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					ABSTRACT  

					ARTICLE INFO  

					The use of natural ingredients as sunscreen agents is being increased in response to the demand  

					for safe and environmentally friendly skin care products. Ziziphus mauritiana L. extract contains  

					flavonoid compounds with UV-absorbing activity, but investigations on optimizing its formulation  

					in sunscreen gel remain limited. Therefore, this study aimed to evaluate the effects of varying  

					concentrations of Carbopol 940 and triethanolamine (TEA) on physical characteristics and UV  

					protection activity of Ziziphus mauritiana L. extract-based sunscreen gel, as well as to determine  

					the optimal formula. The method adopted was an experiment using Box–Behnken Design (BBD)  

					with Design Expert software. Gel formulations were prepared with Carbopol 940 (0.5–2%) and  

					TEA (0.5–1%). The results showed that the optimal formula predicted by the software contained  

					0.598% Carbopol 940 and 0.522% TEA. This met the requirements for topical formulations, with  

					no irritation. The percentage error between predicted and experimental results was 0.9% for pH  

					and 3.71% for spreadability, both within the ±<10% tolerance limit. The optimal formula featured  

					an SPF (Sun Protection Factor) value of 18.92 at week 1 and 18.45 at week 4, classified as ultra-  

					protection. These results suggest that the appropriate combination of Carbopol and TEA produced  

					a Ziziphus mauritiana extract sunscreen gel with favorable physical properties and strong UV  

					protection. Optimization using an experimental design method provided significant outcomes for  

					developing natural sunscreen formulations.  
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					Previous studies reported antioxidant activity of the methanol extract  

					with an IC50 of 33.48 µg/mL compared with vitamin C (6.42 µg/mL).  

					Introduction  

					Sunscreen activity of ethanol extract was also documented with SPF  

					Tropical regions receive some of the highest levels of solar  

					radiation, and people living in these areas are frequently exposed to  

					sunlight during daily activities. Excessive exposure may lead to both  

					acute and chronic effects, including erythema, decreased skin elasticity,  

					and increased risk of skin cancer. Although melanin provides a natural  

					defense mechanism, its protective capacity decreases with increasing  

					ultraviolet (UV) intensity, requiring additional protection such as the  

					use of sunscreen.1,2  

					In recent years, natural ingredients have attracted growing interest in  

					cosmetic formulations due to a better safety profile compared to  

					synthetic compounds, which may cause skin irritation or other adverse  

					effects.3 A promising plant is Ziziphus mauritiana L., containing  

					flavonoids, alkaloids, saponins, steroids, and tannins. Among these  

					bioactive compounds, flavonoids are of particular importance because  

					the chromophore groups enable absorption of UVA and UVB, thereby  

					reducing UV-induced damage.  

					(Sun Protection Factor) values of 11.561–15.741.4,5  

					Gel was selected as the formulation base because of its favorable  

					properties, including good skin absorption, cooling effect, easy  

					spreadability, and lack of residue.6 Previous studies have shown the  

					suitability of hydroxypropyl methylcellulose (HPMC) as a gelling  

					agent. However, the use of Carbopol 940, in combination with  

					triethanolamine (TEA) as a neutralizing agent, remains underexplored.  

					Carbopol 940 forms a clear, stable gel with good spreadability, and TEA  

					adjusts pH into the skin-compatible range.7 Based on the rationale, this  

					present study aimed to optimize the gel formulation of ethanol extract  

					of Ziziphus mauritiana L. using Carbopol 940 and TEA with Design  

					Expert 13 software. In the process, SPF values of the resulting  

					formulations were also evaluated. This result is expected to provide a  

					basis for the development of natural, gel-based sunscreen products and  

					contribute to the utilization of local natural resources in the cosmetic  

					industry.8  
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					Materials and Methods  

