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Abstract

The growing concerns over the adverse effects of prolonged exposure to ultraviolet (UV) radiation, coupled with increasing
reports of skin irritation, environmental contamination, and potential endocrine-disrupting effects associated with synthetic
sunscreen ingredients, have intensified interest in plant-based alternatives for photoprotection. This review gives an insight to
the dermatological and photoprotective potential of three widely utilized medicinal plants, Moringa oleifera, Curcuma longa,
and Aloe vera, with emphasis on their phytochemical composition, mechanisms of action, and applications in topical skincare
and cosmeceutical formulations. Relevant literature was critically evaluated using peer-reviewed sources. Evidence from the
reviewed studies indicates that these plants contain diverse bioactive compounds, including flavonoids, phenolic acids,
carotenoids, curcuminoids, polysaccharides, vitamins, and other antioxidants that contribute to skin protection through multiple
mechanisms. These mechanisms include direct absorption of ultraviolet radiation, neutralization of reactive oxygen species,
suppression of inflammatory pathways, enhancement of skin barrier function, stimulation of collagen synthesis, and promotion
of wound healing. The review further highlights the benefits of combining these botanicals in topical formulations, where
improvements in photoprotective efficacy, antioxidant capacity, skin hydration, and formulation stability have been reported.
Recent advances in extraction technologies and delivery systems have also enhanced the bioavailability and effectiveness of
plant-derived photoprotective agents. Collectively, the evidence demonstrates that Moringa oleifera, Curcuma longa, and Aloe
vera possess considerable potential as sustainable and multifunctional ingredients for dermatological and cosmeceutical
applications. However, further clinical investigations, formulation optimization, and long-term safety evaluations are required
to fully establish their effectiveness as alternatives or complements to conventional synthetic photoprotective agents.
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1. Introduction

Medicinal plants have been utilized for centuries in the and phytochemical research [1, 2]. The therapeutic efficacy of
treatment of a wide range of conditions, a practice that is in- these plants is primarily attributed to secondary metabolites
creasingly supported by contemporary ethnopharmacological
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such as flavonoids, alkaloids, saponins, terpenoids, and phe-
nolic acids, which exhibit antioxidant, anti-inflammatory, and
antimicrobial properties [3]. According to the World Health
Organization, more than 80% of the global population de-
pends on traditional, complementary, or integrative medicine
as their primary form of healthcare, underscoring the sus-
tained clinical importance of botanical preparations.

Prolonged exposure to ultraviolet (UV) radiation is the pri-
mary external factor contributing to skin photoaging, hyper-
pigmentation, and carcinogenesis. Solar UV radiation is cate-
gorized into three bands: UVC (100-280 nm), which is ab-
sorbed by the ozone layer; UVB (280-320 nm), which induces
erythema, sunburn, and direct DNA mutations; and UVA
(320-400 nm), which penetrates deeper into the skin and is
mainly associated with oxidative damage and photoaging [4].
Several chemical UV filters in conventional sunscreens have
been associated with endocrine disruption and aquatic toxicity,
prompting increased interest in plant-derived alternatives that
offer both UV absorption and antioxidant and anti-inflamma-
tory effects [5, 6]. Advanced delivery systems, particularly
nanoemulsions, improve the solubility, stability, and skin pen-
etration of hydrophobic phytochemicals, thereby enhancing
the feasibility of botanical actives in sunscreen formulations
[71.

Moringa oleifera leaf extracts demonstrate significant anti-
oxidant activity, with DPPH ICs, values around 45 pg/mL and
ORAC values exceeding 8,300 pmol Trolox equivalents per
100 g [8]. The leaves contain high levels of quercetin, iso-
rhamnetin, chlorogenic acid, B-carotene, and lutein, which
neutralize reactive oxygen species, inhibit lipid peroxidation,
and suppress matrix metalloproteinase (MMP) expression in
UVB-exposed keratinocytes [9]. Curcuma longa rhizomes
produce curcuminoids with conjugated aromatic structures
that enable broad-spectrum UV absorption from 300 to 500
nm. Curcumin also activates the Keapl-Nrf2 antioxidant re-
sponse pathway and inhibits NF-kB signaling, resulting in re-
ductions of TNF-a, COX-2, and IL-6 expression by more than
60% in skin cells [10, 11]. Aloe vera gel contains more than
200 bioactive constituents, including the polysaccharide ace-
mannan, which stimulates fibroblast proliferation and wound
healing, as well as anthraquinones such as aloin and emodin,
which scavenge hydroxyl radicals, superoxide anions, and sin-
glet oxygen [12, 13]. Collectively, these three plants target
distinct mechanisms of UV-induced skin damage, supporting
their combined application in photoprotective formulations.

