®JNPDD

Journal of Natural Product for Degenerative Diseases
https://journal.univpancasila.ac.id/index.php/Natural

Development and Optimization of Facial Wash Gel with
Okra Fruit (Abelmoschus esculentus) Extract: a Study on
HPMC Concentration Variations

Ana Yulyana®?, Annisya Maulidia Putri2, Eko Mugiyanto?

Department of Pharmacy, Faculty of Pharmacy, Pancasila University, South Jakarta, Indonesia

2Faculty of Pharmacy, Institut Sains dan Teknologi Nasional (ISTN) Jakarta, Indonesia

3Professional Educational Program in Pharmacy, Faculty of Health Sciences, University of Muhammadiyah
Pekajangan Pekalongan , Jawa Tengah, Indonesia

*Corresponding Author: anaycantigi@gmail.com

Received: 24 January 2025 / Accepted: 20 March 2025

ABSTRACT: The stability of facial wash gel formulations is influenced by the concentration of Hydroxypropyl
Methylcellulose (HPMC), which plays a crucial role in determining viscosity, homogeneity, spreadability, and foam
stability. This study aimed to evaluate and optimize the physical stability of facial wash gel containing okra extract 3%
(Abelmoschus esculentus (L.) Moench) by varying HPMC concentrations (1, 1.5, and 2%). The formulations were assessed
for homogeneity, syneresis, pH stability, viscosity, spreadability, and foam stability over a 28-day storage period at
room temperature (25°C). Statistical analysis was performed using SPSS version 27, including Shapiro-Wilk normality
test, Levene’s test for homogeneity, One-Way ANOVA, and Tukey’s post-hoc test to determine significant differences
among formulations. The results showed that HPMC concentration significantly influenced gel stability. F1 (1% HPMC)
exhibited syneresis, excessive spreadability, and lower viscosity, indicating poor structural integrity. F2 (1.5% HPMC)
maintained moderate stability but showed significant changes in spreadability over time. F3 (2% HPMC) demonstrated
the best stability with optimal viscosity, minimal syneresis, controlled spreadability, and consistent foam formation. pH
values for all formulations remained within the acceptable range (4.5-7.8, SNI 16-4380-1996). Foam stability (60-70%)
met regulatory standards (SNI 16-4085-1996), with higher HPMC concentrations contributing to increased foam
retention. The study confirms that HPMC concentration is a key determinant of gel stability. F3 (2% HPMC) exhibited
the most stable formulation, balancing viscosity, spreadability, and foam stability, making it the optimal formulation
for facial wash gel development. These findings highlight the importance of gelling agent optimization in cosmetic
formulations, ensuring both product stability and consumer acceptability.

KEYWORDS: Abelmoschus esculentus; antioxidant; facial wash gel; HPMC; okra extract; skincare.

1. INTRODUCTION

Facial care products have seen remarkable growth globally, driven by increasing consumer awareness of
skincare, advancements in cosmetic formulations, and the rising demand for natural and functional
ingredients. The global facial care market is projected to expand significantly, with a surge in interest in herbal
and plant-based skincare formulations [1]. This trend is particularly strong in Indonesia, where traditional
medicine and natural remedies play a crucial role in skincare practices [2]. The growing preference for organic
and chemical-free products has encouraged extensive research into botanical extracts for their therapeutic and
aesthetic benefits. Among these, herbal-based facial wash gels have gained popularity due to their mildness,
deep cleansing ability, and added skincare benefits [3]. Consumers seek facial wash products that not only
cleanse the skin but also offer antioxidant protection, hydration, and soothing effects. Consequently, the
development of innovative facial wash formulations with natural extracts has become a focal point in cosmetic
research.

Gels are among the most preferred formulations in facial care due to their light texture, ease of
application, and ability to deliver active ingredients efficiently [4]. Hydroxypropyl Methylcellulose (HPMC)
is commonly used as a gelling agent in cosmetic formulations due to its excellent film-forming properties,
stability, and biocompatibility [5]. HPMC-based gels exhibit desirable viscosity, spreadability, and stability,
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making them suitable for use in facial wash formulations [6]. The concentration of HPMC in a formulation
plays a vital role in determining the texture, consistency, and efficacy of the final product. An optimal
concentration of HPMC ensures the gel remains stable over time, does not undergo phase separation, and
provides a smooth application experience. Studies have demonstrated that varying HPMC concentrations can
significantly influence the physical and rheological properties of gel-based formulations, impacting their
usability and effectiveness [6], [7]. Thus, optimizing the concentration of HPMC in a facial wash gel is crucial
to achieving the desired performance and consumer acceptance.

