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Abstract

Chia seed oil (Salvia hispanica) contains bioactive compounds, including tocopherols and phenolics, which
exhibit antioxidant properties against free radicals. This study aimed to evaluate the antioxidant activity
of chia seed oil, determine the optimal nanoemulsion formulation based on physical characteristics and
antioxidant activity, and develop a nanoemulgel preparation. Antioxidant activity was assessed using the
DPPH method. Nanoemulsion optimization was performed by varying concentrations of the surfactant
Cremophor RH 40 and cosurfactant PEG 400. The best formulation (Formula 1) consisted of Cremophor
RH 40 (80%), PEG 400 (10%), and chia seed oil (5%). The selected nanoemulsion was incorporated into
a nanoemulgel containing 30% nanoemulsion and 70% gel base composed of Carbopol (0.5%), DMDM
hydantoin (0.5%), and propylene glycol (5%). The nanoemulgel was evaluated for organoleptic
properties, pH, viscosity, homogeneity, spreadability, adhesiveness, emulsion type, stability, and
antioxidant activity. Results demonstrated that the formulation possessed good and stable physical
characteristics, with very strong antioxidant activity (ICsg = 22.10 ppm). These findings indicate its
potential for development as a natural-based pharmaceutical and cosmetic product.
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1 Introduction

Free radicals are atoms or molecules that are unstable and highly reactive due to the presence of one
or more unpaired electrons in their outer orbitals. To achieve stability, free radicals interact with
surrounding molecules to obtain the necessary electron pairs. The formation of free radicals in the body
can be triggered by various factors, including exposure to pollutants, radiation, chemicals, as well as the
consumption of fast foods and foods fried at high temperatures. An excessive accumulation of free radicals
that is not balanced by the body's antioxidant defense system can lead to oxidative stress, which has the
potential to damage important biomolecules in the body [1], [2], [3].

Antioxidants are compounds capable of inhibiting or neutralizing oxidation reactions by scavenging
free radicals, thereby preventing oxidative damage to biological molecules. Antioxidants can be derived
from both synthetic and natural sources. Some commonly used synthetic antioxidants include butylated
hydroxytoluene (BHT), ascorbic acid, kojic acid, mercury, and hydroquinone. However, the use of
certain synthetic antioxidants at high concentrations has been reported to cause adverse effects, such as
carcinogenic properties and the potential to induce skin irritation or damage. Therefore, the utilization
of natural antioxidants derived from biological resources has become a safer alternative. Natural
antioxidants are widely found in plants, particularly in the form of polyphenolic compounds (such as
flavonoids, phenolic acids, anthocyanins, and lignin), carotenoids, and vitamins such as vitamin C and
vitamin E [1], [2], [3], [4].

One plant with potential as a natural antioxidant source is chia (Salvia hispanica L.). This annual
herbaceous plant originates from Northern Guatemala and Southern Mexico and is currently widely
cultivated in various countries with tropical and subtropical climates. In recent years, chia seeds have
become increasingly available in Southeast Asian countries, including Indonesia, through international
trade and the growing functional food market. At present, chia seeds can be easily obtained in various
supermarkets and health food stores in Indonesia, reflecting their increasing commercial availability [5].
Most chia seeds in Indonesia are imported, with the country bringing in approximately 2.8 million kg in
2023, indicating the growing demand of this commodity [6]. Chia seeds are widely utilized in various
products, including food, animal feed, and applications in the medical, cosmetic, and pharmaceutical
industries due to their non-toxic and gluten-free characteristics, making them relatively safe for
consumption [7]. However, the development of chia-based cosmetic products remains limited,
particularly in Indonesia, despite the presence of bioactive compounds with potential benefits for skin.

Chia seeds are known to contain various bioactive compounds with high antioxidant activity,
including phenolic acids (gallic acid, caffeic acid, chlorogenic acid, cinnamic acid, ferulic acid, and p-
coumaric acid), flavonoids (quercetin, kaempferol, epicatechin, rutin, and apigenin), as well as other
antioxidant compounds such as tocopherols and sterols [8]. Tocopherols are lipid-soluble antioxidants
that play an important role in protecting cell membranes from damage caused by free radicals and provide
benefits for skin health, such as maintaining moisture, reducing wrinkles, and assisting in wound healing.
Shen et al. (2018) reported that chia seed oil contains approximately 76.96 mg/kg of tocopherols, mainly
composed of Y-tocopherol (91%) and a-tocopherol (6.6%). Chia seed oil has also been reported to
exhibit relatively strong antioxidant activity with an ICsq value of 33.94 mg/L using the DPPH method

[9].

