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ABSTRACT: UV protection is necessary because
UV radiation is the main cause of many skin
conditions.The skin is often exposed to many
environmental stressors, such as UV rays from the
sun, which can cause sunburn, skin aging, and
cancer. The most popular way to achieve this is with
topical sunscreens.

Sunscreen is a chemical substance that protects
against UV radiation. Sunburn is induced by
ultraviolet B light, while ultraviolet A may be more
harmful to the skin. Sunscreen should ideally block
both wavelengths. This study aimed to create a
topical sunscreen product using fixed oils and
medical herbs.

Sunscreens that are non-hazardous, non-irritating,
non-toxic, photostable, and capable of providing
complete protection against solar radiation are
becoming increasingly popular due to the rising
incidence of skin cancers and the photodamaging
effects of UV radiation. These sunscreens have been
shown to reduce the symptoms of sun damage.

Our current study’s primary objective was to
formulate and produce a herbal sunscreen lotion
with more skin-friendly components, such as
vitamin E, blueberry extract, and sea buckthorn oil.
The Sun protection factor (SPF) of a sunscreen is
found by comparing the time needed to burn skin
that is protected by sunscreen to the time needed to
burn skin that is not protected.

Testing was conducted using evaluation criteria
such as pH, spreadability, and skin feel. The
developed sunscreen lotion had a high SPF rating,
outstanding homogeneity, consistency, and
appearance, and no evidence of phase separation. Its
application to the skin is considered harmless and
non-irritating.

KEYWORDS: Sunscreen, UV radiation, SPF,
homogeneity, Photoprotection, ichthammol,

I .INTRODUCTION (1.2.3.4,5,6,7,8,9,10,11,12,13,14,15)

A substance that helps protect the skin from the
damaging effects of the sun. Sunscreen protects
against UVA and UVB radiation by reflecting,
absorbing, and scattering both types of radiation.
Sunscreens may lower the risk of sun-induced skin
cancer by reducing the amount of UV radiation that
reaches the skin. Based on wavelength, the UV
spectrum is separated into three groups: UVA
(320400 nm), UVB (290-320 nm), and UVC
(100290 nm). UVA2 (320-340 nm) and UVAI1
(340400 nm) are further classified into UVA.
About 90-99% of the UVA and 1%—-10% of the
UVB rays from the sun reach the Earth’s surface
(COLIPA 2006; Verschooten et al. 2006; Faurschou
and Wulf 2007).

There is a growing sunscreen market, and it is
crucial for clinicians and consumers to understand
the various components, classification systems, and
recommended applications of sunscreens, which are
commercially available to the public.

The principal function of sunscreens is to protect the
skin from both the immediate and prolonged
impacts of UV radiation. Sunscreens are now an
essential component of every patient’s post-
procedure skin care regimen.

Common indication used for prevention and
treatment are the two most common dermatological
reasons for sunscreen use are:

1. Sun burn

2. Discoloration and freckles

3. Photoaging

4. Reactions that are Phototoxic or photoallergic
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5. Cancer of the skin

6. Diseases caused by photosensitivity — Lupus
erythematosus (290-330 nm), Xeroderma
pigmentosum (290-340 nm), solar urticaria (290-
515 nm), chronic actinic dermatitis (290 nm -
visible), persistent light reaction (290-400 nm),
polymorphous light eruption (290-365 nm), and
albinism

7. Dermatoses aggravated by sunlight

8. Hyperpigmentation following inflammation Stratum comeur. —

15-20 um

Viable epidermis
130-180 um

* ANATOMY AND PHYSIOLOGY SKIN: -

Dermis
2000 um

Langerhans cell

Nerve

Dendritic cell
N « Blood vessels

The largest organ in the human body, the skin
~—— <= Lymph vessel

occupies over 1.7 square meters of our body. The B e s
skin’s membrane is thought of as a physical barrier. Sifatanenus _Psm gond

The skin is primarily divided into four layers: . 0 [ b A
1. The hypodermis, or subcutaneous fat layer
2. The dermis on top
3. A healthy epidermis
4. The stratum corneum (the epidermis that is
not viable)

Fig 1 : Skin structure depicting different skin

layers

* Types Of Skin:

Skin types can be categorized using the Fitzpatrick scale according to how they react to UV radiation. Skin type
I (always burns easily; never tans; white skin and freckles), skin type II (burns easily; tans minimally; white
skin), skin type III (burns moderately; tans gradually; fair or beige skin), skin type IV (burns minimally; tans
easily; brown skin), skin type V (rarely burns; tans profusely; darker brown skin), and skin type VI (never
burns; deeply pigmented; black skin) are the six categories included in the Fitzpatrick scale. Those who have
“normal” skin are typically classified as Type III. In skin types I and I, significantly more radiation is needed
to stimulate the manufacture of melanin than is needed to induce an erythemal reaction. Consequently, those
people suffer from severe sunburn long before the protective layer of melanin is formed.