Okra (Abelmoschus esculentus L. Moench) is a widely recognized medicinal plant valued for its diverse
biological activities and rich phytochemical profile. Traditionally used as a functional food, okra is now
gaining attention for its potential applications in skincare due to its high content of flavonoids, polyphenols,
and mucilage [8]. These bioactive compounds contribute to okra’s antioxidant, anti-inflammatory, and
moisturizing properties, making it a promising ingredient for cosmetic formulations [9]. The antioxidant
activity of okra extract helps combat oxidative stress, a major factor in skin aging and damage caused by
environmental pollutants. Additionally, the mucilage present in okra provides hydration and forms a
protective barrier on the skin, enhancing moisture retention [10]. The presence of polysaccharides and
vitamins in okra further supports its use in skincare by promoting skin elasticity and protecting against
dryness [11]. Given these beneficial properties, incorporating okra extract into facial wash formulations offers
a natural approach to skin protection and rejuvenation.

The combination of okra extract with HPMC in a gel-based facial wash presents an opportunity to
develop a stable and effective skincare product with enhanced functional benefits. Prior research on okra-
based formulations has highlighted its potential in moisturizing and anti-aging products, but limited studies
have explored its application in facial wash gels [12]. The selection of an appropriate gelling agent, such as
HPMC, is crucial for maintaining the stability and effectiveness of the formulation. The interaction between
okra extract and HPMC needs to be carefully evaluated to ensure that the formulation maintains an optimal
consistency while delivering the intended skin benefits. Moreover, previous studies suggest that variations in
HPMC concentration can impact the viscosity, spreadability, and foam stability of gel-based cleansers [13].
Therefore, an in-depth investigation into the effect of different HPMC concentrations on the physical stability
of an okra-based facial wash gel is essential to optimize its formulation. Lastly, this study aims to develop and
optimize a facial wash gel incorporating okra fruit extract by evaluating the effect of HPMC concentration on
its physical stability. The research focuses on determining the ideal concentration of HPMC to achieve the
best balance of viscosity, homogeneity, foam height, and antioxidant efficacy. By assessing the formulation’s
performance based on established cosmetic standards, this study contributes to the growing body of research
on herbal-based facial care products. The findings are expected to provide valuable insights into the
formulation of plant-extract-based skincare products, paving the way for further innovation in natural
cosmetics.

2. MATERIALS AND METHODS
2.1. Preparation of Okra Fruit Extract

The preparation of okra fruit extract begins with collecting fresh, green okra fruits, which are thoroughly
washed, deseeded, and cut into smaller pieces for faster drying. The material is then oven-dried at 50°C for
approximately 3 hours before being ground into a fine powder. The okra extract is obtained through
maceration, where 400g of okra powder is soaked in 3L of ethanol in a sealed glass container for 5 days. The
filtrate is then evaporated using a rotary evaporator to obtain a thick extract, which is further dried in an oven
at 40°C until all ethanol evaporates [14].

2.2. Phytochemical Screening

Phytochemical screening was conducted to identify the bioactive compounds present in the okra fruit
extract. The alkaloid test was performed by adding 0.5 g of the extract to 0.5 mL of 1% HCI, followed by 1-2
drops of Dragendorff’s reagent. A positive result was indicated by the formation of a reddish-brown
precipitate, while Mayer’s reagent produced a white precipitate, and Bouchardat’s reagent resulted in a dark
brown precipitate [15], [16]. The flavonoid test involved mixing 0.5 g of the extract with 1-2 mL of hot water
and magnesium powder, followed by 4-5 drops of concentrated HCI. A color change to red, yellow, or orange
confirmed the presence of flavonoids [15], [16]. The tannin test was conducted by boiling 0.5 g of the extract
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with 5 mL of distilled water for 15 minutes, followed by the addition of 1% FeCl; solution. The formation of a
dark blue to blackish-green color indicated the presence of tannins. The saponin test was carried out by adding
5 mL of hot water to 0.5 g of the extract and shaking it for 1 minute. The presence of persistent foam, even after
the addition of 2N HCI, confirmed a positive result for saponins [17]. To detect steroids and triterpenoids, the
Liebermann-Burchard test was used. A 0.5 g sample of the extract was dissolved in chloroform and treated
with Liebermann-Burchard reagent (acetic anhydride and concentrated H,SO,). The formation of a blue-green
ring indicated steroids, while a brown-purple ring confirmed the presence of triterpenoids. Lastly, the
phenolic test was conducted by mixing 0.5 g of the extract with 1-5 mL of distilled water and 10% FeCl;
solution. A dark blue or black color change indicated the presence of phenolic compounds [18].

