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Introduction 
 

Hyperpigmentation is characterized by the appearance of 

dark spots on the skin, which result from increased melanin 

production in melanocyte cells.1 Hyperpigmentation is not the same as 

skin lightening or brightening.Hyperpigmentation refers to a skin 

condition caused by excessive melanin production. 

Lightening/Brightening refers to cosmetic approaches aimed at 

reducing the appearance of pigmentation or making the skin look 

brighter. Several factors contribute to hyperpigmentation, including 

exposure to ultraviolet (UV) radiation that stimulates melanin 

synthesis,2 as well as the upregulation of tyrosinase enzyme activity 

through the melanogenesis pathway.3 Tyrosinase is a rate-limiting 

enzyme involved in the conversion of the amino acid tyrosine into 

melanin. Therefore, one of the primary strategies to prevent 

hyperpigmentation is by inhibiting tyrosinase activity to reduce 

excessive melanin production. This approach is widely used in the 

development of cosmetic and dermatological products aimed at skin 

whitening or evening out skin tone.4Padina australis Hauck, a type of 

brown seaweed, has been shown to possess potential in protecting 

human keratinocyte (HaCaT) cells from damage caused by UVB 

radiation by enhancing cell viability.5 
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In addition, studies have indicated that Padina australis and 

Eucheuma cottonii exhibit sunscreen activity, with Sun Protection 

Factor (SPF) values ranging from 4 to 5, which falls within the 

category of moderate protection.6  Since UVB radiation is one of the 

key external factors that trigger melanin overproduction leading to 

hyperpigmentation, the UVB-protective and SPF-related properties of 

these seaweeds suggest their potential role not only as natural 

sunscreens but also as preventive agents against UV-induced 

hyperpigmentation 

One of the bioactive compounds found in brown seaweeds such as 

Padina australis is fucoxanthin, a carotenoid pigment known for its 

strong antioxidant and anti-melanogenic properties.7  Fucoxanthin has 

been reported to inhibit melanin production by downregulating 

tyrosinase expression and interfering with the melanogenesis signaling 

pathway, making it a promising agent in the treatment and prevention 

of hyperpigmentation.8 Its multifunctional role in both UV protection 

and melanin suppression highlights fucoxanthin’s potential as a 

valuable ingredient in cosmetic formulations targeting skin 

pigmentation disorders.9 

Nevertheless, studies on the potential of Padina australis as an 

inhibitor of melanin formation in B16-F10 melanoma cells, as well as 

its development into an emulgel formulation, are still limited. 

Therefore, this research aims to explore the anti-hyperpigmentation 

activity of Padina australis and to develop a natural-based emulgel 

formulation. The findings of this study are expected to contribute to 

the advancement of knowledge in the field of cosmetics, particularly 

in the formulation of effective skincare products for addressing 

hyperpigmentation. 
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Several types of brown seaweed (Phaeophyceae) Hauck have been studied as active ingredients 

in skin-brightening cosmetics. However, Padina australis has not been specifically investigated 

as a skin-whitening agent. This study aims to examine the anti-melanogenic effects of Padina 

australis Hauck through ethyl acetate fractionation, purification using Preparative Thin Layer 

Chromatography (PTLC), and purity analysis with High-Performance Liquid Chromatography 

(HPLC) using fucoxanthin as a reference. The results showed that the isolate had the same spot 

pattern as fucoxanthin and a purity level of 96.8%, confirming its identity as fucoxanthin. 

Melanin content and depigmentation assays on B16F10 murine melanoma cells revealed that the 

ethyl acetate fraction (EAF) exhibited depigmentation activity of 55.47% without α-MSH 

(alpha-Melanocyte-Stimulating Hormone)  and 38.08% with α-MSH, with no significant 

difference compared to kojic acid (72,09% without and 66.813% with, α-MSH, p>0.05). An 

emulgel formulation containing EAF as an active ingredient showed a Sun Protection Factor 

(SPF) value of 13.289, categorized as providing maximum protection. Stability testing using a 

12-cycle cycling test (4ºC and 40ºC) and additional evaluation on day 30 demonstrated that 

spreadability, adhesiveness, and viscosity remained stable. This study suggests that Padina 

australis has potential as an active skin-brightening agent, with an emulgel formulation offering 

effective SPF protection and excellent physical stability. 
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Materials and Method  
Material  

