



Review Article

Exploring the Nutritional, Functional, and Agronomic Potential of Mestha (Hibiscus cannabinus L.): An Underutilized Leafy Vegetable for Sustainable Food Systems

ABSTRACT 

		Hibiscus cannabinus L. (Mestha) is an underutilized multipurpose crop of the Malvaceae family, traditionally cultivated for its bast fiber but increasingly recognized for its nutritional, medicinal, and industrial potential. The growing challenges of global food insecurity and climate change have renewed interest in resilient crops such as mestha, which thrives under diverse agroecological conditions and offers substantial nutritional and economic benefits. Mestha leaves and seeds are rich in proteins, minerals, vitamins, and bioactive compounds such as phenolics, flavonoids, and saponins, conferring antioxidant, anti-inflammatory, and hepatoprotective properties. The crop’s adaptability to low-input systems and high biomass productivity make it suitable for sustainable agriculture and bioresource utilization. Beyond fiber production, mestha serves as a leafy vegetable, functional food ingredient, and feed source, with emerging applications in nutraceutical, pharmaceutical, and cosmetic industries. Its lignocellulosic biomass also holds promise for bioenergy, bioplastics, and eco-friendly packaging. Despite these advantages, mestha remains underexploited due to limited awareness and research. Future research priorities include genetic improvement, value-added product development, and policy support to enhance commercialization. Promoting mestha as a food, feed, and industrial crop can contribute significantly to food security, climate resilience, and sustainable development.
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1. INTRODUCTION

