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ABSTRACT

Pickering emulsion is a surfactant-free emulsion that is stabilized by solid particles. While
Pickering emulsion is also utilized as a drug-releasing control system, these solid particles help
reduce the usage of synthetic surfactants, which may have toxicological implications. There-
fore, the objective is to create and assess W/O Pickering emulsions stabilized by solid particles
of magnesium oxide. In order to emulsify an oil-dispersing phase, we gradually add an aqueous
phase and use a stator mixer to disperse it. The results of our investigation into the stability of
emulsions (physical, conductivity, pH, droplet size, and rheology, including viscosity) indicate
that the type of Pickering emulsion is W/O by dye test. The goal of this work is to prepare a
basic Pickering emulsion utilizing a factorial experimental design, along with other tests like
pH, rheology (including viscosity and droplet size), and PDI. The factorial experimental design
will be used to examine the impact of several parameters on the general emulsion features and
the interactions between these factors as they relate to the created Pickering emulsion. Increas-
ing the concentration of MgO from 2 gm to 3 gm led to a decrease in the Pickering emulsion
droplet size from 2005 nm to 727.4 nm and an increase in the Pickering emulsion formulation
stability. An increase in the yield values is in agreement with the logical concept that increasing
the solid particle concentration requires more shear stress to move, with a viscosity of 23,068
Pa. An optimized basic Pickering emulsion formulation for a variety of applications is obtained
by applying the factorial experimental design, confirming that the stability of the emulsion
may be improved by adding more magnesium oxide particles. This indicates the effective for-
mulation of the W/O Pickering emulsion, which includes magnesium oxide particles for sta-
bilization.
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1. INTRODUCTION

A mixture of two liquids that are either completely or partially immiscible, one of which is distributed
as tiny droplets within the other, is called an emulsion. The surrounding liquid is known as the continuous
phase, whereas the dispersed liquid is known as the dispersed phase. Water-in-oil (w/0) emulsions have
water droplets suspended in oil, while oil-in-water (o/w) emulsions have oil droplets suspended in water.
Unless stabilized by emulsifying agents, emulsions have a tendency to separate over time due to their ther-
modynamic instability [1, 2] (Loi et al, 2019; McClements, 2007).

Various emulsification theories exist. A few will be summarized as the article’s topic. According to the
oriented-wedge theory, a droplet of the emulsion’s internal phase is surrounded by monomolecular layers
of the emulsifying agent. The idea behind the notion is that different emulsifying agents have different sol-
ubility in different liquids, and that these solubilities affect how they arrange themselves around and inside
the liquid. It is likely that the emulsifying agent is more strongly bound to one phase and has a preference
for solubilizing in that phase when two immiscible liquids are present in a system. Many molecules of the
compounds that support this idea (such as soaps) have a water-loving and a water-hating part, but they
typically have a lipophilic and an oil-loving part, so the molecules naturally position or orient themselves
into each phase [3] (Jr & Ansel, 2014).

In oral preparations, hydrophilic colloids such as polysaccharides, including gums like acacia, traga-
canth, and cellulose and alginate derivatives, are employed as emulsifying agents. Such hydrophilic colloids
have the disadvantage of being easily broken down by depolymerization. Preservatives should be applied
because they also provide an excellent medium for bacterial growth. By creating thick, multilayered films
with strong resistance to rupture, hydrophilic colloids stabilize o/w emulsions. They primarily function as
viscosity modifiers by making the external phase more consistent, which prevents creaming and coalescence.

Fine solid particles are another type of emulsifying agent. By partially wetting emulsions with both the
water and oil phases, they can be stabilized by solid particles—finely divided solid particles. They are suffi-
ciently bonded to each other to create a cohesive interfacial layer that prevents droplet coalescence by acting
as a mechanical barrier. For o/w emulsions, the aqueous phase preferentially wets the particles, while for
w/o emulsions, the solid is preferentially wetted by oil.

The size of the particles must be less than that of the droplets. Shape, wettability, inter-particle interac-
tions, and the emulsion media all affect how effective the fine solid particles are. Pickering emulsions and
surfactant-free emulsions are terms used to refer to emulsions stabilized by solid particles [4] (Ortiz et al,
2020).

Pickering emulsions are emulsions in which two immiscible phases (W/O or O/W) are stabilized by
dispersions using solid particles acting as surfactants. In 1903, Ramsden was the first investigator to make
the discovery of Pickering emulsions [4, 5] (Ortiz et al, 2020) (Chevalier & Bolzinger, 2013).

