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Abstract 
Background: Ultraviolet (UV) radiation contributes to skin ageing and damage, necessitating adequate 

protection. Sunscreens offer a solution by absorbing, diffusing, and reflecting UV radiation, especially those 

containing titanium dioxide, which has strong UV-blocking properties. Innovation in the form of pressed 

powder sunscreen presents a practical and efficient daily protection approach due to its easy-to-apply 

formulation. Objective: This study aimed to evaluate the physical characteristics of pressed powder sunscreen 

formulations, including organoleptic properties, pH, homogeneity, adhesion, hardness, and the effect of 

titanium dioxide on the Sun Protection Factor (SPF) value. Methods: Formulations were prepared and 

evaluated through physical tests, including organoleptic assessment, pH, homogeneity, adhesion, and 

hardness, as well as SPF measurement using a UV-Vis spectrophotometer. Results: Titanium dioxide 

contributed to the formulations' light brown colour, smooth texture, and vanilla scent. It also enhanced the 

SPF value. The most optimal formulation was Formula 4, containing 25% titanium dioxide, which met the 

desired physical criteria and achieved an SPF value of 15.06, categorised by the FDA as ultra protection. 

Conclusion: The addition of titanium dioxide positively affected the physical characteristics and SPF value of 

pressed powder sunscreen. Formula 4, with 25% titanium dioxide, demonstrated the best results and the 

highest SPF, making it the most optimal formulation for UV protection. 
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Abstrak 

Latar Belakang: Radiasi ultraviolet (UV) berkontribusi terhadap penuaan dan kerusakan kulit, sehingga 

diperlukan perlindungan yang efektif. Tabir surya merupakan salah satu solusi yang dapat menyerap, 

menyebarkan, dan memantulkan radiasi UV, terutama dengan kandungan titanium dioksida yang memiliki 

sifat perlindungan tinggi. Inovasi tabir surya dalam bentuk bedak padat menawarkan pendekatan yang 

praktis dan efisien untuk perlindungan sehari-hari karena formulanya yang berupa bedak padat dan mudah 

diaplikasikan. Tujuan: Penelitian ini bertujuan untuk mengevaluasi karakteristik fisik dari formulasi tabir 

surya bedak padat, meliputi aspek organoleptik, pH, homogenitas, adhesi, kekerasan, serta pengaruh 

titanium dioksida terhadap nilai Sun Protection Factor (SPF). Metode: Metode penelitian dilakukan dengan 

formulasi sediaan dengan uji karakteristik fisik berupa organoleptik, pH, homogenitas, daya lekat, kekerasan 

serta pengujian nilai SPF menggunakan Spektrofotometer UV-Vis. Hasil: Titanium dioksida memberikan 

warna coklat muda, tekstur halus, dan aroma vanila pada formulasi tersebut. Hasil penelitian juga 

mengindikasikan bahwa titanium dioksida memberikan warna coklat muda, tekstur halus, dan wangi vanila 

pada sediaan, serta meningkatkan nilai Sun Protection Factor (SPF). Formulasi yang paling optimal 

berdasarkan evaluasi karakteristik fisik dan nilai SPF adalah Formula 4, yang mengandung 25% titanium 
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dioksida. Formula ini menghasilkan hasil pengujian fisik yang memenuhi kriteria yang ditetapkan dan 

mencapai nilai SPF sebesar 15,06 (perlindungan ultra). Kesimpulan: Penambahan titanium dioksida 

berpengaruh positif terhadap karakteristik fisik dan nilai SPF bedak padat tabir surya. Formula 4, dengan 

kandungan 25% titanium dioksida, memberikan hasil terbaik dan nilai SPF tertinggi sebesar 15,06, sehingga 

dinyatakan sebagai formulasi paling optimal untuk perlindungan terhadap radiasi UV. 
 

Kata Kunci: Bedak Padat, Tabir Surya, Titanium Dioksida, SPF. 
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Introduction 

Skin health plays a crucial role in human life, not only supporting aesthetic appearance but also serving 

as an indicator of overall health status [1]. Dermatological disorders can negatively impact an individual's 

self-image and are, therefore, a primary concern within the healthcare field [2]. Among the most common skin 

issues are those induced by excessive sun exposure, particularly from ultraviolet A (UV-A) and ultraviolet B 

(UV-B) radiation, which can cause sunburn, penetrate the epidermal and dermal layers, and accelerate skin 

ageing processes [3]. 