2.3. Formulation of Facial Wash Gel with Okra Extract

The required ingredients were accurately weighed according to the formulation. A beaker glass was
calibrated before use, and HPMC was dispersed into preheated distilled water, then stirred using a magnetic
stirrer until fully hydrated and homogeneous (referred to as Phase A). Separately, methylparaben, Na-EDTA,
okra fruit extract, and glycerin were dissolved in propylene glycol and then added to Phase A. After thorough
mixing, Sodium Lauryl Sulfate (SLS), Triethanolamine (TEA), and green tea oil were incorporated into the
mixture and stirred until a uniform and homogeneous facial wash gel was obtained. The formulation was
prepared as outlined in Table 1. The facial wash gel formulations were prepared using three different
concentrations of Hydroxypropyl Methylcellulose (HPMC) as the gelling agent: 1% (F1), 1.5% (F2), and 2%
(F3), while maintaining other ingredients at constant concentrations. The formulation was adapted from
previous studies with necessary modifications [19].

Table 1. Formulation of Facial Wash Gel with Okra Fruit Extract.

Ingredients Formula

F1 F2 F3
Okra Fruit Extract 3 3 3
Methylparaben (Nipagin) 0.2 0.2 0.2
Propylene Glycol 15 15 15
HPMC (Hydroxypropyl Methylcellulose) 1 1.5 2
Fragrance Oil (Green Tea) 0.1 0.1 0.1
Sodium Lauryl Sulfate (SLS) 1 1 1
Disodium EDTA (Na-EDTA) 0.1 0.1 0.1
Triethanolamine (TEA) 1 1 1
Glycerin 3 3 3
Aqua Destillata (Aquadest) Ad 100 Ad 100 Ad 100

2.4. Physical Evaluation of Facial Wash Gel with Okra Fruit Extract

The organoleptic test was conducted to assess the color, odor, texture, and consistency of the formulation
using sensory evaluation. According to SNI 06-4085-1996, an ideal facial wash should exhibit a liquid form
with a characteristic aroma and color [20]. The homogeneity test was performed by microscopic observation,
where 0.1g of the sample was placed between two glass slides and examined for coarse particles. A
formulation was considered homogeneous if no visible coarse particles were observed. Further, the syneresis
test was carried out by storing the gel at room temperature for 24 hours and visually inspecting for water
separation. Each sample was placed in an evaporating dish to collect any exuded water on the gel surface [21].
The pH test was conducted using a pH meter, where 3.0 g of the sample was diluted with 30 mL of distilled
water in a beaker glass. Calibration was performed using buffer solutions (pH 4.7-9.0), and the pH value was
measured. The acceptable pH range for facial wash formulations is 4.5-7.8, aligning with SNI 16-4380-1996.

The viscosity test was determined using a Brookfield Viscometer, where 30.0 g of the sample was placed
in a cone-shaped container, and spindle No. 4 was set at 12 rpm. Measurements were recorded by increasing
the shear rate from 0.5/s to 100/s [22]. The spreadability test was conducted by placing 0.5 g of the formulation
on a glass plate and applying a 50-150 g load for 1 minute. A good gel formulation should exhibit a
spreadability of 5-7 cm [23]. Moreover, the foam stability test was performed by dissolving 0.5 g of the sample
in 10 mL of distilled water in a test tube, followed by shaking. The initial foam height was measured, and after
5 minutes, the foam stability was re-evaluated [23]. Lastly, the physical stability test was conducted by storing
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the facial wash gel for 28 days at room temperature (25°C). Physical characteristics, including organoleptic
properties, homogeneity, syneresis, pH, viscosity, spreadability, and foam stability, were monitored
throughout the study.