Despite its significant potential as an active ingredient, natural oils generally possess several
limitations, such as susceptibility to oxidative degradation, low stability, and limited penetration in topical
applications. Therefore, an appropriate delivery system is required to improve their stability and
effectiveness. One approach that can be applied is the nanoemulsion system. Nanoemulsions are
dispersions of oil in water or vice versa stabilized by surfactants, with droplet sizes ranging from 20—200
nm[10], [11], [12]. The very small particle size increases the surface area, thereby enhancing the
penetration of active compounds through the stratum corneum and improving their bioavailability [13].

Cremophor RH 40 was selected as the surfactant in this study due to its high hydrophilic—lipophilic
balance (HLB) value of approximately 14—16, classifying it as a hydrophilic nonionic surfactant capable of
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forming oil-in-water (O/W) emulsions. Surfactants with high HLB values, such as Cremophor RH 40,
are known to enhance the efficiency of spontaneous nanoemulsion formation by reducing interfacial
tension between the oil and water phases [14]. In addition, Cremophor RH 40 has been reported to inhibit
the Ostwald ripening phenomenon in nanoemulsion systems, thereby improving formulation stability
over extended storage periods, nontoxic, and shows little tendency to foam [15], [16]. PEG 400 was used
as a co-surfactant due to its hydrophilic nonionic nature and HLB value of 13.1, which helps reduce
interfacial tension and increase the flexibility of the interfacial film in O/W systems [16]. Its affinity for
both oil and water phases supports surfactants in stabilizing the nanoemulsion structure and promotes
spontaneous nanoemulsion formation during the emulsification process by illing gaps within the
nanoemulsion structure and promoting hydrogen bonding interactions during the emulsification process
[15]. Moreover, PEG 400 is widely used in pharmaceutical formulations due to its chemical stability, low
toxicity, and non-irritating properties, making it a suitable co-surfactant for nanoemulsion preparation
[17], [18].

A further development of the nanoemulsion system is nanoemulgel, which is a nanoemulsion
dispersed within a gel matrix. This combination produces a formulation with good stability, ease of
application, and improved permeation of active compounds through the skin. Compared with
conventional cream formulations, nanoemulgel exhibits better spreadability and faster absorption due to
its very small particle size [19], [20], [21].

Based on the bioactive potential of chia seed oil and the advantages of the nanoemulgel delivery
system, this study aims to develop a nanoemulgel formulation of chia seed oil using Cremophor RH 40 as
surfactant and PEG 400 as co-srufactant, to evaluate its physical characteristics, stability, and antioxidant
activity using the DPPH method.

2 Method
2.1 Formulation of Chia Seed Oil Nanoemulgel

Nanoemulsions were prepared by mixing chia seed oil as the oil phase with a surfactant (Cremophor
RH40) and a co-surfactant (PEG 400) using the following formulations: F1 (5% : 80% : 10%), F2 (5% :
70% : 20%), and F3 (5% : 60% : 30%). The mixture was stirred using a magnetic stirrer at a speed of
500 rpm at 40 °C for 15 minutes. Subsequently, distilled water was added gradually at the same
temperature until a homogeneous mixture was obtained. The resulting mixture was then sonicated using
a bath sonicator for 90 minutes [16], [18], [22].

The gel base was prepared by dispersing 0.5 g of Carbopol 940 in 94 ml of hot water and allowing it
to swell, followed by stirring until a homogeneous gel mass was formed. Subsequently, 5 g of propylene
glycol, 0.5 g of DMDM hydantoin, and three drops of triethanolamine (TEA) were gradually added, and
the mixture was stirred until a homogeneous gel base was obtained [23]. Nanoemulgel was subsequently
prepared by incorporating 30% of best nanoemulsion formula into 70% gel base and mixing until a
homogeneous formulation was obtained.