Excessive exposure to ultraviolet radiation can result in various skin conditions, including erythema, 

dryness, burns, wrinkles, and an increased risk of irritation and skin cancer [1]. To mitigate these harmful 

effects, sunscreen is widely recommended as a protective measure against UV radiation [4]. The effectiveness 

of a sunscreen product is commonly assessed based on its Sun Protection Factor (SPF), which quantifies its 

ability to protect the skin from UV radiation. One of the most widely used UV-protective agents in sunscreen 

formulations is titanium dioxide, an active physical blocker against UV radiation [5]. 

Titanium dioxide, or titanium micropigment, is an inorganic compound capable of reflecting and 

scattering UV and infrared radiation. Its photoreactive properties under UV exposure make it a widely utilised 

ingredient in cosmetic formulations [6]. The most commonly available public-use sunscreen preparations are 

cream, lotion, gel, and spray. Sunscreens are traditionally available in creams, lotions, gels, and sprays. 

However, these formulation types may be less practical for daily use due to their relatively long absorption 

time and the temporary alteration of skin appearance post-application. Furthermore, maintaining 

photoprotective efficacy requires reapplication every 2–3 hours, posing challenges for individuals wearing 

facial makeup, as reapplication may compromise the makeup finish. As a solution, sunscreens formulated as 

pressed powders offer a more practical and efficient alternative for daily application. This formulation type 

enables reapplication of sun protection without disrupting facial makeup, thereby enhancing user 

convenience and compliance [7]. 

Pressed powder is a pressed powder preparation typically applied with a cosmetic sponge. It must 

possess adequate mechanical strength to remain intact during handling while also ensuring smooth transfer 

onto the applicator [8]. He primary advantages of pressed powder include its oil-absorbing properties, ease 

of application, and good skin adhesion, making it suitable for a wide range of users [9]. Despite these benefits, 

pressed powders can suffer from limited durability and ease of removal. Silicones are frequently incorporated 

into formulations to enhance product longevity, contributing to improved wear resistance and product 

stability. Standard silicones in cosmetic formulations include cyclomethicone and dimethicone [10]. 
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Silicones serve as skin-conditioning agents and act as protective barriers against environmental 

stressors such as UV radiation, while also contributing to smooth texture and sensory enhancement. 

Cyclopentasiloxane is among the most frequently used silicones in cosmetic products due to its excellent 

spreading ability and conditioning effects on skin and hair [11]. In sunscreen formulations, cyclopentasiloxane 

functions as an emollient, humectant, solvent, and viscosity modifier, thus playing a multifunctional role in 

enhancing product aesthetics and performance[12].  

Although SPF values similar to those achieved in this study have been reported in commercial mineral 

sunscreens and previous research, the innovation of this formulation lies in its combination of UV protection 

efficacy, long-lasting, and user-friendly application in a pressed powder format. The developed formulation 

uses 25% titanium dioxide as the sole active UV filter and successfully achieves an SPF of 15.06, placing it in 

the ultra protection category [13]. In contrast, the current formulation achieves comparable SPF efficacy in a 

dry, compact powder base without relying on additional active ingredients, making it more straightforward, 

potentially safer, and more suitable for sensitive skin. 

Moreover, a key aspect of this innovation is the inclusion of cyclopentasiloxane, a volatile silicone 

commonly used in cosmetics for its excellent spreading properties and quick-drying, non-greasy finish. 

Cyclopentasiloxane acts as a film-forming agent in sunscreen systems, improving skin adherence and long 

adhering. This property addresses a standard limitation of powder-based sunscreens, which often suffer from 

low wear time and poor resistance to sweat or sebum. By integrating this silicone, the formulation can 

maintain UV protective performance while offering longer-lasting wear and greater practicality, especially for 

reapplication over facial makeup throughout the day. Thus, while the SPF value alone may not appear 

exceptional, the overall formulation strategy—using only titanium dioxide as the active UV filter, enhancing 

long adhering through cyclopentasiloxane, and delivering the product in a pressed powder form—represents 

a novel, multifunctional approach in the realm of physical, mineral-based sunscreens [14]. 

Given the considerations above, formulating a water-resistant pressed powder based on titanium 

dioxide as a sunscreen agent represents a significant innovation. This approach aims to improve the efficacy 

of UV protection and the product’s physical durability, making it better suited for daily application in various 

environmental conditions. 