2.5. Data Analysis

The data analysis for organoleptic, homogeneity, and syneresis tests was conducted through visual
observation, where the formulations were directly examined for physical characteristics. For pH, viscosity,
spreadability, and foam stability tests, statistical analysis began with normality testing using the Shapiro-Wilk
test. If the data were normally distributed, homogeneity of variance was assessed using Levene’s test. When
the data met both normality and homogeneity assumptions, a parametric One-Way ANOVA was performed
to determine the effect of varying HPMC concentrations on the physical stability of the facial wash gel
containing okra extract. If the data did not follow a normal distribution or exhibited heterogeneous variance,
the non-parametric Kruskal-Wallis test was used instead.

3. RESULTS
3.1. Phytochemical Screening Results

Okra is a widely recognized plant known for its rich phytochemical composition and potential therapeutic
applications. Various studies have reported that okra contains bioactive compounds such as flavonoids,
alkaloids, tannins, phenols, saponins, and triterpenoids, which contribute to its antioxidant, anti-
inflammatory, and antimicrobial properties [24]. The presence of these metabolites makes okra a promising
candidate for incorporation into cosmetic and pharmaceutical formulations. In this study, six phytochemical
screening tests were conducted to identify the presence of alkaloids, flavonoids, tannins, saponins,
triterpenoids, and phenolic compounds in okra extract. The screening aimed to confirm the bioactive
components that could contribute to the functional properties of the facial wash gel formulation. Based on the
qualitative observations, okra extract tested positive for all six metabolites, confirming the presence of
alkaloids, flavonoids, tannins, saponins, triterpenoids, and phenolic compounds. These findings align with
previous studies that highlight the diverse chemical constituents of okra and its potential as an active
ingredient in skincare formulations [25].

3.2. Stability Evaluation of Facial Wash Gel

The stability evaluation of the facial wash gel formulations was conducted by storing the samples at room
temperature (25°C) for 1, 7, 14, 21, and 28 days. Observational analysis revealed distinct differences in the
physical characteristics of the three formulations. F1 exhibited a yellowish-brown color with a less viscous gel
texture and a characteristic green tea fragrance. F2 showed a yellowish-brown color, a moderately viscous gel
texture, and the same green tea fragrance. Meanwhile, F3 had a yellowish-brown color with a thicker gel
consistency and a green tea fragrance. The variations in gel texture among F1, F2, and F3 were influenced by
the concentration of the gelling agent HPMC, where a higher HPMC concentration resulted in increased gel
consistency and viscosity. Observations throughout the storage period indicated that F1 underwent physical
changes, whereas F2 and F3 remained physically stable. The instability in F1 could be attributed to syneresis,
which led to a reduction in viscosity and subsequently altered the formulation's consistency. This
phenomenon highlights the importance of optimizing HPMC concentration to ensure formulation stability.
The organoleptic evaluation results are presented in Figure 1, demonstrating the physical characteristics of
each formulation over the storage period.
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Heatmap of Organoleptic Test Results
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Figure 1. Heatmap visualization of organoleptic test results for facial wash gel with okra extract over a 28-
day storage period. The heatmap represents changes in color, odor, and texture for each formulation (F1,
F2, and F3). The encoded values correspond to different organoleptic characteristics, with color intensity
indicating variations in consistency and stability across the storage period. The numerical encoding used in
the heatmap represents the following attributes: 1 - Yellowish Brown (Color), 2 - Green Tea (Odor), 3 - Less
Gel Thick (Texture), 4 - Liquid Gel (Texture), 5 - Slightly Consistent Gel (Texture), and 6 - Thick Gel
(Texture). The transition in color intensity illustrates the gradual change in formulation properties over

time, with darker shades indicating increased consistency and stability in the gel formulation.