Currently, the solid particles used as surfactants in Pickering emulsions are free from the adverse effects
of regular surfactants. They are appealing for several applications where surfactants frequently exhibit neg-
ative effects (hemolytic, environmental issues, behavioral issues, irritation, etc.) due to their “surfactant-
free” nature [6] (Sy et al, 2018). Furthermore, the Pickering emulsion is the most stable kind of emulsion.
This results from solid particles adhering to the oil-water interface. This adsorption is irreversible, powerful,
and strongly resists coalescence by the creation of a barrier around droplets in dense film formulation. The
energy of adsorbed solid particles [ AE = y,.zr2(1+c0s6)2 ] is indicated by the partial wetting ability of the
two emulsion phases [7-9] (Sy et al, 2019) (Arditty et al, 2004) (Fouilloux, 2011).

The contact angle on the aqueous phase side between the solid particles and the two Pickering emulsion
dispersion phases was determined. If solid particles are hydrophilic, their O/W stability will be improved.
Since the Pickering emulsion contact angle is smaller than 90° and those solid particles are hydrophilic, the
O/W stability is improved. When the contact angle is more than 90°, the emulsion is W/O [6] (Sy et al,
2018). Pickering emulsions may be stabilized by silica, clays, laponite, and other metal hydroxides and oxides
[10-13] (Aveyard et al, 2003) (Levine & Sanford, 1985) (Abend & Legaly, 2001) (Ashby& Binks, 2000).

Magnesium Oxide can be used in many specialties like food additives, and heartburn as an antacid and
antimicrobial [14, 15] (Sharma & S., 2017) (Sy et al, 2018).
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This system may also serve as a means of protecting and encapsulating active principles in therapy, as
a reservoir system and/or a sustained, controlled, or retarded release system for the active substances. As an
exemplary application, a Pickering emulsion using MgO, olive oil, and water for medical treatment is given,
involving the preparation of a stable W/O system to co-encapsulate drugs. Utilizing MgO particles to stabi-
lize droplets enables enhanced solubility, protection, and targeted release of compounds such as Paracetamol
(hydrophilic) and Griseofulvin (hydrophobic), potentially for topical or oral administration, while masking
taste and improving bioavailability by maintaining the separation of drugs within a robust delivery vehicle.
Utilizing MgO particles to stabilize droplets for enhanced solubility, protection, and targeted release of com-
pounds such as Paracetamol (hydrophilic) and Griseofulvin (hydrophobic), potentially for topical or oral
administration, while masking taste and improving bioavailability by maintaining the separation of drugs
within a robust delivery vehicle [15] (Sy et al, 2018).

The goal of this work is to prepare a basic Pickering emulsion using a factorial experimental design,
based on the irreversible adsorption of solid particles at the oil-water interface, which results in the high
stability of the emulsion. To investigate how various factors affect the overall emulsion characteristics, the
factorial experimental design will be used to study the interactions between these factors concerning the
prepared Pickering emulsion. The application of the factorial experimental design will lead to an optimized
basic Pickering emulsion formulation for different applications.

2. MATERIALS AND METHODS
2.1. Materials

Virgin olive oil Nile Garden premium quality was purchased from Nile Garden company-Alex Egypt
and Vaseline from El Gomhouria Co. Egypt, Magnesium Oxide (MgO) Heavy 98% extra pure batch number
1339032007 was purchased from Loba Chemie PVT LTD India. Used exactly as received, all of the chemicals
were of analytical grade.

2.2. Methods

2.2.1. Experimental Design

By using the software MINITAB, version 17, an experimental design for the formulation of a basic
Pickering system was carried out. A multilevel factorial design was applied, and the dependent and inde-
pendent variables are represented in Table 1. The selected independent variables are the weight of Vaseline,
the weight of magnesium oxide, and the volume of olive oil, each with two levels.

Table 1. Coded units of variables and their respective levels for the application of (2°) multi-level
factorial design.

Factors Coded levels condition

(A) Magnesium oxide 2 3

(B) Vaseline 10 15

(C) Olive oil 10 13
Dependent variables Constraints
Y1 = Particle size Minimum
Y2 =PDI Maximum

Y3 = Zeta potential (21) -10 +10

Y4 = viscosity Maximum
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The ability to wrap droplets using varying concentrations of MgO in Pickering emulsions offers oppor-
tunities to tune droplet size, viscosity, and long-term stability by maximizing (or minimizing) particle cov-
erage at the oil-water interface; a deficiency produces instability, while an excess forms a rigid network with
impacts on properties such as apparent viscosity or viscoelasticity, or the capacity of the emulsion to stabilize
functionalized active ingredients, a crucial factor for applications like drug delivery and catalyst experi-
mental design. This demonstrates the impact of particle density on structure, and how scientists can design
emulsions that display a host of different types of structure to meet specific needs for any particular appli-
cation.