The main material used in this study was the brown seaweed Padina 

australis Hauck, which was collected along the coastal area of 

Gunung Kidul, Yogyakarta. The seaweed was harvested between 

October and November 2022 during low tide. Materials used for the 

preparation and analysis of the extract included 96% ethanol of pro-

analysis grade (E. Merck), ethyl acetate pro-analysis (E. Merck), 

methanol pro-analysis (E. Merck), acetonitrile, distilled water of pro-

analysis grade (PT. Ikapharmindo), fucoxanthin standard (Sigma 

Aldrich), C18 Zorpax stationary phase column (150 x 2.0 mm), silica 

powder mesh 80, chloroform pro-analysis (E. Merck), and a 0.45 µm 

micropore filter. The HPLC instrument used was a Waters brand, 

model e2695 Separation Module, equipped with a Waters C18 

SunChrom column sized 4.6 x 150 mm (Part No. 186002559, Serial 

No. 02053214413646), and a Waters 2998 photodiode array (PDA) 

detector. Additional materials and equipment included a tyrosinase 

inhibitor screening kit (Sigma Aldrich), micropipettes, aluminum foil, 

96-well plates, and an ELISA plate reader (Shimadzu). Melanin and α-

MSH standards (Sigma Aldrich), as well as B16F10 murine melanoma 

cells, were also used in the study 
 

Intracellular Tyrosinase Activity In Vitro  Inhibition Assay 

The intracellular tyrosinase activity inhibition assay was conducted 

following the method described by Jeon et al.10 In a 96-well plate, 50 

µL of mushroom tyrosinase (EC 1.14.18.1) at a concentration of 700 

units/mL in 0.1 M phosphate buffer (pH 6.8) was added to each well. 

Then, 50 µL of the sample at various concentrations (100, 250, 500 

µg/mL) was added to the wells containing Mushroom tyrosinase. The 

mixture was incubated at room temperature for 10 minutes.11 After 

incubation, 100 µL of 2.5 mM L-DOPA in 0.1 M phosphate buffer 

(pH 6.8) was added to each well.12 The plate was further incubated for 

20 minutes at room temperature. The dopachrome formed during the 

reaction was measured at 475 nm using a microplate reader, and 

results were compared to a blank (solution without enzyme) and kojic 

acid at a starting concentration of 100 µg/mL as a standard for 

tyrosinase inhibition activity. All experiments were performed in 

triplicate as calculate as follow. 

Tyrosinase Inhibition = A-B x 100% 

                             C-D 

A= Absorbance of the sample with mushroom tyrosinase 

B= Absorbance of the sample without mushroom tyrosinase 

C= Absorbance of mushroom tyrosinase without the sample 

D= Absorbance without mushroom tyrosinase and without the sample 

(only L-DOPA) 
 

Cell Culture 

Murine melanoma B16F10 cells were cultured in DMEM (Dulbecco’s 

Modified Eagle’s Medium) containing 4 mM L-glutamine (Sigma), 

supplemented with 10% fetal bovine serum (Sigma, St. Louis, MO, 

USA), 100 units/mL penicillin, and 100 µg/mL streptomycin 

(Cambrex, East Rutherford, NJ, USA). The cells were maintained in 

culture flasks and incubated in a CO₂ incubator with 5% CO₂ humidity 

at 37°C.13 The culture medium was replaced every 2 days. Cells were 

harvested by trypsinization when they reached approximately 70% 

confluency and counted using a hemocytometer. Viable cells were 

then seeded into culture plates for subsequent treatments.14 

Melanin content was determined based on a standard curve prepared 

using synthetic melanin. 

The melanin content obtained was then used to calculate the 

depigmentation index using the following formula: 

Depigmentation Index (%) = Mc-Mt x 100% 

Mc   

Mc : control cell melanin content 

Mt : sample melanin content 
 

Emulgel Formulation  

The preparation of the emulgel consisted of three main stages: 

preparation of the base gel (Carbopol), preparation of the emulsion, 

and mixing of the oil and aqueous phases to form a stable emulgel. 

 

 

Preparation of 3%b/v Carbopol Gel 

A total of 9 grams of Carbopol 940 was gradually dispersed into 300 

mL of distilled water with gentle stirring to prevent clump formation. 

