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Abstract

Avocado oil (AVO) is a natural source of many unsaturated fatty acids that can help protect the
skin from harmful UV radiation. The high content of unsaturated fatty acids in avocado oil can
affect product stability. One way to overcome the stability of avocado oil for topical preparation
is by formulating it into a gel base using Carbopol 980. The purpose of this study was to
determine the physical stability and SPF value of avocado oil nano-emulgel (NE) with
variations of Carbopol 980 as a gel base for 28 days of storage. AVONE was made with 5%
AVO and Carbopol 980 base variation of 0.5% (NE1), 1.0% (NE2;), and 1.5% (NE3.) AVONE
was stored in a climatic chamber at 30° + 2°C with RH 65% = 5%. The samples were tested for
physical and SPF values before storage on days 7, 14, 21, and 28. The data obtained were
analyzed statistically using one-way Anova. The AVONE on organoleptic parameters were
stable; the resulting colour is broken-white with a distinctive oil aroma and thick and
homogeneous texture. The pH value ranged from 6.21 + 0.02 - 7.21 £ 0.02, with all formulas
stable during storage. The viscosity value ranged from 13.28+0.23 - 47.224+0.89 dPa.s; the
viscosity of NE3 was stable during storage. Adhesion and spreadability showed good ability to
adhere to the skin. The SPF values ranged from 8.95+0.43 — 22.41+0.21, and NE3 was stable
during storage. Avocado oil nano-emulgel with Carbopol 980 concentration of 1.5% was stable
during storage.
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1. INTRODUCTION

Avocado oil is a natural source of many unsaturated fatty acids such as oleic, linoleic, and
palmitic acids, which can help protect the skin from harmful UV radiation (Suradnyana et al.,
2023). Avocado oil contains unsaturated fatty acids totalling 85.72%(Li et al., 2019). The higher
content of unsaturated fatty acids in avocado oil make it easy to oxidize and lead to be spoiled
oil (Hermanto et al., 2010).
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Avocado oil can increase collagen synthesis, reduce the number of inflammatory cells,
accelerate coagulation, and accelerate epithelial regeneration (Ebad Sichani et al., 2021).
Avocado oil is a rich source of oleic acid (unsaturated fatty acid), which can increase collagen
synthesis. However, the content of unsaturated fatty acids in avocado oil can cause oxidation
reactions due to its poor stability(A. P. De Oliveira et al., 2013). Avocado oil has a comedogenic
rating of 3 when used directly on the skin(Ghani et al., 2021). Avocado oil may clog pores in
some skin types, potentially causing acne or skin issues in sensitive individuals. One way to
overcome the instability of avocado oil is to formulate it into nano-emulgel (Eid et al., 2013;
Scomoroscenco et al., 2021)

Previous research has formulated avocado oil in several dosage forms, such as
nanoemulsion (NS), emulgel and nano-emulgel (NE) with Carbopol 940 (Dewi et al., 2024; Eid
et al., 2013; Shabrina, 2024). Avocado oil NS showed good stability and globule size. The
avocado oil SPF value and MED (Minimum Erythemal Dose) of outcomes are inferior to NS,
potentially due to the gel base's effect. Consequently, it is essential to investigate the physical
stability and SPF value of avocado oil formulated as a nano-emulgel with carbopol 980 to
ensure product stability and efficacy. Nano-emulgel using Carbopol 980 offers advantages over
cream formulations, including enhanced stability of the emulsion system, which is augmented
by the increased viscosity of the aqueous phase due to the presence of a gelling agent. This
configuration facilitates the delivery of both hydrophilic and hydrophobic compounds, as the
nano-emulgel comprises a biphasic oil and water system (Priani et al., 2020). Another
advantage of the nano-emulgel form is the presence of an oil phase component in the emulsion
system as a suitable carrier for hydrophobic active substances such as avocado oil, which is
difficult if formulated into a form that contains a lot of water, such as a gel(Hardenia et al.,
2014). Nano-emulgel preparations are also known to adhere better than cream preparations,
thereby increasing comfort and effectiveness of use (Sreevidya, 2019). Several polymer bases,
including Carbopol 980, can be utilized to produce nano-emulgel.

Carbopol 980 is utilized as a basis owing to its advantages, including the transparent
physical appearance of the nano-emulgel, compatibility, stability, and suitable viscosity
(Nabillah et al., 2022). Carbopol 980 is recognized for providing a stable formulation at room
temperature and during accelerated storage conditions (Shelke & Kulkarni, 2019). Carbopol is
a base due to its excellent stability, absorption, spreadability, and non-sticky properties, making
it suitable for sunscreen formulations (Ikhtiyarini & Sari, 2022). Carbopol 980, used as a gelling
agent with a concentration of 0.5%, produces an ideal preparation. Carbopol 980 in nano-
emulgel preparations produces stable preparations for 3 months at room temperature and
accelerated storage conditions (Shelke & Kulkarni, 2019). However, despite these known
advantages, there is a lack of research specifically evaluating how variations in Carbopol 980
concentration affect the physical stability and SPF value of nano-emulates incorporating
avocado oil as the active component. It is necessary to investigate the impact of different base
concentrations on the overall performance of the formulation. Based on the above background,
it is necessary to conduct research related to the physical and SPF value stability of avocado oil
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nanoemulsion in the form of nano-emulgel preparations with variations in Carbopol 980 base.
This base type prevents phase separation and ensures uniform dispersion of UV-filtering actives
critical for consistent SPF performance.

2. MATERIAL AND METHODS
2.1. Materials

The material used in this study was avocado oil (cosmetic grade) obtained from PT
Daarjeling Aroma, Bandung, with a certificate of analysis. The carrier materials were Tween
80, Span 80, Sorbitol, Paraffin Liquid, TEA, methyl paraben, propyl paraben, and Carbopol 980
obtained from PT Multi Kimia Raya Semarang with cosmetic grade. DMSO and distilled water
were obtained from PT Multi Kimia Raya Semarang with analytical grade.