Viscosity of the prepared system, system zeta potential, mean particle size, and particle size index (PDI)
are the tested dependent variables; all experimental trials were conducted for all eight possible combinations
(Table 2) [16] (Clogston & Patri, 2011).

Table 2. The pickering formulations’ prepared design systems.

Coded levels
Formula Code Magnesium Oxide Vaseline Olive Oil
A B C
F1 2 10 10 2 10 10
F2 3 10 10 3 10 10
F3 2 15 10 2 15 10
F4 3 15 10 3 15 10
F5 2 10 13 2 10 13
F6 3 10 13 3 10 13
F7 2 15 13 2 15 13
F8 3 15 13 3 15 13

2.2.2. Formulation of Basic Pickering Emulsions

One Among the main aspects of Pickering emulsion is the direction of the emulsion formulation, W/O
or O/W, based on the Bancroft rule, which indicates the emulsion type depends on the phases in which the
solid particles are incorporated.

Oil Dispersing Phase Preparation:

Different Pickering systems were prepared according to Table 2. The required amount of magnesium
oxide was added gradually to the amount of Vaseline with progressive trituration until the formation of a
homogeneous product. Then, the required amount of olive oil was added to the previously prepared product
gradually with continuous trituration until the oil phase (olive oil) was dispersed in the mixture. The pro-
duced mixture was continuously stirred using a Velpscientifica DIs overhead mechanical stirrer at a stirring
rate of 1250 rpm for 3 minutes.

Addition of the dispersed aqueous phase:

The previously prepared mixture was mixed with a fixed volume of distilled water (15 ml) dropwise
while stirring using a Velpscientifica Dls overhead mechanical stirrer at 1250 rpm. The emulsions were kept
at room temperature for future research once they were completed.

2.2.3. Characterization of the Prepared Basic Pickering Systems

Visual inspection of the prepared systems (bottle method):

The visual inspection of the prepared emulsions for their instability was studied using the bottle method
(Ortiz et al, 2020).
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The prepared systems were placed at room temperature and in the absence of light, which may enhance
the instability of the emulsion. The studied visual instability tests were the systems’ flocculation, sedimen-
tation, and coalescence.

2.3. Emulsion Orientation

The emulsion type was determined using a light microscopy dye method, employing Sudan III as the
staining agent. A few drops of the dye were added to 2 ml of the formulated emulsion and thoroughly mixed.
The emulsion type was then examined using a Reichert light microscope (Germany).

2.4. Particle Size (PS), Zeta Potential, and Particle Distribution index (PDI) Measurements

Particle size index, mean particle size distribution (represented as average particle diameter), and zeta
potential were measured for the prepared plain Pickering systems. Photon correlation spectroscopy was
used to perform these measurements at a constant temperature of 25°C and a fixed angle of 173° using a
Dynamic Light Scattering (DLS) particle size analyzer (Zetasizer Nano ZN, Malvern Panalytical Ltd, UK).
To guarantee accuracy, each sample was examined three times.

2.5. Measurements of the Rheology and Viscosity of the Prepared Systems

An Anton Paar rheometer (Anton Paar MCR 301, Anton Paar GmbH, Austria) was used to measure
the rheological characteristics of the Pickering emulsion at 25°C. A 25 mm diameter plate-plate arrangement
with a 0.5 mm gap spacing was used for the rotational mode measurement. Over the course of 150 s, the
shear rate was increased linearly from 1 to 100 min™".

2.6. Observations of the Systems’ pH

The pH of the prepared plain Pickering systems was measured using a pH meter (Hanna Instruments
pH 211 Microprocessor pH meter). The pH meter electrode was immersed in the system. After the insertion
of the electrode into a prepared Pickering system for three minutes, the reading of the digital pH meter was
recorded. The experiment was carried out in triplicate.

