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Introduction 

It is extremely difficult to create sunscreen solutions that are effective, adhere to current regulatory standards, are marketable, 

and satisfy consumer demands. The four fundamental criteria of effectiveness, safety, registration, and patent freedom serve 

as checkboxes to verify that a sunscreen product has a chance of being successful following development [1]. Sun-block 

formulae must be created for repair, reduction of sunburn, sun tanning, skin melanoma, and early fine lines and wrinkles, as 

well as increasing the degree of sun protection factor (SPF) [2]. Sunscreens are frequently applied to the skin to protect it from 

the sun's harmful rays and to reduce the risk of skin disorders caused by the sun's rays. Broad-spectrum sunscreens are now 

being researched to reduce the long-term effects of high UV radiation [3]. Polyphenols and phenolic compounds, particularly 

natural oil, are essential ingredients for UV protection because of their high UV-A absorption efficiency and antioxidant 

activity [4]. UV rays are absorbed by certain bio-active substances in the environment, which protects the skin from their 

harmful effects. Because of their safety, absence of unpleasant responses, lack of dangerous chemical components, and 

environmental integrity, biologically active compounds have become more popular in cosmetics formulations in recent years 

[5]. Because synthetic photo-protective chemicals are more likely to be dangerous and carcinogenic, phytoconstituents are 

gaining favor as major cosmetics ingredients due to their natural anti-cancerous, anti-mutagenic, and non-toxic properties. 

Genuine herbal elements in sun-screen are the least irritating to the skin, especially for sensitive skin [6], include natural 

components, can regenerate the skin, and give enough protection against pollution and climate changes in the atmosphere. The 

most often used herbs in natural sunscreen include aloe vera, vitamin E, turmeric, and cucumber [7-9].  
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Sunscreen lotion is a sort of product that protects against the sun's harmful rays by containing 

ultraviolet radiation (UV rays), which is divided into two types: ultraviolet radiation A (UVA) and 

ultraviolet radiation B (UVB). The incorporation of herbal materials into sunscreen is one of the 

most effective and natural ways to protect against the sun, as measured by the sun protection factor 

(SPF), as well as the detrimental side effects of toxic chemicals. The present study aimed to develop 

herbal sunscreens containing turmeric (strong antiseptic property which protects skin from bacteria 

caused by excess sweat), coconut oil (used as a sun-block agent and helps to protect skin from sun 

damage), aloe vera (give a cooling effect to the skin and work as skin barrier), lemon (used to protect 

skin for sunburn) which will be effective for skin and protect skin against harmful sun rays, sunburn, 

and skin cancer. Prepared herbal sunscreens were evaluated for physicochemical characteristics, 

SPF, thermal stability, antioxidant activity, in vitro mutagenicity, and stability. Results showed that 

the F5 and F6 herbal sunscreens were of good consistency and viscosity with excellent antioxidant, 

non-mutagenic, nonirritant, stability activity and possessed 33.50 SPF for normal skin. In 

comparison to F1 through F4, formulations with a coconut oil base and carrot seed extract (F5 and 

F6) were shown to be stable and effective, with a high SPF. 
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Aloe vera is a well-known and ancient Liliaceae medicinal plant. This plant is a shrubby or arborescent perennial xerophytic 

succulent with a pea-green color. Aloe-vera leaf extracts include a lot of polyphenol components and chemicals in them. Aloe 

vera's 75 potentially active elements include vitamin supplements, minerals, carbohydrates, enzymes, lignin, saponins, 

salicylic acids, and amino acids [10-12]. It has successfully treated sunburns, including both first and second-degree burns 

[13]. Aloe vera gel has been found to protect human skin from all harmful effects of rays. Due to its anti-inflammatory, 

antibacterial, and wound-healing characteristics, aloe vera has long been used to treat digestive issues as well as skin injuries 

(burns, wounds, insect bites, and eczemas). The goal of research on this medicinal plant has been to confirm its historical 

applications, understand its mode of action, and pinpoint the chemicals that are responsible for these effects. The active 

ingredients that have received the greatest research are acemannan, aloe-emodin, aloin, aloesin, and emodin [14, 15]. Aloe 

vera contains both antimicrobial and antibacterial properties. It decreases the creation and secretion of immunosuppressive 

cytokines such as interleukin-10, which are secreted by epidermis keratinocytes, and prevents a protracted type of 

hypersensitivity when exposed to UV radiation (IL-10) [16]. 

