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Abstract : An herbal sunscreen cream was developed and evaluated using Butterfly Pea Flower (Clitoria ternatea) extract and
Aloe Vera gel for their photoprotective and soothing properties. Six formulations (F1-F6) were prepared, with varying
concentrations of gelling agents (Carbopol 940 or HPMC), while other components remained constant. The formulations were
assessed for organoleptic properties, pH, viscosity, spreadability, in vitro SPF, and stability over 30 days.

Batch F3, containing 2.0% Carbopol 940, was selected as the optimal formulation. It exhibited a desirable pH of 5.9, optimal
viscosity, and excellent spreadability. Importantly, it provided a moderate SPF of 18-20, primarily due to the natural flavonoids
and anthocyanins in the butterfly pea extract. The cream demonstrated superior physical and chemical stability, showing no phase
separation, discoloration, or microbial growth. The inclusion of Aloe Vera gel further enhanced its moisturizing and anti-
inflammatory benefits. This study successfully developed a safe and effective herbal sunscreen, suggesting its potential as a natural

alternative to synthetic products, though further in vivo studies are recommended.

Introduction

Herbal sunscreen (also known as herbal sunblock, suntan lotion) is a lotion, spray or topical product containing herbal ingredients
which helps to protect from the UV radiations of the sun and hence lowering the risk of skin cancer[1]. Sun is source of life and
energy. But recent studies accepts sun as main culprit of deleterious effects including acute effects (e.g., sunburn and drug-induced
photo toxicity) and chronic risks of frequent sun ray exposure like sunburn, crack, melanoma and pigmentation, cancer and immune
suppression. Sun rays are most harmful environmental factor which affects skin, cause sun burn, skin cancers and photo ageing.
Due to these harmful effects of UV radiations there is need to develop sunscreen formulation to heal, prevent sun burn, suntan, skin
cancer and premature skin ageing and to increase level of Sun Protection Factor [2].

Sunscreens are a natural defense mechanism to defend against precarious UV radiation from the skin, which is the outer covering
layer of the body. Its ability to absorb, reflect or scatter some of the sun’s UV radiation on the skin from extravagant exposure to
ultraviolet radiation . Skin melanoma, sunburn, photo aging, skin pigmentation, and various painful or precarious effects are caused
by UVA and UVB rays. Anti-oxidant, wound healing, antifungal, premature moisturizer, anti-inflammatory, and antiproliferative
activities are shown due to the key components of UV protection like flavonoids, phenolic compounds or herbal oils and also their
UV rays absorption capacity in UV-A region [3]

Herbal sunscreen is a type of sunscreen formulated using natural plant-based ingredients, herbs, and botanical extracts to provide
protection against the harmful effects of ultraviolet (UV) radiation from the sun. These natural ingredients are used to create a
product that offers sun protection while avoiding or minimizing the use of synthetic chemicals found in traditional sunscreens.

Herbal sunscreens are often considered a more holistic and ecofriendly approach to sun Sunscreen should contain antioxidant agent
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in addition to sunblock agent to be effective in prevention of protection, as they harness the natural properties of herbs and botanicals
to shield the skin from UV damage [4].

Sunscreen products can be formulated in the form of lotions, creams, sticks, aerosols, gels, powders and

ointments.2 Sunscreen preparations are designed to be used topically to prevent UV radiation from entering the skin directly by
absorbing or reflecting from the skin Regulatory considerations are also taken into account during the design and development of
sunscreen products.3 Creams are of emulsion type either W/O or O/W based mainly on manufacturers’ preference[5].

The goal of sunscreen formulation is to block UV rays and increase the level of protection from the UV-rays. The key components
of UV protection are flavonoids, phenolic compounds or herbal oils due to their UV rays absorption capacity in UV-A region and
their antioxidant activity. Cell mutation, DNA damage, hormone alteration and eczema like allergic reaction are some adverse
effects of the synthetic sunscreen agents. Sunscreen formulations available in market don not have properties like wound healing,
anti-inflammatory, cooling and antiageing. Again free radical mediated skin damages cannot be cured until and unless free radical
scavengers are not available in photo protective products[6].