3.3. Homogeneity Test Results

The homogeneity test was conducted to determine the presence of coarse particles in the facial wash gel
with okra extract. Ensuring homogeneity in topical formulations is crucial, as these products are applied
directly to the skin, requiring uniform dispersion of active ingredients to achieve optimal effectiveness [26]. A
non-homogeneous formulation may lead to inconsistent product performance and reduced stability,
impacting its overall efficacy. Based on observations, F1 (1% HPMC) and F2 (1.5% HPMC) exhibited syneresis
after 28 days of storage, resulting in a loss of homogeneity and physical instability. Syneresis occurred due to
water separation from the gel matrix, accumulating on the surface of the formulation. This instability was
likely caused by the low concentration of the gelling agent, which was insufficient to retain water molecules
during storage at room temperature. These findings are consistent with the previous study, which reported
that low concentrations of gelling agents lead to excessive water absorption, resulting in weak gel structures
that are more prone to syneresis [27]. Further, increasing the gelling agent concentration has been shown to
reduce syneresis, as higher concentrations promote the formation of strong double-helix structures, enhancing
water retention and preventing water loss from the gel matrix [28]. Several other factors can contribute to
syneresis, including pH fluctuations, stirring technique and pressure, temperature changes, and high salt
content. The *homogeneity test results and syneresis observations for each formulation are presented in Figure
2.
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Heatmap of Homogeneity and Syneresis Test Results
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Figure 2. Heatmap visualization of homogeneity and syneresis test results for facial wash gel with okra fruit
extract over a 28-day storage period. The heatmap represents the variations in homogeneity and syneresis
for each formulation (F1, F2, and F3). The encoded values correspond to different stability conditions: 1 -
Homogeneous (H), 2 - Not Homogeneous (TH), 3 - No Syneresis (TTS), 4 - Syneresis Occurred (TS), and 5 -
Severe Syneresis (S). The color intensity indicates the degree of instability, with lower values (blue)
representing more stable formulations and higher values (red) indicating increased phase separation and
water release.

3.4. pH Stability Test Results

The pH analysis of F1, F2, and F3 revealed fluctuations in pH values throughout the storage period;
however, all formulations remained within the normal skin pH range, indicating stability (Figure 3).
Variations in pH values were likely influenced by environmental factors such as light exposure and handling
during evaluation. This observation aligns with the findings of previous reported, who reported that pH
changes can result from auto-oxidation reactions triggered by exposure to light and oxygen, as well as external
factors such as temperature and humidity [29]. Despite these fluctuations, all three formulations maintained
a pH range of 4.5 - 7.8, in accordance with SNI 16-4380-1996, confirming their stability throughout storage.
Furthermore, ANOVA results showed significant differences (p < 0.05) in pH stability for F1 and F2,
suggesting that HPMC concentration variations influenced pH changes over time, while F3 (p = 0.172, p >
0.05) did not exhibit significant differences during storage. Post-hoc Tukey’s test further identified specific
time points with significant differences in pH values. In F1, significant differences were observed between
Day 1 vs. Day 7 (p = 0.022), Day 7 vs. Day 28 (p = 0.00), and Day 21 vs. Day 28 (p = 0.00). Meanwhile, F2
showed significant differences between Day 1 vs. Day 28 (p = 0.019), Day 7 vs. Day 28 (p = 0.00), Day 14 vs.
Day 28 (p = 0.00), and Day 21 vs. Day 28 (p = 0.00).
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pH Stability of Facial Wash Gel Over Storage Period
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Figure 3. Line plot, boxplot, and statistical analysis of pH stability for facial wash gel with okra extract over
a 28-day storage period. The line plot visualizes pH fluctuations across different storage periods for
formulations F1, F2, and F3, with error bars representing standard deviations. The boxplot compares the
distribution of pH values among the three formulations, with ANOVA results indicating significant
differences. The final line plot incorporates Tukey's post-hoc significance labels, where different letters ("a",
"b", "c") indicate statistically significant differences between formulations. Despite minor fluctuations, all
formulations remained within the acceptable pH range (4.5 - 7.8) as per SNI 16-4380-1996, confirming their
stability during storage.

