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Abstract
Plants have always been recognised for their therapeutic and beautifying properties. They form the foundation of herbal cosmetics. This paper explores the traditional and modern uses of plants in cosmetics, focusing particularly on the biodiversity-rich Andaman and Nicobar Islands. It integrates ethnobotanical data and consumer perspectives with modern cosmetic science. A field-based survey among youth and women of Sri Vijaya Puram (Port Blair) revealed that 68% of respondents preferred herbal cosmetics due to their perceived safety, affordability and eco-friendliness. Frequently used plants include Aloe vera, Curcuma longa, Azadirachta indica, Phyllanthus emblica, Hibiscus rosa-sinensis and Santalum album. Drawing on recent scientific literature and local field data, this paper emphasises the integration of traditional ethnobotanical knowledge with cutting-edge cosmetic technologies as a means to promote sustainable cosmetic innovation in island ecosystems.
Keywords: Herbal cosmetics, Andaman flora, bioactive compounds, plant extracts, skincare, consumer behaviour.
[bookmark: _b3nukdb1aw7a]1. Introduction
Cosmetics are among the earliest human innovations. The evidence of their use dates back to more than 7000 years ago in ancient Egypt, Greece, India and China (Jamshidi-Kia et al., 2017). For example, ancient Egyptians used kohl and castor oil, while in India, people practised intricate Ayurvedic beauty rituals (Gediya et al., 2011). The word cosmetics is derived from the Greek κόσμος (kosmos), meaning “order” and “ornament” (Trüeb et al., 2022). In recent decades, the definition has evolved to include 'cosmeceuticals', a portmanteau of 'cosmetics' and 'pharmaceuticals'. Cosmeceuticals refer to topical products that afford both aesthetic and therapeutic benefits (Draelos, 2001). Today, the cosmetic industry has evolved into a science-driven sector. It blends knowledge from chemistry, biotechnology and ethnobotany (Vermeer et al., 2019)	Comment by FOHS001SCH0209_: This reference is too old. There are multiple references that provide definition for cosmeceuticals 

Cosmetics have become an integral part of modern lifestyles (Sasounian et al., 2024).. This has led to growing awareness about the safety and origin of their ingredients. There is a growing concern over potential health risks associated with chemicals like parabens, phthalates, sulfates and synthetic fragrances. Studies have linked these compounds to skin irritation, allergic reactions and more severe long-term health issues, including endocrine disruption (Bilal & Iqbal, 2019; Ramakant et al., 2014). This apprehension has catalysed a "clean beauty" movement. This has propelled the demand for natural, plant-based alternatives. These are perceived as safer, gentler and more environmentally friendly (IFSCC 2023). 

Plant-based ingredients are considered safer and milder as they are suitable for sensitive skin. Their minimal use of synthetic chemicals reduces the risk of allergic reactions and skin irritation. Moreover, plant-derived materials are rich in essential nutrients and natural antioxidants that nourish the skin and promote overall skin health. The sustainable production of plant-based ingredients also minimises environmental impact. This aligns with eco-friendly and ethical principles (Ref) . Additionally, natural extracts such as essential oils enhance product fragrance and contribute to a relaxing sensory experience. Overall, plant-based ingredients play a vital role in promoting safe, effective and sustainable cosmetic formulations (Tang and Wang, 2025). As a result, consumer demand has shifted toward products that are derived from natural and plant-based ingredients. These are regarded as safer and more biocompatible alternatives (Faccio, 2020; Barbulova et al., 2015). These products harness the pharmacological potential of plant secondary metabolites such as flavonoids, terpenoids, phenolics, saponins and essential oils.