2. Core Review of Photoprotective
Medicinal Plants and Their
Dermatological Applications

2.1. Medicinal Plants in Dermatology

The skin, as the body’s largest organ, serves as the primary

interface with environmental stressors such as ultraviolet ra-
diation, pollutants, and pathogens. Traditional medical sys-
tems globally have utilized botanical preparations for the
treatment of wounds, inflammatory conditions, dryness, aging,
and infection [14]. Contemporary dermatological research has
increasingly validated these applications. Plant-derived bioac-
tive compounds have been shown to modulate keratinocyte
proliferation, fibroblast activation, collagen synthesis, and the
oxidative-stress and inflammatory signaling pathways that un-
derlie both therapeutic and cosmetic skin responses [15].

Plant secondary metabolites demonstrate therapeutic rele-
vance across a wide range of skin disorders. Flavonoids, ter-
penoids, and alkaloids inhibit cyclooxygenase (COX) and
lipoxygenase enzymes, thereby reducing cytokine-mediated
redness and irritation [16]. Curcumin, derived from Curcuma
longa, suppresses the NF-kB pathway and alleviates psoriatic
inflammation [17]. Neem (Azadirachta indica) extracts ad-
dress Propionibacterium acnes through both antimicrobial and
anti-inflammatory mechanisms [18]. In the context of wound
healing, polysaccharides and glycoproteins from Aloe vera
promote granulation tissue formation and collagen deposition
[19]. Triterpenoids and flavonoids from Calendula officinalis
support re-epithelialization [20]. For anti-aging purposes, pol-
yphenols from green tea, resveratrol from grapes, and curcu-
minoids from Curcuma longa help preserve collagen architec-
ture and protect fibroblasts from oxidative damage [21, 22].
Botanical oils, including moringa, argan, and jojoba, restore
the stratum corneum lipid barrier due to their fatty acid and
phytosterol content [23].

Phytochemicals contribute to the development of environ-
mentally sustainable products. Advances in extraction tech-
nologies, such as supercritical carbon dioxide and ultrasound-
assisted methods, along with encapsulation and nanoemulsion
strategies, have improved the stability and bioavailability of
plant-derived actives in topical formulations [24]. The combi-
nation of multifunctionality, biodegradability, and formula-
tion compatibility makes botanical extracts compelling sus-
tainable alternatives to synthetic cosmeceutical ingredients.

2.1.1. Phytochemical Classes and Their Roles in
Dermatology

Phytochemicals are a diverse group of plant-derived sec-
ondary metabolites that support skin health and protect against
photo-induced damage. This group includes flavonoids, phe-
nolic acids, carotenoids, alkaloids, tannins, polysaccharides,
and naturally occurring vitamins, each contributing comple-
mentary photoprotective, antioxidant, and anti-inflammatory
effects [25].

Flavonoids, including quercetin, kaempferol, luteolin, and
apigenin, exhibit strong absorption across UVA and UVB
wavelengths due to their conjugated benzopyran structures
and hydroxyl groups. Topical formulations containing flavo-
noids from Moringa and Curcuma species significantly reduce
UV-induced oxidative stress and erythema by absorbing pho-
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tons and scavenging reactive oxygen species (ROS) [26]. Fla-
vonoids from Curcuma longa specifically demonstrate in vitro
SPF values of 7-13 and suppress the production of IL-1 and
TNF-a [27, 28].

Phenolic acids, including ferulic, caffeic, and gallic acids,
offer targeted UVB protection and enhance the activity of co-
antioxidants. Ferulic acid stabilizes vitamins C and E in cos-
metic formulations, efficiently absorbs UVB, and prevents ep-
idermal lipid peroxidation, thereby delaying visible photoag-
ing [29].