The dispersion was then allowed to stand for 24 hours to ensure 

complete hydration of the Carbopol, forming a stable gel. This process 

was carried out to prepare the gel base to be used in the emulgel 

formulation. (This Carbopol dispersion was used for four 

formulations.) 
 

Emulsion.Preparation 

The emulsion preparation process consists of two phases: the oil phase 

and the aqueous phase. 

Oil Phase Preparation 

The oil phase was prepared by mixing Span 80 as a surfactant 

with virgin coconut oil (VCO) at a temperature of 70–80°C. This 

heating step ensures that all components in the oil phase blend 

evenly. Once the oil phase was formed, it was gradually added 

into the Carbopol solution while continuously stirring until 

optimal homogeneity was achieved.15 

Aqueous Phase Preparation. 

The aqueous phase was prepared by mixing Tween 80 with water 

at a temperature of 70–80°C. Once a homogeneous solution was 

obtained, methylparaben and propylparaben—previously 

dissolved in propylene glycol—were added as preservatives. 

Triethanolamine (TEA) was then slowly added while stirring to 

adjust the pH and improve the gel’s stability. Butylated 

hydroxytoluene (BHT) was also added as an antioxidant to 

prevent oxidation in the formulation.16 

Additionally, the ethyl acetate-soluble fraction (EAF) was dissolved in 

96% ethanol before being incorporated into the aqueous phase. This 

mixing process was carried out gradually with constant stirring to 

ensure the homogeneity and stability of the emulsion prior to the final 

mixing of the oil and aqueous phases in the formation of the emulgel 
 

Mixing of Oil Phase and Aqueous Phase   

Once both the oil phase and the aqueous phase were prepared, the oil 

phase was gradually added to the aqueous phase with continuous 

stirring using a homogenizer. This mixing process aimed to form a 

stable emulgel system. The stirring continued until a smooth, 

homogeneous emulgel with good physical stability was formed, 

characterized by the absence of phase separation or color change 

during storage.15 
 

In Vitro Sun Protection Factor (SPF) Testing 

The purpose of Sun Protection Factor (SPF) testing is to evaluate the 

effectiveness of a topical formulation in protecting the skin from 

ultraviolet (UV) radiation exposure. In this study, SPF testing was 

conducted in vitro using the UV-Vis spectrophotometric method. This 

method is used to determine the formulation’s ability to absorb or 

block UV radiation, particularly within the UVB wavelength range 

(290–320 nm). 
 

Sample Preparation 

The emulgel formulation to be tested was weighed according to the 

analysis requirements. The sample (extract, fraction, isolate, 

fucoxanthin,or kojic acid) 250 mg was then diluted with 96% ethanol 

and homogenized to ensure even distribution of the active ingredients. 

The resulting solution is stirred until uniform before absorbance 

measurements are carried out at specific wavelengths relevant for SPF 

calculation 
 

Absorbance Measurement 

The test was performed using a UV-Vis spectrophotometer within the 

wavelength range of 290–320 nm at 5 nm intervals. The absorbance of 

the sample was measured at each wavelength to determine how much 

UV radiation was absorbed by the formulation. These absorbance 

values form the basis for calculating the Sun Protection Factor (SPF). 



                               Trop J Nat Prod Res, September 2025; 9(9): 4538 - 4545                 ISSN 2616-0684 (Print) 

                                                                                                                                                  ISSN 2616-0692 (Electronic)  
   

4540 

 © 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

 

 

SPF Value Calculation 

The SPF value was calculated using the equation developed by 

Dutra,17 which is widely used for in vitro SPF evaluation.18 The 

equation is as follows: 

The values of EE × I for each wavelength (in nm) are typically 

obtained from standardized 

reference data. The final SPF value reflects the degree of protection 

provided by the  formulation against UVB radiation 
 

Results Interpretation 

The in vitro SPF values obtained from the emulgel formulation were 

analyzed to assess the level of protection against ultraviolet radiation, 

particularly UVB rays.The SPF values were interpreted based on a 

commonly accepted classification system that categorizes sun 

protection effectiveness into four levels. SPF values ranging from 2 to 

8 are considered toprovide minimal protection against UV radiation. 

SPF values between 8 and 15 are classifiedas offering moderate 

protection. High protection is associated with SPF values from 15 to 

30,while values exceeding 30 are categorized as providing very high 

protection.  