3.5. Viscosity Test Results

Based on Figure 4, all formulations experienced changes in viscosity over the storage period; however,
they remained within the acceptable viscosity range for facial wash gel (500-20,000 cP) as per Wahyuddin et
al. (2023) [30]. Differences in viscosity among the formulations were influenced by the HPMC concentration,
where a higher HPMC concentration resulted in a thicker gel. This finding aligns with Ruenraroengsak et al.
(2005), who stated that higher HPMC concentrations increase gel viscosity due to the formation of hydrogen
bonds between hydroxyl groups of HPMC and water molecules during dispersion [31]. The more hydroxyl
groups available, the stronger the gel network formed, leading to higher viscosity. Among the formulations,
F3 exhibited the most stable viscosity, with minimal fluctuations compared to F1 and F2, which showed more
significant changes. The variations in viscosity during storage could be attributed to environmental factors,
such as temperature fluctuations and storage conditions. This is consistent with Joshi (2011), who reported
that viscosity changes in gels can be influenced by temperature and packaging conditions, where non-airtight
containers may allow moisture absorption, increasing the water content in the gel and affecting its consistency
[32]. Furthermore, ANOVA analysis revealed significant differences in viscosity stability among formulations
(F1: p = 0.00, F2: p = 0.00, F3: p = 0.045, all < 0.05), indicating that HPMC concentration significantly affected
viscosity stability during storage. Tukey’s post-hoc test further identified specific time points with significant
differences: in F1, no significant difference was observed between Day 7 and Day 14 (p = 0.141) or between
Day 21 and Day 28 (p = 0.726). In F2, significant differences were found between Day 1 and Day 28 (p = 0.00),
Day 7 and Day 28 (p = 0.00), and Day 21 and Day 28 (p = 0.00), while F3 showed no significant differences
throughout the 28-day storage period, confirming its stability.
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Viscosity Stability of Facial Wash Gel Over Storage Period
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Figure 4. Line plot, boxplot, and statistical analysis of viscosity stability for facial wash gel with okra extract
over a 28-day storage period. The line plot illustrates viscosity changes across different storage periods for
formulations F1, F2, and F3, with error bars representing standard deviations. The boxplot compares the
distribution of viscosity values among the three formulations, with ANOVA results indicating significant
differences. The final line plot includes Tukey’s post-hoc significance labels, where different letters ("a", "b",
"c") indicate statistically significant differences between formulations.

3.6. Spreadability Test Results

Based on Figure 5, the spreadability test results for all three formulations indicate that an increase in
HPMC concentration leads to a decrease in spreadability. The spreadability test further showed that F1 did
not meet the required spreadability range of 5-7 cm, as per SNI No. 06-02588, due to excessive spreading
beyond the acceptable limit. Further, ANOVA analysis revealed that F1 (p = 0.84) and F3 (p = 0.23) showed no
significant differences in spreadability over the storage period, while F2 (p = 0.00) exhibited a significant
change in spreadability. Further analysis using Tukey’s post-hoc test confirmed that F2 had significant
differences between Day 7 and Day 28 (p = 0.00) and between Day 14 and Day 28 (p = 0.01), highlighting a
notable reduction in spreadability over time. These findings suggest that HPMC concentration plays a crucial
role in controlling the spreadability of the gel, with lower concentrations allowing excessive spreading and
higher concentrations limiting gel spreadability.
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Spreadability Stability of Facial Wash Gel Over Storage Period
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Figure 5. Line plot, boxplot, and statistical analysis of spreadability stability for facial wash gel with okra
extract over a 28-day storage period. The line plot illustrates changes in spreadability across different
storage periods for formulations F1, F2, and F3, with error bars representing standard deviations. The
boxplot compares the distribution of spreadability values among the three formulations, with ANOVA
results indicating significant differences. The final line plot includes Tukey’s post-hoc significance labels,
where different letters ("a", "b", "c") indicate statistically significant differences between formulations.

