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ABSTRACT 

	
This study investigates the comprehensive potential of bamboo in holistic wellness, covering its significance in traditional medicines, nutraceuticals, cosmetics and eco-friendly practices. The study examines the historical use of bamboo in various traditional medicines, highlighting it’s modern potential therapeutic properties. The nutritional profile of bamboo shoots and their incorporation into dietary supplements as well as their potential health benefits have been reviewed. The study also examines the growing trend of bamboo-based beauty products, which not only promote healthy skin and hair but also support sustainable practices. The significance of bamboo in environmental sustainability, focusing on its rapid growth, carbon sequestration capabilities and potential as a renewable resource for eco-friendly products have been explored. By synthesizing existing literature and recent findings, this study aims to provide a comprehensive overview of bamboo's diverse applications in promoting holistic well-being and environmental conservation.
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INTRODUCTION 

Bamboo is a type of large, woody grass within the poaceae family (Sub family – Bambusoideae) (Upadhyay et al., 2024; Choudhary et al., 2025a). This plant is especially notable for its incredible diversity and resilient, capable of thriving in diverse climates and soil types (Akinlabi et al., 2017; Ahmad et al.,2021). These grasses are predominantly found in Asia, Africa and Latin America, with their origins tracing back to Southeast Asia (Bakhru,1992; Clark et al., 2015). They are widely distributed across tropical and sub-tropical zones, spanning latitude between 46˚N and 47˚S and can flourish at elevations as high as 4000 meters in Himalayas and part of China (Song et al., 2011; Thapa et al., 2015). Bamboo flourishes well in temperature between 8.8˚C to 36˚C, although some resilient species can tolerate colder climates with temperature down to -20˚C. Optimal growth of this plant occurs in region with annual precipitation ranging from 1270 mm to 6350 mm or more. (Tamang et al., 2013).
		Bamboo has been intricately woven into human life since ancient times, catering to various needs, especially in East and South East Asian cultures (Choudhary et al., 2022). This plant is worshipped as a diety, considered a teacher and friend and is a source of sustenance, medicine and health benefits, while also offering materials for hunting, shelters, utensils, defence and maintaining ecological harmony (Sawarkar et al., 2020; Alahmad,2022). Bamboo has been deeply ingrained in lives of rural and tribal populations for centuries, meeting their essential traditional cultural, economic and social needs (Choudhary et al., 2025b). Bamboo is often regarded as a symbol of good fortune, bringing vitality youthfulness, suppleness and love to those who cherish it (Maurya et al., 2025). The straight upright growth and year-round greenery of bamboo make it a symbol of steadfastness and integrity (Chongtham and Bisht, 2020). The characteristics of bamboo have inspired profound reflections on human nature as per traditional Asian thoughts. Bamboo represents enduring values like dedication, devotion, morality and simplicity that inspire the spirit of countless individuals (Hassan et al., 2017; Lyu et al .,2019). In India, bamboo is revered as ‘Kalpavriksha’ or the divine tree that fulfils various needs, given its multifaceted uses in both physical and spiritual aspects of life (Lukas, 2018; Choudhary et al., 2025b).
ETHNOBOTANICAL SIGNIFICANCE OF BAMBOOS
	John Harshberger, an American botanist introduced the concept of ethnobotany (1896), studying how people in different regions and cultures utilize local plant species, underscoring the interconnectedness of humans and plants in natural ecosystem. However, modern ethnobotanist takes a holistic view examining not just the uses of plants but also how communities perceive, understand, and interact with plants, and how these interactions influence both human behaviour and the plant ecosystems (Harshberger,1896; Mishra and Kumar, 2025). According to an estimate of WHO (1993), the traditional medicine is the choice for 65-80% of the world’s population. Bamboo has long been the key components in ancient healing systems like Ayurveda and Chinese traditional medicine, for its efficacy in treating a wide range of health concerns (Das, 2019; Harris,2020).
	The medicinal applications of bamboo were referenced in Indian texts dating back around 10,000 years, highlighting its role in Chyawanprash, a health tonic rich in herbs including bamboo manna, known for its antiageing benefits (Nirmala et al.,2018; Gagliano et al., 2022). Chyawanprash has gained international recognition for its remarkable ability to combat stress and ageing. In ancient Indian system of Medicine (Ayurveda), bamboo and its derivatives like Banslochan, Tabasheer and Sitopaladi chruna are prescribed for treating a range of health issues (Shukla et al., 2012). This ancient wisdom is now being leveraged to develop modern pharmaceutical’s, nutraceuticals and cosmeceuticals from bamboo, including bamboo salts, vinegar, extracts, charcoal, silica and other active compounds for addressing various health issues (Fajage et al.,2024; Kar et al.,2025).
	Bamboo has been a cornerstone of traditional craftsmanship in many cultures, with application ranging from furniture and construction to basket-weaving and musical instruments. In modern times, bamboo versatility and sustainability have led to innovative uses in fields such as architecture, textile, energy, environment biotechnology and biomedical fields. Figure - 1 highlights the broad range of applications for bamboo from traditional to modern.
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Fig. 1 Bamboo across the ages a sustainable resource for food, shelter, clothing, health and environment.