The higher the SPF value, the greater the formulation’s ability to 

protect the skin from erythema caused by UVB exposure. However, 

the actual effectiveness of sun protection also depends on factors such 

as formulation stability, homogeneity of the product, and the thickness 

and frequency of application on the skin. The authors excluded 

variables such as formulation stability, product homogeneity, and the 

thickness and frequency of application by conducting the tests under 

strictly controlled laboratory conditions. All samples were applied in 

equal amounts, using a consistent application method, and in a 

controlled environment.19 Therefore, the SPF measurements focused 

on the intrinsic ability of the formulation to absorb or block UVB 

radiation, without being influenced by those external factors. 
 

Statistical Analysis 

Experimental results are presented as mean ± standard deviation. Data 

were analyzed using ANOVA with a significance level of p < 0.05. A 

t-test was employed to compare differences between two samples. 
 

Result and Discussion  
 

The sample collection of Padina australis brown seaweed was 

conducted at Gunung Kidul Beach, Special Region of Yogyakarta, 

located at coordinates S8º9’2”E110º36’114” to S8º7’5”E110º32’52”. 

The specimen collection took place in October and November 2022, 

with samples being collected twice daily during low tide, specifically 

between 13:00-15:00 and 00:00-03:00, to ensure easier access and 

harvesting. A purposive sampling technique was employed, 

considering the natural habitat of Padina australis, which 

predominantly grows on rocky substrates in shallow waters. 

Environmental factors also play a significant role in the growth of 

Padina australis, affecting both physical and chemical aspects. In this 

study, the physical parameters analysed, based on data from 

http://marine.copernicus.eu/, included sea surface temperature. The 

chemical parameter considered was water salinity. In addition, other 

environmental factors such as light intensity, ocean currents, and the 

presence of other organisms also contribute to the development of 

Padina australis. 

During the sampling process, the average recorded temperature was 

28.4 ± 0.54 ºC, while the salinity was 32.74 ± 0.485 ppt (parts per 

thousand). According to the Minister of Environment Decree No. 51 

of 2004, the water quality standards for marine biota include a 

temperature range of 28-30 ºC and salinity between 33 and 34 ppt. 

These measurements indicate that the water conditions where Padina 

australis grows are still close to the standards recommended by the 

Ministry of Environment of the Republic of Indonesia, Regulation No. 

51 of 2004. According to Kadi,20 macroalgae grow optimally at 

salinities of 30-33 ppt, while lower salinity levels can hinder growth 

and decrease population density. Regarding temperature, the thermal 

energy received from sunlight is used in respiration and nutrient 

absorption. Several types of macroalgae, including brown and red 

algae, exhibit a good tolerance to high temperatures during low tide 

and can even survive up to 32ºC. 

The remaceration extraction method was chosen in this study due to 

its ability to produce a high yield through a process of repeated 

soaking with solvent replacement. This technique enhances the 

extraction of secondary metabolites by allowing optimal solubilization 

of active compounds through prolonged and repeated contact with 

fresh solvent. Remaceration is also considered a simple method that 

does not require specialized or sophisticated equipment, making it 

suitable for laboratory-scale extractions or initial production phases. 

However, this method has several limitations. These include a 

relatively long extraction time, lower efficiency compared to 

techniques involving agitation, reflux, or ultrasonication, and a higher 

requirement for solvent volume to achieve optimal results. Therefore, 

the choice of this method reflects a balance between efficiency, 

equipment availability, and the intended purpose of the extraction 

process.21 

In this study, pro analysis ethanol 96%v/v was selected as the 

extraction solvent due to its high effectiveness in extracting bioactive 

compounds, such as carotenoids and phenolic compounds, while 

minimizing the risk of degradation. Pro analysis ethanol offers higher 

purity compared to technical-grade or 96% ethanol, allowing for more 

selective and efficient extraction of active constituents.11 Previous 

studies have shown that carotenoids are highly sensitive to high 

temperatures and excessive heating, which can lead to oxidation and a 

significant reduction in active compound levels. Therefore, choosing 

the right solvent is essential to maintain the stability of these 

compounds during the extraction process. Pro analysis ethanol also 

presents several advantages: it is safe, highly volatile, non-toxic, and 

environmentally friendly. Furthermore, it is compatible with a wide 

range of purification techniques for bioactive compounds, such as 

chromatography and solvent fractionation. Given these benefits, pro 

analysis ethanol was considered the most appropriate choice in this 

study to ensure optimal and stable extraction results. 