					Citation: Iskandar B, Restiana T, Nasution MR, Agustini TT, Peng-Wei  

					C. Optimization of Gel Formulation and Sun Protection Factor (SPF)  

					Evaluation of Ziziphus mauritiana L. Ethanol Extract. Trop J Nat Prod  

					Res. 2026; 10(1): 6713 – 6719 https://doi.org/10.26538/tjnpr/v10i1.40  

					Phytochemical screening of Ziziphus mauritiana L. extract  

					A total of 0.5 g of the extract was mixed with 5 mL of distilled water  

					and 5 mL of chloroform. The mixture was vigorously shaken and  

					allowed to stand until two distinct layers formed, which were then  

					separated. The aqueous (upper) layer was used to test for phenolic  

					compounds, saponins, and flavonoids, while the chloroform (lower)  

					layer was analyzed for the presence of terpenoids and steroids.9  
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					Determination of SPF Value of Ziziphus mauritiana L. Ethanol Extract  

					pH Test  

					The extracts were weighed at 50 mg and diluted with p.a. ethanol to 50  

					mL to obtain a 1000 ppm stock solution. To obtain concentrations of  

					300 ppm, 400 ppm, 500 ppm, and 700 ppm, the solution was pipetted  

					and transferred into a 10 mL volumetric flask. Before this process, the  

					spectrophotometer was calibrated using 96% ethanol. The absorbance  

					was measured at wavelengths of 290–320 nm using ethanol as the  

					blank, and reading was taken every 5 nm. Subsequently, the values  

					obtained were multiplied by EE × I for each interval. The total EE × I  

					was multiplied by the correction factor to obtain the SPF value of the  

					extract.4,7  

					pH was checked using the respective meter, which was calibrated with  

					standard buffer solutions of pH 4, 7, and 10. The electrode was rinsed  

					with distilled water, dried, and immersed in the formulation until a  

					constant value appeared on the meter. Furthermore, the number shown  

					by the instrument was the value of the gel formulation. The test was  

					performed three times, and the pH range for the face was 4.5–6.5.11  

					Spreadability Test  

					Approximately 0.5 grams of the preparation was placed on a transparent  

					glass covered with graph paper. It was left for a moment (15 seconds),  

					the area covered by the gel preparation was calculated, and a transparent  

					plastic was used as a cover. A specific weight (in grams) was then  

					applied on top and left for 60 seconds. The increase in area provided by  

					the gel was measured, and this process was repeated three times.7  

					Optimized Design of Ziziphus mauritiana L. Extract Gel Formulation  

					A

					Box-Behnken statistical design alongside  

					2

					factors and 17  

					experiments was selected for the optimization with the help of Design  

					Expert 13 software. The variables were modified from Suhartinah's  

					2022 study, including the percentage of Carbopol 940 and TEA, which  

					were the main components of gel formation. The dependent variables  

					or responses were pH and the spreadability test.  

					Adhesion Test  

					An adhesion test was conducted by placing 0.5 grams of gel on an object  

					glass, then covering it with another object glass, and applying a 1 kg  

					weight for 3 minutes. Adhesion strength was determined by the time  

					required for the two glasses to separate. The requirement was more than  

					4 seconds, with the process repeated three times (replication). The  

					examination was conducted weekly over a 4-week storage period at  

					room temperature.12  

					Response Testing  

					The following are the several stages of the test that evaluate the gel  

					preparation used as the dependent variable:  

					pH Test  

					pH was checked using the respective meter, which was calibrated with  

					standard buffer solutions of pH 4, 7, and 10. The electrode was rinsed  

					with distilled water, dried, and immersed in the formulation until a  

					constant value appeared on the meter. Furthermore, the number shown  

					by the instrument was the value of the gel formulation. The test was  

					performed three times, and the pH range for the face was 4.5–6.5.  

					Viscosity Test  

					Viscosity measurement was performed using a Brookfield viscometer.  

					The gel formulation was placed in a 100 ml beaker and kept in a special  

					container. The spindle used for viscosity measurement was spindle 4,  

					and the speed was set at 30 rpm, adjusted to the gel formulation.  