3.7. Foam Stability Test Results

The Foam stability test conducted over 28 days showed that the average foam stability for each
formulation was F1: 65.64%, F2: 67.08%, and F3: 68.69% (Figure 6), all of which met the required foam stability
range of 60-70%, as per SNI 16-4085-1996 (Evi Marlina et al., 2022) [33]. The HPMC concentration influenced
foam stability, as a higher concentration increased surface tension and surface area, resulting in greater foam
formation. This aligns with Buzzachi et al. (2006), who stated that foam formation is directly affected by surface
tension, where higher surface tension increases foam volume [34]. ANOVA analysis for foam stability before
5 minutes showed significant differences between formulations (F1: p = 0.02, F2: p = 0.02, F3: p = 0.03, all <
0.05), indicating variations in foam stability at the initial stage. However, after 5 minutes, ANOVA results
showed no significant differences (F1: p = 0.08, F2: p = 0.08, F3: p = 0.12, all > 0.05), suggesting that foam
stability equalized over time. Tukey’s post-hoc test revealed significant differences in F1 between Day 1 and
Day 7 (p = 0.02), F2 between Day 21 and Day 7 (p = 0.04) and between Day 21 and Day 14 (p = 0.03), and F3
between Day 1 and Day 7 (p = 0.03), indicating formulation-dependent changes in foam stability over time.
These results confirm that HPMC concentration influences initial foam stability, while long-term foam stability
remains unaffected across formulations.
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Foam Stability of Facial Wash Gel
?

68

S
g Formula
= B -
ol ——
o 67 ==
: B
(o]
[
66
F1 F2 F3
Formula
Foam Stability with Significance Labels
a
69
9
68 Formula
=
= a Ea F
©
& Ea R
5 B2 o
(e}
w
66 a
F1 F2 F3

Formula
Figure 6. Boxplot and statistical analysis of foam stability for facial wash gel with okra extract. The first
boxplot illustrates the distribution of foam stability values for formulations F1, F2, and F3, with ANOVA
results indicating significant differences. The second boxplot includes Tukey’s post-hoc significance labels,
where different letters ("a", "b", "c") indicate statistically significant differences between formulations.

4. DISCUSSION

Okra is a nutrient-dense plant with a wide range of phytochemicals, making it highly valuable for various
uses, including medicinal, nutritional, and cosmetic applications. Its fiber is composed of a-cellulose, lignin,
and waxy substances, while its richness in bioactive compounds such as flavonoids, alkaloids, tannins,
phenols, saponins, and triterpenoids contributes to its therapeutic and functional properties [35]. These
bioactive compounds are known for their antioxidant, anti-inflammatory, antimicrobial, and skin-soothing
effects, making okra a promising ingredient in pharmaceutical and cosmetic formulations [35]. Additionally,
the plant is abundant in other beneficial components like pectin, mucilage, proteins, fats, and essential
minerals such as potassium, sodium, magnesium, and calcium, which further enhance its nutritional and
functional value. The mucilage found in okra fruits, which contains flavonoids, d-galactose, I-rhamnose, and
d-galacturonic acid, plays a key role in its moisturizing and stabilizing properties, making it suitable for use
in skincare products. Ripe okra seeds provide 10-22% edible oil, while essential oils extracted from the pods
and seeds contain compounds such as aliphatic alcohols, cyclohexanol, citral, and {-sitosterol, which
contribute to its antioxidant and anti-aging potential [36]. Ethanolic and aqueous extracts of okra fruits also
reveal the presence of carbohydrates, gums, mucilages, phytosterols, tannins, phenolic compounds, and
volatile oils, all of which are beneficial for skin health and stability in formulations. Recent research has further
expanded the understanding of okra's bioactive potential by identifying two new pentacyclic triterpenes and
three unique glycosides, underscoring its versatility and applicability in various industries [37]. These
findings highlight okra's potential as a natural, multifunctional ingredient for health, wellness, and cosmetic
products.

Facial wash gel formulations must maintain physical stability throughout storage to ensure effectiveness
and consumer acceptability. One of the key factors affecting the stability of gel-based formulations is the
concentration of the gelling agent, in this case, HPMC. The role of HPMC in gel formulations extends beyond
providing viscosity; it also influences homogeneity, syneresis, pH stability, spreadability, and foam stability
[38]. The results of this study demonstrate that varying the HPMC concentration (1%, 1.5%, and 2%) had a
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significant impact on multiple physicochemical properties. A well-balanced formulation should optimize
viscosity and gel consistency while maintaining spreadability and foam stability within acceptable limits.

One of the most crucial indicators of formulation stability is homogeneity and syneresis. A gel formulation
that is not homogeneous may lead to poor dispersion of active ingredients, reducing product effectiveness.
The occurrence of syneresis in F1 (1% HPMC) and F2 (1.5% HPMC) highlights the importance of adequate
gelling agent concentration in stabilizing the gel structure. Syneresis typically results from insufficient water
retention within the gel matrix, which occurs when the polymer network is too weak to hold water molecules,
leading to phase separation [39]. Increasing HPMC concentration forms a stronger hydrogen-bonded
network, effectively reducing syneresis. Previous studies have shown that higher polymer concentrations
create a more stable gel structure, preventing water loss and maintaining uniformity over time [40].