The extract was fractionated using ethyl acetate as the solvent. Ethyl 

acetate was selected because of its ability to eliminate or separate most 

polar to semi-polar compounds from the crude extract. This process 

results in two distinct fractions: the ethyl acetate-soluble fraction 

(EAF), which contains polar to semi-polar compounds such as 

flavonoids, phenolics, and tannins; and the ethyl acetate-insoluble 

fraction (EAIF), which primarily contains non-polar compounds, 

particularly chlorophyll. This fractionation step is crucial for isolating 

and concentrating specific groups of bioactive compounds, thereby 

facilitating further identification, biological activity testing, and 

potential application in pharmaceutical or cosmetic formulations. 

The results of the identification using Thin Layer Chromatography 

(TLC) with a silica gel GF254 stationary phase and a chloroform-

methanol (8:2) mobile phase (Figure 1A) showed that both the extract 

and the ethyl acetate-soluble fraction (EAF) exhibited spots at the 

same position, indicating the presence of similar components in both 

samples. Following the tyrosinase activity assay on the crude extract, 

the ethyl acetate-soluble fraction (EAF), and the ethyl acetate-

insoluble fraction, statistical analysis revealed that both the extract and 

EAF had p-values > 0.05. This indicates that there was no significant 

difference in tyrosinase activity between the extract and EAF. 

Therefore, it can be concluded that the active compounds responsible 

for tyrosinase inhibition are more likely concentrated in the ethyl 

acetate-soluble fraction 

The results of the tyrosinase inhibition assay shown in Figure 1B 

indicate that the extract and the ethyl acetate fraction (EAF) have a p-

value > 0.05, suggesting that the difference between them is not 

significant. Meanwhile, the results of the assay comparing the extract 

and the fraction eluted from the liquid-liquid extraction analysis 

(EAIF) show a significant difference. This indicates that the active 

compounds contributing to tyrosinase inhibitory activity are 

concentrated in the EAF.  The statistical analysis showed that the ethyl 

acetate fraction (EAF) had a significance value of 0.258 (p > 0.05), 

indicating that the difference was not significant. In contrast, the crude 

extract had a significance value of 0.02 (p < 0.05), indicating a 

significant difference compared to the positive control. Furthermore, 

analysis of the active compound content using TLC-densitometry with 

fucoxanthin as the standard revealed that the fucoxanthin content in 

the crude extract was 39.157 ± 8.96 µg/mg, while in the ethyl acetate 
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fraction it was 99.105 ± 8.38 µg/mg (Supplementary 1).Therefore, this 

fraction will be the focus for further purification processes until a pure 

compound is obtained for testing in the next stage 

Purification of the ethyl acetate fraction (EAF) using preparative thin-

layer chromatography (PTLC) yielded four subfractions. However, 

during the solvent evaporation stage, only one subfraction remained 

stable, while the remaining three were present in quantities too small 

to

 

 
(A)                                                              (B) 

 

Figure 1: (A) TLC results using silica gel GF254 as the stationary phase and chloroform-methanol (8:2) as the mobile phase. (B) 

Tyrosinase inhibition test results (% Inhibition) of the Extract, Ethyl Acetate-Soluble Fraction (EAF), and Ethyl Acetate-Insoluble 

Fraction (EAIF). ** a indicate significant difference p<0,05; * a no significant difference is present when p > 0.05. 

 

 

 
 

 

Figure  2: A. Melanin content in B16F10 cells as affected by the inhibition from the extract, ethyl acetate-soluble fraction (EAF), 

isolate (Iso), fucoxanthin (Fuco),and kojic acid (KA).B. Relative total melanin in B16F10 cells following inhibition by various samples 

EAF           Extract EAI

F 
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Figure 3: Depigmentation index of the extract, ethyl acetate-soluble fraction (EAF), isolate (Iso), standart compound fucoxanthin 

(Fuco), and depigmentation standart compound kojic acid (KA). * and ** indicate no significant difference; a significant difference is 

present when p < 0.05 

 

 
 