Turmeric is produced by Curcuma Longa, a Zingiberaceae rhizomatous perennial herbaceous plant. Essential oil, tannin, and 

curcumin are all present in this plant. The extract of curcuma longa has anti-flatulent, anti-inflammatory, anti-fungal, anti-

parasitic, anti-inflammatory, and anti-cancer properties. Additionally, Curcuma longa has the advantage of inhibiting 

apoptosis, according to a 2009 survey conducted at the University of Texas [17]. Curcumin has antioxidant and anti-

inflammatory properties. Curcumin contains over a hundred different constituents, all of which have been identified. Turmeric 

is primarily made up of essential oil called turmerone, as well as curcuminoids, which are coloring compounds. Curcuminoids 

are antioxidants found in the environment, including curcumin de-methoxycurcumin, di-hydrocurcumin, and 5'-

methoxycurcumin [18, 19]. 

Vitamin E is a fat-soluble antioxidant with photoprotective capabilities that is vital for human health. Vitamin E from food 

(RRR—tocopherol) is different from vitamin E from pills (all-rac-tocopherol). Because photosynthetic processes can create 

vitamin E, it should only be received in small amounts from outside sources [20]. 

Coconut oil is derived mostly from the dried seeds of edible coconut trees, commonly known as copra [21]. Lauric acid makes 

up a major portion of coconut oil. Coconut oil has long been used as a body lotion and for the prevention and healing of dry 

skin due to its thick, silky texture. Sunburn compositions including photoprotective coconut oil can lower inorganic UV 

radiation concentrations, reducing manufacturing challenges and meeting customer desire for more natural goods, however, 

humans have also been discovered to have considerable SPF values [22, 23]. 

Vitamin C and polyphenols, which are powerful antioxidants, are abundant in lemons. Lemon is a Rutaceae family medicinal 

plant that grows in tropical and subtropical Southeast Asia [24]. Even though this Citrus fruit has excellent nutritional 

characteristics, its significant biological effect in current phytotherapy and cosmetics is still unappreciated [25]. Vitamin C is 

required for the formation of elastin, the organic anatomical structure of the skin, as well as for sunburn protection. 

In the present research, herbal sunscreens were prepared using Carbopol 934 base and coconut base with different herbal 

ingredients. Color, pH, viscosity, spreadability, thermal stability, in vitro antioxidant activity, in vitro mutagenicity activity, 

in vitro occlusion, and stability of fabricated herbal sunscreen lotions were all examined. By using an in-vitro 

spectrophotometric approach, the sun protection efficiency of the lotion was assessed in terms of SPF. 

Materials and Methods  

All the herbal ingredients such as Lemon (Citrus Limon), Turmeric (Curcuma Longa), Aloe vera (Aloe Barbadensis), and 

carrot seeds were collected from the botanical garden of Pranveer Singh Institute of Technology, Kanpur. Vitamin E was 

collected from Procter and Gamble Ltd.; Isca Guard PEG was collected from BRM Chemicals; Carbopol 934 was purchased 

from SD Fine Chemical Limited. All solvents were of analytical grade. 

Methods 

Prepared Sunscreen with Carbopol 984 Base 

Herbal sunscreens were created by combining several herbs with carbopol 934 as a foundation (Table 1). One gm of carbopol 

934 was soaked in distilled water, and additional components such as aloe vera, turmeric, vitamin E, and lemon were added 

and mixed continuously for one hour before adding the preservative. Evaluation studies began after one hour. 