India is endowed with one of the world’s richest floras. It has a strong Ayurvedic tradition and is regarded as a global leader in herbal cosmetics. The market for plant-based beauty products has experienced rapid expansion in recent years. It has reached over ₹30,000 crore in annual value and is growing at an estimated 15–18% per year (Vaidya et al., 2023). The Andaman and Nicobar Islands, situated at the intersection of the Indo-Burmese and Malaysian biogeographic regions, are home to over 2,600 species of flowering plants (Murugan et al., 2020). The islands are renowned for their biodiversity and ethnobotanical heritage (Chander et al., 2014). It provides a unique environment where tropical flora like Aloe vera, Citrus limon, Hibiscus rosa-sinensis and Cocos nucifera are traditionally used for skincare and haircare. Indigenous communities have long employed these plants for medicinal and cosmetic purposes. Many of the plants possess cosmetic and medicinal properties, as evidenced by their use by local communities (Ref). This aligns with global trends toward eco-friendly cosmetics (ref). Thus, these islands represent a reservoir of untapped potential for the development of eco-friendly, community-driven cosmetic products.

Modern scientific advances have validated these traditional practices. For instance, secondary metabolites such as polyphenols, carotenoids and saponins play vital roles in protecting skin from UV radiation, pollution and microbial infection (Bhuvaneswari & Chandan, 2018; Dini & Laneri, 2018). Furthermore, the global natural cosmetics market is estimated to exceed USD 480 billion by 2025. This clearly reflects a shift toward plant-based formulations (Draelos, 2019). Therefore, integrating ethnobotanical knowledge with modern cosmetic science presents unique opportunities for both sustainable utilisation as well as economic growth (Chiocchio et al., 2021)

The present study combines field-based consumer data from Sri Vijaya Puram (Port Blair) with an analysis of local ethnobotanical resources and modern scientific advancements. The objectives are to: (1) identify medicinal plants used in cosmetics and their active constituents; (2) list the most promising plants for skin and hair care; (3) compare natural and synthetic cosmetic brands; and (4) evaluate consumer preferences and awareness regarding herbal cosmetics. Documenting this knowledge and linking it with consumer trends can support the sustainable growth of an eco-friendly herbal cosmetic industry in the region.
[bookmark: _1wvj1zcj6dik]2. Materials and Methods
[bookmark: _s6psqhjdwm3u]2.1 Field Survey
A structured questionnaire was given to 118 respondents, mainly college students and housewives from Sri Vijaya Puram (Port Blair). This group was chosen because they are more likely to use and be aware of cosmetic products. The survey examined: (a) awareness and attitudes toward herbal and synthetic cosmetics, (b) factors influencing product choice, (c) knowledge of ingredients and brand perception and (d) frequency of use and perceived product effectiveness.	Comment by FOHS001SCH0209_: Please clarify how the college and housewives samples were selected to give 118 respondents, whci sampling criteria you used to reach 118? What sample size calculator or formulas you apply in the study?
Responses were collected and analysed descriptively. Additional insights were gathered through informal interviews with local women who use traditional plant-based remedies for skin and hair care.	Comment by FOHS001SCH0209_: Elaborate more regarding descriptive statistics, frequency and percencatages for categorical data and chi-square for inferential statistics.? Which software you applied in the data analaysis?
2.2 Secondary Data Collection: An extensive literature review was conducted using online scientific databases such as PubMed, Google Scholar, Scopus and ResearchGate. Keywords included herbal cosmetics, plant extracts, bioactive compounds, cosmeceuticals, natural vs. synthetic cosmetics and specific plant names (e.g., Aloe vera, Neem). Peer-reviewed journals, books and credible online sources published between 1995 and 2024 were reviewed to gather information on plant species, their chemical components and cosmetic uses. Additionally, local floristic records from the Botanical Survey of India and previous ethnobotanical studies from the Andaman and Nicobar Islands were used to identify important cosmetic plants.	Comment by FOHS001SCH0209_: Which guideline you applied for systematic review ? I recommend you add content about PRISMA guideline to be followed to enhance standardization of your results for scholarly writing.
[bookmark: _525g9tx7hnyq]3. Results
[bookmark: _eftq4m54phsj]3.1 Plants Used in Cosmetic Formulations
A detailed analysis documented 59 plant species from 36 families used in cosmetic preparations. The most common families were Asteraceae, Lamiaceae, Fabaceae and Rosaceae. For each plant, the scientific name, common name, part used, main chemical constituents and cosmetic applications were recorded (Table 1). The data integrates local ethnobotanical knowledge with recent global research.
Table 1: Lists of plants used in cosmetic formulations.
	Plant Name
	Common Name
	 Part Used
	Bioactive Compounds
	Cosmetic Application