1.Caucasian Skin: The alleged advantages of even transient pigmentation are also desired by fair-skinned
Caucasians (Skin types I and II) with lighter skin tones. They notice that later in the summer, their skin is less
susceptible to severe sunburn than it was during their initial outdoor exposure in the spring.

2. Asian Skin: Asians have type IV skin, which is darker, less likely to burn, and more likely to tan quickly.
Asians are more prone to pigmentation and have smoother, slightly yellower skin. Asian skin differs from
Caucasian skin due to the presence of the protein melanin. However, this group exhibits the effects of
photodamage in terms of pigmentation, wrinkles, and sunburn. Asians are significantly less likely to develop
freckles. On the other side, excessive sun exposure can result in photodamage, which includes skin cancer.
Therefore, as a preventive measure, Asians, like individuals in other parts of the world, should regularly wear
sunscreen. Asian skin is more susceptible to hypersensitive reactions, thus cosmetics should be applied
carefully.

3.Black Skin: Compared to people with white skin, those with black skin (skin types V and VI) are far less
likely to get sunburned. However, they are highly vulnerable to actinic damage and rapidly develop
precancerous and cancerous lesions.

» Effect of UV on skin

Infrared, visible, and ultraviolet energy are the three components of the electromagnetic spectrum that make up
optical radiation, which is released by the sun. Their wavelengths dictate their characteristics; the shorter the
wavelength, the more energy they can produce and the more harm they can do.
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Fig 2: Types of UV radiation along with their penetration power into the skin

diseases.

The primary wavelengths of sunlight range from
ultraviolet to visible light. UV stands for
ultraviolet radiation, which is divided into three
categories:

UVA, which is between 320 and 400 nm, UVB,
which is between 290 and 320 nm,

UVC, which is between 100 and 290 nm

A. Because of its long wavelength, UVA rays can
penetrate the skin’s outermost layer, causing
tanning and skin aging.

B.UVB rays have a short wavelength and penetrate
the epidermis and dermis in modest amounts.

C. The skin’s surface is not exposed to UVC. The
ozone layer fully blocks it.

UV is prevalent in the environment and is linked to
a number of skin conditions, including as cancer,
degenerative aging, and inflammation. Humans
have historically been exposed to UV radiation
mostly through sunlight exposure at work.
However, due to outdoor leisure activities and the
desire to intentionally tan for cosmetic reasons,
recreational UV exposure has significantly grown
in recent years.

» Mechanisms of Photoprotection:

Sunscreen mainly function via two processes,
which are explained below.

(a) UV rays are reflected and scattered off the
skin’s surface. This is how mineral-based
(inorganic) sunscreens mostly function. They offer
a protective layer that prevents sunlight from
reaching the skin (Dransfield, 2000).

(b) Absorption of UV radiation by turning it into
thermal energy, which lessens the damage it causes
and the depth at which it can enter the skin. This
process is the main way that organic sunscreens

and associated

function.

ORGANIC FILTER INORGANIC FILTER

UV rays gets absorbed into skin
and transformed as non
damaging radiation/ heat

UV rays gets reflected and
scatters away from skin

Thin layer of
sunscreen
containing
inorganic UV
filter

Thin layer of

containing organic
v filter

Fig 3: Mechanism involved in
photoprotection provided by inorganic and
organic sunscreens

« Classification of Sunscreen :

} UVA filters

Organic — :
|

UVB filters

| | Broad spectrum

filters

| Broad spectrum
| filters

Topical

Inorganic

Sunscreen agents

Hybrid
(Organic/Inorganic)

Systemic —‘ Botanical agents
: |

Fig 4: Classification of sunscreen agents based
on the presence of active ingredients, UV filters

1.0rganic Sunscreen:
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Depending on their chemical composition, the
active components in organic sunscreens and UV
filters absorb UV rays within a specific wavelength
range. Usually, they are aromatic compounds that
have a carbonyl group attached to them. The
electron-releasing group, which is typically an
amine or a methoxyl group, is usually substituted in
the aromatic ring’s ortho- or para-position.[4]
Based on their range of protection, they can be
roughly divided into three groups: broad-spectrum
sunscreens, which cover the whole spectrum
(290-400 nm), UVB sunscreens (290-320 nm),
and UVA sunscreens (320—400 nm).