The tools used in this study are a set of climatic chambers (Taisite HWS-70BX®), a
viscometer (Rheosys Merlin II®) with type of cone and plate, a set of adhesion test equipment,
a set of spreadability test equipment, and UV-Vis spectrophotometer (Shimadzu UV-1800®).

2.2. Methods

The preparations of nano-emulgel began with nanoemulsion production (Table 1). Tween
80 and PEG 400 were heated at 35°C in a different beaker glass. Tween 80 and PEG 400 were
mixed using a magnetic stirrer at 700 rpm. The avocado oil was then added dropwise into the
mixture, stirred at 1200 rpm until homogenous, and showed a clear and transparent
nanoemulsion. The product was tested for particle size, polydispersity index and zeta potential
to ensure that the preparation falls into nanoemulsion category.

Table 1. Formula of avocado oil nanoemulsion with carbopol 980 variations.

Concentration (%b/v)

Materials NE1 NE2 NE3
Avocado oil 7.5
Tween 80 30
PEG 400 40
Carbopol 980 0.50 1.00 1.50
Tween 80 12.50 12.50 12.50
Span 80 2.50 2.50 2.50
Sorbitol 1.00 1.00 1.00
Paraffin Liquid 1.25 1.25 1.25
Methyl parabene 0.18 0.18 0.18
Propyl paraben 0.02 0.02 0.02
Triethanolamine 0.80 0.80 0.80
Distilled water Up to 100

The preparation of nano-emulgel begins with weighing each ingredient according to the
formula in Table 1. The gel phase (Carbopol 980) was made by dispersing the polymer base
(Carbopol 980) into hot water at 80°C and stirring in a mortar until a thick gel mass was formed.
The emulsion phase was then made consisting of an aqueous phase (methylparaben, and tween
80) and an oil phase (propylparaben, liquid paraffin, and span 80), each phase of which was
first homogenized in a waterbath that had been adjusted to a temperature of 70°C. The oil phase
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was added to the water phase in a glass beaker. The mixture was stirred using a magnetic stirrer
set at 40°C and a speed of 500 rpm; then distilled water and sorbitol were added and stirred
until homogeneous, after which avocado oil was added little by little with stirring until
homogeneous. The homogeneous emulsion phase is mixed with the gel base (Carbopol 980)
that has been formed. Each formula was produced for three replications.

Avocado oil nano-emulgel was stored in a climatic chamber at 30° + 2°C with RH 65%
+ 5%. Samples were tested before storage and on days 7, 14, 21, and 28 (Nabillah et al.,
2022)(FDA, 2013). The parameters tested were:

2.2.1. Organoleptical test
Organoleptic testing is done by direct observation using the five senses, including colour,
odour and consistency of the nano-emulgel made (Depkes RI, 1995).

2.2.2. Homogeneity test
A nano-emulgel preparation of 0.1 g was applied to a transparent glass plate and observed

for homogeneity. The test preparation must show a homogeneous arrangement, indicated by the
absence of coarse grains on the glass object (Voigt, 1984).

2.2.3. pH test
The pH measurement was carried out using a pH meter at room temperature. Before use,

the pH meter electrode is washed, rinsed with distilled water, and dried. The tool is calibrated
using a standard buffer solution of pH four and pH 7 (BPOM RI, 1995). The pH test is also
carried out to determine if the pH of the nano-emulgel preparation meets the requirements
according to SNI 16-3499-1996. A good pH for the skin is 4.5-8 (Chandra & Rahman, 2022).

2.2.4. Viscosity test
The viscosity test was conducted with a Rheosys Merlin II-type cone and plate

viscometer. A sample of 0.5 g was put into the plate, and then the cone was positioned to start
the measurement. Viscosity and flow curves are generated automatically with the Rheosys
Micra application (Nabillah et al., 2022).

2.2.5. Adhesion test

The adhesion test is carried out by weighing the preparation as much as 0.25 grams placed
on a glass object that has been determined in the area than another glass object is placed above.
The glass object was then mounted on the test device, given a load of 1 kg for 5 minutes, and
then released with a load weighing 80 grams. The time is recorded until the two glass objects
are released (Allen, 1998).

2.2.6. Spreadability test

A total of 0.5 grams of nano-emulgel preparation was placed in the centre of a transparent
glass covered with graph paper underneath, then covered with another transparent glass on top,
given a load (50 g, 100 g, 150 g, 200g and 250g) and allowed to stand for 1 minute, measuring
the diameter of the nano-emulgel spread area released (Voigt, 1984).
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2.2.7. SPF value test

Determination of SPF value was done using a UV-Vis spectrophotometer by weighing 1
gram of avocado oil nano-emulgel, then put into a 10 ml volumetric flask and dissolved with
DMSO as much as 5 ml. The solution was vortexed until completely dissolved. The solution
that has been obtained is measured with a UV-Vis spectrophotometer at a wavelength of 290-
320 nm using DMSO as a blank; then the absorbance value is recorded at every 5 nm interval.
The recorded absorbance value were used to calculated the Sun Protection Factor (SPF) using
the Mansur method (Mansur et al., 1986):

SPF = CF x Z320EE(L) X I (A) X Abs (1)

Equation 1. Calculation of Sun Protection Faactor (SPF) using the Mansur method (Mansur et

al., 1986). Description: CF = correction factor, Abs (A) = absorption of sunscreen product,

2320EE (M) = erythemal effect spectrum, I (1) = intensity of light spectrum.

2.3. Data analysis

Organoleptic and homogeneity test data were described descriptively, while pH,
viscosity, adhesion, spreadability, and SPF values were analyzed statistically using one-way
Anova to detect any physical changes in all formulas during 28 days of storage. Nano-emulgel
is concluded as a stable product if no significant changes or significance values were > 0.05.

3. RESULTS AND DISCUSSION
The result of the nanoemulsion of avocado oil can be seen in Figure 1 and Table 2. The
product was categorized as a nanoemulsion according to its particle size.
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Figure 1. The result of the organoleptic test (a) and particle size (b) of avocado oil
nanoemulsion.