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 . 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 , 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].

Nowadays sunscreens are used for the protection of our skin. For formulating an effective sunscreen, the SPF must be known of the
ingredients. There are many plants which are need to be explored for their photoprotective activity.Sun protection factor (SPF) is a
quantifiable output used to determine how effective sunscreens are sunscreen effectiveness can be predicted via SPF by in vitro
methods|[8].

Nomenclature or types of herbal sunscreen:

There are several types of herbal sunscreens, each with its own formulation and characteristics. The types of herbal sunscreens can
vary based on their ingredients, texture, and application methods. Here are some common types of herbal sunscreens:

1. Cream-Based Herbal Sunscreen,
2. Gel —Based Herbal Sunscreen
3. Powder Herbal

Sunscreen,

4. Lip Balm Herbal Sunscreen
5. Spray herbal Sunscreen[9].

Mechanism of photo protection

Sunscreen act by preventing and minimizing the damaging effects of the ultraviolet sun rays following exposure to the sunscreen
have been demonstrated to increase the tolerance of the skin to uv exposure. They work on two mechanism.

Scattering and reflection of UV energy from the skin surface mineral based on inorganic sunscreen works on this mechanism they
provide a coating that blocks sun rays from penetrating through the skin.

Absorption of the UV energy by converting it to heat energy thus reducing its harmful effects and reduce the depth which can
penetrate the skin organic sunscreen works on this mechanism [10].

Sun Protection Factor Efficacy of Sunscreen

The ability of sunscreen to protect the skin against UV-induced burning, with the level of performance. It is characterized by the

Sun Protection Factor (SPF). It is a numerical rating system to indicate the degree of protection provided by a sun care products
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like sunscreen. The harmful effect of solar radiation are caused predominantly by the ultraviolet (UV) region of the electromagnetic
spectrum, which can divided into three region:

UVA(320 to 400nm) — It is radiation reaches the deeper layers of the epidermis and dermis and provokes the premature aging of
the skin.

UVB(290 to 320nm)- It is radiation is not completely filtered out by the ozone layer and is responsible for the damage due to
sunburn.

UVC(200 to 290nm)- It is radiation filtered by the atmosphere before reaching earth.

SPF numbers on a package can range from as low as 2 to as high as 100. These numbers refer to the product is ability to screen or
block out the sun is burning rays. For example SPF 15 means that 1/15™ of the burning radiation reach the skin through the
recommended thickness of sunscreen. It is common mistake to assume that the duration of effectiveness of sunscreen can be
calculated simply by multiplying the SPF by the length of time it takes for an individual to suffer a burn without sunscreen, because
the amount of sun exposure a person receive is dependent upon more than just the length of time spent in the sun. The amount of
sun exposure depend upon a number of factors including the length of exposure, time of day, geographic location, and weather
condition [11].

The efficacy of sunscreen is usually expressed by the sun protection factor (SPF) ,which is defined as the UV energy required in
producing a minimal erythemal dose (MED) on protected skin ,divided by the UV energy required to produce a MED on unprotected
skin.

SPF = Minimal erythemal dose in sun-protected skin

Minimal erythemal dose in non-sunscreen protected skin
The Minimal Erythemal Dose (MED) is defined as the lowest time interval or dosage of UV light
irradiation sufficient to produce a minimal, perceptible erythema on unprotected skin. The higher SPF ,the more effective is the
product in preventing sunburn[12].
EXPERIMENTAL WORK: -
1. Collection and Preparation of Plant Materials
a. Butterfly Pea Flower (Clitoria ternatea) Extract:

e Collection and lIdentification: Fresh Butterfly Pea flowers were collected from a local herbal garden during the early
morning hours to ensure maximum freshness and phytochemical integrity. The botanical identity was authenticated by a
qualified botanist, and a voucher specimen was retained for reference.