	Acacia concinna
	Shikakai
	Pods, leaves
	Saponins, alkaloids
	Natural shampoo, hair growth, 

	Allium	 sativum
	Garlic
	Bulb
	Llicin, phytoncidea, 
	Treat	pimples,	anti-inflammatory properties

	Arctium lappa. 
	Burdock root
	Roots
	Root	contains a high proportion of Vitamin B, E
	Promote		hair growth, and deep clean the skin Pores

	Arnica  montana
	Arnica
	Flower
	Helenalin, 11α 13-
dihydrohelena lin
	Stimulates hair	follicles, improves hair
re-growth

	Avena sativa
	Oat
	Fruits
	beta-glucan
	Used	as a moisturiser, skin-smoothing

	Beta vulgaris. 
	Beetroot
	Pulp
	Riboflavin,niacin, vitamin C
	Anti	aging,		skin brightening

	Betula pendula
	Birch
	Leaf
	Carotenoid, Rubisco, lignin
	Leaf	extract	is used	as an anti-dandruff

	Brassica rapa  
	Mustard
	Mustard seed
	Lipids, proteins,
phenolic compounds, 
	Reduce wrinkles, anti-ageing, heal chapped lips

	Butea	frondosa 
	Dhak
	Leaves, seed
	Luteolin, Chrysoeriol 7- O-β-D-4C1-
glucuronic acid.
	Anti-fungal, complexion-enhancing
properties

	Carica papaya
	Papaya
	Fruits, seeds, latex
	Papain, cystatin, 
proteolytic
Enzymes
	Used in face scrubs, skin brightening,

	Carthamus tinctorius  
	Safflower
	Flower
	Benzyl-O-β- Dglucopyrano side
	Used to make hair tonic, strengthens hair	follicles

	Crocus sativus
	Saffron
	Stigma
	Safranal, Carotenoid
	Post bath massage, improve skin tone

	Cucumis sativa
	Cucumber
	Fruit extract
	Linoleic acid, oleic acid
	Treat hyperpigmentation, prevent dark circles

	Eclipta alba
	Bhangra
	Whole plant
	Flavonoids, coumestans
	Hair dyeing, 
reduce hairfall

	Glycyrrhiza glabra 
	Licorice root
	Root
	Glycyrrhizin,	
resin
	Anti-inflammatory, treat sunburn

	Juglans regia 
	Walnut
	Leaves
	Juglone, ellagic acid
	Acne treatment, anti-dandruff

	Juniperus communis 
	Aaraar
	Whole plant
	sabinene, α-
pinene	
	Skin rejuvenation promotes skin health

	Lawsonia inermis
	Henna
	Leaves
	Lalioside, lawsoniaside, 
	Anti-
Inflammatory,  hair dyeing

	Helianthus annuus
	Sunflower
	Flowers, seed
	Linoleic acid, 
flavonoids
	Antioxidants prevent wrinkles,	

	Linum usitatissimum
	Flaxseed
	Seed
	Stearic acid, gallic acid
	Hair moisturiser, skin tightening

	Mentha piperita
	Peppermint
	Leaves
	Menthol, menthone
	Antibacterial, skin-cleansing properties

	Nardostachys jatamansi
	Jatamansi
	Rhizome
	Angelicin, jatamansinol
	Reduce wrinkles, promote hair growth

	Prunus dulcis
	Almond
	Seed
	Oleic acid, campesterol
	Skin brightening, prevents hair loss

	Rosmarinus officinalis
	Rosemary
	Leaves, flowers
	Triterpenes, rosmanol
	Promote hair growth, improve scalp circulation

	Aloe barbadensis
	Aloe vera
	Leaf gel
	Saponins, polysaccharides
	Moisturiser, anti-ageing, soothing gel

	Azadirachta indica
	Neem
	Leaves, seeds
	Azadirachtin, nimbin
	Anti-acne, antifungal, antiseptic