Carotenoids, such as p-carotene, lutein, and lycopene, are
lipophilic pigments that quench singlet oxygen and inhibit li-
pid peroxidation within cell membranes. Both dietary and top-
ical carotenoid supplementation reduce UV-induced erythema,
improve skin hydration, and enhance elasticity, acting in con-
cert with flavonoids to protect dermal collagen and keratino-
cytes from photodamage [30].

Tannins, which are high-molecular-weight polyphenols,
bind to cutaneous proteins and function as astringents. These

compounds enhance skin firmness, reduce epidermal permea-
bility, and provide additional UV absorption and ROS scav-
enging, thereby protecting collagen from photodegradation
[31].

Polysaccharides derived from Aloe vera primarily support
hydration and reinforce the epidermal barrier. Acemannan
forms a thin protective film that reduces transepidermal water
loss and enhances the penetration and retention of co-active
compounds, thereby mitigating photodamage to the skin [32].

Vitamins C and E exhibit cooperative effects in photopro-
tection. Vitamin C stimulates collagen biosynthesis and regen-
erates oxidized tocopherol, whereas vitamin E protects cellu-
lar membranes from lipid peroxidation. Formulations that
combine vitamin C-rich Aloe vera with vitamin E-rich
Moringa oil demonstrate greater antioxidant potential and
higher SPF values than either ingredient alone [22].

Table 1 summarizes the principal phytochemical classes,
representative bioactive constituents, and their mechanisms of
dermatological relevance.

Table 1. Key Phytochemical Classes and Their Photoprotective Roles.

Phytochemical Class  Examples Mechanism of Action References
Flavonoids Quercetin, Kaempferol, Rutin Absorb UVA/UVB; scavenge ROS; anti-inflammatory [26]
Phenolic acids Ferulic acid, Caffeic acid UVB absorption; stabilize vitamins & co-filters [29]
Carotenoids B-Carotene, Lutein Quench singlet oxygen; reduce oxidative stress [30]
Alkaloids Berberine, Harmine UV absorption; antioxidant activity [33]
Tannins Ellagitannins, Proanthocyanidins Antioxidant; collagen protection [34]
Vitamins Vitamin E, Vitamin C Neutralize ROS; prevent lipid peroxidation [22]

2.1.2. Photoprotective Mechanisms of Medicinal
Plant Phytochemicals

In In contrast to synthetic UV filters, which primarily pro-
tect the skin by absorbing or scattering photons, plant-derived
phytochemicals utilize multiple biochemical pathways to de-
fend against UV-induced injury [35].

Flavonoids, including quercetin and kaempferol, absorb
strongly across both UVA (320-400 nm) and UVB (280-320
nm) ranges. In contrast, phenolic acids such as ferulic and caf-
feic acids provide more targeted attenuation of UVB, thereby
limiting DNA damage in epidermal keratinocytes [36]. Cur-
cumin, which exhibits a broad absorption profile spanning ap-
proximately 300-500 nm, is considered one of the most versa-
tile natural UV filters identified to date [37]. By capturing UV
photons and dissipating their energy as heat, these molecules
decrease the amount of radiation that penetrates into deeper
dermal layers [38].
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Exposure to UV radiation generates reactive oxygen spe-
cies, including superoxide anions (O,¢”), hydroxyl radicals
(*OH), hydrogen peroxide (H20,), and singlet oxygen ('O»).
These species attack cellular lipids, proteins, and DNA, lead-
ing to collagen degradation and premature aging [39]. Flavo-
noids and tannins stabilize free radicals by donating hydrogen
atoms or electrons, thereby halting lipid peroxidation cascades
[40]. Curcumin also chelates pro-oxidant metal ions (Fe?*,
Cu?"), which suppresses Fenton-reaction-driven hydroxyl rad-
ical generation [41]. Collectively, these mechanisms preserve
cellular biomolecular integrity and prevent photo-oxidative
injury.

UV irradiation activates the NF-kB and AP-1 transcription
factors, which stimulate the production of pro-inflammatory
cytokines (TNF-a, IL-1p, IL-6) and induce matrix metallopro-
teinases (MMPs) that degrade collagen and elastin [42]. Cur-
cumin suppresses NF-kB activity and downstream cytokine
production [43]. Quercetin inhibits cyclooxygenase (COX)
and lipoxygenase (LOX) enzymes, thereby reducing prosta-
glandin and leukotriene levels [32]. Aloe vera polysaccharides
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stimulate fibroblast and keratinocyte activity, which promotes
wound repair and limits inflammatory cell infiltration [19].
Collectively, these actions reduce UV-induced erythema and
edema and protect the dermal extracellular matrix from
chronic photodamage.