					Additionally, the viscometer was run, and the gel viscosity was  

					observed and recorded, with the examination process being conducted  

					three times.13  

					Spreadability Test  

					Approximately 0.5 grams of the sample was placed on a transparent  

					glass plate lined with graph paper, left for a moment (15 seconds), and  

					a specific weight (in grams) was applied on the top. The area covered  

					by the gel sample was then measured, and the test was repeated three  

					times (replicates).9  

					Heating-Cooling Stability Test  

					The heating and cooling method included weighing 5 g of gel from each  

					formulation and placing it in tightly sealed vials. Each vial underwent a  

					heating–cooling cycle consisting of storage at 4°C for 24 hours,  

					followed by storage at 40°C for 24 hours. Based on observation, a  

					complete sequence constituted a single cycle. The procedure was  

					repeated for six cycles, during which organoleptic properties,  

					homogeneity, and pH were evaluated after each cycle. The formulation  

					was considered stable when no changes in these parameters were  

					observed after six cycles.13,14  

					Validation of Formula Optimization Model  

					The parameters for formulating ethanol extract gel from Ziziphus  

					mauritiana L. were optimized using Design Expert by specifying  

					selection criteria for the optimal concentrations of Carbopol and TEA.  

					The response variables measured were pH and spreadability.  

					Desirability is a function that reflects the program’s ability to achieve  

					the set optimization criteria for the final product. A value of 0.9 out of  

					1.0 showed a high probability of producing the desired formulation,  

					while a value of 1.0 signified that the optimization goal had been fully  

					achieved.1,8  

					Skin Irritation Test  

					A skin irritation test was performed as a closed patch test on human  

					skin. The procedure includes applying 0.1 g of the gel formulation to  

					the inner part of the arm with a diameter of 2 cm. Subsequently, the  

					formulation was covered using a bandage and sealed with adhesive tape  

					for 24 hours. The appearance of any symptoms, such as redness or  

					itching, should be observed. During the process, the irritation test was  

					performed on a panel of 3 people.7,12 This study was approved for  

					ethical clearance with number 506/KEP-UNIVRAB/III/2025 from the  

					Faculty of Medicine Abdurrab University, Indonesia.  

					Evaluation of Optimum Gel Preparation  

					The following are the several stages of the test that evaluate the gel  

					preparation:  

					Organoleptic Test  

					An organoleptic test was conducted to observe the physical form of the  

					gel preparation. The examination of shape, odor, and Colour was  

					performed visually on the preparation. It was conducted weekly for 4  

					weeks of storage at room temperature.10  

					Sunscreen Activity Test  

					Preparation of Sunscreen Activity Test Solution  

					A total of 2 grams of the sample was weighed and placed in a 10 ml  

					measuring flask before dissolving with p.a. ethanol up to the mark. In  

					the process, SPF value and %Te and %Tp were determined.15  

					Homogeneity Test  

					Homogeneity of the gel formulation was evaluated by placing 0.25 g of  

					the sample on a glass plate before being covered. The plates were  

					pressed and rubbed to assess whether the formulation was uniform in  

					texture. This test was conducted weekly over 4 weeks during storage at  

					room temperature.3,7  

					SPF Value  

					SPF value was calculated using Mansur's equation. The solution  

					obtained was tested by a UV-Vis spectrophotometer with a blank of  

					ethanol p.a. at a wavelength of 290-320 nm. Furthermore, the  

					absorption value obtained was multiplied by EE X I for each interval.  

					The total EE × I was multiplied by the correction factor to obtain the  

					SPF value of the gel formulation.16  
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					%Te (Transmission of erythema) Value  

					response of each formula was evaluated based on pH and spreadability.  

					The formula predictions by Design Expert 13 software are shown in  

					Table 3.  