2.7. Statistical Analysis

The properties of the created Pickering emulsions are allocated for all formulas as indicated in the table
in order to examine the impact of each factor at the chosen levels on the desired responses (Jr & Ansel,
2014). Minitab version 17 was used for optimization and selection of the most suitable optimized formula
to be used as a base for preparing a plain Pickering system. A statistical model incorporating the interactive
and polynomial terms was used to evaluate the response according to Equation (1):

Y =b,+bA+b,B+b,C+b,AB+b,AC+b,,BC +b,,ABC (1)

Where Y (Y is particle size, Y; is particle distribution index, Y; is Zeta potential, and Y; is viscosity).
Particle size is regarded as a dependent variable; the estimated coefficients for the components MGO (A),
Vaseline (B), and Olive oil (C) are denoted by by, b,, and bs, whereas b is the arithmetic mean response of
the eight runs. The average outcomes of adjusting one element at a time from its low to its high level are
shown by the mean effects (A4, B, and C). When two or three factors change at the same time, the interaction
terms (AB, AC, BC, ABC) indicate how the responses change. The significance level (p < 0.05) was used to
assess the importance, validation of the chosen formula and each factor’s contribution using different re-
sponse levels [17] (Mady et al, 2021).

3. RESULTS AND DISCUSSION

The prepared basic Pickering systems were stored for additional investigations at room temperature
and in a dark location. Visual inspection represents the first step for controlling any product. The visual
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inspection of the prepared plain Pickering systems showed a homogeneous color ranging from yellow to
beige (Figure 1). The origin of the color of the system may be attributed to the color of the olive oil. The
volume of oil used was at two levels, and it is expected that magnesium oxide can also reflect the color of the
oil used. Therefore, the color range of the systems is due to the volume of oil used and the concentration of
magnesium oxide. Increasing the olive oil and the concentration of magnesium oxide led to a more intensive
system color. The visual observation may indicate the type of prepared emulsion, which is a W/O type.

Figure 1. A photograph of the prepared Pickering system according to Table 2.

Confirming the type of emulsion was carried out using the dye test. The prepared emulsion systems
consist of two phases, the oil phase and the aqueous phase. Sudan III is a lipophilic dye with a red color.
Therefore, it can be used for the determination of the emulsion type. Figure 2 A&B showed the light micro-
scope photo of two emulsions prepared with different concentrations of magnesium oxide. From the figure,
it can be noticed that the colored phase of the emulsion is the external phase. Accordingly, it can be con-
cluded that the emulsion system is a W/O emulsion, which is in line with the goal of the Pickering emulsion
base preparation. In addition, the effect of increasing the concentration of magnesium oxide could be no-
ticed concerning the particle size and particle size homogeneity of the water’s internal phase.

(2 g of magnesium oxide) (3 g of magnesium oxide)

Figure 2. A light microscope photo of two Pickering emulsion systems prepared with two different
concentrations of magnesium oxide.

In-vitro Characterization of all prepared basic Pickering systems:

The size of the droplets has an inverse relationship with an emulsion’s stability, which is related to
describing the rate of sedimentation and the system’s zeta potential value, in addition to the viscosity of the
prepared system, which retards the particle sedimentation process [15] (Sy et al, 2018).

Therefore, a factorial experimental design was carried out including these factors with two different
levels to study not only the impact of these elements on the emulsion’s stability but also their effect on their
interactions. The results are summarized in Table 3.
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Table 3. In vitro characterization of the plain prepared pickering systems.

Formula Physical characteristic parameters
Code Particle size (nm) PDI Zeta potential (mV) Viscosity (poise)
F1 1300 + 99.80 0.197 £ 0.148 (-) 0.694 8159.5
F2 727.4 + 23.39 1.0+0 (+) 0.047 11,670
F3 1395 + 206.7 0.1437 £ 0.151 (=) 0.0702 8695.6
F4 745.1 £ 78.56 1.0+0 (-)0.28 32,262
F5 1187 + 541.8 1.0+0 (=) 0.027 16,206
F6 974.2 + 47.04 1.0+0 (-) 0.003 78,004
F7 2005+ 631.4 0.807 £ 0.167 (=) 0.058 1820.7
F8 877.7 £ 146.8 1.0+0 (=) 0.0408 23,068

Particle size as the dependent response versus the amount of MgO (A), Vaseline (B), and the vol-
ume of olive oil (C) as independent factors:

The prepared basic Pickering emulsion’s particle size was examined, and Figure 3 and Table 3 provide
a summary of the findings. The concept of particle size was developed to compare the sizes of gaseous (bub-
bles), liquid (droplets), and solid (flecks) particles. The amount of particles present is determined by their
size distribution, which is known as the particle size distribution. The normal curve is divided into two
identical halves by the peak frequency value, also referred to as the mode. In this instance, the data are
normally distributed, meaning that the size distribution is completely symmetrical [4] (Ortiz et al, 2020).

