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Development of the optimal formulation for a sunscreen
sprav emulsion containing Centella asiatica 1.
and Avena sativa L. Kernel flour as soothing ingredients

Optymalizacja skladu emulsji przeciwslonecznej w postaci sprayu
7. dodatkiem wakrotki azjatyckiej oraz maczKi z ziaren owsa

ABSTRACT

Introduction: Sunscreens are essential for protecting the
skin from harmful ultraviolet radiation. Spray emulsions
have become popular for their lightweight consistency and
ability to provide even coverage.

Aim: The study aimed to optimize the composition of
a sprayable sunscreen emulsion containing Centella asia-
tica L. (gotu kola) and oat kernel flour, both known for their
skin-soothing and moisturizing properties.

Materials and Methods: The formulations were evaluated for
physical properties and stability, and the moisturizing effect
of the developed product was assessed in a group of 18 volun-
teers over a 4-week period. A simplex lattice design was em-
ployed to optimize the concentrations of xanthan gum and
polyethylene glycol 400 (PEG 400).

Results: Optimization of the composition resulted in
a sprayable sunscreen emulsion that remained stable thro-
ughout the study period. The formulation containing Centella
asiatica L. and oat kernel flour (Avena sativa L.) showed a sta-
tistically significant increase in skin hydration.

Conclusions: The developed formulation is a promising
sunscreen product supporting skin protection and hydration.
Further research should assess ultraviolet protection effica-
cy through in vitro and in vivo testing to more comprehensi-
vely establish the preparation’s clinical effectiveness.

Keywords: sunscreen spray, filters, soothing agent, Centella
asiatica, oat kernels.
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jako skladnikow lagodzacych

STRESZCZENIE

Wprowadzenie: Filtry przeciwstoneczne maja zasadnicze
znaczenie dla ochrony skory przed szkodliwym promienio-
waniem ultrafioletowym. Emulsje w sprayu zyskaty popular-
nos¢ dzieki lekkiej konsystencji i zdolnosci do zapewniania
réwnomiernego pokrycia.

Cel: Celem badania byta optymalizacja sktadu emulsji prze-
ciwstonecznej w sprayu zawierajacej wakrotke azjatycka oraz
maczke z ziaren owsa, znanych ze swoich wtasciwosci tago-
dzacych i nawilzajacych skore.

Materialy i metody: Preparaty oceniono pod katem wtasci-
wosci fizycznych i stabilnosci, a dziatanie nawilzajace zopty-
malizowanego preparatu zbadano w grupie 18 ochotnikéw
w okresie 4 tygodni. W celu optymalizacji stezen gumy ksan-
tanowej i glikolu polietylenowego 400 (PEG 400) zastosowa-
no plan siatki simpleksowe.

Wyniki: Optymalizacja sktadu umozliwita uzyskanie emuls;ji
przeciwstonecznej w postaci sprayu, ktora zachowata stabil-
nos¢ w badanym okresie. Stosowanie preparatu zawierajace-
go wakrotke azjatycka (Centella asiatica L.) oraz maczke z zia-
ren owsa zwyczajnego (Avena sativa L.) wigzato sie z istotnym
statystycznie wzrostem nawilzenia skory.

Whnioski: Opracowana formulacja stanowi obiecujacy prepa-
rat przeciwstoneczny wspomagajacy ochrone i nawilzenie
skory. Dalsze badania powinny obejmowac ocene skutecz-
nosci ochrony poprzez oznaczenie wspotczynnika ochrony
przeciwstonecznej w badaniach in vitro i in vivo w celu pet-
niejszego okreslenia skutecznosci klinicznej preparatu.

Stowa kluczowe: spray przeciwstoneczny, filtry, Srodek
tagodzacy, wakrotka azjatycka, ziarna owsa.
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INTRODUCTION

UV radiation is a major environmental factor contributing
to skin damage [1]. Ultraviolet A (UVA) exposure is primarily
associated with photoaging and hyperpigmentation, whereas
ultraviolet B (UVB) radiation causes DNA damage and plays
a key role in skin cancer development [2]. Although limited
sun exposure supports vitamin D synthesis, excessive
and repeated UV exposure can cause adverse skin effects,
highlighting the importance of photoprotective strategies
such as sunscreen use [3]. Sunscreens are available in various
forms, including gels, lotions, and sprays. Among these,
sunscreen sprays have gained increasing attention because of
their ease of application, lightweight feel, non-greasy texture,
rapid drying, and ability to provide even coverage, particularly
on hard-to-reach areas of the skin [4].