Oleic acid and related fatty acids restore lipid levels in the
stratum corneum and enhance epidermal moisture retention
[44]. Plant-derived polysaccharides form thin surface films
that reduce transepidermal water loss and prolong the resi-
dence time of active ingredients [45]. Tannin-rich extracts in-
teract with cutaneous proteins, resulting in epidermal tighten-
ing and decreased permeability [31].

0,

The protective effects of phytochemicals are often additive
and mutually reinforcing. For example, flavonoids both ab-
sorb UV photons and neutralize reactive oxygen species (ROS)
[46]. Vitamins C and E act cooperatively, with ascorbic acid
regenerating tocopherol to prolong its antioxidant effect [47].
Lipid-soluble carotenoids protect cellular membranes, while
water-soluble antioxidants function in the cytosol [40]. Hy-
drating polysaccharides also facilitate deeper delivery of lipo-
philic active compounds [24]. Through these combined mech-
anisms, mixtures of plant metabolites provide broader and
more durable photoprotection than any single compound
alone [48].
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Figure 1. Reactive oxygen species (ROS) generation and oxidative injury in UV-irradiated skin.

2.2. Complementary Actions and
Photoprotective Interactions

The rationale for combining botanicals in photoprotective
formulations rests on the complementarity of their mechanisms.
Curcuminoids in Curcuma longa act as efficient UV chromo-
phores while simultaneously scavenging free radicals; phenolic
compounds in Moringa oleifera provide additional antioxidant
capacity and photostabilize UV-sensitive filters; and the poly-
saccharide matrix of Aloe vera supports hydration, emulsion
stability, skin repair, and the uniform delivery of active ingredi-
ents. This multi-mechanistic architecture of direct UV absorp-
tion, ROS neutralization, anti-inflammatory activity, barrier re-
inforcement, and tissue regeneration enables comprehensive
protection that no single extract achieves in isolation. Advanced
delivery systems, including nanoemulsions, further enhance the
solubility and bioavailability of these hydrophobic phytochem-
icals in topical formulations [7, 24].

The bioactive compounds of these three plants also interact
at the molecular level to provide overlapping and mutually re-
inforcing protection. The polyphenols of Moringa oleifera,

particularly quercetin, isorhamnetin, and chlorogenic acid,
contribute ROS scavenging activity that complements the di-
rect UV absorption of curcumin [9, 26]. When curcumin un-
dergoes partial photodegradation under prolonged irradiation,
arecognized limitation of Curcuma longa extracts used in iso-
lation [11], the phenolic antioxidants in Moringa help neutral-
ize the resulting oxidative intermediates and reduce their im-
pact on the skin. Additionally, the acemannan-rich gel matrix
of Aloe vera improves the dispersibility and film-forming
properties of the combined formulation, facilitating more uni-
form distribution of the lipophilic curcuminoids and flavo-
noids across the skin surface and thereby enhancing consistent
UV coverage [32, 62]. The antimicrobial activity of Aloe vera
anthraquinones against skin pathogens such as Staphylococ-
cus aureus and Candida albicans [13] further broadens the pro-
tective scope of combination formulations, particularly in
tropical climates where microbial colonization of UV-dam-
aged skin is a clinical concern. Taken together, these comple-
mentary antioxidant, anti-inflammatory, antimicrobial, bar-
rier-reinforcing, and moisturizing activities support the use of
combined Moringa oleifera, Curcuma longa, and Aloe vera
extracts as a multifunctional approach to photoprotection.

74


http://www.sciencepg.com/journal/mc

Modern Chemistry

http://www.sciencepg.com/journal/me

3. Key Plants: Phytochemistry and
Dermatological Evidence

The selection of Moringa oleifera, Curcuma longa (tur-
meric), and Aloe vera as the focal plants for this study is based
on their extensive ethnobotanical use, scientifically validated
dermatological relevance, and rich phytochemical composi-
tion, as well as their widespread local abundance in Nigeria.
These plants have been consistently recognized in traditional
medicine for promoting skin health, treating inflammatory and
infectious conditions, and accelerating wound healing. Their
established safety, accessibility, and multifunctional proper-
ties make them ideal candidates for the development of natural
photoprotective formulations.