2.Inorganic Sunscreen:

Inorganic sunscreens have become more and more
common in beach and everyday photoprotection
products during the past ten years. Their efficacy
and safety, especially in blocking UVA rays, as
well as worries about possible negative effects of
organic sunscreens, have contributed to this. They
serve as a physical defense against UV and infrared
rays. White particles of zinc oxide (ZnO) and
titanium dioxide (Ti02), which are utilized in the
pharmaceutical and cosmetics industries, are the
two main inorganic UV filters. ZnO, TiO2,
calamine, ichthammol, talc, and red veterinary
petrolatum are the agents in use today.

* Ideal properties of Sunscreen:

1.Needs to absorb a wide spectrum of UV radiation
to prevent sunburn

2. It must remain steady when exposed to sunlight.
3. It must be capable of offering whole skin
protection.

4. It should be chemically inert, safe, and effective
at low concentrations.

5. Must not result in toxicity, sensitization, or
irritation 6. Don’t get stained Using filters

7. Protection from UVB and UVA rays

8. The ability to scavenge reactive oxygen species
and antioxidants

9. The ability to prevent mutations

10. The anticancer property

11. The effect of a booster

12.In order for a sunscreen to be effective, it be
able to absorb a wide spectrum of UV radiation that
can cause sunburn and remain stable when exposed
to sunlight. Reduced efficacy, increased toxicity, or
irritation due to byproducts will occur if the
molecule is unstable and degrades.

13. Its ingredients should stay on the top layers of
the skin even after swimming, bathing, and
perspiration, and it should be able to completely
shield the skin from UV ray harm.

14. Tt should be easily absorbed by the skin and
difficult to remove with water or perspiration.

15. It should be safe, efficacious, chemically inert,
and not irritate, sensitize, or damage the skin at low
concentrations.

« Why we use sunscreen ?
1.Protection From Dangerous UV Rays
2.Avoid Aging Symptoms

3. Reduce Inflammation

4. Avoid Discoloration of the Skin
5.Reduces the Risk of Skin Cancer
6.Reduces Face Blotchiness

7.Avoids Sunburn

8.Promotes Better Skin Health

Fig 5: Impact of Sunscreen
formulations.

* Sun Protection Factors:

The number next to the sun protection factor (SPF)
indicates how well the sunscreen protects
sunburned skin. Under ideal conditions, a
sunscreen with higher SPF protection and broad-
spectrum coverage provides better protection
against sunburn and UVA radiation damage than
similar products with lower SPF values.

As sunscreens became more widely available in the
20" century, chemist Rudolf Schulze devised a
system to rate how well they protected against
UVR damage. 17. Franz Greiter, a chemist and
Piz Buin creator, modified this in 1978 and created
the sun protection factor (SPF), which is still in use
today.

SPF is the ratio determined by applying UV light,
typically from an artificial source, to human
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volunteers' skin in order to cause a minimal
erythemal reaction both with and without sun care
products.

SPF = MED (protected skin) / MED (unprotected
skin).

I1. MATERIAL AND METHODS
(16,17,18,19,20,21,22,23,24,25,26,27)

* MATERIALS:
Sr. Ingredient
No.
Zinc Oxide
Glyceryl Stearate
Cocoa Butter
Sea Buckthorn
Oil
Blueberry Extract
Glycerin
Vitamin E
Methyl Paraben
Propyl Paraben
0 Water
11 Rose water

B~ W =

— O 00 3 O\ W

1.Zinc oxide: A naturally occurring mineral, zinc
oxide is widely used in skincare and non-public
care goods. When applied to the skin, it creates a
natural barrier that reflects and disperses ultraviolet
(UV) rays, protecting the skin and pores from the
sun’s harmful effects. Considered a broad-
spectrum sunscreen, zinc oxide offers protection
from both UVA and UVB rays.

