X:1 X3 + a23X,X;3 (1)
Where Y is the dependent variable (average droplet size); Xi, Xz, and
Xz are the independent variables: mixing temperature, mixing time, and
stirring velocity, respectively. The coefficients (ao, a1, a2, and as)
represent the model constant and the linear effects of the independent
variables; Quadratic effects are denoted by ai1, a2z, and ass, while a1z,
a3, and a3 represent the interaction effects between the variables.

Statistical Analysis

Data were collected from duplicate or triplicate experiments using
freshly prepared samples. Results are expressed as the mean + standard
deviation. Statistical analysis was conducted using analysis of variance
(ANOVA) with Minitab®18 software. Means were compared using a
T-test, with significance threshold set at a p < 0.05.

Results and Discussion

Oil Characterization

The fatty acid composition, tocopherol content, total phenolic content,
and pigment content of Argan oil are summarized in Table 2, with the
corresponding chromatograms of the fatty acid and tocopherol in Figure
1. Table 3 details the oil’s extraction yield and physicochemical
properties, including acid value, free fatty acid content, peroxide value,
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Table 1: Design variables and their corresponding levels

Independent variables Levels
(-1) (0) (+1)
X1 Mixing temperature (°C) 20 30 40
X2 Mixing time (min) 20 40 60
X3 Stirring velocity (rpm) 900 1250 1600
Dependent variables Goals
Y Average droplet size (nm) Minimize
1.0 0.8 4
0.8
0.6
‘& 0.6 =
= =
& 2 04+
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Figure 1: Oil composition chromatograms (A) fatty acid GC signal and (B) tocopherol HPLC signal

specific UV extinction, iodine value, saponification value,
unsaponifiable matter, relative density (20°C), refraction index,
moisture content, volatile matter, insoluble impurities, anisidine value,
and total oxidation value. These characteristics were compared to the
Moroccan specifications for Extra-Virgin Argan oil .

The results confirm that the bioactive composition (Table 2) and
physicochemical properties (Table 3) meet the specifications for Extra
Virgin Argan oil.¥ The fatty Acids, recognized for their anti-
inflammatory properties, also enhance skin penetration, facilitating the
delivery of both lipophilic and hydrophilic compounds.® The oil's
pharmacological benefits stem from antioxidants, particularly
polyphenols and tocopherols, which protect against oxidative stress
from UV radiation and environmental pollutants.®® Pigments further
enhance oxidative stability under light-free conditions. These qualities
make Argan oil a valuable component in skincare formulations. The
high saponification value indicates the presence of shorter fatty acid
chains, which are reactive and soluble, beneficial for cosmetic
applications. Additionally, its refractive index exceeds that of the
epidermis (1.44), suggesting suitability for protecting skin against solar
damage.*

Pseudo-Ternary Phase Diagram

The Pseudo-Ternary Phase diagram (Figure 2) revealed a central region
of stable formulations after 24 hours, highlighting optimal stability
conditions. Destabilization indicators such as creaming or phase
separation, often assessed visually, arise from density differences or
excessive droplet coalescence. Stable emulsions observed in this region
underscore the efficacy of Tween 20 as a surfactant. It reduces
interfacial tension and forms protective droplet barriers, maintaining
emulsion homogeneity with minimal mechanical disruption. The non-
ionic nature of Tween 20 enhances stratum corneum penetration and
reduces skin irritation, making it suitable for dermatological
applications.*

il (%)
Figure 2: Pseudo-ternary phase diagram of one-phase
formulations after 24h

Thermodynamic Stability, Storage Stability, and Creaming Index

Four formulations passed stability tests (Figure 3) and were monitored
over four months (Table 4Error! Reference source not found.). At
4°C, no phase separation or creaming occurred. At ambient
temperature, destabilization began after several weeks, with sample 7D
remaining stable for over two months. At 40°C,
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Figure 3: Oil, Tween 20, and water compositions of the selected
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destabilization occurred within days, with varying creaming indices.
Stress testing identified meta-stable formulations and optimized
stability conditions, indicating that low temperatures enhance stability
by reducing droplet mobility. Sudden temperature changes can disturb
the balance that keeps droplets stable, possibly impacting the
performance and effectiveness of the surfactants. For long-term
stability, formulations should preferably be stored at 4°C. Accelerated
aging tests at 40°C simulated long-term storage, revealing that smaller
droplets reduce gravitational separation and creaming.*

pH, Average Droplet Size, and Polydispersity Index

The pH values recorded for all formulations were consistently within
the acidic range, as detailed in Table 5. This observation is noteworthy,
as the average droplet sizes recorded were within the nanometric scale,
with the smallest droplets observed in formulation 7D. Additionally,
these formulations exhibited low polydispersity indexes, indicating a
high degree of uniformity in droplet size distribution. The pH values
(Table 5) ranged from 4.0 to 5.5, aligning with the physiological range
suitable for dermal applications. This range closely matches the natural
pH of human skin, typically between 4.5 and 6.0.#? Such compatibility
is vital for maintaining skin integrity, improving hydration, and
reinforcing the skin's natural defense mechanisms against irritants and
pathogens.