e Cleaning and Drying: The collected petals were gently washed with distilled water to remove any dust, insects, or
impurities. The clean petals were then shade-dried at room temperature for 5-7 days. Shade drying was preferred over
direct sunlight to preserve sensitive phytoconstituents such as flavonoids and anthocyanins, which are known to degrade
under UV light.

e  Pulverization:

Once completely dried, the petals were pulverized using a mechanical grinder to obtain a coarse powder suitable for
extraction.

e Extraction Process: The powdered petals were subjected to ethanolic extraction, which is ideal for extracting both polar
and semi-polar compounds like flavonoids, tannins, and phenolic acids. Extraction was carried out in one of the following
ways:

o Soxhlet Extraction: The powdered petals were placed in a Soxhlet extractor, and 95% ethanol was used as the
solvent. Continuous extraction was carried out for 6-8 hours until a clear solvent in the siphon indicated complete
extraction.

o Maceration (Alternative): In case Soxhlet extraction was not feasible, the powder was soaked in ethanol in a

stoppered container and allowed to stand for 48—72 hours with occasional stirring.
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o Filtration and Concentration: The ethanolic extract was filtered first through muslin cloth and then through Whatman filter
paper No. 1 to remove solid residues. The filtrate was then concentrated using a rotary evaporator under reduced pressure
at a controlled temperature (40-50°C) to obtain a semi-solid or thick extract.

e Storage:
The concentrated extract was stored in an airtight amber-colored container at
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Figure- Extraction Process

e 4°C to prevent oxidation and microbial contamination. This extract was later used in the formulation as the primary
antioxidant and photoprotective agent.
Extraction Process (Stepwise):
1. Preparation of Plant Material:
o Fresh petals were collected, shade-dried, and finely powdered using a grinder.

2. Selection of Solvent:
o 95% ethanol was chosen as the extraction solvent due to its efficiency in extracting polar and semi-polar

phytoconstituents such as flavonoids, tannins, and phenolic acids.
3. Extraction Methods:
Two alternative methods were used based on feasibility:

A. Soxhlet Extraction (Preferred Method):
o The powdered petals were loaded into a thimble and placed in the Soxhlet extractor.

o 95% ethanol was added to the boiling flask as the solvent.

[JNRD2508116
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o The apparatus was set up and heated to allow continuous solvent cycling.
o Extraction was carried out for 6-8 hours until the siphon tube showed a clear solvent, indicating exhaustive
extraction.

o The extract was then filtered and concentrated using a rotary evaporator or water bath.

B. Maceration (Alternative Method):

o The powdered petals were soaked in 95% ethanol in a clean, stoppered container.
o The mixture was kept at room temperature for 48—72 hours, with occasional stirring to enhance extraction.
o  After the maceration period, the mixture was filtered.

o The filtrate was concentrated under reduced pressure.

4. Concentration and Storage:

o The final extract was concentrated to dryness or semi-solid consistency.

o The extract was stored in an airtight container at a cool temperature for further formulation or analysis.

b. Aloe Vera Gel:

Collection of Plant Material: Fresh, mature leaves of Aloe barbadensis miller were harvested from healthy, disease-free
plants. The leaves were chosen based on their size and gel content.

Cleaning and Disinfection: The harvested leaves were washed under running water to remove surface dirt and debris,
followed by rinsing with distilled water. The leaves were also wiped with a cloth soaked in 70% ethanol to reduce microbial
load.

Gel Extraction: Using a sterile knife, the thorny margins of the leaves were trimmed, and the leaf was slit longitudinally
to expose the inner gel. The mucilaginous gel was carefully scooped out with a spoon or spatula, ensuring that the yellow
latex (aloin), present just beneath the skin, was avoided due to its potential irritant properties.

Homogenization:

The collected gel was then homogenized using a mechanical blender to obtain a uniform, smooth consistency. This process
also helped to break down the fibrous tissues in the gel.

Filtration (Optional): If necessary, the homogenized gel was filtered through muslin cloth to remove any residual fibers or
particulate matter.