Sunscreen formulations often contain additional active
ingredients, such as skin-soothing agents, to calm the skin
and reduce signs of irritation, such as redness and blemishes,
caused by environmental stressors like pollution and UV
radiation [5]. Centella asiatica L. contains bioactive compounds,
such as triterpenes, phenolic compounds, alkaloids, vitamins,
and amino acids. These compounds promote fibroblast
proliferation, enhance collagen synthesis, increase the tensile
strength of newly formed skin, and suppress inflammatory
responses, thereby contributing to skin repair while exerting
soothing effects [6]. The soothing effect is closely associated
with stratum corneum (SC) hydration. UVB radiation disrupts
the epidermal permeability barrier and reduces SC hydration.
After exposure to 0.75 minimal erythema dose (MED) of UVB
radiation, basal trans epidermal water loss (TEWL) in human
skin increases significantly [5]. In addition, Avena sativa (oat)
kernel flour is widely used as a skin-soothing ingredient in
topical formulations because of its high content of saponins,
B-glucans, phenolic acids, and flavonoids. These bioactive
components have been reported to improve SC hydration,
reinforce the skin barrier, and reduce inflammation and
irritation, particularly in compromised or sensitive skin [6-8].
Therefore, the combination of Centella asiatica L. and Avena
sativa (oat) kernel flour offers complementary skin-soothing
and moisturizing properties, making it a promising approach
for sunscreen formulations.

AIM

This study aimed to optimize a sunscreen spray emulsion
containing Centella asiatica L. and Avena sativa (oat) kernel
flour with skin-soothing and hydrating properties.
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MATERIALS AND METHODS

Materials

Centella asiatica L. was obtained from the Traditional Health
Services Unit of Dr. Sardjito Hospital, Tawangmangu, Indonesia,
asadried crude herbal material. Avena sativa (oat) kernel flour
was purchased from PT Tentrem Artha Nugraha, Indonesia,
as a commercially available powder. Butylene glycol, xanthan
gum, octocrylene, and butyl methoxydibenzoylmethane
were kindly donated by Paragon Technology and Innovation.
Dexa Medica kindly donated polyethylene glycol 400 (PEG
400) and potassium sorbate, and Liaoning Oxiranpharm Inc.
manufactured PEG 400. Distilled water was used as the solvent.
Methylene blue and 96% ethanol were obtained from Sigma-
Aldrich (St. Louis, MO, USA). All formulation ingredients and
analytical reagents were of pharmaceutical grade. This study
used standard laboratory glassware, a rotary evaporator, an
analytical balance, and a Corneometer® CM 825 (Courage +
Khazaka Electronic GmbH, Cologne, Germany).

Methods

® Extraction of Centella asiatica L.

The extraction method was performed by conventional
maceration using 96% ethanol as the solvent. Dried raw plant
materials (simplicia) were cut into small pieces using a blender
and macerated in 96% ethanol for 3x24 h at room temperature
under static conditions, with occasional manual stirring.
This study used no ultrasound-assisted extraction or other
techniques. After maceration, the filtrate was concentrated
using a rotary evaporator at 65°C at 60 rpm, then dried in an
oven at 40°C for 24 h to obtain a thick extract. Subsequently,
the water-soluble and ethanol-soluble contents of the
simplicia extract were determined.

® Preparation of the sunscreen emulsion

Xanthan gumwas dispersed inwater heated to 70°C and stirred
until a homogeneous mass was formed. The water (PEG 400
and potassium sorbate) and oil (butylene glycol, octocrylene,
and butyl methoxydibenzoylmethane) phases were prepared
and heated to 70°C. The water and oil phases were then mixed
to form an emulsion. The mixing was continued without heat.
After the temperature of the emulsion reached below 40°C,
Avena sativa (oat) kernel flour in water and diluted ethanol
extract of Centella asiatica L. were added. Design-Expert®
software version 13.0 was used to describe formulation
optimization and desirability analysis. Tab. 1 presents the
formulation design of the sunscreen emulsion developed in
this study. The formulation presented in tab. 1is the subject of
an active patent application (Application No. S00202414180).
Therefore, certain proprietary formulation details beyond those
presented in tab. 1 are not fully disclosed in this manuscript.



