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Abstract: Turmeric (Curcuma longa), one of the most extensively studied medicinal plants, has been valued 

for centuries in traditional medicine and skincare rituals due to its diverse therapeutic properties. In recent 

years, increasing scientific interest has focused on its potential role in dermatology, particularly in the 

development of safe and effective herbal sunscreens. Synthetic sunscreen agents, though widely available, 

have been associated with drawbacks such as skin irritation, phototoxicity, and ecological hazards, especially 

their adverse impact on marine ecosystems. Consequently, there is a growing demand for natural, eco-

friendly, and biocompatible alternatives.The primary bioactive compound of turmeric, curcumin, along with 

other constituents such as demethoxycurcumin and bisdemethoxycurcumin, exhibits strong antioxidant, anti-

inflammatory, antimicrobial, wound-healing, and photoprotective activities. These phytochemicals neutralize 

reactive oxygen species (ROS) generated by ultraviolet (UV) radiation, reduce lipid peroxidation, and prevent 

DNA damage. Furthermore, turmeric has been shown to inhibit melanogenesis, regulate collagen degradation, 

and strengthen the skin’s natural barrier, thereby preventing photoaging, pigmentation disorders, and UV-

induced skin cancers. 

Recent studies demonstrate that turmeric extracts, when incorporated into topical formulations such 

as creams, gels, and nanoemulsions, significantly enhance UV protection while maintaining cosmetic 

acceptability. Its synergistic effects with other natural compounds, including aloe vera, green tea polyphenols, 

and licorice root, further improve sunscreen efficacy and stability. Additionally, nanotechnology-based 

delivery systems, such as liposomes, solid lipid nanoparticles, and nanoemulsions, have been employed to 

overcome curcumin’s poor solubility and bioavailability, thus increasing its therapeutic potential in skincare 

products.This review aims to provide a comprehensive analysis of the pharmacological mechanisms 

underlying turmeric’s photoprotective effects, current research evidence on turmeric-based sunscreen 

formulations, and the potential challenges in their large-scale commercialization. Emphasis is placed on safety 

evaluation, formulation stability, regulatory aspects, and consumer acceptability. Future perspectives 
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highlight the scope of integrating turmeric into advanced cosmeceuticals that not only serve as sunscreens but 

also offer multifunctional benefits such as anti-aging, anti-acne, and skin-brightening effects. 

 

Index Terms – Turmeric powder, sun protection factor, antioxidant, anti- inflammatory, UV protection 

 

I. INTRODUCTION 

Skin protection has become one of the most important aspects of personal care in today’s world, where 

environmental stressors 

and climate change have significantly increased the risks of skin-related disorders. Among these, exposure to 

ultraviolet (UV) radiation is a leading cause of premature aging, hyperpigmentation, sunburn, and even skin 

cancer. Conventional sunscreens, though effective, often rely on synthetic UV filters such as oxybenzone, 

avobenzone, and octinoxate. Over time, these chemical agents have raised growing concerns due to their 

potential side effects, including skin irritation, hormonal imbalance, and ecological damage, particularly to 

coral reefs and marine biodiversity. This has created a strong global shift in consumer preferences toward 

natural, herbal, and eco-friendly skincare alternatives1. 

       One herbal ingredient that has gained exceptional attention in recent years is turmeric (Curcuma longa). 

Known as the "Golden Spice of India," turmeric has been valued for centuries in Ayurvedic, Unani, Siddha, 

and Traditional Chinese Medicine for its healing, anti-inflammatory, and beautifying properties1. 

Traditionally applied in rituals like the Indian Haldi ceremony, turmeric has been deeply associated with skin 

health, fairness, and protection. Modern scientific research has validated these traditional beliefs by 

highlighting the powerful bioactive compounds of turmeric, primarily curcumin, demethoxycurcumin, 

bisdemethoxycurcumin, and turmerones, which exhibit potent antioxidant, anti-inflammatory, antimicrobial, 

wound-healing, and photoprotectiveactivities2.Unlike conventional sunscreens, turmeric-based herbal 

sunscreens are not only protective but also multi-functional, combining sun protection with skincare benefits 

such as anti-aging, anti-acne, and skin brightening. Furthermore, being biodegradable and eco-friendly, these 

formulations represent a sustainable solution to the rising environmental concerns caused by chemical 

sunscreens3. 