2.2 Physical Characterization of Chia Seed Oil Nanoemulgel
The three nanoemulsion formulations of chia seed oil (F1, F2, and F3) were subjected to physical
evaluation, including organoleptic testing, pH measurement using a pH meter, viscosity measurement
using a Brookfield viscometer, percent transmittance (% transmittance) measurement at 650 nm using a
UV—Vis spectrophotometer, and droplet size as well as polydispersity index (PDI) analysis using a particle
size analyzer (PSA) [24].
Subsequently, the nanoemulgel was evaluated for the following parameters:
a.  Organoleptic test. The organoleptic properties of the nanoemulgel were evaluated through visual
observation, including color, odor, and clarity [22].
b.  Emulsion type test. One to two drops of nanoemulgel were placed on a glass slide, followed by the
addition of 1-2 drops of methylene blue. The mixture was gently stirred using a glass rod. If the
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methylene blue dispersed evenly, the formulation was classified as an oil-in-water (O/W) emulsion.
Conversely, if blue spots were observed, the formulation was classified as a water-in-oil (W/O)
emulsion [25].

c.  Spreadability test. A total of 0.5 g nanoemulgel was placed on a transparent circular glass plate, and
the initial diameter of the spread was measured. The sample was then covered with another
transparent circular glass plate, followed by the addition of a 100 g load. After a certain time interval,
the diameter of the spread was measured again. According to the Indonesian National Standard (SNI
06-2588-1992), a good spreadability value ranges from 5 to 7 cm [22].

d. Adhesion test. A total of 0.25 g nanoemulgel was weighed and placed in the center of a cover glass,
then covered with another cover glass. A load of 100 g was applied and allowed to stand for 5
minutes. Afterward, the load was removed, and the two adhered glass plates were separated while
recording the time required for the plates to detach from each other. The acceptable adhesion time
for topical formulations is not less than 4 seconds [19].

e. Viscocity test. A total of 30 mL nanoemulgel was used to measure viscosity using a Brookfield
viscometer with spindle number 4. The viscosity value appeared on the display screen, and once the
reading became stable, the value was recorded according to the scale shown on the viscometer [22].

f. pH test. The pH meter was first calibrated using buffer solutions of pH 4.0 and 7.0. The electrode
was then immersed in the nanoemulgel, and the pH value was measured and recorded from the
instrument display [22].

g. Homogenity test. The homogeneity test was performed using a glass slide or another suitable
transparent material. A total of 0,25 g nanoemulgel were spread onto a glass slide and then covered
with a cover glass. The formulation was considered homogeneous if it showed a uniform appearance
and no coarse particles were observed [22].

h.  Stability test. The stability test was conducted using the cycling test method. The nanoemulgel was
stored at 4 °C for 24 hours and then transferred to 40 °C for another 24 hours, which constituted
one cycle. The test was performed for six cycles (12 days) [22], [26]. At the end of each cycle, the
formulation was observed for any signs of phase separation. After completing all cycles, further
evaluations were carried out, including organoleptic observation, pH measurement, viscosity test,
spreadability test, adhesion test, and antioxidant activity of the nanoemulgel.

2.3 Determination of Antioxidant Activity of Chia Seed Oil Nanoemulgel

The antioxidant activity of chia seed oil, nanoemulsion, and nanoemulgel were determined using the
DPPH method. They were prepared at concentrations of 100, 200, 300, 400, and 500 ppm. Each solution
was diluted with ethanol p.a to a final volume of 5 mL. Subsequently, 2 mL of each solution was taken
and mixed with 2 mL of DPPH solution. The mixture was homogenized and incubated for 30 minutes at
room temperature. The absorbance was then measured at a wavelength of 517 nm using a UV—Vis
spectrophotometer. The same procedure was applied to vitamin C as the positive control. Antioxidant

activity was determined by calculating the percentage of inhibition (% inhibition) using the following