Figure 4: Results of the spreadability test of the emulgel formulation containing the active ingredient FEA under various applied 

weights (0–250 grams) conducted at each stability cycle. The stability testing was performed using a cycling test, where each cycle 

involved alternating exposure to cold (4ºC) and hot (40ºC) temperatures for two days, up to the 12th cycle, with an additional evaluation 

on day 30. The graph illustrates the relationship between increasing weight and the spreadability of the emulgel across each cycle, 

including the base formulation, cycles 1–12, and day 30, to assess the physical stability of the formulation over time 
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Figure 5: (A) Adhesiveness test results (in seconds) and (B) viscosity of the emulgel formulation containing the active ingredient FEA, 

evaluated at various testing stages, including the base formulation, stability cycles 0–12 (cycling test), and a follow-up assessment on 

day 30. This testing aimed to evaluate the stability of the emulgel's adhesiveness and viscosity after alternating exposure to extreme 

temperatures (cold at 4ºC and heat at 40ºC). Statistical analysis showed no significant differences (p<0.05) in either parameter across all 

testing stages, indicating that both adhesiveness and viscosity remained stable throughout the evaluation period. This stability is 

essential to ensure user comfort, effective application, and long-term storage reliability of the formulation. 
 

Table 1: Composition of the Emulgel Formulation. 26 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Noted: qs = quantum satis (as needed) 

 
allow further testing. The stable subfraction was then subjected to 

purity testing using two analytical techniques. The first technique was 

thin-layer chromatography (TLC) employing a range of mobile phase 

polarities. The results showed that as the polarity of the mobile phase 

increased, the migration distance (Rf value) of the subfraction spot 

decreased compared to that of the fucoxanthin standard. This is 

consistent with the chemical nature of fucoxanthin, which belongs to 

the carotenoid class and exhibits semipolar characteristics. The second 

technique used to assess purity was high-performance liquid 

chromatography (HPLC). The analysis revealed that the isolated 

compound had a purity level of 96.8%, which is considered 

sufficiently high. 

The inhibition of melanin formation was evaluated for the crude 

extract, ethyl acetate fraction (EAF), isolate, and kojic acid, with 

fucoxanthin used as a reference compound. The inhibition assay was 

conducted at a range of concentrations: 250, 125, 63, 32, and 16 

µg/mL. Melanin levels after α-MSH treatment with the extract, EAF, 

fucoxanthin isolate, fucoxanthin standard, and kojic acid at a 

concentration of 250 µg/mL were 97.78 ± 9.85, 72.31 ± 15.7, 

125.39 ± 11.2, 151.80 ± 11.31, and 51.63 ± 2.86 µg/mL, respectively. 

The pattern of increase in these values was consistent across various 

concentrations. The results demonstrated that the melanin inhibition 

activity of kojic acid, the extract, and the EAF did not show 

statistically significant differences (significant, p < 0.05). However, a 

significant difference (p < 0.05) was observed when comparing kojic 

acid with the isolate (Iso) and fucoxanthin (Fuco) across the tested 

concentrations (Figure 2A), under both α-MSH-stimulated and non-

stimulated conditions. Based on these findings, the ethyl acetate-

soluble fraction (EAF) may be considered a promising active 

ingredient for emulgel formulation in skin-lightening or anti-

hyperpigmentation applications. 

Figure 2B illustrates the total melanin content for each sample at 

various concentrations compared to the control. Statistical analysis 

revealed that kojic acid (KA), the ethyl acetate-soluble fraction (EAF), 

and fucoxanthin did not show significant differences in melanin 

content (p < 0.05). In contrast, significant differences (p < 0.05) were 

observed between KA and both the isolate (Iso) and the crude extract. 