] Fig 6: Zinc oxide

2.Cocoa butter: The moisturizers that are currently
available on the market are made up of various
substances. CB is one of the components used in
moisturizing formulas. CB is usually incorporated
as a complementary component rather than as the

main ingredient to produce a moisturizing effect,
despite the fact that several studies have been
conducted regarding its potential impact on skin
moisture. CB is a plant-based, natural substance.
Alpha-linolenic acid, palmitoleic acid, and oleic
acid are among the oil compositions that are
primarily responsible for CB’s moisturizing effect.

1

Fig 7: Cocoa butter
3.Vitamin E: A fat-soluble vitamin that is vital to
human health is vitamin E. Although there are
various forms of vitamin E, alpha-tocopherol is the
most biologically active. This substance functions
as a strong antioxidant to shield the body’s cells
from damage caused by free radicals. There are
several benefits for the skin when vitamin E is
added to a topical treatment like sunscreen. The
following are some of the main advantages of
vitamin E-containing sunscreen. When paired with
additional sunblock agents like zinc oxide or
titanium dioxide, vitamin E can lower the risk of
sunburn and other sun-related skin conditions.

Fig 8: Vitamin E

4.Paraben: One of the most widely used
preservatives in cosmetics is paraben. Numerous
goods, such as shampoos, lotions, deodorants,
scrubs, and eye cosmetics, include them. Effective
preservatives, parabens function effectively in a
broad pH range of 4.5 to 7.5. In the temperature
ranges needed for cosmetics manufacturing,
parabens remain stable and exhibit a high degree of
resistance to hydrolysis.

yEES
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Fig 9: Methylparaben and Propylparaben

5.Stearic acid: Stearic acid is known as well as a
skin-safe component. Because it is neither
inflammatory nor commedogenic, it is unlikely to
block pores. Stearic acid is a useful component of
sunscreen creams overall. It contributes to skin
hydration, thickens lotion, emulsifies sunscreen,
and creates a barrier against the sun’s damaging
UV rays.

Fig 10: Stearic acid

6.Glyceryl stearate: In cosmetics, glycerylstearate
is frequently used. They are beneficial for hand
lotions and creams because they form a waxy,
occlusive, water-soluble film when applied to the
skin. Additionally, glyceryl stearate lessens the
oiliness of some cosmetic preparations. As an
opacifier, nonionic surfactant, supplementary
oil/water emulsifier, and acid stabilizer, glyceryl
stearate is utilized in cosmetic goods.

ke dl

Fig 11: Glyceryl stearate

7. Glycerine: As humectants, glycerin keeps skin
hydrated and guards against extreme dryness.
Glycerin makes skin softer and more attractive. By
allowing moisture to enter the hair root, glycerin
also strengthens hair. Glycerin provides aliphatic
alcohols and water as solvents. It is less soluble in
acetone, diethyl ether, and dioxane, although it is
perfectly miscible with water, methanol, and
ethanol.

i \
Fig 12: Glycerine

8. Water: The majority of cosmetic compositions
employ purified water as both a solvent and a base.
It assures purity, blends water-soluble components,
and maintains formulation uniformity.

Fig 13: Water

9. Rose water:

* Rose water can clam your skin.

« It has anti-aging property.

* It can be used to create fragrance.

* Rose water is a powerful ingredient in a facial
treatment.

* It may hydrates the skin.

* It may help balance skin pH level.

« It has anti-inflammatory effect.
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Fig 14: Rose water

10. Sea buckthorn ail :The plant Hippophae
rhamnoides yields sea buckthorn oil, which has
long been prized in traditional medicine for its
healing qualities. The oil, which is extracted from
the plant’s berries and seeds, has a strong profile
for use in skincare products because it is high in
antioxidants, vitamins, and omega fatty acids.

Fig 13: Sea buckthorn oil

11.Blue berry extract: Blueberries, which
belong to the Vaccinium family, provide several
skincare advantages because of their high
anthocyanin and antioxidant content, which
includes vitamins C and E. By neutralizing free
radicals, lowering oxidative stress, and guarding
against UV damage, these antioxidants help avoid
sunburn and premature aging. Additionally,
blueberries have anti-inflammatory qualities that
reduce redness and irritation, making them perfect
for skin prone to acne. They keep the skin
hydrated, avoiding dryness and maintaining its
suppleness. Additionally, by minimizing sunspots
and uneven pigmentation, blueberry extracts help
brighten the skin. Tannins constrict pores, and their
natural acids gently exfoliate the skin.
Additionally, blueberries may improve sunscreen
formulas by providing a natural substitute with less
chemicals. Additionally, blueberries' anthocyanins
encourage the production of collagen, which results
in firm, healthy skin.