formula [27].
. vy el . A.Blank—A.S l
%inhibition = a’; Blam‘jm” % < 100%

3  Result and Discussion

Oil-in-water (O/W) nanoemulsions (<200 nm) are systems with significant potential for protecting
and delivering sensitive compounds such as chia seed oil. These systems can be prepared using either low -
energy or high-energy methods. Nanoemulsions are widely used as delivery systems due to their
improved stability and enhanced bioavailability. In this study, Cremophor RH 40 was selected as the
surfactant because it belongs to the nonionic surfactant group, which generally exhibits lower irritation
potential when applied topically. However, in some nanoemulsion formulations, a relatively high
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concentration of surfactant is required to achieve a stable system. If the surfactant concentration is too
low, it may result in nanoemulsion instability. Therefore, the use of surfactant alone is often insufficient
to effectively reduce the interfacial tension between the oil and water phases. For this reason, a co-
surfactant such as PEG 400 is required to assist in further reducing the interfacial tension and facilitating
the formation of a stable nanoemulsion system.

The optimization and formulation of the nanoemulsion were carried out using variations in surfactant
and co-surfactant concentrations as emulsifying agents as they can significantly affect the physical
characteristics and stability of nanoemulsion, with surfactant concentrations of 80%, 70%, and 60%, and
co-surfactant concentrations of 10%, 20%, and 30%, while chia seed oil was used as the active ingredient

at a concentration of 5% as it showed strong antioxidant activity (ICs, = 8,318 ppm).

Table 1 Results of the Physical Characterization and Antioxidant Activity of Nanoemulsions

Evaluation Parameter Formula
F1 F2 F3
Transparent, Transparent, Transparent,
Organoleptic Transparent slightly viscous, slightly viscous,  slightly viscous,
specific odor specific odor specific odor
99,84+ 99,87+ 99,95+
% Transmittance 90 — 100% 0,066 0,051 0,035
Viscocity 10 — 2000 216,76t 194,16+ 184,93+
cPa.s 1,193 cPa.s 1,892 cPa.s 0,650 cPa.s
6,176+ 5,123+ 4,936+
pH #5-6,5 0,0057 0,0115 0,0115
Particle size 5—100 nm 17,9 nm 18,3 nm 18,6 nm
Polydispersity index <0,5 0,111 0,124 0,130
IC,, 12,571% 13,252+ 25,693%
0,1766 0,2922 0,0873

The organoleptic test was conducted by observing the color, odor, and texture of the nanoemulsion
formulations. Based on Table 1, all nanoemulsion formulas exhibited a clear appearance and a strong
characteristic odor of chia seed oil. The three formulations showed differences in texture consistency,
which were influenced by variations in the concentration of the emulsifying agents. An increase in the
concentration of the surfactant Cremophor RH40 resulted in a higher viscosity of the nanoemulsion
formulations .

The pH test was conducted to ensure that the nanoemulsion formulations were within the
appropriate pH range for skin application, which is between 4.5 and 6.5. Based on Table 1, the pH values
of all nanoemulsion formulations fell within the acceptable skin pH range. Formulations with excessively
acidic pH may cause skin irritation, while those with overly alkaline pH may lead to skin dryness scaly
due to disruption of the acid mantle in the stratum corneum [28]. The pH measurements also showed that
higher concentrations of Cremophor RH40 resulted in higher pH values of the nanoemulsion. This occurs
because the pH of Cremophor RH 40 tends to be more neutral to slightly alkaline (6.0—7.5) compared
to PEG 400, which tends to be slightly more acidic (5.0-7.0).

The viscosity test is an important parameter that reflects the consistency and thickness of
nanoemulsion formulations. Higher viscosity indicates a thicker formulation consistency. The acceptable
viscosity range for nanoemulsions is 10—2000 cPa-s. Based on Table 1, all formulations met the acceptable
viscosity parameters. The viscosity test results indicated that variations in the concentration of the
emulsifying agents produced differences in the viscosity of the nanoemulsion formulations. The increase
in viscosity associated with higher surfactant concentrations is likely due to interactions between the
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hydrophilic groups of Cremophor RH40 and water as the continuous phase through hydrogen bonding,
resulting in the formation of a stronger cross-linked structure [14]. In addition, Cremophor RH40 has a
higher viscosity than PEG 400 due to its larger and more complex molecular structure as a hydrogenated
castor oil derivative with polyoxyethylene chains. The viscosity of Cremophor RH40 is reported to be
around 400800 mPa-s at 25 °C, whereas PEG 400 has a lower viscosity of approximately 90—110 mPa-s
at 25 °C. Therefore, increasing the concentration of Cremophor RH40 in the nanoemulsion system can
lead to an increase in the viscosity of the formulation.