	Curcuma longa
	Turmeric
	Rhizome
	Curcumin, turmerone
	Skin brightening, anti-inflammatory

	Phyllanthus emblica
	Amla
	Fruits
	Vitamin C, tannins
	Anti-ageing, antioxidant

	Santalum album
	Sandalwood
	Heartwood
	Alpha-santalol & Beta-santalol
	Skin brightening, fragrance

	Camellia sinensis
	Tea plant
	Leaves
	Polyphenols, catechins
	Anti-ageing, UV protection

	Rosa damascena
	Damask rose
	Petals
	Flavonoids, tannins
	Skin toner, anti-inflammatory

	Eclipta alba
	False daisy
	Whole plant
	Coumestans, flavonoids
	Hair dye, growth promoter

	Citrus limon
	Lemon
	Peel
	Limonene, hesperidin
	Anti-pigmentation, scalp health

	Centella asiatica
	Gotu kola
	Whole plant
	Triterpenoids
	Collagen booster, wound healing

	Hibiscus rosa-sinensis
	China rose
	Flowers
	Anthocyanins, flavonoids 
	Hair conditioner, anti-dandruff

	Murraya koenigii
	Curry leaves
	Leaves
	Carbazole, alkaloids
	Hair tonic, scalp nourishment

	Withania somnifera
	Ashwagandha
	Whole plant
	Withanolides
	Antioxidant, skin rejuvenation

	Coffea arabica
	Coffee
	Seeds
	Caffeine, polyphenols
	UV protector, exfoliant

	Olea europaea
	Olive
	Fruits, leaves
	Hydroxytyrosol, oleuropein
	Antioxidant, anti-inflammatory


	

The tropical flora of the Andaman Islands is rich in plants with potential cosmetic value. Both indigenous and cultivated species, such as Aloe barbadensis (Aloe vera), Curcuma longa (Turmeric), Phyllanthus emblica (Indian gooseberry), Azadirachta indica (Neem), Hibiscus rosa-sinensis (Hibiscus), Cocos nucifera (Coconut) and Santalum album (Sandalwood) are commonly used by island residents in their beauty and skincare routines. For instance, local women use fresh Aloe vera gel as a natural moisturiser and after-sun lotion, while Curcuma longa paste is traditionally applied to brighten the skin and treat minor infections. Coconut oil, widely produced across the islands, is used for hair nourishment and as a carrier oil in homemade herbal preparations. Likewise, extracts from Phyllanthus emblica fruits act as natural conditioners and anti-ageing agents and Hibiscus rosa-sinensis flowers are used to promote hair growth and reduce dandruff. Many of these traditional practices align with the findings of Vaidya et al. (2023), who emphasised that plant-based formulations exhibit superior biocompatibility and fewer side effects than synthetic analogues. Moreover, these species are rich in bioactives that provide moisturising, cleansing, UV-protective and antimicrobial benefits. Notably, Citrus and Olea by-products have been recognised globally as sustainable sources of cosmetic-grade compounds (Bhuvaneswari & Chandan, 2018).
[bookmark: _4soci3kkfdk3]3.2 Bioactive Compounds and Mechanisms
The efficacy of plant-based cosmetics is largely attributed to their secondary metabolites. Several biochemical actions help in maintaining skin hydration, delaying photoaging and reducing oxidative stress. (Elshafie et al., 2023). For example - (i) Flavonoids (in Aloe vera, Phyllanthus emblica) provide antioxidant protection and improve skin elasticity; (ii) Terpenoids and phenolics (in Santalum album and Curcuma longa) exhibit antimicrobial and anti-inflammatory effects; (iii) Saponins (in Shikakai and Sapindus trifoliatus) act as natural cleansers and foam stabilizers and (iv) Essential oils (from Cymbopogon citratus and Lavandula officinalis) impart fragrance and possess soothing, antiseptic properties.
3.3 Consumer Survey Findings	Comment by FOHS001SCH0209_: The results should be presented in frequency and percentage of the total participants. Were the participants only females including the college students? The inclusion criteria should clearly state participants included in the study, eg if college students were all females or both male and females
[bookmark: _ykd4r3dkf8ft]The survey of 118 respondents yielded the following key insights:
Cosmetic Preference: A majority of respondents (50.9%) preferred natural cosmetics, while 43.2% used both natural and synthetic products. Only 5.9% exclusively used synthetic cosmetics.
Brand Preference: Himalaya was the dominant brand, preferred by 52.2% of respondents. This was followed by Patanjali (17.8%), Biotique (12.7%), Lotus (5.1%) and Khadi (2.5%). The primary reasons for choosing Himalaya were its natural ingredient profile, affordability and brand trust.
Awareness Level: While 72.0% of respondents were aware of the benefits of natural cosmetics, 26.3% had limited knowledge and 1.7% were completely unaware.
Price Perception: Most consumers (59.0%) found their preferred brand to be moderately priced, while 23.2% considered it expensive and 17.7% found it inexpensive.
[bookmark: _prfbhpkncve0]Socio-economic Factor: The majority of respondents belonged to the middle-income group (below ₹8 Lakhs annually), indicating that affordability is a significant factor in purchasing decisions.
[bookmark: _vk6980z1hbi6]Use of Homemade Remedies: A significant number of respondents confirmed using homemade remedies, highlighting the persistence of traditional knowledge in daily care routines.
These patterns echo global consumer trends, where natural and sustainable brands are increasingly preferred due to health consciousness and ecological awareness (IFSCC, 2023). A detailed comparison of product lines from Himalaya (representing natural cosmetics) and L'Oréal Paris (representing synthetic cosmetics) is given in Table 2.
Table 2: Comparison of products from Himalaya and L'Oréal Paris
	Aspect
	Himalaya (Natural)
	L’Oreal Paris (Synthetic)