Based on the result above, it can be concluded that the preparation was categorized as a
nanoemulsion. The result of the particle size was below 100 nm, and the polydispersity index
was below 0.5, showing that the nanoemulsion had a homogenous globule size (Widyastuti &
Saryanti, 2023). The zeta potential was below 30 mV, indicating that the nanoemulsion had a
good stability(Mardiyanto et al., 2024). Tween 80 with PEG 400 can create transparent and
stable nanoemulsions close to a micellar system(Artanti et al., 2021). Tween 80 is a hydrophilic
surfactant that effectively decreases surface tension in nanoemulsion formulations (Suryani et
al., 2020).
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Table 2. The results of the physical test of avocado oil nanoemulsion and nano-emulgel.
Description: NE1 = nano-emulgel with 0,50% of Carbopol 980, NE2 = nano-emulgel with
1,00% of Carbopol 980, NE3 = nano-emulgel with 1,50% of Carbopol 980. Data displayed n =
3 £SD. *Significantly different with nanoemulsion.

Parameters Result
Nanoemulsion Nano-emulgel
NEI | NE2 | NE3
Physical appearance Clear anfl . Broken white with soft texture
transparent liquid

Particle size (nm) 12.74+0.24 320.72 +1.22° 323.00+1.87° 322.00+0.92"
Polydispersity index 0.1415+0.02 0.4318 £0.04" 0.4325+0.07° 0.4320+ 0.05"
Zeta potential (mV) 22.5+1.15 -28.1+1.08" -29.3+0.81" -28.7+1.02°

The physical test results of NEI, NE2 and NE3 were significantly different with
nanoemulsion (p = 0.001), attributed to the aggregation of globules with the bases and other
solvents in the emulgel. Carbopol could experience entrapment within the nanoemulsion
system, increasing particle size relative to the nanoemulsion(Abdullah et al., 2023). Particle
aggregation within the system can affect various parameters, including the polydispersity index
and zeta potential(Al-Awady et al., 2017). The PDI data indicated that the nanoemulsion was
monodisperse. This monodisperse system was also demonstrated in nano-emulgel. Prior studies
indicated that nanoemulsions incorporated into hydrogels yield a polydispersity index of less
than 0.5 and maintain stability for up to 90 days of storage(Alhasso et al., 2023). The zeta
potential in all nanoemulgel formulations exhibited negative values, influenced by the
carboxylate group of carbopol. Carboxylic groups can engage in electrostatic interactions when
avocado oil droplets are integrated into the base, resulting in a stable colloidal structure(Alhasso
et al., 2023). This result was in line with Shabrina et al.(2024) that nanoemulsion dispersed in
carbopol as a gel base might experience changes such as zeta potential and globule size.

The results of the organoleptic test of avocado oil nano-emulgel preparations for NE1,
NE2 and NE3 can be seen in Figure 2.

Before storage After 90 days of the storage

Figure 2. The result of the organoleptic test of avocado oil nano-emulgel with Carbopol 980
variations (NE1: 0,50%; NE2: 1,00%; NE3: 1,50%)

The results of organoleptic testing of avocado oil NE did not show any colour changes
during 28 days of storage. The texture of the preparation in NE1 was slightly thick, while NE2
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and NE3 had a thicker texture. The difference in texture of the three formulas was due to the
different concentrations of Carbopol 980 base used in each formula. According to research by
Nabillah et al. (2022), the greater the concentration of gelling agent used, the thicker the
preparation's texture will be. After 28 days of storage, the three formulas became thinner in
texture. This is because gel preparations might experience a syneresis. This event was caused
by the release of water from the preparation, where the preparation shrinks so that it tends to
squeeze water out of the preparation (Kuncari et al., 2014).

The homogeneity test results of avocado oil nano-emulgel preparations for NE1, NE2 and
NE3 can be seen in Figure 3.

v : \
| | |
N I | |
NE1 NE3 NE1 ‘ NE2 ‘ NE3

Figure 3. The result of Avocado oil nano-emulgel homogeneity test results before storage (a)
and after the storage (b) with Carbopol 980 variations (NE1: 0,50%; NE2: 1,00%; NE3: 1,50%).

As shown in the picture above, NE1, NE2 and NE3 avocado oil nano-emulgel obtained
homogeneous results for 28 days of storage. All formulas showed the absence of coarse grains
or unmixed particles. The preparation exhibited inhomogeneity, as evidenced by coarse grains
on the glass object (Voigt, 1984). The results of the homogeneity test obtained are in line with
the research conducted by Nabillah et al. (2022), showing that the different concentrations of
Carbopol 980 do not affect the homogeneity of the preparation.

The pH test results of avocado oil nano-emulgel preparations for NE1, NE2 and NE3 can
be seen in Table 3.

The pH test results show that NE1 has a higher pH than NE2 and NE3. This indicates that
increasing the concentration of Carbopol 980 can affect the pH of the nano-emulgel preparation.
The greater the concentration of Carbopol 980 used, the lower the pH will be. avocado oil nano-
emulgel pH in NE1, NE2 and NE3 obtained results between 6.21 £ 0.02 - 7.21 £ 0.02. The pH
value obtained is based on the range of pH requirements (SNI) for topical preparations, namely
4.5-8.

Based on the statistical analysis, the results did not show any significant difference in pH
(p>0.05) in the three formulas, which means that there is no significant difference in the pH
value of avocado oil nano-emulgel preparations during the storage cycle, so it can be said that
all formula is stable for 28 days of storage.