The clarity of the nanoemulsion formulation was evaluated using the % transmittance test. The
percentage of transmittance was measured to ensure the clarity of the nanoemulsion preparation based
on visual observation, with distilled water used as the reference. Based on the % transmittance test, all
nanoemulsion formulations exhibited a clear and transparent appearance, as indicated by transmittance
values ranging from 90-100%. A higher transmittance value indicates that the formulation becomes
clearer, suggesting a more homogeneous droplet size distribution. The formation of a nanoemulsion is
generally characterized by a clear formulation; therefore, higher clarity values indicate a better
nanoemulsion system [29].

The droplet size results of the nanoemulsion formulations were 17.9 nm for F1, 18.3 nm for F2,
and 18.6 nm for F3. The droplet sizes of all three formulations met the required range of 10-200 nm.
The droplet size of nanoemulsions is also influenced by the concentration of surfactants. In this study, F1,
which contained the highest concentration of Cremophor RH40, produced the smallest droplet size.
Surfactants act as emulsifying agents that reduce the free energy required for emulsification by lowering
the interfacial tension in oil-in-water systems. As the surfactant concentration increases, more surfactant
molecules are arranged at the oil-water droplet interface, thereby reducing interfacial tension. Lower
interfacial tension facilitates the breakdown of oil droplets during the emulsification process, resulting in
the formation of smaller droplets. In addition, surfactants form a monomolecular film layer on the surface
of droplets in the oil-in-water nanoemulsion system, which helps prevent the droplets from coalescing
within the dispersion medium [30].

In this study, the polydispersity index (PDI) of F1 showed the lowest value at 0.111; however, all
three formulations had PDI values below 0.5. The PDI provides information regarding the physical
stability of the dispersion system and the uniformity of droplet size distribution. An acceptable range of
PDI values is between 0 (monodisperse particles) and 0.5 (broad size distribution). A lower PDI value
indicates that the dispersion system has better stability over time [30].

Based on the results of the antioxidant activity test, although all nanoemulsion formulations exhibited
very strong antioxidant activity (ICso < 50 ppm), a decrease in activity was observed compared to pure
chia seed oil (IC59 = 8.318 ppm). This phenomenon may occur because nanoemulsions are very fine
mixtures of oil and water designed to protect antioxidant compounds and maintain their stability.
However, when antioxidant compounds are encapsulated by surfactants and co-surfactants within the
nanoemulsion system, their accessibility to the target molecules to be neutralized (free radicals DPPH)
may be partially hindered by the oil layer and the surrounding emulsifying materials. As a result, the
interaction between antioxidants and free radicals may occur more slowly, leading to an apparent decrease
in antioxidant activity [31].

In this formulation, the use of Cremophor RH40 as a surfactant and PEG 400 as a co-surfactant plays
an important role in forming the interfacial film surrounding the oil droplets. Cremophor RH40, a non-
ionic surfactant derived from hydrogenated castor oil with polyoxyethylene chains, forms a relatively
thick and stable interfacial layer. Meanwhile, PEG 400 acts as a co-surfactant that reduces interfacial
tension and increases the flexibility of the interfacial film, allowing the formation of smaller droplets and
improving dispersion of the oil phase in the aqueous medium [16]. Although the chia seed oil
nanoemulsion showed slightly lower antioxidant activity than pure chia seed oil, the nanoemulsion
formulation still offers several important advantages, particularly for topical applications. Nanoemulsions
produce very small droplets that increase the surface area and improve dispersion in the aqueous phase
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[32]. This is particularly important for topical formulations because pure oils are generally difficult to
disperse homogeneously in water-based systems. Furthermore, the small droplet size enhances spreading
on the skin surface and increases contact with the stratum corneum, which may improve the deposition
and delivery of lipophilic bioactive compounds from chia seed oil into the skin [33]. The interfacial layer
formed by the surfactant and co-surfactant can also provide protection against oxidative degradation,
thereby improving the stability of bioactive compounds during storage. In addition, nanoemulsion systems
may enable a more controlled release of active compounds compared to pure oil [34].