					%Te value was determined using a UV-Vis spectrophotometer by  

					measuring transmittance (T) at wavelengths of 292.5–317 nm in 5 nm  

					intervals with ethanol p.a. as the blank.17  

					Response Testing  

					The optimal formula recommended by Design Expert software was  

					determined based on the highest desirability contour plot. The  

					desirability value is directly proportional to the suitability of the product  

					formula to achieve the optimal formula with the specified response  

					variables. In this study, a value of 1.000 was obtained for the  

					recommended optimal formula, corresponding to a composition of  

					Carbopol 940 = 0.598% and TEA = 0.522%, with predicted response  

					values of pH = 5.936 and spreadability = 5.488. Subsequently, the  

					ethanol extract gel formula from Ziziphus mauritiana L. was re-  

					formulated for verification based on the response parameters used,  

					namely pH testing and spreadability.4,16  

					%Tp (Transmission of pigmentation) Value  

					%Te value was determined using a UV-Vis spectrophotometer by  

					measuring transmittance (T) at wavelengths of 292.5–317 nm at 5 nm  

					intervals with ethanol p.a. as the blank.18  

					Data Analysis  

					The test data were processed using Design Expert 13 software and  

					Response Surface Methodology to obtain the optimum formula based  

					on the parameters of pH and spreading power. The data were presented  

					in tables and figures to conclude the effect of concentration differences  

					on the use of Carbopol 940 and TEA in ethanol leaf extract gel  

					preparations. Subsequently, the data were analyzed descriptively in the  

					form of SPF value calculations and analysis using One-Way Analysis  

					of Variance (ANOVA) statistics.  

					Validation of Formula Optimization Model  

					The predictions of the response values of the optimization results  

					provided by the design expert program were verified. The actual  

					response values obtained from the verification stage are compared with  

					the response predictions generated by the design expert program.7,12  

					Furthermore, the results for the optimal ethanol extract formula of  

					Ziziphus mauritiana L. produced a pH error of 0.9% and a spreadability  

					of 3.71%, as detailed in Table 4. This shows that there is no significant  

					difference since the error was in ±10%.  

					Result and Discussion  

					Phytochemical screening of Ziziphus mauritiana L. extract  

					The results of this phytochemical screening are presented in Table 1.  

					The screening results of the ethanol extract of Ziziphus mauritiana L.  

					showed the presence of flavonoids, phenolics, saponins, terpenoids, and  

					steroids. Ziziphus mauritiana L. had a high flavonoid content,  

					functioning as a reducing agent that inhibited several oxidation  

					reactions. 2,5,6  

					Table 3: Formula 17 run and response results using Box-  

					Behnken Design  

					Determination of SPF Value of Ziziphus mauritiana L. Ethanol Extract  

					The results of testing the sunscreen activity of ethanol extract from  

					Ziziphus mauritiana L. obtained by calculating SPF index, are  

					presented in Table 2. Based on the evidence, the ethanol extract of  

					Ziziphus mauritiana L. had a sufficient SPF value to be used in the  

					formulation of a sun gel.  

					Factor 1  

					Factor 2  

					B:TEA  

					1

					Response 1  

					pH  

					Response 2  

					Spreadibility  

					3.60  

					Run  

					A:Carbopol 940  

					1

					2

					2

					5.47  

					5.83  

					5.83  

					4.72  

					6.72  

					5.07  

					5.83  

					5.83  

					7.40  

					4.72  

					6.72  

					4.43  

					5.94  

					5.83  

					6.95  

					6.95  

					5.07  

					1.25  

					1.25  

					2

					0.75  

					0.75  

					0.75  

					0.75  

					0.50  

					0.75  

					0.75  

					1

					4.10  

					3

					4.10  

					Table 1: Results of Phytochemical Screening of Ethanol  

					Extracts from Ziziphus mauritiana L.  

					4

					3.90  

					5

					0.50  

					1.25  

					1.25  

					1.25  

					0.50  

					2

					5.50  

					Phytoconstitutents  

					Flavonoid  

					Fenolik  

					Result  

					Reaction  

					6

					4.30  

					+

					+

					+

					+

					+

					Red Colour formed  

					7

					4.10  

					Blackish green Colour formed  

					Stable foam formed  

					8

					4.10  

					Saponin  

					9

					5.70  

					Terpenoid  

					Steroid  

					Brownish red Colour formed  

					Blue/green Colour formed  

					10  

					11  

					12  

					13  

					14  

					15  

					16  

					17  

					0.75  

					0.75  

					0.50  

					0.50  

					0.75  

					1

					3.90  

					0.50  

					2

					5.50  

					4.90  

					Table 2: SPF Value of Ziziphus mauritiana L. Ethanol Extract  

					0.50  

					1.25  

					1.25  

					1.25  

					1.25  

					6

					Concentration  

					SPF Value  

					Category  

					4.10  

					(µg/mL)  