Preservation and Storage: The fresh aloe vera gel was stored in a sterilized, airtight container at 4°C until further use in
formulation. In some cases, a small quantity of a natural preservative (e.g., citric acid or ascorbic acid) may be added to

extend shelf-life, though for short-term experimental purposes, refrigeration was sufficient.

2. Selection of Ingredients

The formulation included a blend of herbal actives and base components:

3
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Active Ingredients: Butterfly pea flower extract (antioxidant and photoprotective) and aloe vera gel (moisturizing and anti-
inflammatory).
Base Ingredients:

«  Carbopol 940: Used as a gelling and thickening agent.

*  HPMC: Used as a gelling and thickening agent.

*  Coconut Qil and Almond Oil: Natural emollients, improve skin nourishment and hydration.

»  Beeswax: Acts as an emulsifying and thickening agent, forming a stable semi-solid consistency.

* Rose Water: Used as the aqueous phase and provides a soothing and aromatic base.

»  Preservative (optional): To ensure microbial stability of the formulation.

*  Triethanolamine (TEA): Used for neutralizing Carbopol and adjusting pH.
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3. Formulation Procedure
The sunscreen cream was prepared using the following steps:
a. Preparation of the Aqueous Phase
1. Hydration of Gelling Agent:
o A specified amount of Carbopol 940 (or HPMC, depending on batch variation) was carefully sprinkled into pre-
measured rose water under constant stirring.
o Stirring was continued until the polymer was fully hydrated and swelled, forming a clear and viscous gel base
without lumps.
o  This gel base served as the vehicle for active and water-soluble ingredients.
2. Incorporation of Butterfly Pea Extract:
o The previously prepared ethanolic extract of Clitoria ternatea (butterfly pea flower) was added slowly to the
aqueous gel.
o The addition was carried out under mild heat (~35-40°C) or at room temperature, depending on the sensitivity of
the extract, to prevent degradation of flavonoids and anthocyanins.
o  Stirring was continued to ensure even distribution of the extract in the gel base.
b. Preparation of the Oil Phase
1. Mixing of Oil-Based Ingredients:
o Precisely weighed amounts of coconut oil, almond oil, and beeswax were taken in a beaker.
o These ingredients were selected for their emollient, moisturizing, and skin-conditioning properties.
2. Melting and Homogenization:
o The beaker containing the oil components was placed on a water bath.
o The mixture was heated gently (around 60-70°C) until the beeswax melted completely, forming a uniform,
transparent oily phase.
c. Emulsification Process
1. Combining Oil and Agueous Phases:
o  While continuously stirring the aqueous phase, the heated oil phase was slowly added in a thin stream.
o This step was carried out with careful control to facilitate the formation of a stable oil-in-water (O/W) emulsion.
2. Homogenization:
o The resultant emulsion was subjected to mechanical stirring or homogenization using a high-speed stirrer to
enhance the dispersion of oil droplets.
o This created a smooth, creamy consistency and improved the overall stability and spreadability of the cream.
d. Addition of Aloe Vera Gel and Preservatives
1. Cooling the Emulsion:
o After the emulsification step, the cream was allowed to cool down to about 30-35°C.
2. Incorporating Heat-Sensitive Components:
o Freshly homogenized aloe vera gel (rich in polysaccharides and moisture-binding agents) was gently blended into
the cooled emulsion.
o If used, preservatives such as parabens or natural alternatives were also added at this stage to ensure microbial
safety during storage.
e. pH Adjustment
1. Neutralization:
o The pH of the final formulation was measured using a calibrated digital pH meter.
o Triethanolamine (TEA) was added dropwise with constant stirring until the pH reached a skin-compatible level
between 5.5 and 6.5.
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2. Final Appearance and Storage:
o The final cream was observed for color, consistency, homogeneity, and fragrance.
o It was then transferred into sterile, airtight containers and stored at room temperature for further evaluation and
testing.