Figure 3 represents the particle size distribution curves of the different basic Pickering emulsions. From
the figures, it can be noticed that, in each case, there is a symmetrical distribution of prepared emulsion
particles around the mode. Increasing the mode value, which is represented by the equipment as intensity
and combined with a narrow size distribution, agrees with the logical concept of distribution. According to
the equipment, the prepared Pickering emulsion’s particle size ranges from 727.4 nm to 2005 nm (Table 3),
indicating the particle size of all prepared runs ranges from small to large particles [15, 18] (Sy et al, 2018)
(El-gizawy et al, 2019).

From Table 3, it can be noticed that the mode of Pickering emulsion size is in the nano range for the
odd-numbered F formulae and in the micro range for the even-numbered F formulae. Regarding Table 2,
which represents the design systems of the prepared Pickering formulations, the odd-numbered Pickering
emulsion formulations are prepared using a lower amount of MGO, and the even-numbered ones are pre-
pared using a high MGO concentration. These findings might suggest the reverse impact of the MGO con-
centrations in decreasing the Pickering emulsion size from microns to nanometers. The mode of the particle
size in the nano range can be arranged as follows: F5 < F1 < F3 > F7. For the same formula composition
concerning the amount of Vaseline and olive oil, the mode of the particle size in microns can be arranged
as follows: F2 < F4 < F8 < F6.

While Vaseline (petrolatum), a lipophilic base, affects oil-phase properties and can increase droplet size
or create larger, less stable systems if not combined with proper emulsifiers, frequently requiring surfactants
to create stable nanoemulsions with fine droplets, magnesium oxide (MgO) nanoparticles act as a Pickering
stabilizer in emulsion systems, reducing droplet size by increasing the interfacial area. More MgO typically
results in smaller, more stable droplets.

Effects of Magnesium Oxide (MgO)

« Stabilizer: MgO particles function as solid emulsifiers (Pickering emulsions) to stabilize water-in-oil
(W/O) or oil-in-water (O/W) emulsions.
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« Size Reduction: Because the particles efficiently cover the droplet surfaces and prevent coalescence,
adding more MgO particles usually results in smaller droplet sizes.

o Improved Stability: MgO frequently produces smaller droplets, which increase the surface area avail-
able for emulsifier action and improve emulsion stability.

Effects of Vaseline (Petrolatum)

« Increased Droplet Size: Higher concentrations of oil (like Vaseline) in nanoemulsions frequently re-
sult in larger droplet sizes, especially if the surfactant concentration is low, as it can overwhelm the emulsi-
fier’s ability to coat the droplets effectively.

« Stability Challenge: Large droplets formed with high oil content are less stable, making them prone
to creaming or breaking.

« Lipophilic Base: Vaseline is an oil-based substance that provides the oil phase in emulsions.

Combined Effect (Vaseline + MgO)

o The objective is to use MgO’s stabilizing power to counteract Vaseline’s propensity to form huge
droplets when formulating with MgO (solid stabilizer) and Vaseline (oil phase).

« This aims to create small, stable nanoemulsions for uses like drug delivery, where precise droplet size
(nanometer scale) is essential for efficacy, by optimizing the ratio of MgO to Vaseline.

MgO counteracts the coarsening effect of the oil phase to generate fine, stable systems, while Vaseline
supplies the oil bulk. The interaction and concentrations define the final droplet size [15] (Sy et al, 2018).
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Figure 3. Particle size distribution and mean size intensity of the prepared basic Pickering emulsion.

MGO is a fine solid particle. It stabilizes the emulsions by partially wetting both the oil and water
phases. They have enough adherence to provide a cohesive interfacial layer that provides a mechanical bar-
rier to prevent droplet coalescence. It was found that the nano-size mode is produced using a high MGO
concentration. Therefore, it can be suggested that increasing the concentration of MGO led to the formation
of a fine layer of a coherent interfacial film around the emulsified droplet. A sufficient concentration of
MGO hindered the emulsified droplets’ coalescence and the formation of nano-size droplets.

The relationship between the response Y1 (particle size) and the independent variables MGO, Vaseline,
and Olive Oil and their interactions A, B, C, AB, AC, BC, and ABC, respectively, was assessed using a mul-
tivariate linear regression stepwise. The equation reports the outcome. 2.

Particle Size =20704 —-7199 MGO —1548 Vaseline —1876 Olive Oil+542.7 MGO x Vaseline

+678.1 MGO x Olive Oil+159.8 Vaseline x Olive Oil —55.81 MGO x Vaseline x Olive Oil 2)

Regression analyses reveal no significant effect of factors A, B, and C or their interactions AB, AC, BC,
and ABC on the particle size values (p < 0.05). The most effective factor is A, with a positive coefficient value
indicating that a high concentration of MGO decreases the droplet size [15] (Sy et al, 2018).