3.1. Moringa Oleifera

Moringa oleifera (family Moringaceae), originally native to
the Indian subcontinent, is now naturalized across tropical and
subtropical Africa due to its drought tolerance and capacity to
grow in nutrient-poor soils. Nearly all parts of the plant con-
tain bioactive compounds with established medicinal proper-
ties [49]. The leaves are especially abundant in quercetin, iso-
rhamnetin, rutin, chlorogenic acid, B-carotene, lutein, and to-
copherols. Supercritical CO; extraction of moringa seeds pro-
duces a-tocopherol at 232.5 +3.2 mg g™!, representing 8.43%

of the extract, along with y-tocopherol and ascorbic acid,
which contribute to antioxidant and photoprotective effects
[50]. Gas chromatography-mass spectrometry (GC-MS) anal-
ysis of seed oil has identified oleic acid, palmitic acid, and f-
sitosterol as principal constituents that provide moisturizing
and membrane-stabilizing properties [51, 52].

Creams containing moringa seed oil have been shown to
achieve SPF values of 9-11 and to enhance skin hydration and
smoothness compared to controls [53]. Fourier-transform in-
frared spectroscopy (FTIR) confirmed the presence of flavo-
noid and phenolic compounds in these formulations. Sun-
screen formulations combining Moringa oleifera and Turbi-
naria conoides in a 1:1 ratio have been reported to provide ad-
ditive ultraviolet protection, maintained physicochemical sta-
bility, and exhibited no microbial contamination [54].
Moringa leaf extract applied to infected excision wounds in
rats has been shown to promote wound contraction, shorten
epithelialization time, increase antioxidant enzyme activity,
and upregulate VEGF and TGF-B1 expression, indicating
wound-healing potential [55]. Moringa leaves have also been
reported to possess among the highest total phenolic and fla-
vonoid contents of medicinal plants studied, with these com-
pounds exhibiting hydroxyl and peroxyl radical scavenging
activity and protecting skin fibroblasts from UV-induced lipid
peroxidation [56].
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Figure 2. Distribution of phytochemicals across different parts of Moringa oleifera.
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Figure 3. Polyphenolic compounds from Moringa oleifera.

Moringa leaf extract has been shown to significantly reduce
malondialdehyde (MDA) levels and increase superoxide dis-
mutase (SOD) and catalase activity in UVB-exposed HaCaT
keratinocytes [9]. The extract also suppressed the expression
of MMP-1, MMP-3, and MMP-9, while preserving collagen
and elastin gene expression. Spectroscopic analysis demon-
strated broad ultraviolet absorption between 290 and 360 nm,
confirming the extract’s role as a natural UV filter. The high
concentrations of quercetin and kaempferol were identified as
the principal contributors to this effect. Notably, the elevated
unsaturated fatty acid content of moringa seed oil increases its
susceptibility to oxidative rancidity, so the addition of stabi-
lizers or antioxidants is recommended in moringa-based topi-
cal formulations [57].

3.2. Curcuma Longa

Curcuma longa (family Zingiberaceae), which is widely
cultivated in tropical and subtropical regions such as Nigeria,
derives its bright yellow color and pharmacological activity
from curcuminoids, primarily curcumin, demethoxycurcumin,

and bisdemethoxycurcumin. In both Ayurvedic and African
traditional medicine, turmeric paste has been used to treat acne,
improve complexion, and promote wound healing. In Nigeria,
powdered turmeric is commonly incorporated into herbal cos-
metics and face masks [37, 58].

The conjugated aromatic structure of curcumin enables
strong ultraviolet absorption across the 300-500 nm range,
covering both UVA and UVB spectra, with a characteristic
UV-Vis absorption peak near 425 nm [37]. In addition to its
UV filtering properties, curcumin activates the Keapl-Nrf2
antioxidant response pathway, inhibits IKK phosphorylation,
stabilizes IkBa, and at higher concentrations binds directly to
NF-«xB p65 and IKKp. These mechanisms collectively reduce
the expression of COX-2, IL-6, and TNF-a by more than 60%
[10].