	For agricultural sectors, reducing the combined effects of population increase and patterns of global climate change has emerged as a top priority. Global production of food and feed has been severely impacted by climate change (Masipa, 2017), which has also had a negative impact on human health and increased food insecurity (Intergovernmental Panel on Climate Change [IPCC], 2007; Liliana, 2005; Vogel, 2005; World Bank, 2016). As a result, combating hunger and malnutrition has become a top priority on the global sustainable development agenda (Lin et al., 2002; Okello et al., 2017). To improve food security, support sustainable agriculture, and fortify adaptation plans in the face of shifting environmental conditions, it is now more crucial than ever to discover and promote climate-resilient and nutritionally rich crops like Hibiscus cannabinus L. (mestha).
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	According to Oh et al. (2018), mestha is acknowledged as a valuable fodder plant with promising potential as a feed resource. In mestha-based diets, it provides a high-protein source that boosts animal output and provides a way to fight human hunger (Cheng et al., 2016). Because its seeds and leaves contain a wealth of phytochemical and nutritional ingredients, mestha is used as a leafy vegetable in addition to being used as an alternative food crop (Obouayeba et al., 2015; Ryu et al., 2017).
The plant is known to contain a wide array of bioactive constituents, including phenolics, saponins, tocopherols, phytosterols, crude proteins, fatty acids, alkaloids, and phospholipids (Hossain et al., 2011). Furthermore, it is rich in essential nutrients such as vitamin C, phosphorus, iron, calcium, and nitrogen (Chan & Ismail, 2009). Owing to these bioactive components, mestha exhibits multiple medicinal properties beneficial to both human and animal health, including anticancer, antioxidant, analgesic, anti-inflammatory, aphrodisiac, and hepatoprotective activities (Kubmarawa et al., 2009; Monti & Alexopoulou, 2013).
Mestha holds great promise as a versatile ingredient for developing various food and health-related products, including appetizers, food fortificants, antioxidants, aphrodisiacs, nutraceuticals, and other functional applications (Alexopoulou et al., 2013; Khare, 2007; Kubmarawa et al., 2009). Given its adaptability to diverse climatic conditions and its high nutritional value, the continuous cultivation of crops like mestha is essential on a global scale (Saba et al., 2015). Despite its potential, mestha has long been underutilized and often neglected as a food and feed resource for both humans and animals (Kujoana et al., 2023).
Underutilized vegetables represent an important group of food crops that have long been intertwined with the cultural heritage and traditional diets of various communities. In recent years, these crops have gained increasing scientific and commercial attention due to their remarkable nutritional and health-promoting properties. Many underutilized leafy vegetables exhibit superior nutritional profiles, particularly in terms of micronutrient content and phytochemical composition, when compared to conventional vegetables. Their resilience to adverse environmental conditions and ability to thrive under low-input, rain-fed systems make them ideal climate-smart crops for sustainable agricultural development, especially in developing regions (Imathiu, 2021). The long-standing perception of these vegetables as “poor man’s food” is steadily changing, driven by growing consumer awareness of their nutritional and functional benefits. Consequently, their production and consumption are expanding, with rising market demand offering better economic returns to farmers. This renewed interest highlights the potential of underutilized vegetables to contribute significantly to food and nutritional security, climate resilience, and sustainable livelihood enhancement.