Table 3. The result of pH stability of avocado oil nano-emulgel with Carbopol 980 as a gel
base. Description: NEI = nano-emulgel with 0,50% of Carbopol 980, NE2 = nano-emulgel
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with 1,00% of Carbopol 980, NE3 = nano-emulgel with 1,50% of Carbopol 980, Data displayed

n =3 +SD.
pH

Day NEI NE2 NE3
Before storage 7.21+£0.02 6.87+£0.01 6.21+0.02
7 7.20+0.02 6.89+0.01 6.24+0.02
14 7.21£0.02 6.87+0.01 6.24+0.04
21 7.20+0.02 6.86+0.03 6.23+0.02
28 7.21£0.02 6.86+0.03 6.22+0.01

p value 0.543 0.671 0.774

The viscosity test results of avocado oil nano-emulgel preparations for NE1, NE2 and
NE3 (Table 4). The viscosity results showed changes during 28 days of storage in NE1, NE2
and NE3, but the changes in the three formulas are still within the range that meets the
requirements for good nano-emulgel viscosity values, namely 3-300 dPa.s (Yuliandri et al.,
2021). Based on the results of the viscosity values obtained showed that NE3 has a higher
viscosity value than NE1 and NE2, and this is in line with previous research conducted by
Nabillah et al. (2022), which shows that the higher concentration of Carbopol 980, the viscosity
value of the preparation obtained increases. The increasing viscosity indicates a thicker
preparation (Suhesti et al., 2022).

Table 4. The result of the viscosity test of avocado oil nano-emulgel with carbopol 980 as a gel
base. Description: NEI = nano-emulgel with 0,50% of Carbopol 980, NE2 = nano-emulgel
with 1,00% of Carbopol 980, NE3 = nano-emulgel with 1,50% of Carbopol 980, Data displayed
n =3 =£SD.

Viscosity (dPa.s)

Day NEI NE2 NE3
Before storage 16.88+0.08 43.16+0.07 45.33+0.66
7 15.61+0.22 40.65+0.25 46.42+0.91
14 15.48+0.15 39.3240.22 46.38+0.82
21 14.31+0.25 38.35+0.41 47.30+0.78
28 13.28+0.23 37.45+0.28 47.22+0.89

p value 0.001 0.024 0.512

Based on the statistical analysis, the viscosity value of NE3 did not show any significant
difference (p>0.05), meaning there was no significant difference in the viscosity value of
avocado oil nano-emulgel preparations during storage. In NE1 and NE2, there were significant
changes (p<0.05) in the viscosity values of avocado oil nano-emulgel preparations during
storage. Both NE1 and NE2 experienced a decrease in viscosity during storage. According to
research by Rismawati et al. (2020), this decrease in viscosity can occur due to the longer
temperature and storage time. This is because the nano-emulgel experiences syneresis.
Syneresis occurs due to the matrix structure or gel fibres that persist in solidifying, ultimately
leading to the expulsion of water and enabling the liquid to migrate to the surface (Rao et al.,
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2023; Zalivskaya et al., 2021). This might be caused by the container system (Rao et al., 2023).
The rheogram of avocado oil NE can be seen in Figure 4 and Figure 5.

Figure 4. Rheogram of avocado oil nano-emulgel with carbopol 980 as a gel base before storage

Shear Rate (1/s)

Shear Stress (Pa)

of (a) NEI (0,50%), (b) NE2 (1,00%), and (c) NE3 (1,50%).

The rheogram results show that nano-emulgel NEI, NE2 and NE3 rheology were
categorized as pseudoplastic. Pseudoplastic is characterized by a slightly curved upward graph
shape (Patricia & Yuliani, 2015). Pseudoplastic flow is characterized by a flow curve that
intersects the origin (0,0), in contrast to plastic flow, indicating that pseudoplastic flow lacks a
yield value. The viscosity of pseudoplastic substances decreases with increasing rate of shear.
This occurs in long-chain molecules such as polymers. The pseudoplastic system is also called
a dilute shear system because the viscosity decreases by increasing the shear stress (Kuncari et
al., 2014). The rheology profile of all formulas did not show any changes. The rheology of
Carbopol 980 is not affected by temperature and storage duration but by the cross-linker used
during formulation (Islam et al., 2004). This type of rheology has advantages, such as increasing
viscosity after application when the shear is removed, helping the product stay in place and not
drip off.

© 2025 Universitas Sebelas Maret Open access article under the CC BY-SA 4.0 license



JPSCR: Journal of Pharmaceutical Science and Clinical Research Vol. 10 No. 1 (2025) 123

The pseudoplastic nature contributes to a non-dripping, non-sticky texture at rest and a
smooth, pleasant feel during application—essential for user satisfaction with topical products
like sunscreens. Pseudoplastic gels decrease viscosity under shear stress, such as during
application, making them easier to spread on the skin or other surfaces. This behaviour ensures
good adherence and uniform coverage, crucial for topical formulations (Jo et al., 2021). Gel
with pseudoplastic rheology can withstand mechanical stresses during processing, such as
pumping or extrusion, and application without breaking down or separating, contributing to
long-term stability (Dantas et al., 2016).

Shear Rate (1/5)

, - " .
Shear Stress (Pa) Shear Siress (Pa)

Shear Rate (1/s)

Shear Stress (Pa)

Figure 5. Rheogram of avocado oil nano-emulgel with carbopol 980 as a gel base after storage
of (a) NE1 (0,50%), (b) NE2 (1,00%), and (c) NE3 (1,50%).

The results of the avocado oil nano-emulgel preparation adhesion test for NE1, NE2 and
NE3 (Table 5). The results of the avocado oil nano-emulgel adhesion test showed that NE3 had
a longer adhesion time than NE1 and NE2, but the adhesion of all formulas still met the
requirements for good topical preparation adhesion, which is not less than 4 seconds. The results
of the avocado oil nano-emulgel adhesion test show that the higher the concentration of
Carbopol 980, the more viscosity of the resulting preparation will increase so that the adhesion
time will be longer (Numberi, 2020).
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Based on the results of statistical analysis, the adhesion value of avocado oil nano-emulgel
preparations shows significant results (p>0.05) in NE3, which means that there is no significant
difference in the adhesion value of avocado oil nano-emulgel preparations during the storage
cycle, so it can be said that NE3 is stable for 28 days of storage. In NE1 and NE2, the
significance results (p<0.05) mean that there are significant differences in the adhesion value
of avocado oil nano-emulgel preparations during the storage cycle, so it can be said that NE1
and NE2 are not stable during 28 days of storage. The adhesion value started changing on day
21. The adhesion values of NE1 and NE2 have decreased during storage due to a reduction in
viscosity. However, the adhesion values remain adequate for effective topical preparation, not
exceeding 4 seconds (Numberi, 2020).