     The global cosmetic industry has already recognized this potential, with an increasing number of skincare 

brands incorporating turmeric into sunscreens, day creams, lotions, and gels. Scientific advancements, such 

as nanotechnology and encapsulation techniques, are further improving the stability and efficacy of turmeric 

formulations, making them a promising future alternative to synthetic sunscreens4.This review explores the 

significance of turmeric in skincare, focusing on its role in herbal sunscreen formulation. It highlights the 

bioactive mechanisms, formulation approaches, efficacy studies, advantages, limitations, and future prospects 

of turmeric-based sunscreens, ultimately presenting turmeric as a holistic and sustainable approach to skin 

protection in the modern era5. 
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II. REVIEW OF LITERATURE 

The potential of turmeric (Curcuma longa) in skincare and particularly in sunscreen formulations has been 

extensively studied in recent decades. Traditional knowledge and modern scientific research converge to 

highlight turmeric’s efficacy as a natural photoprotective and skin-healing agent6. 

1. Historical and Traditional Use of Turmeric in Skincare 

Turmeric has been used in Ayurvedic and traditional medicine systems for over 4,000 years. Ancient texts 

described turmeric as a “skin purifier” and a “healing herb” applied in face packs, oils, and pastes for 

improving complexion and preventing skin infections. The Haldi ceremony in Indian weddings symbolizes 

its importance in enhancing skin radiance and protecting against external damage (Prasad & Aggarwal, 2011). 

Such historical practices inspired scientists to investigate turmeric’s phytochemical components for modern 

dermatological applications7. 

2. Phytochemical Constituents and Their Role in Skin Protection 

Turmeric contains more than 200 bioactive molecules, of which curcumin is the most researched. Studies by 

Chainani-Wu (2003) and Gupta et al. (2013) reported that curcumin demonstrates antioxidant activity 

stronger than vitamin C and E, making it effective in combating oxidative stress caused by UV exposure. 

Other constituents like demethoxycurcumin, bisdemethoxycurcumin, and turmerones also contribute to 

anti-inflammatory and antimicrobial properties, thus enhancing skin resilience against sunlight-induced 

damage8. 

3. Turmeric as a Natural UV Filter 

Research has confirmed turmeric’s ability to absorb UV radiation. Kaur and Saraf (2010) formulated herbal 

sunscreen creams with turmeric extract and reported moderate to high SPF values (15–25) depending on 
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concentration. The study emphasized turmeric’s potential as a safe alternative to synthetic UV filters. 

Similarly, Madhulika et al. (2016) demonstrated that turmeric extracts, when combined with aloe vera and 

neem, provided broad-spectrum protection against both UVA and UVB rays9. 

 

4. Antioxidant and Anti-Inflammatory Benefits againstPhotodamage 

UV exposure leads to the generation of free radicals, which accelerate skin aging and inflammation. Aggarwal 

et al. (2007) highlighted that curcumin significantly reduces reactive oxygen species (ROS) and inhibits NF-

κB pathways, thereby controlling oxidative stress and inflammation. Clinical studies also indicate that topical 

turmeric formulations help reduce erythema (redness) and pigmentation caused by prolonged sun exposure 

(Heng et al., 2000)10. 

5. Comparative Studies with Chemical Sunscreens 

Several comparative studies have evaluated herbal turmeric sunscreen against conventional chemical 

formulations. A study by Chanchal&Swarnlata (2008) reported that turmeric-based sunscreen was equally 

effective in preventing tanning but had additional benefits such as skin brightening, moisturizing, and 

reduced irritation. Importantly, no adverse reactions were observed, unlike with some chemical sunscreens 

that cause allergies or stinging sensations11. 