2. BOTANICAL DESCRIPTION AND CLASSIFICATION
	Hibiscus cannabinus (mestha), belonging to the family Malvaceae, is an annual herbaceous plant characterized by its tall growth habit and notable richness in fiber, energy, and feedstock potential (Shika et al., 2023). The annual herb mestha has a slender, cylindrical shape, thorns wild accessions, and a stem height of 2 to 5 meters. The mestha plant has pubescent, alternating, simple leaves that range in length from 5 to 8 mm and have filiform stipules. The plant's petioles range in length from 3 to 30 cm. The mestha plant's leaves vary in width from 0.1 to 20 cm and in length from 1 to 19 cm. The bottom portion of the plant has a blade with three to seven lobes, whereas the upper portion is typically not lobed or may resemble bracts close to the tip. The base of the blade is cuneate to cordate with dentate or serrate borders, while the apex is acuminate. The blade's upper surface is glabrous, and near the base of the midrib, there is a prominent nectary that is about 3 mm long. Along the veins, the blade's lower surface is hairy. Mestha plants have solitary, axillary flowers with seven to eight bracteoles, a stiff epicalyx, and short pedicels. The bracteoles have a crimson or purple center petal and are large, spreading, yellow or pale yellow. Additionally, it features a superior ovary with five carpels and a staminal column with many stamens. Five stigmatic branches emerge from the style of the mestha plant flower after it has passed through the staminal column. Each of the five locules in the fruit capsule contains four to five seeds. Self-pollination is the main characteristic of mestha (Islam et al, 2019; Vayabari et al., 2023). 
Mestha seeds come in a variety of forms, including kidney, sub-kidney, and triangle. It takes four to five weeks for mestha seeds to reach maturity. Serrated edges can be seen on the stem and branches of simple mestha leaves. As the mestha plant ages, its leaves begin to take on the cultivar-specific leaf morphology (whole or split). 

Table 1: Botanical description and classification of plants 
	Characteristic
	Hibiscus cannabinus (Mestha)
	Hibiscus sabdariffa (Roselle)

	Family
	Malvaceae
	Malvaceae

	Growth habit
	Annual herbaceous plant
	Annual herbaceous to woody plant

	Primary use
	Cultivated mainly for high fiber yield (bast, core, and pith fibers)
	Grown mainly for its fleshy red calyces used in food and beverages

	Leaves
	Occur in both entire and divided forms
	Alternate, serrated, typically 3–5 lobed with reddish veins

	Stems
	Green and fibrous
	Woody, cylindrical, often red to purple

	Flowers
	Large, bell-shaped, creamy-yellow with dark red center
	Buff-yellow with a maroon eye that turns pink before withering

	Fruits (Capsules)
	Hairy and many-seeded
	Velvety, turning brown and dehiscent when mature

	Seeds
	Smooth and wedge-shaped
	Wrinkled and kidney-shaped

	Root system
	Deep taproot system with lateral roots aiding in moisture absorption
	Deep taproot system with lateral roots aiding in moisture absorption

	Fiber characteristics
	Produces three types of fibers: bast, core, and pith
	Limited fiber use; focus on calyx production

	Traditional/Medicinal uses
	Used for fiber and in traditional medicine to treat coughs, fever, and stomach disorders
	Calyces used in herbal drinks, jams, and traditional medicine; rich in organic acids and antioxidants