Tab. 1. Formulation design of the sunscreen spray emulsion. Source: [9, 10].

Materials Function Concentration
Extract of Centella Soothing agent 5%
asiatica L.
Avena sativa (oat) Soothing agent 3%
kernel flour
Butylene glycol Humectant 10%
Xanthan gum Emulsifier 1% - 01%
PEG 400 Co-emulsifier 8% - 89%
Octocrylene UV Protection 10%

(UVA and UVB)

Butyl UV Protection 5%
methoxydibenzoylmethane
Potassium sorbate Preservative 01%
Rose fragrance Fragrance 0.01%
Aquadest Solvent Ad100%

® Evaluation of sunscreen emulsion spray

Organoleptic evaluation

Organoleptic evaluation was performed by placing a drop of
the sunscreen formulation onto a glass slide. The appearance,
color, and consistency of the formulation were visually
assessed to evaluate its physical characteristics.

Homogeneity test

Homogeneity testing was performed by spraying the
sunscreen formulation onto a glass surface from a distance of
10-15 cm. The sprayed sample was then visually examined for
unmixed particles or clumps to assess formulation uniformity.

PH measurement

The pH of the sunscreen spray formulation was measured
at room temperature using a calibrated digital pH meter
(SevenCompact, Mettler Toledo) to ensure it was suitable for
topical application.

Spray pattern test

Spray pattern testing was conducted to evaluate the spray
applicator performance. The sunscreen spray was applied to
a mica plastic sheet at distances of 3, 5, 10, 15, and 20 cm. The
diameter of the resulting spray pattern was measured.

Viscosity measurement

The viscosity of the samples was determined using a HAAKE
Viscotester D (Thermo Scientific, Spain) equipped with an R2
spindle at 30 rpm. Measurements were performed at room
temperature to evaluate the formulation’s flow properties.

Determination of the emulsion type

The emulsion type of sunscreen spray was determined using
methylene blue staining. A drop of the formulation was placed
on a glass slide, stained with methylene blue, and observed
under an Olympus CX31 optical microscope to identify the
continuous phase. Observations were performed under
bright-field illumination using a 10x eyepiece with 10x and
25x% objective lenses, corresponding to total magnifications of
100x and 250x, respectively.

Observation of the globule size

Globule size was evaluated by placing a drop of the sunscreen
spray onto a glass slide and observing it under an Olympus
CX31optical microscope. Observations were performed under
bright-field illumination using a 10x eyepiece with 10x and 25x
objective lenses, corresponding to total magnifications of 100x
and 250x, respectively.

Evaporation time test

The evaporation time was determined by spraying the
sunscreen formulation once onto a mica plastic sheet and
allowing it to dry at room temperature. The time required for
the formulation to completely dry was recorded.

® Skin hydration level test

The skin hydration level was evaluated to assess the
moisturizing effect of the sunscreen spray formulation
containing Centella asiatica L. ethanol extract and Avena sativa
(oat) kernel flour. This study included 18 healthy volunteers
over 4weeks. Inclusion criteria were age 10-24 years, no history
of dermatitis or allergic reactions on the forearm, and no use
of topical or systemic medications affecting skin condition
during the study period. Exclusion criteria included known
hypersensitivity to any formulation component, pregnancy or
breastfeeding, vaccination within 2 weeks before the study,
and use of additional skincare products on the test area.

Measurements were performed on the volar forearm,
selected for its relatively uniform skin characteristics and
its use in dermatological testing. The test area for each
formulation was standardized to 3x4 cm. Subjects applied
01mL of the assigned formulation using a syringe twice a day
(morning and evening). The left forearm received the placebo
sunscreen, sunscreen containing Centella asiatica L. and
Avena sativa (oat) kernel flour, and an untreated control area,
while the right forearm received the sunscreen containing
Centella asiatica L. and Avena sativa (oat) kernel flour and an
untreated control area.

Skin hydration was measured at three time points: baseline
before application (T0), 14 days after application (T14), and
28 days after continuous application (T28). Hydration levels
were determined using a Corneometer® CM825 (Courage
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+ Khazaka, Germany), a non-invasive device that measures
hydration of the SC based on changes in skin capacitance.
All measurements were performed in Skinproof (PT Derma
Laboratory Asia) Indonesia, with controlled room temperature
(22-25°C) and relative humidity maintained at approximately
40-60%. Before the measurement, the participants were
acclimatized to the measurement room for at least 15 min
and instructed to refrain from washing the test area, applying
cosmetic products, or engaging in vigorous physical activity
for atleast 12 h before assessment.