Another critical aspect of formulation stability is pH maintenance, as variations in pH may affect the
safety and efficacy of the product. The results indicate that while minor pH fluctuations were observed over
time, they remained within the acceptable pH range for facial wash gels (4.5-7.8, as per SNI 16-4380-1996).
Environmental factors such as light exposure and oxidation could contribute to pH shifts. However, the
presence of buffering agents and the formulation’s overall composition likely helped maintain pH stability
across storage conditions [41]. Statistical analysis confirmed that pH stability was significantly affected by
HPMC concentration, reinforcing the importance of polymer selection in maintaining pH balance throughout
storage.

Spreadability and viscosity are two interrelated factors that determine ease of application and user
experience. Higher HPMC concentrations resulted in increased viscosity, which subsequently reduced the
spreadability of the gel. This aligns with the fundamental principle that viscosity and spreadability share an
inverse relationship as viscosity increases, the ability of the gel to flow and spread decreases [42].
Formulations with lower viscosity (F1, 1% HPMC) exhibited excessive spreadability, exceeding the acceptable
range (5-7 cm), while F2 (1.5% HPMC) and F3 (2% HPMC) met the standard. These findings indicate that
optimizing HPMC concentration is crucial in achieving an ideal balance between thickness and spreadability,
ensuring both stability and ease of use.

Finally, foam stability is a key attribute in cleansing formulations, as it affects consumer perception and
cleansing efficiency. The presence of SLS as a foaming agent ensured that all formulations met the required
foam stability range (60-70%). Interestingly, higher HPMC concentrations led to increased foam stability,
likely due to surface tension modification by the polymer network. This supports previous research indicating
that higher polymer content enhances foam retention by stabilizing air bubbles within the gel matrix.

Although this study provides valuable insights into the effect of HPMC concentration on the stability and
physical properties of facial wash gel formulations, there are several limitations to consider. One major
limitation is the absence of a formulation containing 0% okra in the experimental design. This restricts our
understanding of the independent role of okra in influencing the stability and physical properties of the gel.
As a nutrient-dense plant rich in bioactive compounds, okra may have significant effects on viscosity,
homogeneity, pH stability, and other properties. Without a control formulation (0% okra), it is difficult to
isolate the effects of okra from those of HPMC or other ingredients in the formulation. Additionally, the lack
of a 0% okra formulation hinders the evaluation of potential synergies or antagonisms between okra and
HPMC. For instance, the mucilage present in okra is known to have natural thickening and stabilizing
properties, which may interact with HPMC in influencing the viscosity and stability of the gel. Without a
control formulation, these interactions cannot be accurately measured. This limitation suggests the need for
further research that includes a 0% okra formulation as a control, allowing for a more comprehensive
evaluation of the individual effects and interactions between okra and HPMC. Such an approach would
provide a deeper understanding of the contributions of each component in the facial wash gel formulation.

5. CONCLUSION

This study demonstrates that HPMC concentration significantly influences the physical stability of facial
wash gel formulations containing okra extract. Variations in HPMC concentration (1%, 1.5%, and 2%)
impacted key stability parameters, including homogeneity, syneresis, pH, viscosity, spreadability, and foam
stability. Formulations with lower HPMC concentrations (F1, 1%) were more prone to syneresis and excessive
spreadability, indicating insufficient gel matrix formation. In contrast, higher HPMC concentrations (F3, 2%)
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resulted in higher viscosity, improved gel stability, and optimal spreadability. pH fluctuations remained
within the acceptable range (4.5-7.8), ensuring formulation safety and skin compatibility. Overall, F3 (2%
HPMC) exhibited the most stable formulation with minimal syneresis, consistent viscosity, optimal
spreadability, and stable foam formation. These findings highlight the critical role of gelling agents in
ensuring the long-term stability of gel-based cosmetic formulations. Future research may explore alternative
polymer combinations or extended storage conditions to further enhance formulation performance.
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