	Key Ingredients
	Herbal extracts (Neem, Turmeric, Aloe, Bhringraj), essential oils.
	Synthetic chemicals (Sulfates, Silicones, Parabens, Mineral Oils, Artificial Fragrances)

	Face Wash
	Himalaya Neem Face Wash: Uses neem and turmeric to cleanse and prevent pimples.
	L'Oréal Glyco-Bright Cleanser: Relies on Glycolic and Salicylic Acid for exfoliation and brightening.

	Shampoo
	Himalaya Anti-Hair Fall: Contains Bhringraj and Palash extracts to strengthen hair.
	L'Oréal Total Repair 5: Uses Dimethicone and Sulfates for smoothing and cleansing.

	Safety
	Minimal side effects, generally suitable for sensitive skin.
	Potential for allergic reactions and irritation due to harsh chemicals.

	Eco-friendliness
	Biodegradable ingredients, eco-friendly packaging initiatives
	Potential for allergic reactions and irritation due to harsh chemicals.

	Cost
	Affordable and widely accessible.
	Premium pricing due to branding and marketing.



[bookmark: _vcv1uh8wb4d6]4. Discussion
The present study underscores the significant potential of plant-based ingredients in the cosmeceutical industry. A total of 59 plant species were documented, with 40 identified for their specific benefits for skin and hair care. This reflects the global shift toward “green consumerism” in the beauty sector (IFSCC 2023). The bioactive compounds present in these plants, such as curcumin from Curcuma longa (turmeric), azadirachtin from Azadirachta indica (neem) and bacosides from Bacopa monnieri (brahmi), are key to their therapeutic properties. This includes antioxidant, antimicrobial and anti-inflammatory activities (Sathyaseelan et al., 2024; Kolekar et al., 2021; Sharifi-Rad et al., 2020).