					4.20  

					300  

					8.00  

					10.75  

					12.81  

					15.30  

					Extra protection  

					Maximum protection  

					Maximum protection  

					Ultra protection  

					1

					4.20  

					400  

					0.50  

					4.30  

					500  

					700  

					Based on the results, different contours and Colours were observed for  

					each response. The contour plot showing red and blue signifies the  

					maximum and minimum response, respectively. Blue suggested low pH  

					areas, while red reflected higher pH areas. This contour pattern showed  

					that the synergistic increase in the concentration of both components  

					enhanced the pH value of the gel formulation. In the dispersion capacity  

					contour plot diagram, the Colour gradient from blue to orange  

					represented an elevation in dispersion capacity as the concentration of  

					Carbopol 940 increased (Figure 1).19  

					Optimized Design of Ziziphus mauritiana L. Extract Gel Formulation  

					Formula optimization was performed by entering the variable data into  

					Design Expert software version 13. The variables in this study were the  

					concentrations of Carbopol 940 (0.5-2%) and TEA (0.5-1%). The data  

					was entered into Design Expert software version 13, which generated  

					17 formulas with varying variable concentrations. Furthermore, the  
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					940 influenced pH reduction, while TEA played a role in increasing the  

					pH of the formulation. The interaction between these two ingredients  

					determined the pH stability of the formulation, where an increase in  

					Carbopol without being balanced by TEA led to a significant decrease.  

					Conversely, at higher TEA concentrations, the decrease caused by  

					Carbopol was suppressed, resulting in a more stable value in an  

					appropriate range for topical use.19,20  

					Increasing the concentration of Carbopol 940 tends to reduce the  

					spreadability value, both at low (black line) and high (red line) TEA  

					concentrations. This is in line with Carbopol's characteristics as a gel-  

					forming agent that increases system viscosity, thereby limiting the  

					mobility and spread of the formulation on the skin surface.21  

					Table 4: Optimum Formula Verification Results  

					Prediction  

					Design  

					Expert 13  

					Average SD ±  

					SD  

					Observation  

					Preparation  

					Evaluation  

					% error  

					pH  

					Spreadibility test  

					5.936  

					5.488  

					5.99±0.02  

					5.7±0.20  

					0.90%  

					3.71%  

					The interaction between factors, namely the concentration of Carbopol  

					940 and TEA on pH and spreadability, was determined using Design  

					Expert software version 13 (Figure 2). An increase in the concentration  

					of Carbopol 940 tends to decrease the pH value, both at low (black line)  

					and high (red line) concentrations of TEA. This showed that Carbopol  

					Figure 1: Contour Plot Result and Interaction Curve of Carbopol 940 and TEA Against pH  

					Figure 2: Contour Plot Results and Interaction Curve of Carbopol 940 and TEA on Spreadability  

					Evaluation of Optimum Gel Preparation  

					Organoleptic Test  

					The results of the organoleptic test on the shape, Colour, and odor of the  

					optimal formulation are shown in Table 5. Based on observations  

					conducted over 4 weeks, the gel formulation did not undergo changes  

					and remained stable during 4 weeks of storage.  

					infection (Figure 3). During the four-week storage period at room  

					temperature, fluctuations were observed as detailed in Table 7,  

					attributed to the hydrolysis of acidic compounds, which induced a slight  

					decrease in pH.22 The data for the optimal formulation followed a  

					normal distribution (p > 0.05). A one-wayANOVA showed a significant  

					change in pH during the storage period (p = 0.004). However, pH  

					change remained minimal and in the acceptable range for the skin.11,23  

					Homogeneity Test  

					Spreadability Test  

					Homogeneity test of the gel preparation showed no particles in the  

					optimal gel formula of ethanol extract of Ziziphus mauritiana L. (Table  

					6). A homogeneous preparation was characterized by the absence of  

					clumped particles or coarse granules in the preparation.  