 

Table 1. Composition of herbal sunscreen formulations 

Ingredients F1 F2 F3 F4 F5 F6 

Carbopol 934 1 g 1.5 g 5g 7g - - 

Coconut oil 0.2 ml 0.4 ml 1 ml 0.5 ml 25 ml 15 ml 

Aloe vera gel 20 ml 30 ml 40 ml 50 ml 20 ml 10 ml 

Lemon juice 0.3 ml 1 ml 5 ml 3 ml - - 

Turmeric 375 mg 1125 mg 375 mg 375 mg 375 mg 150 mg 
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Vitamin E 400 mg 400 mg 400 mg 400 mg 400 mg 400 mg 

Carrot seed - - - - 2 g 2 g 

Green tea - - - - 2.836 g 2.836 g 

Beeswax - -- - - 500 mg 1.5 g 

Preservative 0.5 % 0.5 % 0.5 % 0.4 % 0.5 % 0.5 % 

Distilled water 100 ml 100 ml 100 ml 100 ml - - 

 

Prepared Sunscreen with Coconut Oil Base 

In a water bath, the required amount of coconut oil, green tea, bee wax, and carrot seeds was heated for 1 hour. When the oil 

phase was at room temperature, other ingredients such as aloe vera, turmeric, and vitamin E were gradually added while stirring 

constantly until a smooth and homogeneous paste was created. Following that, a preservative was added to the combination 

(Table 1). The manufactured herbal sunscreen was then stored in a cool location for further research or evaluation. 

Evaluation of Herbal Sunscreen Formulations 

Physical Parameters  

Appearance, color, and homogeneity were determined.  

Determination of Viscosity 

The Brookfield viscometer (RVDV-II+PRO) was used to test viscosity, with the proper number of spindles selected. A 50 ml 

beaker was used to hold 50 g of preparation until the spindle groove was dipped and the rpm was set. Herbal sunscreen viscosity 

was measured at 5, 10, 20, 50, and 100 rpm. The viscosity was computed using the factor obtained from the reading. 

Determination of pH 

The pH of herbal sunscreens was determined using a digital pH meter. pH was measured after 1 g of the formulation was 

dissolved in 100 ml of newly prepared distilled water for 2 hours. The purpose of this study was to guarantee that the pH of 

the produced herbal sunscreens is similar to the pH of the skin after 24 hours of use. The results were triple-checked, and S.D. 

was recorded. 

Extrudability Study 

The extrudability of herbal sunscreens was determined in this study by calculating the percentage of formulation extruded 

from the collapsible tube based on the weight in grams necessary to extrude at least 0.5 cm of gel ribbon in 10 seconds [22]. 

After that, the extrudability was estimated using the formula: 

 

𝐸𝑥𝑡𝑟𝑢𝑑𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  
𝐴𝑝𝑝𝑙𝑖𝑒𝑑 𝑤𝑒𝑖𝑔ℎ𝑡 𝑡𝑜 𝑒𝑥𝑡𝑟𝑢𝑑𝑒 𝑔𝑒𝑙 𝑓𝑟𝑜𝑚 𝑡𝑢𝑏𝑒 (𝑔𝑚)

𝐴𝑟𝑒𝑎 (𝑐𝑚2)
 (1) 

Spreadability 

The spreadability of herbal sunscreens determined their therapeutic efficiency. The appropriate amount of herbal sunscreen 

was applied between two slides, and under specified load directions, and the two sides took the time in seconds to slide off. 

Spreadability was defined as the amount of time it took to separate two slides in less time [22]. The formula for calculating it 

is: 

 

𝑆 = 𝑀 × 𝐿 /𝑡 (2) 

 

Where M = weight tied to upper slide 

L = length of glass slide 

T = time taken to separate the slides 

Thermal Stability 

The oil separation from herbal sunscreens was evaluated in a humidity chamber at 60-70 % RH and 37±1°C. A 20 mm wide 

and 5 mm thick stripe of herbal sunscreens was applied to the internal wall of a 100 ml capacity chamber in its whole heights. 