 

Experimental Section 

Materials and Apparatus 

The instruments used in this study were an analytical balance (Fujitsu FS-AR®), a pH meter (Jenway®), 

sieves, crucibles (Pyrex®), a mortar, pestle, spatulas (Pyrex®), powder godet, droppers (Pyrex®), measuring 

cylinders (Pyrex®), stirring rods (Pyrex®), 50 mL beakers (Pyrex®), 200 mL beakers (Pyrex®), spatulas 

(Pyrex®), 10 mL volumetric flasks (Pyrex®), 50 mL volumetric flasks (Pyrex®), a double-beam UV-Vis 

spectrophotometer (Jenway®), cuvettes, and pressed powder containers. The materials used in this study 

included titanium dioxide (Sunscreen Grade, Sunsafe® T-100), cyclopentasiloxane (DC 345 Fluid by Dow 

Corning), talcum (Cosmetic Grade, CTC-99), zinc stearate (Pharmaceutical Grade, Merck®), vanilla (Natural 

Vanillin, Sigma-Aldrich), glycerin (Pharmaceutical Grade, Brataco®), calcium carbonate (Cosmetic Grade, 

Merck®), polyvinyl alcohol (Analytical Grade, Sigma-Aldrich®), D&C Red No. 17 (Sensient®), D&C Yellow No. 

10 (Sensient®), 96% ethanol (Pharmaceutical Grade, Brataco®), and tissues. 

 

Methods 

Pressed Powder Formulation 

The pressed powder formulation was prepared using titanium dioxide and cyclopentasiloxane at 

concentrations of 10%, 15%, 20%, 25%, and 30%, with a total formulation weight of 20 grams (Table 1). 

Titanium dioxide, cyclopentasiloxane, zinc stearate, and calcium carbonate were first mixed until 

homogeneous. Sieved talcum powder was added and triturated until the mixture became uniform (Mass I). A 

portion of sieved talcum (mesh no. 200) was triturated evenly (Mass II) in a separate container. Into this mixture, 

polyvinyl alcohol and glycerin were added in the required quantities. Mass I and II were combined in a single 

container and mixed thoroughly. D&C Red and D&C Yellow colourants were added and blended until evenly 

distributed. The final mixture was triturated until homogeneous, passed through a mesh no. 200 sieve, placed into a 

container, and manually pressed into powder form.  
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Table 1. Formulation Design of Titanium Dioxide-Based Pressed Powder Sunscreen 

Ingredients Concentrations (%) 

F1 F2 F3 F4 F5 

Titanium dioxide 10 15 20 25 30 

Cyclopentasiloxane 0,1 0,1 0,1 0,1 0,1 

Vanila 0,01 0,01 0,01 0,01 0,01 

Zinc stearate 0,5 0,5 0,5 0,5 0,5 

Calcium carbonate 4 4 4 4 4 

Polyvinyl alcohol 2 2 2 2 2 

D & C Red 0,1 0,1 0,1 0,1 0,1 

D & C Yellow 0,05 0,05 0,05 0,05 0,05 

Glycerine 5 5 5 5 5 

Talc ad 100 

 

Physical Evaluation 

Organoleptic Test 

The organoleptic evaluation was carried out by observing the physical characteristics of the pressed 

powder, including its shape, colour, scent, and texture. [15]. 

 

pH Test 

The pH was measured using a pH meter after dispersing 1 gram of powder in 10 mL of distilled water 

to form a suspension. Cosmetic products are expected to have a pH range suitable for skin, which lies between 

4.5 and 8.0 [16]. 

 

Homogeneity Test 

The homogeneity test was performed by evenly applying a thin layer of pressed powder onto a glass 

slide, then observing under light to ensure the absence of coarse particles [17]. 

 

Adhesion Test 

The adhesion test involved applying the pressed powder onto the back of the hand. Adhesion was 

evaluated based on the resistance of the powder to removal using water and its ability to remain on the skin 

[9]. A small amount of water (approximately 5 mL) is dropped onto the area and left for five minutes without 

rubbing. After that, the water is gently wiped in one direction using a dry tissue, and the remaining powder 

adhering to the skin is observed[18]. 

 

Hardness Test 

Hardness testing was conducted to assess the hardness of the final formulation. This was done by 

dropping the product from a height of 20–25 cm onto a flat surface and observing whether cracks or breakage 

occurred, which indicates the product’s mechanical strength [19]. 