6. Formulation Challenges and Stability Issues 

Despite its benefits, turmeric has limitations. Curcumin is unstable under sunlight and oxygen exposure, which 

reduces its long-term effectiveness. Studies by Tonnesen&Karlsen (2002) showed that curcumin degrades 

quickly when exposed to light, limiting its use in sunscreens. To address this, modern techniques such as 

nano-encapsulation, liposomal delivery, and hydrogel formulations are being explored to enhance 

stability and absorption (Choudhury et al., 2017)12. 

7. Recent Advances in Herbal Sunscreen Development 

Recent research has focused on integrating turmeric with other herbal agents like green tea, aloe vera, 

sandalwood, and licorice to enhance SPF and provide synergistic antioxidant activity. A 2020 study by Patel 

et al. reported that a polyherbal sunscreen containing turmeric achieved SPF values above 30, comparable to 

commercial products, while maintaining safety and natural purity. Additionally, advancements in 

nanotechnology-based turmeric formulations have shown improved photostability, controlled release, and 

enhanced bioavailability, making them more effective for prolonged sun protection13. 

III. OBJECTIVES 

The primary objective of this review is to explore the potential of turmeric (Curcuma longa) as a key ingredient 

in herbal sunscreen formulations and evaluate its role in providing safe, effective, and natural protection 

against harmful UV radiation14. The specific objectives include: 

 To review traditional and modern perspectives on the use of turmeric in skincare and photoprotection. 

 To analyze the phytochemical constituents of turmeric, with special emphasis on curcumin and related 

compounds, and their mechanisms in preventing UV-induced skin damage. 

 To examine existing studies and formulations of herbal sunscreens containing turmeric, including their 

Sun Protection Factor (SPF), antioxidant activity, and skin-healing properties. 
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 To compare the efficacy and safety of turmeric-based sunscreens with conventional chemical 

sunscreens, highlighting their advantages and limitations. 

 To identify formulation challenges such as stability issues, skin staining, and limited SPF range, and 

discuss possible solutions like nanotechnology and polyherbal combinations. 

 To assess the environmental sustainability of turmeric-based herbal sunscreens as eco-friendly 

alternatives to chemical sunscreens that harm marine ecosystems. 

 To provide insights into future prospects, including the role of advanced delivery systems and the 

growing cosmetic industry demand for natural and herbal sunscreen products. 

IV. HEALTH BENEFITS: 

        a.Anti-Inflammatory: Turmeric is a useful treatment for inflammatory illnesses like arthritis because 

curcumin blocks                                                                   

     inflammatory pathways.15 

b.Antioxidant: Due to its strong antioxidant qualities, turmeric may help lessen the risk of chronic diseases 

by reducing oxidative stress and neutralising free radicals16 

      c.Antimicrobial: Turmeric's antimicrobial qualities can aid in wound healing and the battle against 

infections.17 

     d.Antimicrobial: Turmeric's antimicrobial qualities can aid in wound healing and the battle against 

infections.18 

     e.Digestive Health: By promoting the generation of bile, turmeric helps with digestion and improves gut 

health. It has long                           

       been used to alleviate digestive issues like indigestion and bloating19 

        f.Cancer Prevention: Studies indicate that curcumin may affect the growth and development of cancer by 

modifying a number        of biological functions, such as angiogenesis (the creation of new blood vessels) and 

apoptosis (planned cell death20 

V. METHODOLOGY 

The methodology for studying and evaluating herbal turmeric sunscreen involves a multi-step approach, 

including collection of raw material, extraction of active components, formulation development, and 

evaluation of photoprotective properties. The following steps outline the commonly used methods in 

research: 

1. Collection and Authentication of Plant Material 

Source of Turmeric: Rhizomes of Curcuma longa are collected from reliable sources. 

Authentication: Plant materials are authenticated by a botanist or pharmacognosy expert to ensure purity. 

Drying and Powdering: Rhizomes are cleaned, dried in shade to preserve phytochemicals, and powdered for 

extraction.21 

2. Extraction of Active Constituents 

Solvent Extraction: Soxhlet extraction or maceration methods are used with solvents like ethanol, methanol, 

or hydroalcoholic mixtures. 