Topical formulations containing curcumin have been
shown to reduce UVB-induced erythema and collagen degra-
dation in human dermal fibroblasts, to downregulate COX-2,
iNOS, and NF-kB, and to prevent epidermal thickening after
UV exposure [10]. In a systematic review of 200 studies, cur-
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cumin was identified as a highly promising natural photopro-
tective agent with concentration-dependent enhancement of
sun protection factor (SPF) values [11]. However, the same
review also emphasized key limitations, including poor aque-
ous solubility, photoinstability under extended UV exposure,
and susceptibility to interactions with excipients, all of which
diminish its efficacy as a standalone agent and require formu-
lation optimization [11]. Administration of Curcuma longa
extract has also been reported to reduce TNF-a expression and
preserve type I collagen in UVB-irradiated BALB/c mice,
consistent with its anti-photoaging effects [28].
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Figure 4. Curcuma longa rhizome (Turmeric).
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Figure 5. Basic chemical structure of curcumin.
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Figure 6. Chemical structures of major curcumin derivatives.

3.3. Aloe Vera

Aloe vera (family Asphodelaceae) is a perennial succulent
widely distributed in the arid and semi-arid regions of Nigeria,
where it is cultivated as a household remedy for burns, acne,
and dermatitis. The plant’s thick, fleshy leaves produce a mu-
cilaginous gel rich in polysaccharides (notably acemannan
and glucomannan), anthraquinones (aloin and aloe-emodin),
antioxidant vitamins C and E, enzymes, amino acids, and
chromones. Collectively, these constituents exceed 75 identi-
fied bioactive compounds [19, 59].

Topical application of aloe gel has been shown to accelerate
epithelial regeneration and collagen synthesis in UVB-dam-
aged skin [19]. Histological analysis confirmed enhanced fi-
broblast proliferation and improved collagen fiber alignment.
These effects are attributed to the gel’s polysaccharide content,
particularly acemannan, which increases FGF and VEGF ex-
pression to promote granulation tissue formation and angio-
genesis [60]. Aloe-emodin and aloin exhibit antimicrobial ac-
tivity against Staphylococcus aureus and Candida albicans,
thereby reducing the risk of wound infection. The anthraqui-
none constituents also scavenge hydroxyl radicals, superoxide
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anions, hydrogen peroxide, and singlet oxygen, which pre-
vents membrane lipid peroxidation and maintains skin barrier
integrity [13, 61].

In sunscreen applications, a concentration-dependent rela-
tionship between Aloe vera gel extract and sun protection fac-
tor (SPF) has been demonstrated, with a 20% extract yielding
an SPF of 10.21, which falls within the acceptable range of 2
to 60 [62]. The formulation also exhibited improved spreada-
bility and a skin-compatible pH of 7.0. Acemannan-enriched
formulations have further been confirmed to accelerate the
healing of first- and second-degree burns and to reduce ery-
thema compared with standard treatments [60].

A principal limitation of Aloe vera gel is its physicochemi-
cal instability, as its high water and nutrient content makes it
highly susceptible to microbial spoilage. Incorporating ben-
zoic acid (0.1%), vitamin E (300 ppm), and xanthan gum
(0.2%) as stabilizers has been shown to maintain an acidic pH,
inhibit microbial growth at both 4°C and 25°C, and preserve
antioxidant activity and wound-healing efficacy during stor-
age [63]. Industrial processing commonly uses potassium
sorbate or lyophilization to extend shelf life. Despite these
preservation challenges, Aloe vera remains one of the most
widely accepted ingredients in pharmaceutical and cosmetic
formulations [64].

Chemical constituents and bioactivity of Aloe vera
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Figure 7. Chemical constituents and bioactivity of Aloe vera.