Skin hydration data were analyzed using repeated-
measures analysis of variance (ANOVA), with time (TO, T14,
and T28) as the within-subject factor. Prior to analysis, data
normality was assessed using Q-Q plots, and no significant
deviations from normality were observed. Assumptions for
the repeated-measures analysis of variance were evaluated
visually using Q-Q plots. Statistical significance was set at
p < 0.05. RStudio was used to perform statistical analyses and
generate data visualizations.

RESULTS

Extraction of Centella asiatica L.

Tab. 2 presents the extractive values and extraction yield
of Centella asiatica L. extract. The water-soluble extractive
content was 9.33 = 042%, meeting the Indonesian Herbal
Pharmacopoeia requirement of not more than 10%, while
the ethanol-soluble extractive content was 9.60 + 0.20%,
exceeding the minimum requirement of 7.2% [11]. The
extraction process yielded 60.14% ethanol extract.

Tab. 3. Physicochemical evaluation of the sunscreen emulsion spray. Source: Own elaboration.

Tab. 2. Extractive values and extraction yield of Centella asiatica L. extract.
Source: Own elaboration.

Parameter Result
Water-soluble extractive content (%) 933042
Ethanol-soluble extractive content (%) 9.60+0.20
Extraction yield (%) 6014

® Preparation and evaluation of the sunscreen
emulsion spray

Tab. 3 presents the evaluation results of all sunscreen emulsion
spray formulations. To determine their physicochemical
characteristics and compliance with the specified quality
requirements, the formulations (F1-F5) were assessed for
organoleptic properties, homogeneity, pH, viscosity, spray
pattern, emulsion type, globule size, and evaporation time.

Spray pattern test

The spray patterns of the five formulations are presented in fig.

1, and the corresponding spray diameters are summarized in

tab. 3. The spray pattern response generated from the simplex

lattice design (SLD) is described by equation (1):
y=944A+12.04B + 2.86AB o)

where y = spray pattern (cm); A = concentration of xanthan

gum; B = concentration of PEG 400; and AB = the interaction
between xanthan gum and PEG 400.

Parameter Specification F1 F2 F3 F4 F5
Organoleptic Green Conform Conform Conform Conform Conform
brownish, -
liquid, and
rose fragrance
Homogeneity No coarse particles  Conform Conform Conform Conform Conform
pH 4.5-70 541 541 548 547 547
Viscosity 40-400 cP 1186 £ 0.25 81.55 £ 0.99 7207 £312 9230 +£272 63.52 +1.60
Spray pattern Spread evenly Spray evenly Spray evenly Spray evenly Spray evenly Spray evenly
with diameter with diameter with diameter11.5  with diameter11.5  with diameter
95+ 0.3 cm 12+ 012 cm +036cm +0.66 cm 12+ 012cm
Emulsion type o/wW O/W Oo/W Oo/W o/w Oo/wW
Globule size 01-100 pm 2525+532pum 4938 + 0.81 pm 4724 £ 0.64 pm 42.24 + 034 um 4574 £148 pm
Evaporation time Not more than 5 2.59 +0.08 260+033 2.85+ 002 2.80 £ 002 2.84 £003
minutes minutes minutes minutes minutes minutes
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Fig. 1. Graphical plot of the spray pattern to concentrate xanthan gum and PEG 400.
Source: Own elaboration
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Fig. 2. Graphical plot of viscosity versus concentrations of xanthan gum and PEG 400.
Source: Own elaboration

Viscosity measurement
The viscosity response generated from the SLD is described
by equation (2):

y=120.52A +79.37B - 114.69AB )

where y = viscosity (cP); A = xanthan gum concentration;
B =PEG 400 concentration; and AB = the interaction between
xanthan gum and PEG 400. Fig. 2 shows the graphical rela-
tionship between xanthan gum concentration, PEG 400 con-
centration, and viscosity.

Two Component Mix

1.000
1
Desirabiity 1.000
0.800
>
=
8 0600
[
[}
=
3
O 0400
0.200
2
0.00 T T T T T
A: 0.1 0.325 0.55 0.775 1
B: 8.9 8.675 8.45 8.225 8

A: Xanthan Gum
B: PEG 400

Fig. 3. Desirability values of formulas 1-5. Source: Own elaboration.