The beaker was stored in a humidity chamber for 8 hours at 60-70 % relative humidity and 37°C. There should be no oil 

separation in the herbal sunscreen to pass the test [23]. 

Skin Irritation Study 

Three healthy rat groups (1273/PO/Re/S/09/CPCSEA), each with six rats of either sex, were used in the skin irritation 

investigation. The animals were fed conventional animal feed and had unlimited access to water. Hair was shaved from the 
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backs of the rats on one of the study days, and 5 cm2 of the area was marked on both sides, with one side serving as a control 

and the other being tested. No reaction, slight patchy erythema, slight but confluent or moderate but patchy erythema, and 

severe erythema with or without edema were graded as 0, 1, 2, 3 for no reaction, slight patchy erythema, slight but confluent 

or moderate but patchy erythema, and severe erythema with or without edema, respectively [26]. 

Determination of SPF  

A UV Visible spectrophotometer was used to examine the in-vitro efficacy of herbal sunscreens. A 0.10 percent solution (w/v) 

of herbal sunscreen lotions in ethanol was made by dissolving 0.050 g of herbal sunscreen lotions in 50.0 ml of ethanol. 

Between 290 and 320 nm, aliquots of each herbal sunscreen were scanned at 5 nm intervals. SPF was calculated using the 

equation below. Three times each sample was analyzed [27]. 
 

SPF = CF ∑ EE(λ) ×  I(λ) × A(λ)

320

290

 (3) 

 

Whereas, CF= Correction factor; EE= Erythemogenic effect; I= Intensity of solar light of wavelength; A= Absorbance 

DPPH Method for in-vitro Antioxidant Activity Determination  

In different vials, 1 ml of varying concentrations of herbal sunscreens and ascorbic acid as standard were taken. 5 mL of DPPH 

methanolic solution was added to this, shaken thoroughly, and incubated at 370C for 20 minutes. At 516 nm, the absorbance 

was measured against methanol as a blank. The DPPH absorbance was used as a control [24]. The following formula was used 

to compute the percentage of antiradical activity: 
 

% 𝐴𝑛𝑡𝑖 − 𝑟𝑎𝑑𝑖𝑐𝑎𝑙 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =
𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 − 𝑆𝑎𝑚𝑝𝑙𝑒 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒

𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒
  ×  100 (4) 

 

In-vitro Occlusion Studies 

Skin occlusion is indicated by complete coverage of the skin's surface. The following equation can be used to determine the 

occlusivity of herbal sunscreens: 

 

𝑂𝑐𝑐𝑙𝑢𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 (𝐹) =
(𝐴 − 𝐵)

𝐴
× 100 (5) 

where A= water loss without sample and B = water loss with the sample.  

This approach employs a filter paper-covered water-filled beaker. The occlusion factor ranges from zero to one hundred, with 

zero indicating no occlusion effect and one hundred indicating complete surface covered by topical application. 50 to 200 mg 

of each herbal sunscreen were evenly placed on the filter paper surface to form a solid film with an 8.5 mg/cm2 concentration. 

A beaker covered with filter paper was used as a reference control, with no samples applied. For 48 hours, keep the samples 

at 320C and 50–55% RH. Meanwhile, water flow or evaporation through the filter paper was measured by weighing the samples 

after 6, 24, and 48 hours. Each experiment was duplicated three times [25]. 

Stability Testing 

Centrifugation and the freeze-thaw method were used to test the stability of each herbal sunscreen. For 10 minutes, the 

centrifugation was carried out at 10000 rpm with 500 rpm intervals, and phase separation was observed. All herbal sunscreens 

were stored at 20°C and 40°C in freeze-thaw research, and phase separation was noted. All of the tests were done three times 

[28]. 

Safety Evaluation by Mutagenicity Assay  

Salmonella typhimurium strain TA 100 without the S9 mix was employed in the investigation. Sodium azide (CAS Number: 

26628-22–8) was used as a positive control for TA 100: 5 g/plate. As a negative control, sterile distilled water was used. Before 

the start of each experiment, fresh solutions of the reference mutagen were created. The samples were dissolved in dimethyl 

sulfoxide (DMSO) and preincubated in phosphate buffer with the test strain for 20 minutes at 37°C. The plates were incubated 

at 37°C for 48 hours after the test samples (herbal sunscreens) were added. The mutagenic reactions of the sunscreen 

compounds were assessed using a triplicate assay for each sample [26, 28-30]. 