					The spreadability test aims to determine how well the gel formulation  

					spreads across the skin surface. A good spreadability facilitates  

					application, ensuring more even distribution of the active ingredient,  

					thereby optimizing the effects. This test is conducted weekly over a 4-  

					week storage period as detailed in Figure 4, and the results are shown  

					in Table 8. Based on observation, a decrease occurs each week, which  

					may be due to the storage period affecting the gel's spreadability in an  

					inverse proportion. This is because the water content in the gel  

					formulation evaporates, causing the formulation to become increasingly  

					viscous.24  

					pH Test  

					The gel formulation was designed to maintain a normal skin pH  

					between 4.5 and 6.5. In this context, Carbopol has a naturally acidic pH,  

					between 2.5 and 4.5. Excessive acidity can irritate, while an alkaline  

					environment can lead to dryness, sensitivity, and an increased risk of  
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					bubbles trapped during preparation. Air bubbles in the gel formulation  

					affect viscosity values in a direct proportionality. The high viscosity of  

					the ethanol extract gel from Ziziphus mauritiana L. is the cause of low  

					spreadability. The concentration of Carbopol as a gelling agent also  

					determines spreadability capacity.  

					Table 7: Heating-cooling stability test  

					Test  

					Texture  

					Smell  

					Colour  

					1 cycle  

					Semi-solid  

					(gel)  

					Typical Ziziphus mauritiana  

					Yellowish  

					green  

					L.  

					2

					Semi-solid  

					(gel)  

					Typical Ziziphus mauritiana  

					Yellowish  

					green  

					cycles  

					L.  

					3

					Semi-solid  

					(gel)  

					Typical Ziziphus mauritiana  

					Yellowish  

					green  

					Figure 3: pH Test  

					cycles  

					L.  

					4

					Semi-solid  

					(gel)  

					Typical Ziziphus mauritiana  

					Yellowish  

					green  

					cycles  

					L.  

					5

					Semi-solid  

					(gel)  

					Typical Ziziphus mauritiana  

					Yellowish  

					green  

					cycles  

					L.  

					6

					Semi-solid  

					(gel)  

					Typical Ziziphus mauritiana  

					Yellowish  

					green  

					cycles  

					L.  

					Table 8: Sunscreen Test Results Based on %Te, %Tp, and SPF  

					Value  

					Optimum Formula  

					During Storage  

					Category  

					SPF Value  

					% Te  

					1.5  

					% Tp  

					2.57  

					SPF  

					18.92  

					18.45  

					Figure 4: Spreadability Test  

					Adhesion Test  

					Ultra  

					Protection  

					Week 1  

					Week 4  

					Adhesion test, as detailed in Figure 5, correlated with the duration of  

					gel adhesion to the skin, enabling the penetration of the active  

					ingredients contained in the preparation. The test measured the gel’s  

					adhesion to the skin during use, which reflected the formulation quality.  

					It was evaluated weekly over a 4-week storage period to assess the  

					effect of prolonged storage. Adhesion strength results from week 1 to  

					week 4 (Figure 5) showed a slight increase. This was because the  

					ethanol extract gel of Ziziphus mauritiana L., after being stored for 4  

					weeks, became thicker in consistency. The phenomenon can also be  

					attributed to Carbopol, which absorbs water from outside the globules,  

					making the formulation thicker. Based on observation, spreadability is  

					inversely correlated with adhesive strength.25,26  

					Ultra  

					Protection  

					1.6  

					2.87  

					Heating-Cooling Stability Test  

					Heating-cooling stability test aims to determine whether there is phase  

					separation of the gel preparation under extreme temperatures. At the end  

					of each cycle, the preparation is examined for phase separation, and  

					observations are made regarding organoleptic properties, pH, and  

					spreadability. Based on the organoleptic examination, from cycle 1 to  

					cycle 6, the formulation remained stable without any phase separation  

					and no changes in physical appearance, shape, odor, Colour, and a  

					homogeneous composition (Figure 7). This suggests that all the  

					ingredients used in the gel formulation are well mixed, ensuring the  

					formulation remains stable under extreme temperature conditions.  

					Table 5: Organoleptic Test  

					Texture  

					Formula  

					Optimum  

					Colour  

					Aroma  

					characteristic  

					Semi-solid  

					Yellowish  

					green  

					smell  

					Ziziphus  

					of preparation  

					(gel)  

					Formula  

					mauritiana L.  

					Table 6: Homogeneity Test  

					Optimum Formula  

					Result  

					Week 1  

					Homogeneous  

					Homogeneous  

					Homogeneous  

					Homogeneous  

					Week 2  

					Week 3  

					Week 4  

					Viscosity Test  

					Viscosity test results are presented in Figure 6, where an increase during  

					storage time may be due to polymer development in the gel formulation.  