Table 5. The result of the adhesion test of avocado oil nano-emulgel with carbopol 980 as a gel
base. Description: NEI = nano-emulgel with 0,50% of Carbopol 980, NE2 = nano-emulgel
with 1,00% of Carbopol 980, NE3 = nano-emulgel with 1,50% of Carbopol 980, Data displayed
n =3 +SD.

Adhesion (minute)

Day NEI NE2 NE3
Before storage 5.43+0.07 15.20+0.08 30.34+0.07
7 5.40+0.11 15.3240.14 30.27+0.14
14 5.81+0.09 15.34+0.09 30.25+0.08
21 4.76+0.03 14.74+0.06 30.27+0.15
28 4.22+0.18 14.36+0.26 30.31+0.20

p value 0.000 0.000 0.541

The results of the spreadability test of avocado oil nano-emulgel preparations for NE1,
NE2 and NE3 can be seen in Table 6. The spreadability of the skin preparation is crucial to
evaluate as it pertains to the user's ease of application. The broader the active material, the more
effectively it will be dispersed (Numberi, 2020). The avocado oil nano-emulgel spreadability
test results showed that NE1 can spread more widely than NE2 and NE3. The results showed
that the higher the concentration of the gelling agent, the smaller the spreadability value
obtained. The results are due to the interconnection between spreadability and viscosity. As the
viscosity of the preparation increases, its spreadability decreases; conversely, a decrease in
viscosity results in enhanced spreadability.

Based on the results of statistical analysis, the value of the spreadability of avocado oil
nano-emulgel shows significant results (p>0.05) in NE3, which means that there was no
significant difference in the value of the spreadability of avocado oil nano-emulgel preparations
during the storage cycle, so it can be said that NE3 is stable for 28 days of storage. Whereas in
NEI1 and NE2, the significant results (p<0.05) mean a significant difference in the value of the
spreadability of avocado oil nano-emulgel preparations during the storage cycle. The
spreadability values of NE1 and NE2 increased during storage, influenced by viscosity and
reduced adhesion. However, spreadability should not be considered absolute data, as no
literature provides an exact ideal value (Numberi, 2020).
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Table 6. The result of the spreadability test of avocado oil nano-emulgel with Carbopol 980 as
a gel base. Description: NE1 = nano-emulgel with 0,50% of Carbopol 980, NE2 = nano-emulgel
with 1,00% of Carbopol 980, NE3 = nano-emulgel with 1,50% of Carbopol 980, Data displayed
n=3+£SD.

Spreadability (cm)

Day NEI NE2 NE3
Before storage 5.14+0.10 3.72+0.02 3.54+0.02
7 5.194+0.10 3.75+0.04 3.57+0.05
14 5.17+0.13 3.85+0.02 3.57+0.05
21 5.454+0.02 4.00+0.02 3.53+0.02
28 5.38+0.02 3.97+0.01 3.61+0.03

p value 0.025 0.012 0.146

The results of the SPF value test for avocado oil nano-emulgel preparations for NE1, NE2
and NE3 can be seen in Table 7. The results of the SPF value showed that all of the formulas
were categorized as having maximum protection. This aligns with previous research conducted
by Shabrina et al. (2024) on nanoemulsion and nanoemulgel preparations using 5% avocado
oil, which resulted in the maximum protection category(Shabrina, 2024). The SPF values
measured over a 28-day storage period in NE1 and NE2 exhibited fluctuations, while NE3
remained stable. Several factors cause SPF value, including the type of sunscreen solvent,
concentration and combination of sunscreens, type of emulsion, and the interaction and effect
of other formulation components, including esters, emollients, and emulsifiers, which are some
of the elements that affect the estimated SPF value. Increased or decreased absorption of UV
radiation may be due to some of these variables(Mbanga et al., 2014).

Table 7. The result of the SPF value of avocado oil nano-emulgel with carbopol 980 as a gel
base. Description: NE1 = nano-emulgel with 0,50% of Carbopol 980, NE2 = nano-emulgel with
1,00% of Carbopol 980, NE3 = nano-emulgel with 1,50% of Carbopol 980, Data displayed n =
3 £SD.

Day SPF Value

NE1 NE2 NE3
Before storage 9.02+0.81 11.93+0.38 22.38+0.24
7 8.95+0.43 12.01+0.36 22.41+0.21
14 9.65+0.09 11.96+0.08 22.34+0.32
21 9.71+0.27 12.01+0.23 22.42+0.27
28 9.80+0.18 11.98+0.02 22.37+0.23

p value 0.468 0.255 0.107

Based on the results of statistical analysis, the SPF value of avocado oil nano-emulgel
preparations showed significant results (p>0.05) in all formulas, which means that there is no
significant difference in the SPF value of avocado oil nano-emulgel preparations during the
storage cycle.

Nano-emulgel with Carbopol 980 base obtained physically stable results. The results
obtained by nano-emulgel are by the previously determined TPP (target product profile) (R. S.
Oliveira et al., 2022). Carbopol 980 was the best at modifying the rheological properties and
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viscosity of nanoscale emulsions designed for topical applications(Kumara et al., 2015).
Carbopol 980 demonstrated favourable test outcomes, indicating its potential as an effective
carrier for topical formulations (Md et al., 2020). This research is in line with the previous result
that using 1.5% w/v Carbopol 980 as a gelling agent resulted in rheologically stable results and
was acceptable for topical application (Shukla et al., 2019; Verma et al., 2023). Increasing the
concentration of Carbopol 980 as a gelling agent can improve the physical properties of the
preparation (Kelessidis et al., 2011). Carbopol 980, as a gelling agent with a concentration of
1.5%, has good stability and did not show significant physical/chemical changes in nano-
emulgel preparations (Thombre et al., 2022)(Wani et al., 2015).