Results and Discussion 

By graphing viscosity against sheer speed, the viscosity of herbal sunscreens was determined (Figure 1). With an increase in 

shear speed (rpm), the viscosity of herbal sunscreens was observed to decrease, indicating pseudoplastic behavior, which is a 

desirable property for cosmetic formulations since it enables maximum area coverage when applied. When greater force is 
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given to a pseudoplastic fluid, its viscosity drops. "Shear thinning" is the term for this effect. The bulk of cosmetic products is 

pseudoplastic because this behavior allows a lotion to flow through a pump and disseminate on the skin. pH values of herbal 

sunscreens (F1-F4) were found between 6.7 to 6.8, while for F5 and F6 pH was found to be 5.6 and 5.7 respectively (Table 

2). For two reasons, an acidic pH is essential for barrier homeostasis: first, two ceramide-synthesizing enzymes have low pH 

optima; and second, a low pH promotes the 13-nm long periodicity phase required for barrier construction. An acidic pH, in 

other words, generates a more effective barrier [26, 29, 31]. A lower skin surface pH is associated with greater resistance to 

SLS-induced irritating dermatitis, whereas patients with skin pH 5 have less scaling and higher moisture levels than those with 

skin pH > 5 [28, 30]. The improved defense against invading microorganisms in an acidic rather than a neutral or alkaline 

environment is one of the topics that comes constantly when analyzing the scientific literature on skin surface pH. 

Propionibacteria, for example, thrives effectively at pH 6.0 to 6.5 but slows down around pH 5.5. Staphylococcus aureus 

thrives best at pH 7.5, while at pH 5.0 to 6.0, it grows poorly. The acidic pH of the stratum corneum discourages pathogenic 

flora colonization and promotes the survival of healthy microbial flora. The skin's surface is acidic, but as you go deeper, the 

pH of the SC rises until it reaches neutral levels in the viable epidermis. The identification of acidic membrane compartments 

(also known as microdomains) throughout the SC has revealed the complexity of the pH gradient [32]. The pH of a topical 

formulation should ideally be slightly acidic in the range of 5 to 5.5, especially in the case of topical formulations that are used 

often. In actuality, topical preparations are appropriate in the pH range of 5-7 [27, 33]. Extrudability of herbal sunscreens was 

assessed because high consistency formulations may not extrude from tubes, whilst low viscous formulations may flow fast, 

necessitating the use of an appropriate consistency to extrude gel from tubes. Herbal sunscreens had a range of extrudability 

from good to exceptional [25]. Herbal sunscreens have great homogeneity (Table 2). When compared to other formulations, 

the spreadability of F5 and F6 was considered high because of the low time spread. Gels' medicinal efficacy is determined by 

their distribution. Because gel spreadability aids in uniform administration of the gel to the skin, produced gels must have good 

spreadability and meet the optimum quality in the transdermal application (Table 2). Furthermore, this is seen as a critical 

element in patient treatment adherence. 

 

 

Figure 1. Comparative viscosities of herbal sunscreen formulations. n= 3 

 

Table 2. Physical characteristics and SPF of herbal sunscreen lotions 

 F1 F2 F3 F4 F5 F6 

Appearance 

Color 

 

pH 

Extrudability 

Homogeneity 

 

Spreadability (gm.cm/sec) 

Thermal stability 

Skin irritation 

SPF 

Occlusion factor 

Stability 

(i) Centrifugation 

 

(ii) Freeze-thaw 

Cream like 

Greenish-

yellow 

6.7±0.923 

++++ 

Uniform and 

homogenous 

11.98±1.91 

unstable 

No 

1.06 

72±1.02 

 