Tab. 4 presents the analysis of variance (ANOVA) results for
the SLD models. The viscosity model showed a statistically
significant effect of xanthan gum and PEG 400 concentrations
(p=00238). Similarly, the spray pattern model was statistically
significant (p = 0.0061). Both models showed good fit, with R?
values of 0.9762 and 0.9939 for viscosity and spray pattern,
respectively.

Tab. 4. SLD of variables of viscosity and spray pattern. Source: Own elaboration.

Response Sum of Degrees of Mean
. p-value R?
Variable squares  Freedom (df) square
Viscosity 177752 2 88876 00238 09762
S
. 467 2 234 00061 09939
pattern

The optimization results obtained using Design-Expert®
13.0 software are presented in fig. 3. F1, containing 1% xanthan
gum, showed the highest desirability value (1000) among the
five formulations and was selected as the optimal formulation.
The remaining formulations exhibited lower desirability
values.

® Stability of the sunscreen spray formulation

The results of the stability evaluation of the sunscreen
spray formulations during storage at room temperature are
presented in fig. 4. Throughout the 28-day storage period, all
formulations complied with the specified evaluation criteria.
No substantial changes in pH, spray pattern, viscosity, globule
size, or evaporation time were observed.
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(d) globule size, and (e) evaporation time. Source: Own elaboration.

The results of the stability evaluation following three
freeze-thaw cycles are presented in fig. 5. All formulations
remained stable after the test and continued to comply with
the evaluation criteria specified. No marked changes in pH,
spray pattern, viscosity, globule size, or evaporation time were
observed following the freeze-thaw cycles.

Fig. 6 shows the physical appearance of the sunscreen spray
formulations after centrifugation at 3000 rpm for 30 min.
All formulations remained homogeneous, retained their
greenish-brown color and liquid consistency, and showed no
evidence of phase separation following centrifugation.
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® Skin hydration level test results

Fig. 7 shows the distribution of skin hydration values measured
at baseline (T0), after 14 days of application (T14), and after
28 days of application (T28).

The normality of the skin hydration data at TO, T14, and T28
was assessed using normal Q-Q plots (Fig. 8). The data showed
an approximately normal distribution, with no outliers among
the 18 participants.

The skin hydration values measured at TO, T14, and T28 were
compared using one-way analysis of variance. A statistically
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significant difference was observed among the three
measurement time points (p = 0.0249). A comparison of the
skin hydration values is presented in fig. 9.

DISCUSSION

Extraction of Centella asiatica L.

Macerationwas selected as the extraction method to minimize
the degradation orloss of heat-sensitive constituents because
the process is carried out without heating [12]. Ethanol (96%)
was used as the extraction solvent because it effectively
extracts semipolar compounds from Centella asiatica L.,
which contains triterpenes, phenolic compounds, alkaloids,
vitamins, and amino acids [13]. The water-soluble extract
complied with the requirements of the Indonesian Herbal
Pharmacopoeia (<10%), indicating that the extract quality
was acceptable. The extraction yield was 60.14%, which was
considerably higher than the 36.37% reported by Djoko et al
[14]. This difference may reflect variations in the extraction
procedure. In this study, maceration was performed for
3 x 24 h, whereas Djoko et al. employed repeated maceration
cycles. Differences in extraction duration, solvent-to-material
ratio, particle size, and extraction conditions affect extraction
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efficiency and yield. According to the Indonesian Herbal
Pharmacopoeia (2017), the minimum acceptable extraction
yield of Centella asiatica L. ethanol extract is 7.2%; therefore,
the yield obtained in this study fulfilled the pharmacopoeia
requirement. The semipolar constituents, particularly
triterpenoids and flavonoids, extracted with 96% ethanol are
recognized for their antioxidant, anti-inflammatory, wound-
healing, and skin-protective properties, making them relevant
for sunscreen formulations [15].