Particle size index (PDI) versus the amount of MGO (A) and Vaseline (B) and the volume of Olive
0il (C):

The polydispersibility index (PDI) is calculated by dividing the mean particle diameter by the standard
deviation (o) of the particle diameter distribution. It shows how different population sizes are distributed
within a sample. A fully uniform sample with respect to particle size has a PDI of 0.0, while a highly different
particle size population in a polydisperse sample has a PDI of 1.0. A narrow distribution of particle sizes is
indicated by PDI values less than 0.5.

The values of the PDIs are between 0.1437 and 1.0 (Table 3), indicating that the PDI of all prepared
runs has a low to high distribution [19] (Kawano et al, 2015). From Table 2, it can be noted that the even-
numbered F formulae had a PDI equal to one, indicating a polydisperse sample with multiple particle size
populations. At the same time, F1 and F3 had low PDI values, indicating that both had a narrow particle
size distribution. The difference between these two formulations is the increasing amount of Vaseline, which
may cancel the effect of increasing Vaseline concentration on the PDI. The PDI value of F5 is one for a
formula with a lower concentration of Vaseline and a higher concentration of olive oil. Therefore, it can be
concluded that the higher olive oil concentration is responsible for the high polydispersity in the sample,
especially since the PDI of F7 is lower than one with a high concentration of both Vaseline and olive oil,
because both substances are greasy. On the other side, for all even-numbered formulae, the value of PDI is
one, although they were prepared using higher or lower concentrations of greasy substances. Regarding the
Pickering emulsion preparation method, Vaseline would first be homogenized with MGO to form, to some
extent, a hard mass, which would be softened by stepwise adding olive oil while mixing. A high Polydisper-
sity Index (PDI) up to 1.0 indicates a wide distribution of particle/molecule sizes, denoting significant het-
erogeneity; it frequently indicates multimodal distributions (multiple distinct size populations) or extreme
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polydispersity where conventional analysis struggles, rather than just instability or greasy substances. It in-
dicates that you have both very small and very large components, affecting material properties and serving
as a measure of size heterogeneity; values close to 1.0 suggest a wide, diverse range that may indicate insta-
bility or poor control in synthesis, which could result in complex interactions and possibly aggregation.

Therefore, it could be expected that the MGO would be completely oriented around the Vaseline, which
led to the cancellation of its effect on the PDI of the emulsion and the shifting of the disturbance effect to
the method of olive oil addition. This could be a technical reason during Pickering emulsion preparation.
In addition, this conclusion may support the suggested mechanism of particle size decrease by using a high
concentration of MGO.

The relationship between the response Y2 (PDI) and the independent variables and their interactions—
A, B, C, AB, AC, BC, and ABC, respectively—was assessed using a multivariate linear regression stepwise
equation, which reports the outcome (Jr & Ansel, 2014).

PDI =-19.54+6.846 MGO +1.010 Vaseline +1.669 Olive Oil-0.3367 MGO x Vaseline

—0.5563 MGO x Olive Oil-0.08660 Vaselinex Olive Qil +0.02887MGO x Vaseline x Olive Qil (3)

Regression analyses reveal that there is no significant effect of factors A, B, and C or their interactions
AB, AC, BC, and ABC on the PDI values (p < 0.05). The most effective factor is A, with a positive coefficient
value indicating that a high concentration of MGO increases the PDI by decreasing the particle size.

Zeta Potential versus the amount of MGO (A) and Vaseline (B) and the volume of Olive Oil (C):

The potential difference between the electroneutral area of the solution and the firmly bonded layer’s
(shear plane) surface is known as the zeta potential. Since this potential controls the strength of repulsion
between nearby, similarly charged, scattered particles, it can be used practically to ensure the stability of
systems with dispersed particles. The particles come together when the attractive forces outweigh the repul-
sive forces when the zeta potential is lowered below a specific value, which varies depending on the specific
system being used [20] (Sinko & Singh, 2011).