Phase 

separation 

unstable 

Cream like 

Greenish-

yellow 

6.5±1.23 

++++ 

Uniform and 

homogenous 

12.01±2.09 

unstable 

No 

7.31 

75±2.42 

 

Phase 

separation 

unstable 

Cream like 

Greenish-

yellow 

6.8±2.03 

++++ 

Uniform and 

homogenous 

12.45±2.73 

unstable 

No 

1.21 
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Phase 

separation 
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No 
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5.6 

+++ 
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18.91±1.09 

Stable 

No 

33.43 

94±1.36 

 

No phase 

separation 

stable 

Cream like 

Greenish-

yellow 

5.8 

+++ 
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19.23±1.42 
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No 

33.47 

97±1.20 
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Thermal Stability  

The phase separation was evaluated in a humidity room at 37°C and 60-70 % relative humidity. F1 to F4 formulations showed 

phase separation, however, F5 and F6 formulations were determined to be stable with no phase separation at 37°C. The 

evaporation of water content at high temperatures may be the cause of instability in F1 to F4 formulations, whereas F5 and F6 

herbal sunscreens were oil-based lotion (Table 2) [28]. 

Skin Irritation Study 

After seven days of using herbal sunscreens, a skin irritation study found no irritation, sensitivity, or minor or patchy erythema 

(Table 2) [31]. 

In-vitro Determination of SPF by UV-spectrophotometer  

Despite being a source of life and energy, sunlight causes serious health problems such as sunburn, pigmentation, wrinkles, 

dermatitis, urticaria, aging, immunological suppression, and a variety of skin malignancies. SPF is a measure of how effective 

sunscreens are at preventing sunburn SPF. The absolute protection efficacy of sun care products against erythemal-effective 

UV light was determined using in vitro transmittance measurements and weighted with the erythema action spectrum and the 

"standard" output spectrum of a UV solar simulator used for SPF testing [23, 34]. The SPF of herbal sunscreens was estimated 

using the equation. The aliquots were scanned between 290 and 320 nm, and the absorbance values obtained were multiplied 

by the corresponding EE (λ) and I (λ) values. Then, their summation was taken and multiplied with the correction factor i.e., 

10. All herbal sunscreens revealed significant SPF (Table 3). When comparing herbal sunscreens, the F5 and F6 formulations 

showed promising results, with higher SPF ratings than other formulations. This could be because of the presence of carrot 

seed extract, which has an SPF of roughly 20, or because of the synergistic activity of all herbal compounds utilized in herbal 

sunscreen formulations, such as coconut oil, turmeric, and aloe vera [26, 28-30, 32]. Efficacy of photoprotection found in 

following order F6 > F5 > F2 > F3 > F1 > F4. These results reveal that the prepared F5 and F6 herbal sunscreens have good 

SPF and good sun protection activity. 

 

Table 3. SPF determination of herbal sunscreens 
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290 

295 

300 

305 

310 

315 

320 

0.01 

0.08 

0.28 

0.32 

0.18 

0.08 

0.01 

0.28 

0.14 

0.10 

0.10 

0.09 

0.09 

0.08 

0.004 

0.011 

0.030 

0.033 

0.017 

0.007 

0.001 

0.95 

0.79 

0.74 

0.72 

0.70 

0.69 

0.68 

0.014 

0.065 

0.214 

0.236 

0.131 

0.058 

0.012 

0.06 

0.08 

0.10 

0.12 

0.14 

0.14 

0.14 

0.0009 

0.0065 

0.0298 

0.0419 

0.0272 

0.0123 

0.0025 

0.00 

0.01 

0.02 

0.03 

0.03 

0.03 

0.03 
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0.0068 

0.0108 

0.0072 
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3.83 
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2.97 

3.13 

3.56 

3.61 

3.09 

3.08 

0.047 

0.243 

0.900 

1.168 

0.673 

0.258 

0.055 

Total 

SPF 

0.1061 

1.06 

0.7315 

7.32 

0.1213 

1.21 

0.0300 

0.30 

3.3435 

33.44 

3.3475 

33.50 

In-vitro Antioxidant  

Exogenous causes such as UV radiation and pollution, as well as endogenous generation of radicals from cellular metabolism, 

can harm the skin at the cellular and tissue levels. Although the body has a sophisticated defense system in place to avoid 

radical damage, this system can be overburdened, resulting in oxidative stress, immunological suppression, and even cancer. 