4. Discussions

The growing interest in plant-based photoprotective formu-
lations has encouraged exploration of the combined use of me-
dicinal plants with complementary mechanisms of action.
Among the various botanicals investigated for sunscreen de-
velopment, Moringa oleifera, Curcuma longa (turmeric), and
Aloe vera have emerged as promising candidates due to their
diverse phytochemical compositions and multifunctional der-
matological properties. The rationale for combining these
three plants in photoprotective formulations rests on the com-
plementarity of their mechanisms. Curcuminoids in Curcuma
longa act as efficient UV chromophores while simultaneously

scavenging free radicals; phenolic compounds in Moringa
oleifera provide additional antioxidant capacity and photosta-
bilize UV-sensitive filters; and the polysaccharide matrix of
Aloe vera supports hydration, emulsion stability, skin repair,
and the uniform delivery of active ingredients. This multi-
mechanistic architecture of direct UV absorption, ROS neu-
tralization, anti-inflammatory activity, barrier reinforcement,
and tissue regeneration enables comprehensive protection that
no single extract achieves in isolation.

Moringa oleifera leaf extracts have been shown to possess
relatively low intrinsic SPF values when used alone but to ex-
hibit significant antioxidant activity due to the presence of
quercetin, rutin, chlorogenic acid, and ferulic acid [65]. The
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same study found that moringa extracts enhance the photosta-
bility of avobenzone, a UV filter susceptible to photodegrada-
tion, indicating a photostabilizing function beyond reactive
oxygen species scavenging [65]. This finding represents a dis-
tinct and valuable contribution to sunscreen formulations, es-
pecially in combination systems where maintaining filter sta-
bility is critical for sustained photoprotection.

Curcumin provides the most direct UV-filtering activity
among the three plants. Its broad-spectrum absorption across
UVA and UVB wavelengths and concentration-dependent en-
hancement of SPF have been well documented [11]. Its ability
to suppress post-UV inflammatory cascades has also been re-
ported [10]. Despite these benefits, curcumin’s poor aqueous
solubility and susceptibility to photodegradation under pro-
longed irradiation remain significant challenges. Combining
curcumin with 4loe vera and Moringa extracts may help ad-
dress these limitations, as the gel matrix of Aloe vera improves
dispersibility and film formation, while phenolics from
Moringa offer additional UV and oxidative protection, reduc-
ing reliance on curcumin stability alone.

An SPF of 24.88 has been reported for a binary formulation
combining Curcuma longa and Aloe vera extracts, substan-
tially exceeding the values observed for either plant used in-
dependently [66]. This enhanced performance was attributed
to the combination of curcumin’s UV absorption and Aloe
vera’s film-forming and hydrating properties, promoting more
uniform distribution of active compounds across the skin and
resulting in more consistent UV coverage. When this combi-
nation was extended to include Moringa oleifera, an SPF of
39.65 was achieved in a ternary formulation containing
moringa extract, Curcuma longa, and a mineral UV filter [67].
This formulation demonstrated good physicochemical stabil-
ity and non-irritant characteristics, attributed to the additive
effects of UV absorption (curcumin), antioxidant and photo-
stabilizing activity (moringa phenolics), and complementary
formulation properties.

Additional evidence from multi-herbal systems supports
this approach. Herbal sunscreens containing Aloe vera, Cur-
cuma longa, coconut oil, and other plant-derived ingredients
have been reported to achieve SPF values up to 33.50 with

favorable antioxidant activity and non-mutagenic profiles [68].

A multi-herbal sunscreen prepared with Aloe vera, Curcuma
longa, sandalwood, and watermelon extracts achieved SPF
values of 15 to 25 with satisfactory stability [69]. Cost-effec-
tive herbal sunscreen gels from aqueous fruit extracts with
SPF values ranging from 3.537 to 5.293 have also been docu-
mented [70]. Quercetin-loaded creams have been reported to
achieve in vitro SPF values of 10 to 12 and to significantly
reduce oxidative stress biomarkers in keratinocyte models,
demonstrating flavonoid-based dual photoprotective and anti-
oxidant effects [71].

Recent formulation studies highlight the practical im-
portance of including Aloe vera for formulation performance.
Aloe vera concentration has been shown to directly affect the
stability and spreadability of polyherbal creams containing

Curcuma longa and Carica papaya, reinforcing the gel’s dual
role as a bioactive ingredient and formulation vehicle [72].
Formulations incorporating 4loe vera gel, glycerin, and vita-
min E have also demonstrated significant improvements in
skin hydration and barrier function attributable to the comple-
mentary effects of these plant-derived humectants and antiox-
idants [73].