® Preparation and evaluation of the sunscreen
emulsion spray

Organoleptic and homogeneity tests

Organoleptic evaluation showed that all formulations
exhibited a similar brownish-green color, liquid consistency,
and a characteristic rose fragrance due to the added fragrance
component. The brownish-green color originated from the
incorporation of ethanol extract of Centella asiatica L. As
the extract concentration increased, its characteristic color
and herbal odor became more pronounced. Although the
natural color of the extract could not be eliminated, it did
not leave noticeable staining on the skin after application.
A rose fragrance was incorporated to improve the sensory
acceptability of the formulation to mask the characteristic
herbal odor. Fragrance is an important sensory attribute of
cosmetic products because it enhances user acceptance
and contributes to a pleasant application experience, even
though it does not directly influence product efficacy [16].
In addition, all formulations were homogeneous and free of
coarse particles, indicating uniform ingredient dispersion.
Good homogeneity is an important quality attribute because
it contributes to the physical stability and enhances user
comfort during topical application by providing a smooth
texture, uniform spreading, and minimizing the perception
of grittiness on the skin [17].

DpH measurement

All formulations exhibited pH values that complied with
the specified requirements (Tab. 3). The formulations were
designed to have pH values close to the skin's physiological
pH. The skin surface, particularly the SC, normally exhibits
a slightly acidic pH ranging from approximately 4.1 to 5.8,
whereas the pH gradually increases with epidermal depth
until it approaches the physiological pH of approximately 74
[18]. Developing topical products within this pH range helps
maintain the skin barrier, minimizes the risk of irritation,
and supports product compatibility with the natural skin
environment [19].

Spray measurement

Based on the regression equation, both xanthan gum and PEG
400 showed positive coefficients, indicating that the spray
pattern diameter increased with increasing concentration of
either component. PEG 400 exhibited a greater positive effect
(+12.04) than xanthan gum (+9.44), suggesting that PEG 400
played a more dominant role in improving spray performance.
Xanthan gum is a high-molecular-weight polysaccharide
that forms a three-dimensional network within the aqueous
phase, increasing viscosity and providing structural resistance
to flow [20]. Conversely, PEG 400 acts as a low-molecular-
weight polyol that interacts with xanthan gum chains

through hydrogen bonding, thereby reducing polymer chain
entanglement and improving chain mobility. Consequently,
the viscosity of the emulsion decreases, facilitating liquid
atomization during spraying and producing a wider spray
pattern [21]. Therefore, optimizing the ratio of xanthan gum
to PEG 400 is essential for achieving rheological properties
that promote efficient atomization [22].

Viscosity measurement

The regression equation (Equation 2) showed that both
xanthan gum and PEG 400 positively affected the viscosity of
the emulsion. Xanthan gum exhibited a greater effect (+120.52)
than PEG 400 (+79.37), indicating that xanthan gum was the
primary contributor to viscosity enhancement. This finding
is consistent with the well-established rheological behaviour
of xanthan gum as a high-molecular-weight polysaccharide
that forms an entangled three-dimensional network in the
aqueous phase, thereby increasing flow resistance and
improving the emulsion’s structural integrity [23, 24].

The interaction term between xanthan gum and PEG 400
showed a negative coefficient (-114.69), indicating that their
combination reduced viscosity compared with the individual
effects of each component. PEG 400 acts as a low-molecular-
weight polyol that interacts with xanthan gum chains
through hydrogen bonding, thereby reducing polymer chain
entanglement and increasing chain mobility. Consequently,
the polymer network becomes less rigid, decreasing the
formulation’s overall viscosity [25].

The ANOVA results confirmed that the quadratic model
was statistically significant (p = 0.0238), indicating that
variations in xanthan gum and PEG 400 concentrations
significantly affected the viscosity response. The high
coefficient of determination (R? = 0.9762) demonstrated that
the model adequately described the relationship between
the formulation variables and viscosity. Consistent with
the regression model, the contour plot (Fig. 2) showed that
increasing the xanthan gum concentration progressively
increased viscosity, whereas increasing the proportion of PEG
400 reduced the formulation viscosity through its interaction
with the xanthan gum polymer network. Therefore, optimizing
the xanthan gum-to-PEG 400 ratio is essential for achieving
rheological properties that promote efficient atomization.
The greater coefficient of PEG 400 indicates that this
component contributed more substantially to increasing the
diameter of the spray pattern than xanthan gum. This effect
islikely attributable to the formulation’s lower viscosity, which
facilitates droplet breakup during atomization and produces
awider spray pattern [26].