Table 2: Argan oil bioactive molecule composition in comparison with Moroccan regulations

Oil composition and physicochemical properties Value Extra Virgin Argan Oil
Fatty acids (g/100g)

Myristic acid (C14:0) 0.1+0.0 <0.2
Palmitic acid (C16:0) 12.3+0.1 11.5-15.0
Margaric acid (C17:0) 0.0 £0.0 Traces
Stearic acid (C18:0) 5.0+0.2 43-72
Avrachidic acid (C20:0) 0.4 £0.0 <0.5
Behenic acid (C22:0) 0.1+0.0 <0.2

Sum of Saturated Fatty Acids (FSA) 18.0+25 158-23.1
Palmitoleic acid (C16:1) 0.1+0.0 <0.2

Oleic acid (C18:1) 47.8 +0.5 43.0-49.1
Gadoleic acid (C20:1) 0.4 £0.0 <0.5

Sum of Monounsaturated Fatty Acids (MUFA) 483 +7.4 43.0-49.8
Linoleic acid (C18:2) 33504 29.3-36.0
Linolenic acid (C18:3) 0.1+0.0 <0.3

Sum of Polyunsaturated Fatty Acids (PUFA) 33.712.8 29.0 - 36.3
Tocopherols (mg/kg)

a-tocopherol 57 16 18-75
f3-tocopherol 210 1-5
y-tocopherol 704 £20 640 - 810
d-tocopherol 78 £9 54 -110
Total Tocopherol content 841 +35 600 - 900
Polyphenols (mg GAE/kg)

Total phenolic content 83.81 £0.71 -

Pigments (mg/kg)

Carotenoids 0.39 +0.00 -
Chlorophylls 0.44 +0.01 -
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Table 3: Argan oil physicochemical characterization in comparison with Moroccan regulations

Oil composition and physicochemical properties Value Extra Virgin Argan Oil
Extraction Yield (%) 51.42 +0.03 -

Acid value (mg/g) 0.56 +0.01 <16

Free fatty acid content (%) 0.28 +0.01 <0.8
Peroxide value (mMEqO2/ Kg) 2901 <15.0
Specific ultraviolet extinction at 232 nm (K232) 1.33 £0.04 <2.52
Specific ultraviolet extinction at 270 nm (K270) 0.24 +0.02 <0.35
Specific ultraviolet extinction variation (AK) 0.00 +0.00 <0.01

lodine value (g/100g) 99.5 £0.0 91.0-110.0
Saponification value (mg KOH/g) 1949 £0.1 189.0 - 199.1
Unsaponifiable matter (g/100 g) 0.87 +0.01 <1.10
Relative density (20°C) 0.909 +0.000 0.906 - 0.919
Refraction index (20°C) 1.4682 +0.0004 1.463 - 1.472
Moisture and volatile compounds (%) 0.03 +£0.00 <0.10
Insoluble impurities content (%) 0.01 +0.00 <0.30
Anisidine value 0.23 +0.01 -

Total oxidation value 5.96 +0.11 -

Table 4: Selected formulations: Oil-to-surfactant ratio, storage stability, and creaming index

Storage Stability (days)

Ref Oil/Tween 20 ratio Creaming Index (40°C) (%)
4°C 25°C 40°C

5D 11 >120 22 1 14.687 +0.684

5E 11 >120 14 1 24.222 £0.772

6C 312 >120 28 2 10.231 +0.449

7D 713 >120 62 3 03.295 +0.302

Table 5: Selected formulations: pH, droplet size, and polydispersity index

Ref pH (25°C) Average Droplet Size (nm) PDI (nm)
5D 5.307 £0.012 253.585 +0.144 0.028 +0.002
5E 5.047 £0.015 323.060 +0.212 0.041 +0.003
6C 5.203 £0.015 224.327 +0.059 0.029 +0.003
7D 4.830 +0.017 130.154 +0.115 0.019 +0.003

The consistently small droplet sizes within the nanometer range
contribute to the uniformity observed across all samples (see Table 5).
Smaller droplets offer significant advantages, as they are less prone to
coalescence and Ostwald ripening, both of which can undermine
emulsion stability over time. This stability is supported by the positive
correlation between droplet size and creaming index values; smaller
droplets reduce gravitational separation, thereby lowering the creaming
index and enhancing overall stability. Furthermore, the nanoemulsion
droplets’ small size facilitates better penetration into the skin, which is
crucial for improved absorption and bioavailability of the active
ingredients. This enhanced penetration not only boosts the efficacy of
the formulations but also ensures the active components reach deeper
skin layers, maximizing therapeutic benefits.*®

Response Surface Experimental Design

A Box-Behnken experimental design based on Response Surface
Methodology (RSM) was employed to optimize formulation stability
by evaluating the primary, interaction, and quadratic effects of
operational variables on the average droplet size of a nanoemulsion.