4. CONCLUSION

Based on the result above, it can be concluded that avocado oil in nano-emulgel
preparation with 1,5% of Carbopol 980 was stable during 28 days of storage at 30+2°C and RH
of 65+5%.

ACKNOWLEDGEMENT
The author would like to thank Yayasan Wahid Hasyim, Semarang, for funding this
research through DIPA Unwahas 2023 in the Interdisciplinary Research scheme.

CONFLICT OF INTEREST
All authors declared that there was no conflict of interest.

REFERENCES

Abdullah, N. I. W., Samsudin, M. N., & Othman, S. F. C. (2023). Assessing the Stability of
Peppermint Oil Encapsulated in Hydrogel Beads. Journal of Tropical Life Science, 13(1),
51-60. https://doi.org/10.11594/jtls.13.01.06

Al-Awady, M. J., Fauchet, A., Greenway, G. M., & Paunov, V. N. (2017). Enhanced
antimicrobial effect of berberine in nanogel carriers with cationic surface functionality.
J. Mater. Chem. B, 5(38), 7885-7897. https://doi.org/10.1039/C7TB02262]

Alhasso, B., Ghori, M. U., & Conway, B. R. (2023). Development of a Nanoemulgel for the
Topical Application of Mupirocin effectively releases Mupirocin. Pharmaceutics, 15, 1—
26.

Allen, L. V. (1998). The Art and Terminology of Pharmaceutical Compounding. American
Pharmaceutical Association, Washington DC.

Artanti, A. N., Prihapsara, F., Mas’ud, N., & Ermawati, D. E. (2021). Optimization of the
Proportion of Surfactant, Co-Surfactant, and Candlenut Oil for Self-Nanoemulsifying
Drug Delivery System (SNEDDS) of Secang Heartwood (Caesalpinia sappan L.)
Methanolic  Extract. ALCHEMY  Jurnal  Penelitian  Kimia, 17(1), 124.
https://doi.org/10.20961/alchemy.17.1.39054.124-131

Chandra, D., & Rahman. (2022). Uji Fisikokiimia Sediaan Emulgel Ekstrak Etanol Goji Berry
(Lycium barbarum L.). Medfarm: Jurnal Farmasi Dan Kesehatan, 11(2), 219-228.

Dantas, M. G. B., Reis, S. A. G. B., Damasceno, C. M. D., Rolim, L. A., Rolim-Neto, P. J.,
Carvalho, F. O., Quintans-Junior, L. J., & Da Silva Almeida, J. R. G. (2016).
Development and Evaluation of Stability of a Gel Formulation Containing the
Monoterpene Borneol. Scientific World Journal, 2016, 10-13.
https://doi.org/10.1155/2016/7394685

© 2025 Universitas Sebelas Maret Open access article under the CC BY-SA 4.0 license



JPSCR: Journal of Pharmaceutical Science and Clinical Research Vol. 10 No. 1 (2025) 127

De Oliveira, A. P., Franco, E. D. S., Rodrigues Barreto, R., Cordeiro, D. P., De Melo, R. G.,
De Aquino, C. M. F_, E Silva, A. A. R, De Medeiros, P. L., Da Silva, T. G., Goes, A. J.
D. S., & Maia, M. B. D. S. (2013). Effect of semisolid formulation of persea americana
mill (Avocado) oil on wound healing in rats. Evidence-Based Complementary and
Alternative Medicine, 201 3. https://doi.org/10.1155/2013/472382

Depkes RI. (1995). Farmakope Indonesia keempat (Edisi IV). Departemen Kesehatan Republik
Indonesia, Jakarta.

Dewi, R. H. T. M., Sholihah, N., Nofitasari, R., Adhityasmara, D., & Shabrina, A. (2024). The
Potential of Avocado Oil for Topical Use: A Narrative Review. Jurnal llmu Farmasi Dan
Farmasi Klinik, 21(1), 106. https://doi.org/10.31942/jiftk.v21i1.11218

Ebad Sichani, M. R., Farid, M., & Khorasgani, E. M. (2021). Histomorphological Examination
of Skin Wound Healing Under the Effect of Avocado Oil in Wistar Rats. Acta Veterinaria
Eurasia, 47(3), 121-128. https://doi.org/10.5152/actavet.2021.20096

Eid, A. M., Elmarzugi, N. A., & El-Enshasy, H. A. (2013). Development of Avocado Oil
Nanoemulsion Hydrogel Using Sucrose Ester Stearate. Journal of Applied
Pharmaceutical Science, 3(12), 145—-147. https://doi.org/10.7324/JAPS.2013.31226

FDA. (2013). ASEAN guideline on stability study of drug product. Asean Guideline On
Stability Study Of Drug Product (R1) Revision, May, 1-40.

Ghani, H., Rahman, R. K., Liu, K., & Cubelli, S. (2021). An Investigation of Makeup
Ingredients and Their Effects on Acne Cosmetica with Dermatologic Practice
Recommendations. SKIN: Journal of Cutaneous Medicine, 5(5), 474-481.
https://doi.org/10.25251/skin.5.5.4

Hardenia, A., Jayronia, S., & Jain, S. (2014). Emulgel : An Emergent Tool in Topical Drug
Delivery. International Journal of Pharmaceutical Sciences and Research, 5(5), 1653—
1660. https://doi.org/10.13040/1JPSR.0975-8232.5(5).1653-60

Hermanto, S., Muawanah, A., & Wardhani, P. (2010). Analisis Tingkat Kerusakan Lemak
Nabati dan Lemak Hewani Akibat Proses Pemanasan. Jurnal Kimia VALENSI, 1(6), 262—
268. https://doi.org/10.15408/jkv.v1i6.237

Ikhtiyarini, T. A., & Sari, A. K. (2022). Efektivitas Penggunaan Basis Gel pada Sediaan
Emulgel Effectiveness of Basic Use for Emulgel Preparations. Camellia, 1(1), 19-25.