					This contributed to increased interpolymer bond density during storage,  

					causing the gel formulation to become thicker. Additionally, changes in  

					viscosity in the gel formulation may be attributed to the presence of air  

					Figure 5: Weekly Adhesion Test Results of the Optimized Gel  

					Formulation  
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					Skin Irritation Test  

					Skin irritation test of ethanol extract gel from Ziziphus mauritiana L.  

					was performed on three panelists using the closed patch method to  

					determine the optimal formula. Signs of irritation, such as redness,  

					itching, or swelling on the inner arm, would have shown a positive  

					reaction. However, observations of both formulas presented no allergic  

					responses in any panelist, as no redness, itching, or burning sensations  

					were detected. These results suggest that the developed formulation was  

					safe for topical use.11  

					Sunscreen Activity Test  

					This study showed sunscreen activity based on SPF, %Te, and %Tp  

					values measured at weeks 1 and 4 during storage at room temperature  

					(Table 14). For the optimal formula, SPF values were 18.92 at week 1  

					and 18.45 at week 4, both categorized as ultra protection. %Te values  

					were 1.5 at week 1 and 1.6 at week 4, reflecting extra protection against  

					erythema and pigmentation. This contributed to minimal erythema  

					without pain and the prevention of skin darkening upon sun exposure.  

					%Tp values were 2.57 (week 1) and 2.85 (week 4), both classified as  

					sunblock. This represented the most effective sunscreen activity by  

					blocking UVA and UVB penetration and simultaneously preventing  

					erythema and pigmentation. An effective sunscreen formulation was  

					characterized by a high SPF with low erythema and pigmentation  

					transmission. The results confirmed that the developed formulation met  

					the requirements, providing strong protection against both UVB and  

					UVA radiation.28,29  

					Figure 6: Weekly Viscosity Test Results of the Optimized Gel  

					Formulation  

					The statistical test results of SPF values for the optimal formula showed  

					that the data were normally distributed (p > 0.05). One-way ANOVA  

					test was then conducted, with the significance value of the optimal  

					formula being 0.000 (p < 0.05). This suggested a statistically significant  

					difference between SPF values at week 1, week 4, the negative control,  

					and the positive control. As a result, the differences between groups  

					remained significant after 4 weeks of storage.29  

					Figure 7: pH Stability Test  

					Conclusion  

					The optimal gel formulation of ethanol extract from Ziziphus  

					mauritiana L. was obtained using the experimental design approach  

					with Design Expert 13, incorporating Carbopol 940 (0.5%) and TEA  

					(0.5%). This formulation met the criteria for topical preparations based  

					on physical evaluation and showed no signs of skin irritation. pH %error  

					(0.9%) and spreadability (3.71%) remained in the ±10% tolerance  

					range, confirming consistency between predicted and actual outcomes.  

					The optimized gel featured sunscreen activity with an SPF value  

					categorized as ultra-protection and showed statistical stability during  

					storage. Therefore, the developed gel formulation presents favorable  

					physical characteristics, stable natural sunscreen properties, and  

					potential for advancement as a herbal-based cosmetic product.  
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					Figure 8: Stability Test of Spreadability  

					pH measurement of ethanol extract gel preparation from Ziziphus  

					mauritiana L. in heating-cooling test conducted over 6 cycles showed  

					an increase and decrease (Figure 7). However, the requirements for gel  

					preparations, which were 4.5-6.5, were still met. The decrease in pH  

					occurred because Carbopol 940 dispersed in water, forming an acidic  

					colloid. Storage conditions of Carbopol 940 can affect its stability,  

					leading to a decrease in pH values. The instability of the gel network  

					structure contributes to pH imbalance between cycles, although the  

					value generally remains in the acceptable range for topical  

					formulations.27The spreadability of ethanol extract gel preparations  

					from Ziziphus mauritiana L. was assessed in a heating-cooling test  

					conducted over 6 cycles. The results showed fluctuations in the gel  

					formulation in each cycle (Figure 8), which occurred due to the  

					influence of storage temperature. Temperature changes altered the  

					viscosity, thereby affecting its spreading ability.  
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