 

Uji Sun Protecting Factor (SPF)  

In this study, the SPF value was determined in vitro using UV spectrophotometry, based on the method 

developed by Mansur et al. While in vitro methods offer a practical and ethical alternative to human testing, 

they are known to potentially overestimate SPF values compared to in vivo assessments, due to factors such 

as lack of skin interaction, film-forming behaviour, and real-life application variability.  

An amount of 0.1 grams from each formulation was weighed and dissolved in 25 mL of 95% ethanol in 

a 50 mL beaker. After homogenization and sonication for 3 minutes, the solution was filtered using filter paper. 

From each sample, 1 mL of the filtrate was transferred into a 10 mL volumetric flask and diluted to volume 

with 96% ethanol. The absorbance of the samples was measured using a UV-Vis spectrophotometer in the 

wavelength range of 290–320 nm (AT et al., 2019). The SPF value was calculated using the following equation 

[20]:  
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SPF: Sun Protection Factor 

CF: Correction Factor (10)  

EE: Erythemal Effectiveness 

I: Solar Intensity Spectrum 

Abs: Absorbance of the Sample 

λ: Wavelength 

  

Results and Discussion 

Pressed powder is a type of powder formulated through a compression process. It is typically applied 

using a powder sponge. The main advantages of pressed powder are its portability and ease of application. 

Additionally, it helps absorb and reduce excess oil and has good adhesion to the skin. Nowadays, pressed 

powder products are often formulated with SPF to provide dual protection. One of the active ingredients used 

for sun protection is titanium dioxide. 

Titanium dioxide is a sunscreen agent due to its ability to reflect sunlight, especially high-energy 

ultraviolet (UV) radiation. When combined with other cosmetic ingredients, titanium dioxide forms a 

protective surface coating on the skin. This coating helps maintain skin protection and prevents darkening 

caused by intense sun exposure. Therefore, the use of pressed powder containing titanium dioxide is effective 

in protecting the skin from the harmful effects of sunlight [12]. However, pressed powder has a common 

drawback—its tendency to be easily removed or smudged. Therefore, the use of silicone is crucial in pressed 

powder formulations. The type of silicone commonly used in pressed powder is cyclopentasiloxane. 

Cyclopentasiloxane (D5) is widely used in cosmetic products due to its unique functions, including 

acting as an emollient, humectant, solvent, and viscosity-controlling agent. In this study, cyclopentasiloxane 

is a water-resistant agent, enhancing the product's ability to adhere to the skin and resist removal by sweat or 

moisture. The results of the formulations can be seen in Figure 1. 

 

     
                      (a)                    (b)                    (c)    (d)              (e) 

Figure 1. Pressed powder sunscreen formulations containing titanium dioxide at varying concentrations: (a) 

F1 with 10% titanium dioxide; (b) F2 with 15% titanium dioxide; (c) F3 with 20% titanium dioxide; (d) 

F4 with 25% titanium dioxide; (e) F5 with 30% titanium dioxide. 

 

The pressed powder sunscreen formulations with titanium dioxide were developed in five different 

concentrations: 10%, 15%, 20%, 25%, and 30%. The purpose of varying the titanium dioxide concentration was 

to evaluate its influence on the Sun Protection Factor (SPF) value in the pressed powder sunscreen 

formulations. 

Additional ingredients in the formulation included talc, which served as the primary filler to increase 

the bulk of the product, provide a smooth texture, and improve spreadability on the skin for user comfort. 

Zinc stearate functioned as a binder, helping to press the pigments, prevent crumbling, and enhance the 

texture and viscosity of the product. Vanilla was added to give a distinctive fragrance. Glycerin acted as a 

humectant to maintain skin moisture.  

Calcium carbonate served as an absorbent to maintain the physical stability of the formulation and 

control moisture. Polyvinyl alcohol functioned as a stabiliser to prevent ingredient separation and improve 

product longevity. D&C Red No. 17 and D&C Yellow No. 10 were incorporated to provide a stable colour and 

enhance the product's aesthetic appeal [21].  

(1) 
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Physical Evaluation 

Organoleptic Test 

The pressed powder formulations were evaluated organoleptically based on odour, colour, and texture. 