	Reference
	Vasavi et al., 2019
	Vasavi et al., 2019
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	Short days promote mestha growth, and the plant thrives in temperate and tropical regions with plenty of sunshine and precipitation (Afzal et al., 2020). Because of its ability to grow quickly, mestha can grow up to 5 meters tall and have a stem diameter of 25 to 51 mm in around 5 months. As a summer crop, mestha is typically planted in the spring and harvested in the early fall. In tropical regions, mestha can be harvested three to four months after seeding due to its rapid growth (Adebisi et al., 2014). When seeds are maintained at room temperature and humidity, they can last for around eight months (Rekaya et al., 2016, Vayabari et al., 2023). 
	Sunlight, temperature, moisture, air, and nutrients are essential for normal plant growth. According to Mohammed et al. (2017), factors such as cultivar, photosynthesis, sowing date, plant density, growing period, and maturity influence mestha growth. Compared to other fiber crops (cotton and jute), mestha shows greater adaptability to diverse soils and climates, thriving in both temperate and tropical regions with high rainfall and sunlight. Its deep and spreading root system enables good response to soil moisture variations. While mestha favors warm and moist conditions and can tolerate some salinity and drought, excessive water especially during the seedling stage can hinder growth. Although it is water-intensive, the crop adjusts its transpiration and stomatal conductance according to water availability (Rekaya et al., 2016; Vayabari et al., 2023; Danalatos and Archontoulis, 2010). Climate and soil properties influence a crop’s nutrient requirements, and mestha is considered nutrient-demanding. Studies on macronutrient intake show that nitrogen (N) alone has little effect on plant growth, biomass, or leaf production. However, applying nitrogen and phosphorus (N and P) together at 100 N and 200 P kg/ha significantly enhances growth and yield. In Malaysia, recommended rates are 80–100 kg N/ha, 150–200 kg P/ha, and 100 kg K/ha (Mohd et al. 2014). While N alone has minimal impact on fiber yield and quality, combined N and P application produces modest improvements. Differences in soil characteristics across regions also influence mestha’s nutrient requirements (Rekaya et al., 2016, Vayabari et al., 2023).
4. NUTRITIONAL COMPOSITION
	In certain parts of the world, mestha leaves are consumed as a vegetable and are known to exhibit erythrocyte-protective effects against drug-induced oxidative stress (Alnadif et al., 2017). Quispe et al. (2012) and Chong and Nyam (2021) reported that incorporating dried mestha leaf powder into various food products enhanced calcium and fiber content without altering the flavor. The growing popularity of tea consumption worldwide is attributed to its strong antioxidant properties and associated health benefits. According to Dian-Nashiela et al. (2015), tea has become a prominent product in the health care sector due to its ease of preparation, convenience, and affordability. Sim and Nyam (2019) demonstrated that mestha leaf extract could serve as a potential natural source of antioxidants, antibacterial, and anti-tyrosinase agents, suggesting applications in food, cosmetic, and pharmaceutical industries. Personal care products, including skin and hair care formulations, are increasingly incorporating natural ingredients due to rising consumer concerns about the safety of synthetic components (Emerald et al., 2016). Kaul et al. (2018) emphasized that naturally derived cosmetic products possess measurable therapeutic effects on the skin and are used to manage various conditions such as hair damage, photoaging, wrinkles, skin dryness, uneven tone, and pigmentation. Traditionally, mestha leaves have also been used in herbal medicine for the treatment of ailments such as blood disorders, bilious conditions, coughs, diabetes, and throat infections. Additionally, mestha leaves have been reported to exhibit analgesic, appetizing, antioxidant, anti-inflammatory, and aphrodisiac properties (Jin et al., 2013; Sim and Nyam, 2019). Omenna and Ojo (2018) noted that the presence of tannins, alkaloids, and saponins in mestha leaves contributes to their antibacterial activity. The flavonoids and carotenoids present in the leaves act as antioxidants, inhibiting free radical chain reactions and thereby reducing inflammation and viral activity. Several studies have highlighted the medicinal potential of mestha leaves, particularly their antioxidant, hepatoprotective, and anti-hyperlipidemic effects. However, limited research has explored the fortification of bread with mestha leaves to enhance nutritional quality, and no studies have specifically examined the antioxidant properties of such fortified bread (Agbor et al., 2005). Lim et al. (2020) further observed that mestha leaf powder, characterized by high antioxidant content and low fat levels, plays a crucial role in the functional food industry aimed at preventing chronic diseases linked to poor diet and lifestyle. The addition of mestha leaf powder to bread has been shown to increase total dietary fiber compared to commercial white bread, thereby assisting in the reduction of cholesterol and constipation. Incorporation of 4% mestha leaf powder yielded the highest overall sensory acceptability (Lim et al. 2020). The growing global consumption of mestha leaf tea reflects its recognition as a rich source of antioxidant compounds that support human health (Quispe et al., 2012; Ezzadin et al., 2022). In Ayurvedic medicine, mestha leaves are traditionally used to treat blood and bilious disorders, diabetes, coughs, and throat diseases. Similarly, in African traditional medicine, a paste made from mestha leaves and stems is applied to treat Guinea worm disease and anemia (Monti, 2013; Jin et al., 2013; Omenna and Ojo, 2018). Furthermore, analysis of the Everglades 41 and Tainung 2 mestha varieties revealed the presence of 29 phenolic compounds, with chlorogenic acid, quercetin, and kaempferol being the most abundant. These bioactive compounds possess diverse biological activities, including antioxidant, vasoprotective, anti-carcinogenic, anti-diabetic, anti-inflammatory, anti-platelet, and neuroprotective effects (Ezzadin et al., 2022)