These results indicate that the EAF is a promising candidate as an 

active ingredient in emulgel formulation, as evidenced by its more 

effective melanin-reducing activity compared to the extract and the 

isolate 

Figure 3 shows the depigmentation index values, which are calculated 

based on the difference between the depigmentation levels of the 

positive control and the sample, divided by the depigmentation level 

Ingridient Concentration (w/w%) Function 

Ethyl Acetate Fraction 0.3 Active Ingridient 

Carbopol 940 (gel base) 3.0 Gelling agent 

Virgin Coconut Oil (VCO) 5.0 Emollient 

Span 80 1.5 Surfactant/emulgator 

Tween 60 1.0 Surfactant/emulgator 

Propylene Glycol 5.0 Humestant 

Propyl Paraben 0.01 Antimicrobial preservative 

Methyl Paraben 0.03 Antimicrobial preservative 

Triethanolamine (TEA) 1.4 Adjuster pH 

Butylated Hydroxytoluene (BHT) 0.1 Antioxidant 

Distilled Water (ad 100 mL) q.s. to 100 Hidration 
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of the positive control. This index reflects the extent of melanin 

reduction in murine melanoma cells as a result of treatment with the 

tested samples. The higher the depigmentation index value, the greater 

the ability of the sample to inhibit or reduce melanin content in the 

cells. This indicates that the sample has higher potential as a skin-

brightening agent, as it can effectively suppress melanin production or 

accelerate its degradation within the cells. Therefore, the 

depigmentation index can serve as an important parameter in 

evaluating the effectiveness of a skin-lightening agent 

The depigmentation index of the ethyl acetate fraction (EAF) did not 

show a significant difference (p > 0.05) compared to the crude extract 

(Figure 3), but it was significantly different from kojic acid, a well-

established and effective skin-brightening agent. Nevertheless, in 

terms of the depigmentation value achieved, EAF demonstrated 

greater effectiveness than the extract. This advantage becomes more 

apparent when compared to the isolate (Iso) and fucoxanthin, as the 

differences in depigmentation index indicate that EAF has a higher 

potential for reducing melanin levels in cells. 

Based on the results of melanin content and depigmentation tests, the 

ethyl acetate-soluble fraction (EAF) demonstrated the most effective 

tyrosinase inhibition activity compared to other fractions. Moreover, 

the relative melanin levels produced by EAF were not significantly 

different from those of kojic acid, a widely used skin-whitening agent, 

showed favourable depigmentation values. Due to its effectiveness in 

inhibiting melanin formation, EAF holds strong potential as an active 

ingredient in emulgel formulations. Therefore, to maximize its 

stability and efficacy in topical applications, the development of an 

optimized emulgel formulation is essential to ensure optimal delivery 

and skin penetration of the active compound. 

The tyrosinase inhibition assay, along with the measurements of total 

and relative melanin content, showed that the isolate was consistently 

less effective than both the ethyl acetate fraction and the crude extract. 

This may be since tyrosinase inhibition and melanin reduction are not 

solely attributed to the fucoxanthin-like compound found in the 

isolate, but also to other synergistic compounds present in the extract 

or fraction. On the other hand, the isolate still exhibited better 

tyrosinase inhibition and melanin-reducing activity than the standard 

fucoxanthin. This difference could be related to the structural 

isomerism—specifically the cis and trans forms—between the isolate 

and standard compound. According to Kurinjery et al.22, the 

antiproliferative effect of fucoxanthin is significantly influenced by its 

isomeric structure, where cis-fucoxanthin exhibits higher activity 

compared to the trans form, likely due to steric hindrance inherent to 

the cis configuration. 

Based on the results of melanin content and depigmentation tests, the 

ethyl acetate-soluble fraction (EAF) demonstrated the most effective 

tyrosinase inhibition activity compared to other fractions. Moreover, 

the relative melanin levels produced by EAF were not significantly 

different from those of kojic acid, a widely used skin-whitening agent, 

and also showed favorable depigmentation values. Due to its 

effectiveness in inhibiting melanin formation, EAF holds strong 

potential as an active ingredient in emulgel formulations. Therefore, to 

maximize its stability and efficacy in topical applications, the 

development of an optimized emulgel formulation is essential to 

ensure optimal delivery and skin penetration of the active compound. 

The selection of the ethyl acetate fraction (EAF) as the active 

ingredient in the emulgel formulation, rather than the isolated 

compound, was based on both scientific and practical considerations. 

The total melanin content, with or without α-MSH induction, was 

consistently lower in EAF-treated samples compared to the isolate, as 

shown in Figure 2A. Similarly, the relative melanin content at all 

tested concentrations demonstrated that EAF exhibited stronger 

melanogenesis inhibition than the isolate. Moreover, the 

depigmentation effect of EAF reached 53.77%, significantly higher 

than that of the isolate (20.30%), indicating greater biological activity. 