Antioxidant supplements applied topically can help to neutralize reactive oxygen species produced by both endogenous and 

exogenous sources. 1, 1-diphenyl-2-picrylhydrazyl (diphenyl—picrylhydrazyl; DPPH) is a stable free radical that can 

delocalize to produce a violet color shift in ethanol. However, after reacting with antioxidant molecules, there is a reduction 

in violet color intensity, which may be detected at 517 nm. 2 ml of 0.5 millimolar DPPH solution was combined with 0.2 ml 

of methanolic extract. After 30 minutes, the absorbance of the samples and standards were measured at 517 nm. The anti-

radical activity of equally diluted materials was determined using the DPPH method, and activity was found to be 

concentration-dependent. Ascorbic acid's antioxidant activity in F1, F2, F3, F4, F5, and F6 was determined to be 96.45, 68.87, 

71.23, 76.78, 77.89, 87.54, and 89.56 %, respectively (Figure 2). However, as compared to ordinary ascorbic acid, F5 and F6 

herbal sunscreens had the best antioxidant activity [33], while formulations with a higher dose of carbopol 934 had the lowest. 

Because the improved herbal sunscreens F5 and F6 have high antioxidant activity, they can be used as photo protectors. 
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Figure 2. Percentage antioxidant activity of herbal sunscreens compared to standard (ascorbic acid). n =3 

In vitro Occlusion Studies  

The in-vitro filter paper-coated water-filled beaker method was used to measure the occlusion factor of herbal sunscreens. 

Herbal sunscreens were found to have an occlusive factor ranging from 72±1.02 to 97±1.20 (Table 2). Occlusion is important 

for moisturizing and improving skin partitioning, which is directly proportional to the thickness of the applied sample layer 

[30]. 

Stability Testing 

Phase separation was found for F1 to F4 at 10000 rpm, showing that these formulations are unstable under high stress. Water 

was removed from these formulations during the freeze-thaw research, indicating that they may not be able to withstand various 

environmental changes during product shipping. In comparison to F5 and F6 formulations, which were proven to be stable 

under stress conditions, herbal sunscreens created with a carbopol base require more attention and protection from temperature 

variations and environmental pressures. Furthermore, the viscosity of herbal sunscreens was discovered to have a direct 

correlation with centrifugal results/phase separation. Herbal sunscreen with a higher viscosity was shown to be more stable 

against centrifugation. As a result of their greater viscosity compared to other formulations, F5 and F6 herbal sunscreens 

demonstrated no phase separation [26, 28-30, 32]. 

Mutagenicity Study 

All herbal sunscreens were found to be non-mutagenic in mutagenicity experiments. As a result, the created formulations were 

thought to be safe. According to the psychometric examination, the formulation performed well in terms of handling, firmness, 

and skin radiance. Due to the elimination of dead cells, the skin glow effect of F5 and F6 herbal sunscreens was found to be 

long-lasting [26]. 

Conclusion 

The current study aimed to create a stable herbal sunscreen with a suitable SPF. Coconut oil-based sunscreens (F5 and F6) 

were found to be stable, have good antioxidant activity, and have high SPF values of 33.43 and 33.50, respectively. These 

herbal sunscreens have also been shown to be non-mutagenic. It can be stated that the current study will hopefully lead to 

improvements in the treatment of sunburns produced by UV radiation exposure. The study also demonstrates that UV 

Spectroscopy is the most efficient, acceptable, and repeatable approach for determining the performance of herbal sunscreens. 

As a result, the findings of this study can help regulatory agencies, scientific organizations, and manufacturers set standardized 

standards for herbal sunscreens. 
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