Results and Discussion: Optimization of an Herbal Sunscreen Cream
The primary objective of this study was to develop and optimize an herbal sunscreen cream by preparing six different batches (F1-
F6). The key variable across these batches was the concentration of the gelling agents, Carbopol 940 or HPMC. All other ingredients,
including Butterfly Pea Extract, Aloe Vera Gel, natural oils (coconut and almond oil), beeswax, and rose water, were kept constant.
This approach allowed for a focused evaluation of how the gelling agent concentration impacts critical physicochemical properties
such as viscosity, spreadability, appearance, stability, and Sun Protection Factor (SPF).
The formulation containing 2.0% Carbopol 940, designated as Batch F3, was selected as the optimal formulation. This batch
consistently demonstrated superior performance across all evaluation parameters, including ideal texture, optimal pH, and the
highest SPF value without showing any signs of irritation during patch testing.
Detailed Evaluation of Optimized Batch (F3)
The selection of Batch F3 was based on a comprehensive evaluation of its physical, chemical, and biological properties.
Physical Appearance and User Acceptability
Batch F3 exhibited a smooth, homogeneous, and semi-solid texture. Its light bluish hue, a result of the natural pigments
(anthocyanins) from the butterfly pea flower extract, along with a pleasant herbal aroma from rose water and other botanicals,
enhanced its aesthetic appeal and user acceptance. The absence of lumps and phase separation indicated a well-emulsified and stable
product.
pH Determination
The pH of Batch F3 was measured to be 5.9, which falls perfectly within the ideal range of 5.5-6.5 for topical skin products. This
pH value ensures skin compatibility, as it aligns with the natural acidity of the skin's acid mantle, reducing the risk of irritation and
supporting the skin's barrier function. The use of Triethanolamine (TEA) allowed for precise pH adjustment, further enhancing
product safety and the stability of pH-sensitive active ingredients.
Viscosity and Spreadability
The viscosity of Batch F3 was determined to be 4000 cP, a moderate-to-high value characteristic of a stable, semi-solid cream. This
optimal viscosity is crucial for a product that is easy to dispense and apply. The cream's excellent spreadability (6.0 cm) was a direct
result of this balanced viscosity, ensuring uniform coverage on the skin without leaving a greasy or sticky residue. This is a key
factor for user comfort and the effective delivery of active ingredients. The Aloe Vera gel and natural oils contributed significantly
to the cream's smooth glide and emollient properties.
Sun Protection Factor (SPF)
The in-vitro SPF value for Batch F3 was determined to be approximately 19.0, the highest among all tested batches. This moderate
protection level is suitable for daily use. The SPF efficacy is primarily attributed to the flavonoids and anthocyanins present in the
butterfly pea flower extract, which possess natural UV-absorbing and antioxidant properties. The use of the Mansur equation, a

reliable and non-invasive spectrophotometric method, provided a cost-effective way to measure this crucial parameter.
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Day SPF Value
0 18.5
7 18.7
15 19.0
30 18.8

Table 11: Stability Observation
The stability analysis demonstrated that the SPF value remained consistent over a 30-day period, confirming the long-term efficacy
of the formulation.
Stability Studies
Stability is a critical factor for herbal formulations due to the potential degradation of natural compounds. Batch F3 was subjected
to stability testing over 30 days at various temperatures. The results were highly favorable:

e No phase separation, discoloration, or odor changes were observed.
e pH, viscosity, and spreadability remained stable, indicating robust physical and chemical integrity.
e No microbial growth was detected.

This stability profile confirms the cream's potential for a good shelf life and reliable performance under typical storage conditions.
The successful emulsification with beeswax and stabilization by Carbopol 940 prevented the separation of the oil and water phases,
a common issue with natural formulations.

Conclusion

The comprehensive evaluation of multiple formulations led to the successful optimization of an herbal sunscreen cream. Batch F3,
containing 2.0% Carbopol 940, demonstrated the ideal balance of physical properties, including a pleasant texture, optimal pH, and
excellent stability. Most importantly, it delivered the highest SPF value, providing effective and safe moderate sun protection. The
formulation's dermatological safety, confirmed by patch testing, and its consistent efficacy over a month-long stability study,

validate it as a superior natural alternative to conventional sunscreens.
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