5. CULINARY AND ETHNOBOTANICAL USES
	Traditionally, Hibiscus cannabinus has been utilized in herbal medicine, as a natural flavoring agent in the food industry, and as an ingredient in various herbal beverages. With growing consumer preference for natural, plant-based foods with health-promoting properties, mestha and its components particularly the seeds have gained attention as rich sources of essential nutrients and promising ingredients for value-added functional foods. Beyond its nutritional value, mestha fibers are widely used for paper pulping and cordage, while also serving as a potential lignocellulosic feedstock for bioenergy production. Additionally, the seed oil holds potential for both culinary and industrial applications (Shika et al., 2023). The seeds offer a number of advantages and can be utilized to produce biodiesels or edible oil (Afzal et al., 2020). Studies on Hibiscus cannabinus L. (Mestha) have demonstrated marked variations in chemical composition and in vitro digestibility during different growth stages. The crude protein content of leaves is more than twice that of stems, with a progressive decline observed as the plant matures. In contrast, stems exhibit consistently higher concentrations of structural carbohydrates and lignin, contributing to reduced digestibility. The highest in vitro dry matter digestibility is recorded in leaves around 50 days after planting, whereas mature stems display the lowest values. These findings suggest that harvesting Mestha at approximately 50 days after planting ensures superior forage quality characterized by elevated protein content and enhanced digestibility (Ammar et al., 2020).
6. MESTHA SEED IN FOOD APPLICATIONS
	The mestha seed, owing to its superior nutritional composition, has attracted increasing attention as a potential ingredient in food applications. It can be utilized either as whole seed or processed into flour, oil, protein concentrates, and isolates for diverse uses. Mestha seed flour is produced by grinding the seeds into various particle sizes based on the intended application. Defatting the flour enhances its protein content, making it suitable for nutritional enrichment. Different extraction methods have been evaluated for mestha seed oil, including Soxhlet extraction (Mariod et al., 2010), sonication (Zawawi et al., 2014), and supercritical fluid extraction (SFE) (Abd Ghafar et al., 2013). Among these, SFE is considered the most efficient and eco-friendly technique due to its solvent-free and time-saving nature (Chan & Ismail, 2009), although Soxhlet extraction may yield higher oil quantities.
	Protein concentrates, typically derived from defatted mestha flour, contain 26- 70% protein and are prepared by removing saccharides, ash, and minor components through alcohol washing, acid precipitation, or moist-heat treatment (Chan et al. 2013; Singh et al., 2008; Mariod et al., 2010; Junejo et al., 2014). Further refinement yields protein isolates with protein contents exceeding 90%, providing superior amino acid profiles and functional properties suitable for food formulation. These protein-rich derivatives offer reduced flavor intensity, improved digestibility, and enhanced product acceptability.
7. POTENTIAL FOOD APPLICATIONS OF MESTHA SEED
a) Mestha Seed as a Source of Bioactive Compounds
	Strong antioxidant properties are demonstrated by the abundance of phenolic acids and flavonoids found in mestha seeds (Sroka and Cisowski, 2003; Jeon et al., 2007; Chan et al., 2013; Ryu et al., 2017). By suppressing polyphenol oxidase activity, these bioactives improve food durability and stop enzymatic browning (Ibrahim et al., 2019). Few research have looked at their direct incorporation into food products, despite their encouraging antioxidant potential.
b) Antioxidant Enrichment in Bakery Products
	Numerous studies have shown that non-cereal seeds and vegetable flours, such as barley (Dhingra and Jood, 2002), flaxseed (Meral and Dogan, 2013), and sunflower (Nadeem et al., 2010), can be used successfully as antioxidant-enriched components in bakery recipes. Similar to this, mestha seed meal may be used as a useful additive for bread fortification and value addition due to its high phenolic content and nutritional value (Chan & Ismail, 2009; Mariod et al., 2010; Kim et al., 2018; Ibrahim et al., 2019).
c) Mestha Seed as a Natural Antimicrobial Agent
	Antimicrobials obtained from plants provide a secure substitute for artificial preservatives. Hexadecanoic acid in mestha seed oil has been found to be a strong antimicrobial compound (Ebije et al., 2014; Ibrahim et al., 2019), while phytol, a significant compound in mestha (Ryu et al., 2017), has antibacterial activity against Staphylococcus aureus and Colletotrichum spp. (Kobaisy et al., 2001; Inoue et al., 2005). According to these results, mestha seed powder or oil may be created as a natural food system preservative.