[19]. Observations conducted over one week on F1, F2, F3, F4, and F5 showed that all formulations had a light 

brown colour, smooth texture, and a vanilla scent. These results are consistent with previous studies, which 

state that good organoleptic quality is indicated by the absence of changes in colour, odour, and texture during 

the observation period. The formulation's observed light brown colouration and vanilla scent result from the 

combination of added colourants and aromatic agents, rather than the intrinsic properties of titanium dioxide 

(TiO₂), which is white and odourless. Specifically, incorporating D&C Red and D&C Yellow dyes contributes 

to the overall hue through colour blending, while vanillin imparts a characteristic vanilla aroma [22]. 

Organoleptic stability ensures the formulation meets users' aesthetic and sensory expectations [23]. 
 

pH Test 

pH is a measurement that determines the acidity or alkalinity of a solution. A pH that is too low can 

cause skin irritation, while a pH that is too high may lead to dryness. The ideal pH range for topical application 

on skin is between 4.5 and 7 [24].  

Table 2. Results of pH Tests  

Formula pH 

F1 5,93 ± 0,02 

F2 5,98 ± 0,01 

F3 6,61 ± 0,00 

F4 6,84 ± 0,02 

F5 7,75 ± 0,03 

 

The results in Table 2 indicated that formulations F1–F4 exhibited pH values within the range of normal 

skin pH. However, F5 demonstrated a pH value of 7.75, which falls outside this physiological range. This 

deviation may be influenced by factors such as the decomposition of components resulting in acid formation, 

temperature fluctuations, improper storage conditions, and environmental factors. [25].  

Titanium dioxide is an amphoteric compound, meaning it can act as either an acid or a base depending 

on synthesis conditions and the nature of accompanying excipients. Thus, its incorporation in formulations 

may influence the overall pH of the system [26]. Furthermore, the increase in pH may also be attributed to 

adding excipients with differing pH values, leading to interactions between the active ingredients and 

additives that result in pH variations among formulations. 
 

Homogeneity Test 

The homogeneity test assessed whether the particles within each formulation were uniformly dispersed 

or segregated. A homogeneous formulation reflects high product quality, ensuring even ingredient 

distribution, reducing skin irritation risk and promoting consistent application. This finding is consistent with 

Hastuti et al. (2020), who stated that a consistent particle distribution and the absence of coarse granules 

characterise optimal homogeneity. All tested pressed powder formulations were homogeneous, as evidenced 

by the uniform particle dispersion on glass slides and the lack of clumping in all samples. 
 

Adhesion Test 

The adhesion test results met the acceptable standard, indicating that each formulation adhered to the 

skin for 6 hours, as shown in Table 3.  

Table 3. Adhesion test results  

Formula Adhesion Duration (h) 

F1 Adhered 6 

F2 Adhered 6 

F3 Adhered 6 

F4 Adhered 6 

F5 Adhered 6 
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The adhesion test was designed to evaluate the ability of the formulation to remain on the skin after 

application. Greater adhesion generally enhances the potential for absorbing active ingredients due to 

prolonged contact time [27]. As such, extended adhesion supports sustained release and prolonged 

effectiveness of the formulation [28]. 

 

Hardness Test 

Hardness testing of pressed powder formulations was performed to assess the tablets' mechanical 

strength and compression quality. Hardness is directly related to the pressure applied during compression; 

greater pressure results in higher hardness values [29]. If formulations that do not exhibit cracking or breaking 

upon handling indicate good pressedness [19]. All five formulations met the required hardness standards, as 

none displayed any signs of cracking or breakage [4]. The good adhesion observed is also attributed to the 

inclusion of water-resistant agents, which prolong skin contact [3]. Additionally, excipients such as polyvinyl 

alcohol (PVA) may enhance the adhesion properties of pressed powders, improving their longevity and 

resistance to smudging. All five formulations fulfilled the necessary hardness and adhesion criteria based on 

the results.  

 

Sun Protection Factor (SPF) Evaluation 

The Sun Protection Factor (SPF) indicates a product's or active ingredient's effectiveness in protecting 

the skin against ultraviolet (UV) radiation. A higher SPF value corresponds to greater protection from harmful 

UV effects [30]. SPF is a widely accepted index for evaluating sunscreen performance. UV-Visible 

spectrophotometry was conducted over the wavelength range of 290–320 nm to determine SPF values in 

titanium dioxide-containing pressed powders. Absorbance values at each sample concentration were 

calculated using a validated equation to derive SPF values.  