Pickering emulsion is a dispersed system. Therefore, it was essential to measure the zeta potential value
for all Pickering emulsions. The equipment used for measuring the system’s zeta potential provides a zeta
potential distribution for all prepared basic Pickering emulsions, represented in Figure 4. The zeta potential
distribution is an interpretation of potential contributions from differently charged particles that could have
contributed to the result [18] (El-Gizawy et al, 2019). From Figure 4, it can be noticed that in each case the
system’s zeta potential distribution has a symmetrical form. In addition, the curves for F3, F5, F6, F7, and
F8 have a small peak behind the major one. The appearance of the second peak may represent two peaks in
the zeta potential analysis corresponding to two different populations found in the size distribution analysis.
It is also possible that multiple scattering or particle-particle interactions could be the cause of the second
peak. Regarding the composition of the system, from Table 2, it can be noticed that the second peak ap-
peared when using olive oil at a high concentration, regardless of using Vaseline or MGO at high or lower
amounts, except in F3. Therefore, it can be suggested that olive oil may be responsible for the formation of
the second peak. This explanation is based on the method of olive oil addition to the mixture of Vaseline
and MGO. Concerning the formation of the second peak in the F3 system, from the same table, it can be
noticed that the amount of Vaseline is high but the amount of MGO is low. Therefore, it could be expected
that the second peak is due to the olive oil [18] (El-Gizawy et al, 2019).

The values of the Zeta Potential are between —0.694 mV and 0.047 mV (Table 3), indicating that the
Zeta potential of all prepared runs ranges from negative to positive values, which indicates the stability of
the prepared Pickering systems [18] (El-gizawy et al, 2019).

The relationship between the response Y3 (Zeta Potential) and the independent variables A, B, and C
and their interactions AB, AC, BC, and ABC, respectively, was evaluated by using stepwise multivariate
linear regression. The result is reported in Equation (4).

Zeta Potential = -31.18+11.33 MGO + 2.200 Vaseline +2.396 Olive Oil-0.8195 MGO x Vaseline
—0.8683 MGO x Olive Oil-0.1695 Vaseline x Olive Oil+0.06293 MGO (4)
x Vaseline x Olive Qil
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Figure 4. Zeta potential distribution of the prepared basic Pickering emulsion.

- High-molecular-weight stabilizers form thicker, more effective barriers against coalescence even with
lower electrostatic repulsion; solid particles (Pickering emulsions) create a strong mechanical barrier that
prevents droplet fusion; and steric stabilization, in which adsorbed polymer layers physically push drop-

lets apart, keeps emulsions with low zeta potential stable.

Regression analyses reveal that there is no significant effect of factors A, B, and C and their interactions
AB, AC, BC, and ABC on the zeta potential of the emulsion (p < 0.05). The most effective factor is A, with
a positive coefficient value indicating that a high concentration increases the zeta potential positively and

negatively [18] (El-gizawy et al, 2019).
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Viscosity versus the amount of MGO (A) and Vaseline (B) and the volume of olive oil:

The rheological behavior of all prepared Pickering emulsions was studied, and the rheograms of each
formula are represented in Figure 5 using the software Rheology Lite for Windows (an app for rheological
analysis of the flow behavior of materials). The figure shows that increasing the shear stress led to an increase
in the shear rate after a yield value, indicating the non-Newtonian flow behavior of all systems. Different
flow models (Power Law, Bingham, Herschel-Bulkley, and Casson) were applied to the rheometer data.
Based on the values of the correlation coefficient, the Herschel-Bulkley model was selected. The flow model
equation is:

T= z.0+K7} n
where 7 isthe shear stress, y isthe shearrate, 7, is the yield stress, K'is the consistency index, and nis
the shear-thinning index. It is a flow model for solid-containing, system-like material. The system flows only

if the applied stress (7 ) is higher than the yield stress (7, ). Once the flow starts, the viscosity decreases with
the shear rate. The results of the model application are summarized in Table 4.
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Figure 5. Rheological behavior of all prepared Pickering systems.

It is evident from the table that the values of R? are sufficiently high to conclude the correlation between
shearing stress and shearing rate, except for F3 and F6. In each case, the values of the shear thinning index
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(1) are more than one, indicating all systems are non-Newtonian pseudoplastic (shear thinning systems). In
addition, the values of yield stress depend on the concentration of MGO used. Increasing the concentration
of MGO led to an increase in the yield values, which is in agreement with the logical concept that increasing
the solid particle concentration needs more shear stress to move.

Table 4. Rheological parameters of the fitting data to the Herschel-Bulkley and viscosity to Carreau
models.

F1 F2 F3 F4 F5 F6 F7 F8

T 129.67 118.31 124.98 117.37 91.766 90.772 136.36 81.241

k 3.93E-05 4.46E-05 4.88E-05 3.59E-05 4.19E-05 4.73E-05 3.64E-05 4.53E-05

n 3.21 3.09 3 2.93 2.81 3.01 3.31 3

R? 0.965 0.996 0.962 0.763 0.721 0.925 0.94 0.926
n (Pa) 11670 8159.5 8695.6 32,262 16,206 78,004 1820.7 23,068

Ty = the yield stress; k = the consistency; n = the shear-thinning index; R* = correlation coefficient; 7 =

viscosity.