Determination of the emulsion type
The emulsion type was evaluated to confirm that the
intended emulsion system was successfully produced by
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the manufacturing process. All formulations were oil-in-
water (O/W) emulsions, which are preferred for topical
spray preparations because they are easily spread, readily
washed off with water, and provide a non-greasy skin feel
[27]. The formation of an O/W emulsion can be attributed
to the composition of the formulation, in which the oil
phase, consisting mainly of octocrylene (10%) and butyl
methoxydibenzoylmethane (5%), accounted for only
approximately 15% of the total formulation, while the
remaining components were predominantly hydrophilic
and constituted the continuous aqueous phase [28]. PEG
400, a highly hydrophilic polyol, acts as a co-emulsifier and
co-solvent that improves the compatibility between the
oil and aqueous phases. By forming a three-dimensional
polymer network, xanthan gum increases the viscosity of
the aqueous phase and stabilizes dispersed oil droplets [29].
Consequently, the oil phase remained dispersed within the
aqueous continuous phase, forming an O/W emulsion. This
finding is consistent with the emulsion theory, which states
that O/W emulsions are favoured when the aqueous phase
predominates and the stabilizing agents exhibit greater
affinity for water than for oil.

Observation of the globule size

The globule size test evaluated whether the emulsion droplets
were within the acceptable size range for conventional
emulsions (0.15-100 um) [30]. The measurement results
showed that all formulations had globule sizes within
this range, indicating successful emulsion formation and
good physical characteristics. Globule size is an important
parameter that influences the stability, appearance, and skin
delivery behaviour of topical emulsions. Excessively small
droplets are generally undesirable in sunscreen formulations,
as several studies have reported that smaller emulsion
droplets may enhance skin penetration by increasing the
contact area between the formulation and the skin [31]. Since
sunscreens are intended to remain primarily on the skin
surface to provide effective UV protection, maintaining an
appropriate globule size may help minimize excessive skin
penetration while ensuring adequate film formation and
product performance [32].

Evaporation time test

The evaporation time test evaluated the time required for
the sprayed formulation to dry and form a film on the skin
surface. All formulations exhibited evaporation times of 5 min
(2.59-2.85min), indicating rapid drying after application while
remaining within the acceptable specification for topical spray
preparations. A short evaporation time is desirable because it
improves user convenience and enables a protective film to
form shortly after application [33].
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The slight differences in evaporation time among the
formulations can be attributed to the varying concentrations
of xanthan gum and PEG 400. Formulations with higher
xanthan gum levels tended to exhibit slightly longer drying
times because increased aqueous-phase viscosity reduces
water mobility and slows solvent evaporation. Xanthan gum
forms a 3D polymer network that retains water molecules
through hydrogen bonding, thereby delaying moisture loss
from the formulation [23]. PEG 400 also affects evaporation
behaviour. As a hydrophilic polyol with hygroscopic properties,
PEG 400 strongly interacts with water molecules and reduces
their evaporation rate [34]. In addition, butylene glycol (10%),
another hygroscopic humectant in the formulation, further
retains moisture and supports a more gradual drying process.
These findings are consistent with Sawatdee et al., who
reported evaporation times of approximately 3.4-4.8 min for
topical spray formulations, showing that hydrophilic polymers
and humectants can moderately prolong evaporation while
maintaining acceptable drying characteristics for topical
application [35].

The optimization performed using Design-Expert® 13.0
identified F1, containing 1% xanthan gum, as the optimal
formulation with a desirability value 0f 1.000. In the desirability
function approach, values closer to 1indicate that the predicted
responses simultaneously satisfy the predefined optimization
criteria to a greater extent [36]. The selection of F1suggests that
this formulation provided the most favourable balance among
the evaluated responses, including viscosity, spray pattern, pH,
evaporation time, globule size, and physical stability.

® Stability of the sunscreen spray formulation

Stability testing evaluated the physicochemical properties
of the sunscreen spray formulations under normal storage
conditions, temperature fluctuations, and accelerated
mechanical stress. All formulations remained physically
stable and complied with the specified acceptance criteria
throughout 28 days of storage at room temperature. Similarly,
after three freeze—thaw cycles and centrifugation at 3000
rpm for 30 min, no significant changes in pH, viscosity, spray
pattern, globule size, evaporation time, or physical appearance
were observed. No phase separation, creaming, or changes
in color or consistency were detected, indicating that the
emulsion system maintained its structural integrity under
the tested conditions.