Results showed that absorbance increased proportionally with sample concentration, directly 

influencing the resulting SPF values, as presented in Table 4. 

Table 4. SPF Test Results  

Formula SPF Value Protection Category 

F1 8,41 ± 0,06 Maximum Protection 

F2 8,60 ± 0,01 Maximum Protection 

F3 14,57 ± 0,00 Ultra Protection 

F4 15,06 ± 0,00 Ultra Protection 

F5 15,57 ± 0,00 Ultra Protection 

 

The data demonstrate that higher concentrations of titanium dioxide correlate with increased SPF 

values. Additional influencing factors include the type of solvent, carrier components, the inclusion of other 

active ingredients, and pH conditions. Titanium dioxide is typically utilised in sunscreen formulations at 

concentrations ranging from 2% to 15%. However, increasing its concentration to 20–30% has significantly 

enhanced SPF values. The SPF values obtained in this study ranged from 8.41 to 15.57, with Formulas 3, 4, and 

5 falling into the ultra protection category. These findings are consistent with previous reports. For instance, 

Geoffrey et al. (2019) stated that mineral-based sunscreen formulations containing agents such as titanium 

dioxide and zinc oxide typically exhibit SPF values ranging from 2 to 20, depending on formulation factors 

such as particle size, dispersion, and film uniformity.  

Formulations F3 to F5 achieved SPF values categorised as "Ultra Protection," providing efficacy 

comparable to para-aminobenzoic acid (PABA) in absorbing UV radiation [31]. These formulations prevent 

tanning and offer superior protection against UVA and UVB radiation, which are implicated in skin ageing, 

hyperpigmentation, and increased skin cancer risk. While maximum protection is adequate for daily activities, 

ultra protection suits environments with intense UV exposure. Although Formula 5 demonstrated a slightly 

higher SPF value (15.57) than Formula 4 (15.07), Formula 4 is considered superior overall due to better safety 

and cosmetic acceptability, particularly for daily use. Formula 5 contains a high concentration of titanium 

dioxide (TiO₂) at 30%, which enhances UVB protection but may lead to undesirable effects such as white cast 

and mild skin irritation, especially in individuals with sensitive or darker skin tones.  TiO₂ is a physical UV 

filter known for its intense opacity and bright white colour, and at high concentrations, it can negatively 

impact the visual aesthetics of the product [32], [33]. Moreover, while TiO₂ is generally recognised as safe for 
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topical use up to 25% by the European Scientific Committee on Consumer Safety (SCCS), formulations 

exceeding this threshold warrant further evaluation for potential local adverse effects such as irritation or 

inflammation [34]. Therefore, Formula 4, which utilises a lower TiO₂ concentration, offers a more balanced 

approach, delivering adequate sun protection while minimising cosmetic drawbacks and irritation risks, 

making it more suitable for routine application. In conclusion, pressed powder formulations containing 

titanium dioxide demonstrated effective photoprotective performance, as evidenced by SPF values. These 

findings align with previous studies supporting the potential of titanium dioxide as an active ingredient in 

cosmetic formulations designed for UV protection and optimal SPF efficacy. 

 

Conclusions  

Based on the study results, the pressed powder sunscreen formulation—comprising titanium dioxide, 

cyclopentasiloxane, zinc stearate, calcium carbonate, glycerin, polyvinyl alcohol (PVA), D&C Red and Yellow 

colourants, and talc—met the required standards. Organoleptic testing showed a light brown colour, 

distinctive aroma, and smooth texture. The pH ranged from 5.93 to 7.75, with uniform homogeneity across all 

formulas. Adhesion was good at all concentrations, and no cracking occurred in hardness tests. Titanium 

dioxide significantly influenced SPF values: F1 (8.41), F2 (8.60), F3 (14.57), F4 (15.06), and F5 (15.57), with F3–

F5 classified as ultra protection. Although F5 exhibited the highest SPF, F4 was considered the most optimal 

UVB protection under the tested conditions, due to its favourable balance of SPF performance, physical 

stability, and user acceptability. Notably, F4 maintained adequate UVB protection while avoiding the white 

cast and irritation potential associated with the higher titanium dioxide level in F5. However, this conclusion 

is limited to UVB performance; further studies are recommended to evaluate UVA protection, photostability, 

and long-term safety. 
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