Islam, M. T., Rodriguez-Hornedo, N., Ciotti, S., & Ackermann, C. (2004). Rheological
characterization of topical carbomer gels neutralized to different pH. Pharmaceutical
research, 21(7), 1192—1199. https://doi.org/10.1023/b:pham.0000033006.11619.07

Jo, M., Chang, M. J., Goh, K. K. T., Ban, C., & Choi, Y. J. (2021). Emulsion-filled gels' gels'
rheology, microstructure, and storage stability are stabilized solely by maize starch
modified with octenyl succinylation and pregelatinization. Foods, 10(4).
https://doi.org/10.3390/foods10040837

Kelessidis, V. C., Poulakakis, E., & Chatzistamou, V. (2011). Use Carbopol 980 and
carboxymethyl cellulose polymers as rheology modifiers of sodium-bentonite water
dispersions. Applied Clay Science, 54(1), 63-69.
https://doi.org/10.1016/j.clay.2011.07.013

Kumara, P., Prakash, N. K. S., Lokesh, & Manral, D. K. (2015). Viscoelastic Properties and
Rheological Characterization of Carbomers. Int. J. Latest Res. Eng. Technol., 1(6),2454—
5031.

Kuncari, E. S., Iskandarsyah, & Praptiwi. (2014). Evaluasi, Uji stabilitas fisik dan sineresis
sediaan gel yang mengandung minoksidil,apigenin dan perasan herba seledri (Apium
graveolens L.) Evaluation , Physical stability test and syneresis of gel containing
minoxidil, apigenin and celery (Apium graveo. Bul. Penelit. Kesehat, 42(4), 213-222.

Li, Y., Liu, Y., Deng, D., Liang, J., Chen, W., Chen, X., & Li, J. (2019). Study on Extracting
Avocado Oil from Avocado Pulp by Aqueous Extraction. IOP Conference Series: Earth

© 2025 Universitas Sebelas Maret Open access article under the CC BY-SA 4.0 license



JPSCR: Journal of Pharmaceutical Science and Clinical Research Vol. 10 No. 1 (2025) 128

and Environmental Science, 330(4). https://doi.org/10.1088/1755-1315/330/4/042027

Mansur JS, Breder MNR, Mansur MCA, A. R. (1986). Mansur JS, Breder MNR, Mansur MCA,
Azulay RD.1986. Determination of Sun Protection Factor for Spectrophotometry. An
Bras Dermatol Rio De Janeiro, 61, 121- 4.

Mardiyanto, Mohadi, R., Fithri, N. A., & Kurniawan, G. (2024). Optimization of Nanoemulsion
Formula Containing Erythromycin with VCO and Varying Concentrations of Tween-80
and PEG-400. Science and  Technology  Indonesia, 9(3), 697-709.
https://doi.org/10.26554/sti.2024.9.3.697-709

Mbanga, L., Mpiana, P. T., Bokolo, K., Mvingu, K., Ngoy, B., Muwara, K., & Mulenga, M.
(2014). Sun Protection Factor (SPF) Determination of Cosmetic Formulations Made in
Kinshasa (DR Congo) by in-vitro Method Using UV-VIS Spektrophotometer. Journal of
Physical and Chemical Sciences, 2(1), 1-5.

Md, S., Alhakamy, N. A., Aldawsari, H. M., Kotta, S., Ahmad, J., Akhter, S., Alam, M. S,
Khan, M. A., Awan, Z., & Sivakumar, P. M. (2020). Improved analgesic and anti-
inflammatory effect of diclofenac sodium by topical nanoemulgel: Formulation
development—in vitro and in vivo studies. Journal of Chemistry, 2020.
https://doi.org/10.1155/2020/4071818

Nabillah, S., Noval, N., & Hidayah, N. (2022). FORMULASI DAN EVALUASI NANO
HIDROGEL EKSTRAK DAUN SERUNAI (Chromolaena odorata L.) DENGAN
VARIASI KONSENTRASI POLIMER CARBOPOL 980. Jurnal [lmiah Ibnu Sina
(JIIS): Ilmu Farmasi Dan Kesehatan, 7(2), 340-349.
https://doi.org/10.36387/jiis.v7i2.995

Numberi, A. M. (2020). Uji Stabilitas Fisik Sediaan Masker Gel dari Ekstrak Alga Merah
(Poryphyra sp). Majalah Farmasetika, 5(1), 1-17.
https://doi.org/10.24198/mfarmasetika.v5i1.24066

Oliveira, R. S., da Silva, D. F., Mota, S., Garrido, J., Garrido, E. M., Lobo, J. M. S., & Almeida,
I. F. (2022). Design of an Emulgel for Psoriasis Focused on Patient Preferences. Applied
Sciences (Switzerland), 12(7). https://doi.org/10.3390/app12073260

Patricia, P., & Yuliani, S. H. (2015). Pembuatan Dan Uji Aktivitas Sediaan Unguenta Scarless
Wound Dengan Ekstrak Binahong Dan Zat Aktif Aspirin. Jurnal Farmasi Sains Dan
Komunitas, 12(2), 54-60.

Priani, S. E., Abdilla, S. A., & Suparnan, A. (2020). Pengembangan Sediaan Mikroemulsi Gel
Antijerawat Mengandung Minyak Kulit Batang Kayu Manis (Cinnamomum burmanni
Nees ex Bl). Jurnal Ilmiah  Farmasi  Farmasyifa,  3(1), 9-17.
https://doi.org/10.29313/jiff.v3i1.5464

Rao, M. R., Deshpande, S., & Deshpande, P. (2023). Dapsone-Loaded Mixed Micellar Gel for
Treatment OF  Acne  Vulgaris. AAPS  PharmSciTech,  24(5), 109.
https://doi.org/10.1208/s12249-023-02564-1

Rismawati, D., Aji, N., & Herdiana, 1. (2020). Pengaruh Butylated Hydroxyanisole terhadap
Stabilitas dan Karakteristik Emulgel Kombinasi Ekstrak Jahe Merah dan Minyak
Peppermint. Jurnal llmiah Kefarmasian, 1(2), 35-41.