Fig 14: Blueberry extract

* METHOD :

Preparation of oil phase (Phase A) :

Weight required quantity of Zinc oxide , Glyceryl
stearate,Cocoa butter, Sea buckthorn oil, Vitamin
E, Propyl paraben, Methyl paraben.

Place all ingredients of oil phase in clean beaker.
Heat gently (approx. 70°C) using the Heating
Mantle until the solid (glyceryl stearate, Cocoa
butter, parabens) completely melts and a uniform
mixture is obtained.

Maintain the temperature and stir slowly.

Preparation of aqueous phase (Phase B) :

In a separate beaker, disperse Gum acacia in water
and allow it to hydrate fully.

Add Glycerin and mix until homogeneous.
Incorporate Blueberry Extract under gentle stirring.
Heat this aqueous phase to = 70 °C to match the oil
phase temperature.

Emulsion Formation :

Gradually add the aqueous phase into the oil phase
with continuous stirring (using a stirrer)

Continue mixing until a uniform emulsion forms.
Maintain the temperature during addition. Then
allow it to cool gradually to room temperature
while stirring.
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e Formulation table:

Ingredient (Unit) F1 F2 F3
Zinc Oxide (g) 1.5 5.0 6.0
Glyceryl Stearate 1.0 20 15

(2

Cocoa Butter (g) 1.2 40 2.0
Sea Buckthorn Oil 1.2 40 5.0
(mL)

Blueberry Extract 03 35 30
(mL)

Glycerin (mL) 1.5 25 4.0

Vitamin E (mL) 0.1 2.0 1.0
5

Methyl Paraben (g) 0.0 03 0.1
6

Propyl Paraben (g) 0.0 0.1 0.2
3

Water (mL) 22. 74 57
5 5 5

Steari acid(g) 05 1.0 1.2

Perfume 0.1 0.1 0.1
5 5 5

Total (=300Q) 30. 30. 30.
0 0 0

I11. EVALUATION PARAMETERS (13,28)

1.Physical appearance:

Color: Manually verified and observed the color of
the formulation.

Odour: The smell of the formulation was tested by
putting it to the hand and feeling the scent.
Appearance: visually examined the formulation’s
appearance

2. pH determination:

A digital pH meter was used to measure the
sunscreens’ pH. After dissolving 1 g of the
formulation in 100 ml of freshly made distilled
water for two hours, the pH was determined. This
study aimed to ensure that, after 24 hours of usage,
the pH of the created herbal sunscreens is
comparable to the pH of the skin. S.D. was noted
and the results were double-checked.

3. Spreadibilty :

This test is done by spreading the lotion on the
slide and observe slide on which the sunscreen
lotion spread easily.

4. Washability:
This test involves washing applied sunscreen lotion
with water.

5.Irritancy test:

On the dorsal surface of the left hand, mark a
region (one square centimeter). After applying the
lotion to the designated region, the time was
recorded. Erythema, edema, and irritation were
monitored at regular intervals for up to 24 hours
and reported.

6.Homogeneity:

The formulations were evaluated for homogeneity
using visual inspection and physical assessment.

IV. RESULT AND DISCUSSION

1.Physical Appearance

Sr. F3

No

1. White

2 Please
nt

3. Good

Discussion: From the above observation table we
can conclude that F1 have ideal physical
characteristics.

2. pH determination

Sr.No | Paramete | F1 F2 F3
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r formulation improves user comfort and
1 pH 6.8 6.5 6.4 acceptability.

Discussion: All formulations showed pH values
in the range of 6.4-6.8, which are within the
normal skin pH range (4.5-7.0). This indicates that
the formulations are non-irritant and suitable for
topical application. F1 exhibited an ideal pH
closest to that of normal skin.

3.Spreadibilty:

Sr.N | Paramete | F1 F2 F3
r
1. Spreadibi | Sprea | Sprea | Sprea
Ity ds ds ds
easily | well well

Discussion: The spreadability of the formulations
decreased in the order F1 > F2 > F3. F1 showed the
best spreadability, suggesting a smoother texture
and easier application, likely due to a balanced oil-
to-emulsifier ratio. Good spreadability is crucial for
uniform sunscreen coverage and pleasant skin feel.