There are renowned herbal beauty brands like Himalaya Herbals, Forest Essentials, Kama Ayurveda, Biotique, Hindustan Unilever Limited, Khadi Essentials, Patanjali, Plum, Lotus Herbals, etc., which are known for their use of natural and Ayurvedic ingredients in skincare, hair care and makeup. The consumer survey results are particularly telling. The strong preference for natural cosmetics (50.9%) reflects a deep-seated consumer trust in Ayurvedic and herbal formulations. This trust is built on the pillars of perceived safety, cultural familiarity and affordability. The fact that a large segment (43.2%) uses both natural and synthetic products suggests a pragmatic approach, where consumers may use natural products for daily care and synthetics for specific, high-performance needs (e.g., long-lasting hair colour or intense anti-ageing serums). However, the 5.9% exclusive use of synthetic products indicates a segment that either prioritises instant results or remains sceptical of the efficacy of natural alternatives.
There was a significant lack of deep awareness among 28% of the respondents (26.3% with limited knowledge and 1.7% unaware). This presents both a challenge and an opportunity. It highlights a critical gap in consumer education. Brands and regulatory bodies could play a pivotal role in bridging this gap by providing transparent information about ingredient sourcing, benefits, and scientific backing. This will empower consumers to make informed choices. Moreover, the comparative analysis between Himalaya and L'Oréal Paris elucidates the fundamental trade-off in the current cosmetic market. However, the presence of preservatives like phenoxyethanol in Himalaya products indicates that even "natural" brands require some stabilisation. This demonstrates that the line between natural and synthetic is not always absolute but a spectrum.	Comment by FOHS001SCH0209_:  Support your results with the data from other countries of similar patterns who did survey on perceptions and awareness of these plants use in modern times
Plants play a key role in keeping the skin and hair healthy and attractive. Recent studies have emphasised the importance of plant metabolites, like flavonoids, terpenoids and polyphenols. They have multifunctional properties and can simultaneously moisturise, protect against oxidative stress and inhibit melanin formation (Sylwin and Govindaraj, 2023; Draelos, 2019; Sapkal et al., 2025). Moreover, the utilisation of agricultural by-products, such as citrus peels and olive mill residues, in cosmetic formulations represents a significant step toward sustainability (Barbulova et al., 2015). These by-products are rich in limonene, hydroxytyrosol and carotenoids. Thus, using these can reduce waste and create bio-economy opportunities for island ecosystems.
Traditional island communities, including settlers and tribal populations, possess rich knowledge of local plant species used for cosmetic care (unpublished data). Neem twigs are used for oral hygiene (Rasingam et al., 2012), Turmeric for skin purification, and Coconut for moisturising. Already, coconut oil in the Andaman & Nicobar Islands is gaining a lot of attention. In January 2025, the Government of India gave a Geographical Indication (GI) tag to Nicobar Virgin Coconut Oil. It is extracted from the finest coconut of the Nicobar Islands and manually made by the aboriginal tribes, keeping its health benefits intact. This will provide economic empowerment to the tribal community. Many self-help groups, primarily consisting of women, are being brought together, and they are being trained to market and brand so that the product is successful all over the world. 
The present study has several research gaps. Firstly, the bioactive compounds of common plants like aloe and turmeric are well-documented. However, many lesser-known species from this biodiversity hotspot area require further phytochemical investigation (Gomes et al., 2020). Secondly, there is a need for more in vivo and clinical trials to standardise efficacy and safety data for herbal cosmeceuticals. Thirdly, the environmental impact of harvesting these plants for commercial use necessitates sustainable sourcing and cultivation practices to prevent over-exploitation. 
Conclusion
This study conclusively demonstrates that plants are an invaluable and sustainable resource for the cosmetic industry. The rich floristic diversity of regions like the Andaman and Nicobar Islands holds untapped potential for discovering novel cosmeceutical ingredients. The clear consumer shift towards natural products signals a lasting change in market dynamics. The success hinges in integrating traditional Ayurvedic knowledge with modern manufacturing. This will create products that are both commercially successful and culturally resonant. 
A concerted effort is required for the herbal cosmetic revolution to be truly sustainable. This includes (a) rigorous scientific validation of traditional claims, (b) ethical and sustainable sourcing of raw materials and (c) transparent consumer education. By bridging the gap between traditional wisdom and modern science, the cosmetic industry can cater to the evolving demands of conscious consumers. At the same time, it will contribute to the preservation of biodiversity and traditional knowledge systems in this biodiversity hotspot region.
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