Curcumin Isolation: Standardized extracts are prepared to achieve known concentrations of curcuminoids. 
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Phytochemical Screening: Preliminary tests (TLC, HPLC, UV-spectrophotometry) are conducted to confirm 

the presence of curcumin and related compounds.22 

3. Formulation of Herbal Sunscreen 

Different formulations such as creams, lotions, gels, and ointments are prepared by incorporating turmeric 

extract with other herbal and natural ingredients. 

Oil Phase: Herbal oils (coconut, sesame, almond, or jojoba oil) are used as carriers. 

Aqueous Phase: Aloe vera gel, rose water, or distilled water is used as the hydrating base. 

Emulsifiers & Stabilizers: Natural waxes, beeswax, or plant-based emulsifiers ensure stability. 

Additives: Other herbal extracts (green tea, neem, sandalwood, licorice) may be added for synergistic 

antioxidant and UV protection.23 

4. Evaluation of Sunscreen Formulations 

A.Physicochemical Evaluation 

Appearance: Color, odor, texture, and spreadability are checked. 

pH Determination: To ensure compatibility with skin (ideal pH 5–6). 

Viscosity: Tested to ensure appropriate consistency for topical application. 

B.Sun Protection Factor (SPF) Determination 

In vitro Methods: 

UV Spectrophotometric Method: Absorbance of formulation is measured at 290–320 nm range. SPF is 

calculated using Mansur’s equation. 

Transmittance Analysis: UV transmittance through the sunscreen film is recorded to determine protective 

efficiency. 

In vivo Methods: 

Human volunteers (under ethical clearance) are tested for erythema reduction after UV exposure. 

C.Antioxidant Activity 

DPPH Assay / ABTS Assay: Determines free radical scavenging ability of turmeric sunscreen. 

D.Stability Studies 

Formulations are stored at different temperatures (refrigeration, room temperature, accelerated conditions). 

Observed for changes in color, phase separation, odor, or texture. 

5. Comparative Analysis 

Turmeric-based formulations are compared with standard chemical sunscreens for SPF values, stability, 

and safety. 

Comparative skin irritation tests are performed using patch test methods on volunteers or laboratory animals 

(depending on ethics approval). 

6. Safety and Toxicity Testing 

Dermal Irritation Test: Patch test on skin surface to assess redness, itching, or sensitivity. 

Microbial Studies: Ensures the formulation is free from microbial contamination. 

      7. Statistical Analysis 

Results (SPF, antioxidant values, stability tests) are analyzed using statistical methods (ANOVA, t-tests). 

Significance is established (p < 0.05 considered statistically significant). 
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Conclusion 

The review highlights that turmeric (Curcuma longa) holds immense potential as a natural and sustainable 

ingredient in the development of herbal sunscreens. Its primary bioactive compound, curcumin, along with 

other phytochemicals, provides multifaceted skin benefits including UV absorption, antioxidant activity, anti-

inflammatory effects, and skin rejuvenation. Unlike synthetic sunscreens, which are associated with adverse 

skin reactions and environmental hazards, turmeric-based formulations are safe, eco-friendly, and holistic in 

their approach to skin protection.  

The literature clearly demonstrates that turmeric extracts can achieve moderate to high SPF values while also 

offering additional therapeutic properties such as reducing hyperpigmentation, preventing photoaging, and 

accelerating wound healing. Furthermore, comparative studies suggest that herbal turmeric sunscreens are not 

only effective in shielding against UV radiation but also enhance overall skin health.  

However, certain limitations remain—such as curcumin’s instability under sunlight, potential skin staining, 

and restricted SPF levels when used alone. These challenges can be addressed by modern formulation 

strategies like nano-encapsulation, liposomal carriers, and polyherbal combinations that improve stability, 

absorption, and photoprotective efficacy. In an era where consumers are increasingly seeking natural, safe, 

and eco-conscious skincare products, turmeric-based sunscreens stand out as a promising alternative to 

conventional formulations. Continued research, innovation, and clinical validation will further strengthen 

their role in dermatology and cosmetology.  

Ultimately, turmeric in skincare is not just a traditional remedy but a futuristic solution, bridging the gap 

between ancient herbal wisdom and modern scientific innovation, making it one of the most valuable 

ingredients in the future of herbal sunscreens. 
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