Figure 6 represents the viscosity flow behavior of different systems. From the figure, it can be concluded
that the exponential decrease of the different systems’ viscosity with increasing shear stress indicates the
shear-thinning character of the systems, which is in agreement with the calculated value of the shear-thin-
ning index. Different viscosity models (Cross, Carreau, Carreau Yasuda) were applied, and based on the
value of R? the Carreau viscosity model was selected for determination of the viscosity of the systems. It is
a model for shear-thinning materials where the viscosity decreases with increasing shear rate. According to
the model, the zero-shear viscosity is reported in Table 4 for comparison.

30 o F1 @F2 0 F3 -8F4 0 F5 0 F6 —8F7 —0-F8
25

20

15

(Pa.s)

10

0 10 20 30 40 50 60 70 80 90 100
(1/s)

Figure 6. Viscous flow behavior of the different Pickering systems.

PH measurements of the prepared Pickering systems:
MgO is a basic solid mineral that dissociates into magnesium cations and water in pH media lower than
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5, with the rate dependent upon the concentration of H* and Mg** already present in the solution. Increasing
the media pH between 7 and 8.5 leads to the dissociation of MgO into magnesium cations and hydroxyl
anions [15] (Sy et al, 2018). Therefore, it would be expected to increase the pH value of the Pickering emul-
sion as a result of the presence of MgO as an emulsifying agent and water as part of the emulsion composi-
tion [21] (Wetteland et al, 2018).

The pH values of different basic Pickering systems were measured, and the results are tabulated in
Table 5. From the table, a change in the system pH values could be noticed. The pH changes of the emulsions
based on the quantity of magnesium oxide used coincide with the reported principle stated previously. The
higher system pH value is due to the higher amount of MgO used. It was reported that increasing the emul-
sion basicity leads to better stability, and a basic pH makes W/O Pickering emulsions more stable [15] [22]
(Sy et al, 2018; Hwang et al, 2004).

Table 5. pH measurements of the prepared basic Pickering systems.

Formula PH
F1 7.83
F2 8.40
F3 7.72
F4 8.32
F5 8.61
Fo6 8.68
F7 8.10
EF8 8.47

Increasing the pH value of the Pickering emulsion could be considered a disadvantage for the incorpo-
ration of some drugs whose stability is affected by increasing the pH.

The optimization response:

The optimum Pickering formulation is achieved by using 3 g of MgO solid particles (high level), Vas-
eline & olive oil (high level), and a 1250 rpm stirring rate at ambient temperature. These outcomes can be
regarded as adhering to the Pickering emulsion formulation procedure because raising the concentration of
MgO leads to an increase in Pickering emulsion stability, as shown in Table 4 and Table 6 (Torres et al,
2008).

Table 6. Summary of optimization responses.

Parameters Values
Goal
Response Lower Target Upper
Particle Size Minimum 727.4 727.4 2005
PDI Maximum 0.1437 1 1
Zeta potential Target —-0.694 0.047 0.047
Viscosity Maximum 1820.7 1820.7 78,004
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In run number 8, the optimized multiple response prediction yields the following parameter settings:
MGQO: 3; Vaseline: 15; Olive Oil: 13.

4. CONCLUSION

Pickering emulsions can solve the problems facing normal emulsion formulations regarding stability,
cost, and production procedures. Therefore, an attempt was made to formulate a general basic Pickering
emulsion for different applications. Not only that, but different factors affecting the formulation procedures
and their interactions were also studied using a factorial experimental design. Studying the factors and their
interactions provides a guiding light for the formulation of Pickering emulsions in the pharmaceutical,
chemical, or biological fields.

The optimum Pickering formulation is achieved by using 3 g of MgO solid particles (high level), 15 g
of Vaseline (high level), and 13 mL of olive oil (high level); raising the concentration of MgO leads to a
decrease in droplet size and an increase in Pickering emulsion formulation stability (Table 4) [23] (Torres
et al, 2008).

Pickering emulsion’s new applications include strong stability, shear-thinning rheological qualities for
simple processing, and good biocompatibility for broad use. It offers good adherence to moist tissues for
tissue engineering, a broad temperature range, and carefully regulated sustained release under intestinal
circumstances.

Pickering emulsion is a strategy for achieving more material design improvements and a promising
delivery platform [24] (Zhang et al, 2024).
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