The excellent physical stability observed in all formulations
can be attributed primarily to the stabilizing effect of xanthan
gum. As a high-molecular-weight polysaccharide, xanthan
gum forms a hydrated polymer network within the continuous
aqueous phase and can establish a protective multilayer
around dispersed oil droplets [37]. This hydrated layer provides
steric stabilization by preventing close contact between
droplets, thereby reducing flocculation and coalescence.



Furthermore, xanthan gum substantially increases the
continuous-phase viscosity, limiting droplet mobility and
slowing gravitational separation [38, 39].

PEG 400 acts as a hydrophilic co-emulsifier. PEG molecules
preferentially partition into the aqueous phase and
accumulate at the oil-water interface, reducing interfacial
tension [40]. These mechanisms increase the kinetic stability
of the emulsion by minimizing droplet aggregation and phase
separation. Furthermore, the predominance of the aqueous
phase and the relatively small, uniformly distributed globules
contributed to emulsion stability [41].

The freeze-thaw test is an accelerated stability study
designed to evaluate emulsions’ resistance to repeated
temperature changes, which may induce droplet coalescence
orphase separation duetoice crystal formation and interfacial
tension changes. The absence of significant changes after
three freeze-thaw cycles suggests that despite repeated
thermal stress, the interfacial film surrounding the dispersed
oil droplets remained intact. Similarly, the centrifugation
test applies accelerated gravitational force to predict long-
term physical instability. The absence of phase separation
after centrifugation indicates that the emulsion possessed
sufficient kinetic stability to resist creaming and coalescence
under mechanical stress. Overall, the optimized combination
of xanthan gum and PEG 400 provided adequate stabilization
of the sunscreen spray formulation, enabling the product to
maintain its physicochemical characteristics under both
normal and accelerated storage conditions.

® Skin hydration level test

Skin hydration was evaluated to determine the moisturizing
effect of the sunscreen after repeated application. The results
demonstrated a progressive increase in skin hydration from
TO to T14 and T28, with a statistically significant difference
among the three time points (p = 0.0249). This finding indicates
that continuous application of the formulation effectively
improved skin hydration over the 28-day study period. The
moisturizing effect is likely attributable to the combined
actions of the ingredients in the formulation. Butylene glycol
and PEG 400 function as humectants that attract and retain
water within the SC, thereby increasing skin hydration [42].
In addition, xanthan gum forms a thin hydrophilic film on the
skin surface, which helps reduce TEWL and prolongs moisture
retention after application [43].

The active botanical ingredients also contributed to the
observed improvement in skin hydration. Centella asiatica
L. extract contains triterpenoids, including asiaticoside,
madecassoside, asiatic acid, and madecassic acid, which
support skin barrier repair and enhance moisture retention [44].
Meanwhile, Avena sativa (oat) kernel flour contains 3-glucans,
polysaccharides, and lipids that form a protective moisturizing
film on the skin surface while improving barrier function and

reducing water loss [45]. The combined moisturizing effects of
these botanical ingredients and the humectants present in the
formulation likely contributed to the sustained increase in skin
hydration observed after 28 days of application.

These findings suggest that the sunscreen spray possesses
moisturizing properties that may improve skin comfort during
regular use in addition to providing ultraviolet protection. This
is particularly advantageous because prolonged sun exposure
impairs the skin barrier and increases TEWL, resulting
in skin dryness. Therefore, a sunscreen formulation that
simultaneously protects against UV radiation and maintains
skin hydration may provide additional benefits for long-term
skin health.

CONCLUSIONS

A sunscreen spray emulsion containing Centella asiatica
L. ethanol extract and Avena sativa (oat) kernel flour was
successfully optimized using a SLD. The combination
of xanthan gum and PEG 400 played an important
role in determining the formulation’s physicochemical
characteristics and spray performance, enabling the
development of a stable O/W sunscreen spray with suitable
properties for topical application. The optimized formulation
remained physically stable under both room-temperature
storage and accelerated stability conditions and demonstrated
a significant improvement in skin hydration following
repeated application, indicating its potential to provide both
photoprotective support and moisturizing benefits. These
findings suggest that the developed formulation is a promising
topical sunscreen spray incorporating natural ingredients for
skin protection and hydration. Future studies should evaluate
its UV protection efficacy through in vitro and in vivo testing of
the sun protection factor (SPF) to further establish its clinical
performance.
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