From a practical perspective, the isolation process involves more 

complex, time-consuming, and costly procedures. This presents 

limitations for large-scale or industrial applications. Taken together, 

EAF not only shows superior anti-melanogenic efficacy but also offers 

a more feasible and cost-effective option for formulation development 

compared to the isolated compound. 

Stability testing of the emulgel was conducted using a cycling test, 

where each cycle involved alternating exposure to cold (4°C) and hot 

(40°C) temperatures for two days,23 totaling 12 cycles, along with an 

additional evaluation on day 30. This test aims to assess the 

formulation's resistance to extreme temperature variations that could 

affect its physical characteristics and performance. 

The parameters used to evaluate stability included spreadability, 

adhesiveness, viscosity, and Sun Protection Factor (SPF) value.24 The 

spreadability test results, as shown in Figure 4, demonstrate that the 

greater the applied load, the wider the spread area of the emulgel—a 

consistent trend observed throughout all cycles, including the base 

formulation, cycles 1–12, and on day 30. Under the maximum load of 

250 grams, the spread area consistently reached 4 cm in all cycles, 

indicating that the formulation remained stable without significant 

changes in its spreading characteristics. Furthermore, these findings 

suggest that the emulgel maintained its stability up to day 30, with no 

notable alterations in spreadability. This stability is essential to ensure 

the product’s efficacy and user comfort over a specified period. 

In addition to spreadability, two other parameters were used to assess 

the stability of the emulgel: adhesiveness and viscosity. These 

parameters play a crucial role in determining the quality and stability 

of the formulation during storage and use. 

The results in figure 4A show the adhesiveness test, showing the 

adhesion time (in seconds) of the emulgel formulation across various 

testing stages—from the base formula, cycles 0–12, up to day 30. The 

results indicated no statistically significant differences (p<0.05), 

suggesting that the emulgel maintained consistent adhesiveness 

despite undergoing exposure to extreme temperatures during the 

cycling test. 

Meanwhile, Figure 5B displays the viscosity measurements of the 

emulgel across the same stages. The analysis showed that there were 

no significant changes in viscosity throughout the testing period 

(p<0.05), indicating that the formulation remained stable in terms of 

thickness, even after repeated heating and cooling cycles. 

Collectively, these results confirm that the emulgel maintained both its 

adhesiveness and viscosity up to day 30. This stability is important, as 

good adhesiveness ensures the formulation remains on the skin surface 

for an extended period, while consistent viscosity guarantees user 

comfort and ease of application. Thus, the EAF-based emulgel 

demonstrates strong resistance to temperature fluctuations, making it a 

stable and effective formulation for long-term use. 

In addition to stability testing, the Sun Protection Factor (SPF) of the 

emulgel formulation was also evaluated to assess the product's ability 

to protect the skin from ultraviolet (UV) radiation. This test aimed to 

determine how long the emulgel can provide protection against the 

harmful effects of sun exposure, such as premature aging, 

hyperpigmentation, and UV-induced skin damage. 

The results showed that the emulgel achieved an SPF value of 13.289, 

which falls within the "maximum protection" category according to 

the SPF classification standard (8–<15).25 This indicates that the 

emulgel provides a reasonably good level of protection against sun 

exposure for a certain period. The presence of active ingredients in the 

formulation likely contributes to this protective effect through 

mechanisms such as UV absorption, reflection, and 

dispersion.Therefore, in addition to demonstrating good stability under 

various storage conditions, the emulgel also shows potential as a 

multifunctional skincare product, offering both brightening effects and 

UV protection. 
 

Conclusion 
The ethyl acetate-soluble fraction (EAF) of the brown seaweed Padina 

australis Hauck demonstrated the most effective tyrosinase inhibitory 

activity compared to other fractions. Furthermore, this fraction 

effectively inhibited melanin formation, with results not significantly 

different from those of kojic acid, and exhibited comparable relative 

melanin levels. The isolate, as a pure compound, showed lower 

tyrosinase inhibitory activity than the EAF. In terms of total melanin 

content, relative melanin levels, and depigmentation values, the isolate 

produced higher values compared to both the EAF and the crude 

extract. With these characteristics, the ethyl acetate-soluble fraction 

has potential as an effective active ingredient in emulgel formulations 
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and demonstrates good stability, making it a promising candidate for 

further development in cosmetic or dermatological applications. 
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