Differences in ICsq values may also be influenced by technical factors, such as incubation time and
the sample dilution process. Incubation periods that are too short or too long can alter the intensity of the
reaction between the sample and DPPH radicals, while inaccuracies in dilution, either in terms of
concentration or solution homogeneity, may affect the measured absorbance. In addition, previous
research by Julianti (2022) reported that a nanoemulsion of chia seed oil formulated with Tween 80 as
the surfactant and sorbitol as the co-surfactant exhibited an ICsq value of 2.32 ppm, indicating that
differences in the types of emulsifying agents used may also influence the antioxidant activity results [35].

Based on the results of the physical evaluation and antioxidant activity of the nanoemulsion
formulations, Formula 1 was selected for further development into a nanoemulgel formulation. The chia
seed oil nanoemulgel was prepared by incorporating the nanoemulsion into the gel base. Based on the
organoleptic evaluation, the chia seed oil nanoemulgel exhibited a translucent white appearance and a
strong characteristic odor of chia seed oil. These characteristics remained stable until the final cycle of the
stability test.

Table 2 Results of the Stability Test and Antioxidant Activity of Nanoemulgel

Evaluati P t Cycle
vatuation arameter Cycle 0 Cycle 1 —5 Cycle 6
Translucent Translucent Translucent
Organoleptic \'Nhite, slight.l}/ \.zvhite, slight'l)'r \'zvhite, slight.l}.f
viscous, specific viscous, specific  viscous, specific
odor odor odor
Stable, no no phase no phase no phase
Phase Separation phase P ] P ] P .
. separatlon separatlon separatlon
scparation
Homogenity Homogen Homogen Homogen Homogen
1i
Emulsion type Ol((l)n/v\;?;cr o/w o/w
Spreadability 5-7 cm 5,7661+0,057 5,833%0,0577
Adhesion No less than 27,666%+0,57 21,8340,5068
4 seconds
pH 4,5 -6,5 5,23610,0251 5,83%0,0793
2000-
iscoci + +
Viscocity 50.000 cPs 46,781x1,625 40,50x0,3946
IC,, 22,10 ppm 23,20 ppm
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(@) (b)

Figure 1. Organoleptic test result. (a) Nanoemulsion of chia seed oil (Formula 1); (b) Nanoemulgel of

chia seed oil. R = Replication.

The organoleptic evaluation was carried out by observing the color, aroma, and texture of the
nanoemulgel preparation. Based on Table 2, the formulation exhibited a translucent white color with a
strong characteristic aroma of chia seed oil and remained stable from cycle 0 to cycle 6 without any phase
separation. As indicated in Table 2, the pH value of the nanoemulgel before the cycling stability test was
5.236, while after the cycling stability test the pH increased to 5.83. During the cycling test process (cycle
1 to cycle 6), an increase in pH was observed due to the influence of temperature variations. The cycling
test involved alternating storage at low temperature (4 °C) and high temperature (40 °C), which caused
the hydrophilic groups within the formulation to freeze and subsequently melt. This process may alter
the chemical equilibrium, leading to ion release or mild degradation that contributes to the increase in
pH. Temperature fluctuations may also affect humidity and storage conditions, thereby accelerating
overall pH changes [36]. However, the results still met the acceptable pH standards for nanoemulgel
formulations.

Similar results were also observed in the viscosity, where changes were noted after cycle 6 compared
to cycle 0. This is related to temperature changes that can affect viscosity due to alterations in kinetic
energy and the structure of the system. At higher temperatures, the kinetic energy of molecules increases,
leading to weaker intermolecular interactions and a looser gel network structure. As a result, the
formulation flows more easily and the viscosity decreases. In contrast, at lower temperatures, molecular
movement slows down and the gel network structure becomes more compact. This causes the
formulation to become thicker, resulting in an increase in viscosity [37]. However, the viscosity and
spreadability values of the nanoemulgel formulation still remained within the acceptable standard range
for nanoemulgel preparations.