4.Washibility:

Sr.N | Paramet | F1 F2 F3

0 er

1. Washibil | Excelle | Goo | Modera
ty nt d te

Discussion: Formulation F1 was easily washable,
indicating proper emulsification and stability of the
formulation. F2 and F3 required more effort to
wash off, possibly due to higher oil content or
lower emulsifier efficiency. An easily washable

5.Irritancy test:

Sr.No | Paramete | F1 F2 F3
r

1. Irritancy | Nil Nil Mild

Discussion:No signs of redness or itching were
observed for F1 and F2, indicating they are non-
irritant to the skin. Mild irritation in F3 might be
due to a higher concentration of certain essential
oils or actives. Thus, F1 is considered safe for
regular use.

6.Homogeneity:

Sr.N | Parameter F1 F2 F3

0

1. Homogenei | Excelle | Goo | Fai
ty nt d r

Discussion: All formulations were homogeneous,
but F1 showed the best uniformity with no visible
lumps or phase separation. Good homogeneity
ensures consistent distribution of active ingredients
and stability over storage.

V. DISCUSSION

The present review and formulation study explored
the development of a zinc oxide-based sunscreen
lotion enhanced with natural oils and extracts,
particularly sea buckthorn oil and blueberry extract,
to improve both photoprotective efficacy and skin
care benefits.

Zinc oxide is a well-established physical sunscreen
agent, providing broad-spectrum protection against
UVB and UVA radiation through reflection and
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scattering of ultraviolet rays. Its incorporation into
topical formulations offers a safer alternative to
chemical sunscreens, minimizing potential skin
irritation or systemic absorption. In this study, zinc
oxide was combined with natural emollients and
antioxidants to enhance both cosmetic acceptability
and photoprotective efficiency.

Sea buckthorn oil is rich in essential fatty acids,
carotenoids, and tocopherols, which are known for
their antioxidant, anti-inflammatory, and
regenerative properties. Its inclusion in the
sunscreen formulation may aid in repairing UV-
induced skin damage, reducing oxidative stress,
and maintaining skin barrier function. Similarly,
blueberry extract, abundant in anthocyanins and
polyphenols, contributes to free radical scavenging,
thereby potentially enhancing the photoprotective
effect of zinc oxide. Together, these natural
components not only improve the therapeutic
profile of the sunscreen but also offer moisturizing
and anti-aging benefits.

The addition of glycerin, glyceryl stearate, cocoa
butter, and stearic acid provides adequate
hydration, skin barrier reinforcement, and
spreadability. Vitamin E serves as a potent
antioxidant, further protecting the skin from
oxidative damage caused by UV exposure. Methyl
and propyl parabens act as preservatives to
maintain the formulation’s stability and prevent
microbial growth.

The developed sunscreen lotion was evaluated for
physical appearance, pH, spreadability,
washability, irritancy, and homogeneity. A smooth,
homogeneous appearance and an appropriate pH
compatible with skin physiology suggest good
tolerability. Spreadability and washability tests
confirm ease of application and removal, critical
factors for patient compliance. The irritancy test
ensures the formulation is safe for regular topical
use.

According to these investigations, herbal sunscreen
lotion may have a synergistic effect and be more
stable.

VI. CONCLUSION

The present study successfully formulated and
evaluated a zinc oxide-based herbal sunscreen
lotion incorporating natural oils, extracts, and
emollients such as sea buckthorn oil, blueberry
extract, cocoa butter, and vitamin E. The
combination of these natural ingredients enhanced
the lotion’s photoprotective, antioxidant, and
moisturizing properties while maintaining good

spreadability, pH compatibility, and non-irritant
behavior.

Among all formulations tested, Formulation F1
exhibited the most desirable physicochemical
characteristics, including ideal pH, excellent
homogeneity, smooth texture, and ease of
application. The synergistic effect of zinc oxide
with natural antioxidants and emollients resulted in
a stable, skin-friendly, and effective sunscreen
lotion capable of providing broad-spectrum
protection against harmful UV radiation.

Therefore, this study concludes that herbal-based
sunscreens can serve as safe, effective, and eco-
friendly alternatives to conventional chemical
formulations, combining both therapeutic and
cosmetic benefits. Future research may explore the
inclusion of other bioactive plant components and
the use of nanotechnology to further enhance
photoprotection and product stability.
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