Scomoroscenco, C., Teodorescu, M., Raducan, A., Stan, M., Voicu, S. N., Trica, B.,
Ninciuleanu, C. M., Nistor, C. L., Mihaescu, C. 1., Petcu, C., & Cinteza, L. O. (2021).
Novel gel microemulsion as topical drug delivery system for curcumin in
dermatocosmetics. Pharmaceutics, 13(4).
https://doi.org/10.3390/pharmaceutics 13040505

Shabrina, A. (2024). Physical Stability and Effectivity Comparison of Nanoemulsion and Nano-
emulgel of Avocado Oil with Carbopol 940 Variation. Indonesian Journal of
Pharmaceutical Science and Technology, 6(1), 8—17.

Shabrina, A., Firdausi, Z. M., Poerba, A. T., Anisa, D., & Heroweti, J. (2024). Sunscreen

© 2025 Universitas Sebelas Maret Open access article under the CC BY-SA 4.0 license



JPSCR: Journal of Pharmaceutical Science and Clinical Research Vol. 10 No. 1 (2025) 129

effectivity and physical characterization of avocado oil in nanoemulsion using isopropyl
myristate variations. Pharmaciana, 14(1), 69-79.
https://doi.org/10.12928/pharmaciana.v14i1.28214

Shabrina, A., Heroweti, J., Yumni, G. G., Poerba, A. T., & Diana, A. (2024). Physical Stability
and Effectivity Comparison of Nanoemulsion and Nano- emulgel of Avocado Oil with
Carbopol 940 Variation. Indonesia Journal of Pharmaceutical Sciences and Technology,
6(1), 6-17.

Shelke, O., & Kulkarni, A. (2019). Formulation, development and evaluation of nifedipine
emulgel for treatment of anal fissures using polymeric emulsifiers. Indian Journal of
Pharmaceutical Education and Research, 53(2), s74—s81.
https://doi.org/10.5530/ijper.53.2s.51

Shukla, K. V., Sharma, A., & Yadav, M. (2019). Formulation Development and Evaluation of
Ethosomal Gel of Acyclovir for the Treatment of Herpes Zoster. Journal of Drug Delivery
and Therapeutics, 9(4-A), 664—668.
http://jddtonline.info/index.php/jddt/article/view/3548

Sreevidya, V. S. (2019). An Overview on Ebola. Global Dermatology, 2(1), 92-97.
https://doi.org/10.15761/god.1000122

Suhesti, T. S., Rohman, M. M. H., & Sunarto, S. (2022). Formulation of Gel Hand Sanitizer of
Nagasari Leaf Extract (Mesua ferrea L.). Indonesian Journal of Pharmaceutical Science
and Technology, 1(1), 31. https://doi.org/10.24198/ijpst.v1il.36465

Suradnyana, I. G. M., Juliadi, D., & Suena, N. M. D. S. (2023). Formulasi serta Uji Aktivitas
Antioksidan dan Tabir Surya Krim Ekstrak Aseton Biji Buah Alpukat. Jurnal Ilmiah
Medicamento, 9(1), 42-51. https://doi.org/10.36733/medicamento.v9i1.5504

Suryani, Sahumena, M. H., Mabilla, S. Y., Ningsih, S. R., Adjeng, A. N. T., Aswan, M., Ruslin,
Yamin, & Nisa, M. (2020). Preparation and Evaluation of Physical Characteristics of
Vitamin E Nanoemulsion Using Virgin Coconut Oil (VCO) and Olive Oil as Oil Phase
with Variation Concentration of Tween 80 Surfactant. Research Journal of Pharmacy
and Technology, 13(7), 3232-3236. https://doi.org/10.5958/0974-360X.2020.00572.7

Thombre, N. A., Niphade, P. S., D. Ahire, E., & J. Kshirsagar, S. (2022). Formulation
Development and Evaluation of Microemulsion Based Lomoxicam Gel. Biosciences
Biotechnology Research Asia, 19(1), 69—80. https://doi.org/10.13005/bbra/2968

Verma, P., Dutt, R., & Anwar, S. (2023). Formulation and development of novel probiotic
loaded gel for the treatment of caffeine induced anxiety. Journal of Applied
Pharmaceutical Science, 13(6), 121-127. https://doi.org/10.7324/JAPS.2023.100861

Voigt, R. (1984). Buku Ajar Teknologi Farmasi. diterjemahkan oleh Soewandi, S. N., UGM
Press, Yogyakarta.

Wani, R. R., Patil, M. P., Dhurjad, P., Chaudhari, C. A., & Kshirsagar, S. J. (2015).
Microemulsion Based Gel: A Novel Approach In Delivery of Hydrophobic Drug.
International Journal for Pharmaceutical Research Scholars, 4(2), 671-677.

Widyastuti, A. 1., & Saryanti, D. (2023). Formulasi dan Evaluasi Sediaan Nanoemulsi Ekstrak
Umbi Bawang Putih (Allium sativum L.). Jurnal Sains Dan Kesehatan, 5(2), 178—185.
https://doi.org/10.25026/jsk.v5i2.1677

Yuliandri, M., Saadah, H., & Warnida, H. (2021). Pengaruh Konsentrasi Carbopol 940 Sebagai
Gelling Agent Terhadap Sifat Fisik Dan Stabilitas Gel Hand. Library.Usd.Ac.1d, 117—
124. http://www.library.usd.ac.id/Data PDF/F. Farmasi/Farmasi/108114120_full.pdf

Zalivskaya, A., Fadeeva, D., Shestopalova, N., Avtina, N., Radyukova, V., & Ivanova, V.
(2021). Comparative characteristics of gel bases for semisolid dosage forms. BIO Web of
Conferences, 40, 03008. https://doi.org/10.1051/bioconf/20214003008

© 2025 Universitas Sebelas Maret Open access article under the CC BY-SA 4.0 license