Viscosity has an inverse relationship with the spreadability of nanoemulgel formulations. Viscosity
indicates the thickness and flow resistance of a formulation. When the viscosity of a nanoemulgel increases
(becomes more viscous), its ability to spread on the skin surface decreases. This occurs because the
resistance to flow within the system increases, making the gel more difficult to distribute evenly when
pressure is applied. Conversely, nanoemulgels with lower viscosity can flow more easily and spread more
readily on the skin surface, resulting in a wider spreading area when a load or pressure is applied [38],
[39]. In this study, although changes in spreadability values were observed, they still remained within the
acceptable range for a good nanoemulgel formulation.

The adhesion test was conducted to determine the time required for the nanoemulgel to adhere to
the skin surface. Good adhesion properties allow the nanoemulgel to remain attached for a longer period,
preventing it from easily detaching and enabling the formulation to produce the desired therapeutic effect.
The acceptable adhesion time for topical formulations is more than 4 seconds. The results of the adhesion
test during the cycling test (cycle 1 to cycle 6) showed a decrease in adhesion time, which was influenced
by temperature changes during storage. This phenomenon is similar to the spreadability test, where
temperature affects the viscosity of the nanoemulgel. Lower viscosity results in greater spreadability but
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reduced adhesion capacity [19], [36]. Nevertheless, the adhesion test results obtained during the cycling
test still met the required standard for topical formulations.

The homogeneity test was conducted to ensure that the nanoemulgel formulation had a uniform
composition and did not contain coarse particles that could affect user comfort. Good homogeneity
ensures that the nanoemulgel is evenly dispersed, making the formulation safe and comfortable for
application [40]. The formulation showed good homogeneity, as indicated by a uniform appearance and
the absence of coarse particles when spread on a glass slide. Based on Table 2, the nanoemulgel
formulation remained homogeneous both before and after the stability test.

Although the antioxidant activity of the chia seed oil nanoemulgel remains very strong, it decreased
compared to both pure chia seed oil and the corresponding nanoemulsion formulation. This may occur
because the antioxidant compounds are trapped within the oil-phase droplets or the microstructure of the
emulgel, so not all active molecules can react with free radicals in the DPPH assay. In addition,
interactions with the surfactant, co-surfactant, and the gelling agent may hinder the release of antioxidant
compounds [41]. Nevertheless, this behavior may indicate a controlled-release mechanism that is
advantageous for prolonged topical protection against oxidative stress. Based on Table 2, there was an
increase in the ICsg value, indicating a decrease in the antioxidant activity of the nanoemulgel preparation
from cycle 0 to cycle 6. The cycling test process (4°C to 40°C) accelerates the degradation of antioxidant
compounds through repeated heating, which can damage the chemical structure, such as hydrogen bonds,
in the nanoemulgel system. The higher and longer the exposure to temperature, the more active
compounds are degraded [42]. However, the antioxidant activity of the nanoemulgel still falls within the
strong category.

4  Conclusion

The best nanoemulsion formulation exhibited a droplet size of 17.9 nm, a polydispersity index (PDI)
of 0.111, percent transmittance of 99.84%, viscosity of 216.76 cP, and pH of 6.176. In addition, the
formulation demonstrated very strong antioxidant activity against DPPH radicals (ICso = 12.571 ppm).
The formulation of chia seed oil nanoemulgel consist of 70% nanoemulsion (5% chia seed oil, 80%
Cremophor RH 40, and 10% PEG 400) and 30% gel base (0.5% Carbopol 940, 0.5% DMDM hydantoin,
and 5% propylene glycol). Results demonstrated that the nanoemulgel possessed good and stable physical
characteristics with no phase separation, have very strong antioxidant activity (IC59 = 22.10 ppm). This
study demonstrates that chia seed oil has the potential to be developed into effective antioxidant cosmetic
formulations, highlighting its functional benefits for topical applications. Despite the fact that Indonesia
currently relies on imported chia seeds as the primary raw material, the research suggests that value-
added products can still be produced through formulation techniques.
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