The selected variables—mixing temperature, mixing time, and stirring
velocity—were tested at three levels, resulting in 15 experiments: 12 at
the edges of a multidimensional cubic design and three replicates at the
center point. To minimize variability, the experiments were conducted
in random order, and their conditions and responses are summarized in
Table 6.

To assess the impact of the mixing temperature, mixing time, and
stirring velocity on the average droplet size, a regression model was
developed through analysis of variance (ANOVA). The resulting
regression equation is presented in equation (2):

Size (nm) = 140.0 4+ 0.232 X; — 0.411 X, + 0.00218 X5 —

0.00790 X? — 0.00256 X2 — 0.000016 X3 — 0.00095 X, X, +
0.000090 X; X3 + 0.000144 X, X3 (2

The model summary indicated a coefficient of determination (R?) of
99.23% meaning that the model accounts for 99.23% of the variation in
the dependent variable. After adjusting for the number of predictors, the
model still explains 97.85% (adjusted R?) of the variation. Furthermore,
the model is expected to explain 97.17% (predicted R?) of the variation
in the predicted data.
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Table 6: The experimental matrix and its corresponding responses

Run Variable levels Observed values
Temperature (°C) Time (min) Velocity (rpm) Size (nm)
(X1) (X2) (X3) ()
1 30 40 1250 130.281
2 30 40 1250 131.477
3 30 40 1250 133.580
4 30 60 900 121.352
5 40 40 1600 124.604
6 20 40 900 134.200
7 40 40 900 130.483
8 30 20 900 141.846
9 30 60 1600 117.873
20 20 40 1600 127.056
11 20 20 1250 140.870
12 30 20 1600 134.342
13 40 20 1250 137.669
14 40 60 1250 118.685
15 20 60 1250 122.644
Term 2 57 ——
A : Factor Natne 10 (4 L ﬁ-‘\
A Time Size 139 | Size 13 k|
c 2 Temperature 120 }.‘ 0 120 %bh 1500
B C Stirring 2% o 30 Temperature 20 10010250 Stirring
N 20 40
cC Time 60 Time 60
AC |
AA |
BB |
BC | | KO gm——
AB | Size 15y | T -
1500
0 5 0w 15 20 25 10 - J—

Standardized Effect

Figure 4: Pareto chart of standardized effects for average
droplet size (o = 0.05)

The ANOVA results from the RSM analysis average droplet size
revealed that the individual factors, mixing temperature, mixing time,
and stirring velocity, had statistically significant impacts. Additionally,
the quadratic effect of stirring velocity was notably significant (p-value
< 0.05), suggesting non-linear interactions. This was further illustrated
by the Pareto chart of the standardized effects (Figure 4), highlighting
each factors’ contribution to droplet size variability. The regression
model is validated as suitable, as indicated by the lack-of-fit being
insignificant (p-value > 0.05) and the strong alignment between the
adjusted and predicted coefficients of determination. Using this model,
three-dimensional (3D) surface response plots (Figure 5) were
generated to show the relationship between average droplet size and the

30
Temperature 40

Figure 5: 3D surface plots for average droplet size in terms of
mixing temperature, mixing time, and stirring velocity with the
hold values of 30°C, 40 minutes, and 1250 rpm

factors of mixing temperature, mixing time, and stirring velocity. The
plots revealed an inverse relationship between these variables and
droplet size, with mixing time exerting the most significant effect,
followed by stirring velocity and mixing temperature. Formulations 9,
14, 4, and 15 (Table 6) achieved the smallest average droplet sizes, all
prepared with a mixing time set at the (+1) level. The response
optimizer tool predicted optimal conditions for minimizing particle
size, identifying a mixing temperature of 40°C, mixing time of 60
minutes, and stirring velocity of 1600 rpm (Table 7). This resulted in
predicting an average droplet size of 115.258 nm. Validation
experiments performed in triplicate confirmed the model’s accuracy,
yielding an average droplet size of 118.973 +0.221 nm, aligning closely
with the prediction.

Table 7: Solution for response optimization for average droplet size

Solution Temperature (°C) Time (min)

Velocity (rpm)

Size Fit (nm) Composite Desirability

1 40 60 1600

115.258 1
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Conclusion

This study represents a novel approach to efficiently formulate Argan
oil nanoemulsions using a low-energy method with a single surfactant,
aimed at potential dermatological applications. The Argan oil’s
composition and properties were assessed in accordance with
international standards. Stability was evaluated through a pseudo-
ternary phase diagram and the phase inversion emulsification method,
while optimal process parameters were identified via RSM analysis.
The analysis of physicochemical properties and bioactive compounds
of Argan oil led to the successful development and characterization of
stable nanoemulsions with small droplet sizes. The findings
demonstrate that the PIC emulsification technique efficiently produces
stable Argan oil nanoemulsions using only one non-ionic surfactant,
without requiring additional compounds or high shear speeds. These
nanoemulsions show significant potential for dermatological
applications. Future studies are recommended to further investigate the
bioactivity of these nanoemulsions and evaluate their potential
pharmaceutical applications.
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