The broader literature on medicinal plant combinations in
skin care supports these findings. Several Chinese medicinal
plants, including Centella asiatica, Aloe vera, Panax ginseng,
and Scutellaria baicalensis, have been described as protecting
against UV-induced skin damage through inhibition of matrix
metalloproteinases, regulation of melanogenesis, anti-inflam-
matory activity, and enhancement of barrier and collagen in-
tegrity [42]. Although these plants are outside the primary
scope of the present review, they illustrate the broad applica-
bility of combining mechanistically distinct botanical actives
for comprehensive photoprotection.

Several formulation challenges and research gaps persist.
Variations in plant source, cultivation conditions, extraction
solvents, and processing parameters significantly influence
phytochemical composition and antioxidant activity [74],
complicating the standardization required for reproducible ef-
ficacy. The photo-instability of curcumin and the microbial
susceptibility of fresh Aloe vera gel necessitate formulation
interventions such as encapsulation, emulsification, or the ad-
dition of stabilizers, which increase complexity and cost. Most
current evidence is derived from in vitro systems or small-
scale laboratory preparations, with relatively few published
clinical trials evaluating long-term photoprotective efficacy,
photostability under real-world UV exposure, or large-scale
manufacturability.

5. Conclusions

The increasing incidence of ultraviolet (UV)-induced skin
disorders, including photoaging, hyperpigmentation, inflam-
mation, and skin cancer, has intensified the search for safer
and more sustainable alternatives to conventional synthetic
sunscreens. This review highlights the growing potential of
plant-derived photoprotective agents as multifunctional ingre-
dients capable of providing UV protection while simultane-
ously promoting skin health. The available evidence demon-
strates that medicinal plants contain diverse bioactive com-
pounds, including flavonoids, phenolics, carotenoids, curcu-
minoids, vitamins, and polysaccharides, which contribute to
photoprotection through UV absorption, antioxidant activity,
anti-inflammatory effects, photostabilization, and enhance-
ment of skin barrier function.

Among the natural agents reviewed, Moringa oleifera, Cur-
cuma longa, and Aloe vera emerged as particularly promising
candidates due to their complementary phytochemical profiles
and dermatological benefits. Moringa oleifera provides strong
antioxidant and photostabilizing activities that help mitigate
oxidative stress associated with UV exposure. Curcuma longa
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contributes direct UV-filtering capacity through curcumin
while also offering potent antioxidant and anti-inflammatory
properties. Aloe vera enhances skin hydration, promotes tissue
repair, improves formulation performance, and provides addi-
tional photoprotective benefits. Evidence from recent studies
further indicates that combining these plants in binary and ter-
nary formulations produces additive effects that enhance sun-
screen efficacy beyond that achieved by individual extracts
alone.

The reviewed literature also demonstrates that multi-herbal
sunscreen formulations generally exhibit improved SPF val-
ues, broader-spectrum protection, enhanced antioxidant ca-
pacity, and better formulation stability compared with single-
plant systems. These findings support the concept that effec-
tive photoprotection can be achieved through the integration
of multiple botanical ingredients that target different pathways
involved in UV-induced skin damage. Such an approach
aligns with current consumer demand for natural, eco-friendly,
and multifunctional skincare products.

Despite these promising developments, several challenges
remain. Variations in plant source, extraction methods, phyto-
chemical composition, formulation techniques, and SPF eval-
uation protocols often lead to inconsistencies in reported re-
sults, making direct comparisons between studies difficult.
Furthermore, many investigations remain limited to labora-
tory-scale evaluations, with relatively few clinical studies as-
sessing long-term efficacy, safety, photostability, and large-
scale commercial applicability.

Future research should focus on standardizing extraction
and formulation procedures, optimizing plant combinations,
improving bioactive delivery systems, and conducting well-
designed clinical trials to validate efficacy and safety under
real-world conditions. Overall, the evidence indicates that
plant-based sunscreen formulations, particularly those incor-
porating Moringa oleifera, Curcuma longa, and 4loe vera, of-
fer a promising and sustainable approach to photoprotection
by combining UV-filtering, antioxidant, anti-inflammatory,
and skin-repairing functions. Continued research and stand-
ardization will be essential to translate these findings into ef-
fective commercial products.
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