d) Defatted Mestha Seed Flour
	With roughly 57% carbs, 26% protein, and 6.6% ash, defatted mestha seed meal (DKSM) has exceptional nutritional value (Chan et al., 2013). . Its addition to wheat-based items, such noodles, increases their phenolic and fiber content, but it may also alter their sensory appeal (Zawawi et al., 2014). A promising functional flour for health-conscious foods, DKSM has strong antioxidant and anticancer properties (Ghafar et al., 2012; Foo et al., 2011, Ibrahim et al., 2019).
e) Mestha Seed Oil as Edible Oil
	Rich in polyunsaturated fatty acids, tocopherols, and phytosterols, mestha seed oil is a premium vegetable oil that is on par with cottonseed and soybean oils (Cheng et al., 2016; Ryu et al., 2017). Its phenolic components provide it a good oxidative stability that makes it suitable for use in cooking, salad dressings, and mayonnaise formulations (Chan and Ismail, 2009; Ng et al., 2013). In food applications, however, its vulnerability to deterioration at elevated temperatures should be taken into account (Whitaker, 2003, Ibrahim et al. 2019).
f) Mestha Seed Protein as a Functional Ingredient
	Mestha seed protein concentrate (KSPC) can be used in mayonnaise, salad dressings, and baked goods because of its exceptional functional qualities, which include high water and oil absorption and foaming capacities (Mariod et al., 2010). Its adaptability as a functional food additive is increased by its stability over a broad pH range and fluctuating salt concentrations. In contrast to comparable products like roselle seed powder, which has already been effectively added to cookies with enhanced nutritional and antioxidant qualities, mestha seed derivatives are still underutilized despite their promise (Nyam et al., 2014; Nguyen et al., 2018 Ibrahim et al. 2019).
g) Mestha Seed as a Meat Substitute
	Mestha seed is a good plant-based protein source for creating meat substitutes because of its high protein content. It is a desirable substitute for animal protein due to its affordable price and useful qualities, particularly when it comes to combating malnutrition in underdeveloped areas (Singh et al., 2008). Tofu, tempeh, and texturized protein products are examples of applications. In order to create textured meat substitutes, defatted or isolated mestha seed proteins can be extruded (Lin et al., 2002; Brishti et al., 2017). Additionally, mestha seed milk can be fermented into tempeh or coagulated into tofu using Rhizopus oligosporus (Vital et al., 2018), offering wholesome and culturally appropriate meat alternatives.
8. FUTURE PROSPECTS AND RESEARCH OPPORTUNITIES
	Despite being prized for its fiber in the past, mestha is now a viable option for diversification in the food and feed sectors due to its excellent nutritional and bioactive component profile. The use of mestha leaves and seeds for industrial and human consumption can be greatly expanded by advancements in food technology, plant breeding, and value-added product development.
. The future of Hibiscus cannabinus (mestha) as a multifaceted crop lies in its potential to address the global challenges of food insecurity, malnutrition, and environmental sustainability. To create mestha cultivars that are high-yielding, nutrient-dense, and climate-resilient, more research should concentrate on agronomic optimization and genetic enhancement. Mestha would become a viable option for smallholder and sustainable farming systems by increasing resilience to shifting agroecological conditions and increasing productivity under low-input systems. Using molecular breeding and biotechnological methods, desired traits including biomass yield, disease resistance, and antioxidant capacity might be identified and enhanced. Mestha has a lot of potential from the perspective of nutrition and functional foods because it is a natural source of antioxidants, vitamins, minerals, and dietary fiber. Adding mestha leaf powder to everyday foods, beverages, and nutraceutical formulations is a unique way to improve nutritional quality and prevent non-communicable diseases. Research should look at the bioavailability, safety, and sensory acceptability of food products made from mestha in order to encourage wider consumer acceptance and commercial scalability. 
 Additionally, careful investigation into its phytochemical composition and pharmacological properties may produce novel therapeutic compounds for the pharmaceutical and cosmetics industries. As a renewable raw material for bioenergy, bioplastics, and eco-friendly packaging, mestha's lignocellulosic biomass holds great promise for both industrial and environmental applications. Because of its rapid growth rate and ability to store carbon, mestha is positioned as a sustainable resource within the circular bioeconomy, helping to lessen the consequences of climate change. To fully take advantage of these opportunities, policy support, market expansion, and farmer awareness campaigns promoting mestha cultivation and consumption are desperately needed. Establishing value chains for mestha-based products and fostering closer linkages between business and research can both have a positive economic impact on rural communities and support global environmental goals.
Ultimately, the future of mestha depends on an all-encompassing approach that combines sustainable production, market diversification, and scientific innovation to transform this underappreciated crop into a major contributor to food security, environmental preservation, and health improvement.
9. CONCLUSION
	Hibiscus cannabinus L. (mestha) represents a highly versatile and underutilized crop with significant potential to contribute to global food, feed, and fiber security. Traditionally cultivated for its high-quality bast fiber, mestha is now gaining recognition for its nutritional, medicinal, and functional value. The leaves and seeds are rich in essential nutrients, proteins, minerals, and bioactive compounds such as phenolics and flavonoids, which exhibit strong antioxidant, anti-inflammatory, and hepatoprotective activities. These attributes make mestha a promising ingredient for the development of functional foods, nutraceuticals, and herbal formulations aimed at improving human and animal health.
	Agronomically, mestha demonstrates remarkable adaptability to a wide range of climatic and soil conditions, making it suitable for sustainable cultivation in both tropical and subtropical regions. Its rapid growth rate, high biomass production, and ability to thrive under low-input systems further enhance its value as a climate-resilient crop. Despite these advantages, mestha remains underexploited as a food and feed resource, largely due to limited awareness, research, and commercialization efforts.
	To unlock its full potential, integrated strategies focusing on genetic improvement, nutritional characterization, product innovation, and market development are essential. Promoting mestha as a leafy vegetable and functional ingredient can play a vital role in enhancing food diversity, combating malnutrition, and supporting sustainable agricultural practices. In conclusion, mestha stands as a multipurpose crop of the future—offering solutions not only for nutritional and health challenges but also for environmental and economic sustainability.
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