(A)  Bamboo as medicines

	Bamboo has long history of use in treating various health conditions such as respiratory issues like cough, asthma and pneumonia as well as heart disease, cancer and rheumatism (Chikkanna et al., 2024; Haida and Sanusi, 2025). Bamboo plants contain abundant bioactive compounds, comprising of alkaloids, flavonoids, phenols, phytosterols, proteins and many other phytochemicals (Lu et al., 2018; Gagliano et al., 2022). Furthermore, volatile compounds have also been isolated and characterized in the leaves of various bamboo species ( Li et al., 2022; Shen et al.,2024; Wang et al., 2024). Bamboo derived bioactive compounds demonstrate various pharmacological effects, such as including anticancer, hepatoprotectives, antioxidant, antidiabetic antidiarrheals, antimalarial, analgesic, wound-healing, anti-ulcer cardioprotective, anti-fertility, anti-hypertensive and antimicrobial activities (Sangeetha et al., 2015; Sola et al., 2023, Benjamin et al.,2023;; Haida and Sanusi, 2025).

(a)  Inflammation reducing abilities:

Inflammation is a physiological response that involves immune system. Bamboo compounds possess properties that reduce inflammation. These substances control inflammatory pain and swelling by suppressing inflammatory mediators and modulating pathways, Bamboo species, including Bambusa arundinaceae, Gigantochloa apus, Phyllostachys edulis and Guadua paniculata have been traditionally used in the form of leaf extracts or formulations to treat inflammatory conditions (Patel and Mehta, 2021; Tundis et al., 2023).

(b)  Myocardial protection:

	Bamboo extracts have been shown to positively impact lipid metabolism, offering cardiovascular improvement by improving lipid profile, boosting HDL cholesterol and lowering LDL cholesterol and triglycerides. Leaf extracts of Phyllostachys pubescens and Phyllostachys nigra have been reported as cardioprotective (Ibrahim et al., 2021; Sharma et al., 2025).

(c)  Gastrointestinal health:

	Bamboo shoot’s high fibre content supports regular bowel movement, prevents constipation and promotes healthy digestion. In addition, bamboo fibre prebiotics promote a healthy gut microbiome, boosting digestive wellness and overall health. The young shoots of Bambusa bambos are known to stimulate appetite and support digestive health (Hossain et al., 2015; Rathour et al ., 2022).

(d)  Diabetes management properties:

	In an investigation made by Choi et al., (2008), Moso bamboo leaf extracts showed hypoglycaemic effects in a study of 50 diabetic rats. When bamboo leaf extract was used as meat substitute in patties, it significantly reduced plasma glucose levels, demonstrating antidiabetic activity (Sangeetha et al., 2015; Chongtham et al., 2018). In diabetic rat models (diabetic induced by Streptozotocin), the petroleum extract of Bambusa vulgaris leaves showed significant antidiabetic activity, lowering blood glucose levels after 15 days of oral administration, similar to glibenclamide (Fitri et al., 2020; Elekofehinti et al.,2024 ).

(e)  Anti-Cancer activity:

	Cancer is the most fatal disease globally, cause uncontrolled cell growth and tumour formation that can spread to other organs (Garcia- oliveira et al., 2021). Plant derived bioactive compounds are promising anticancer agents due to their low toxicity and fewer side effects. Ethanolic leaf extract of Guadua incana at 5 µg/ml reduced HCT-116 (Colorectal Cancer cell) viability by 10%, while 50µg/ml reduced viability to 5% (Chitiva et al., 2024). Extracts of Bambusa arundinacea also showed anticancer activity (Jayarambabu, 2021). Bambusa caulis in taeniam (BCT) used in traditional Chinese medicine showed anti-metastatic effects. It’s extracts (AE.BCT) inhibited Cancer cell migration, invasion and metastasis by suppressing MMP-9 and NF- KB activities (Kim et al, 2013). Sarijang (bamboo salt soy sauce) induced caspase-dependent apoptosis in leukemia cell, suggesting potential as chemotherapeutic agent (Choi et al., 2013). In an investigation Panee (2009) reported Pseudosasa japonica leaf extract for delayed breast cancer onset in rats.

(f)  Fertility regulation (Contraceptic effect):

	Ethanolic extracts of Bambusa arundinacea reduce fertility in male rats by lowering sperm count and mortality, with recovery seen after withdrawal (Vanithakumari et al., 1989). Compounds in bamboo leaves also caused miscarriage in pregnant animals and reduced sperm mortality in males (Patel and Mehta, 2021). Animals intended for breeding should not be fed bamboo containing antifertility compounds to avoid potential reproductive issues.

(g)  Healing properties:
	Bamboo leaf extracts promote wound healing by enhancing re-epithelialization and remodelling. In studies, P. edulis extract (10-100mg/ml) increased wound closure by 28% at 12 hours and 54% at 24 hours (Wedler et al., 2014).

(h)  Antimicrobial activity:

	Bamboo and its endophytic fungi exhibit potent antimicrobial properties, with Moso bamboo (Phyllostachys edulis) seeds being rich source of bioactive compounds, particularly hypocrellin A (Shen et al., 2014). Extracts obtained from Moso bamboo shoot covering also inhibited Staphylococcus aureus (a major food contaminant pathogen) (Mori et al.,  2019).
	Bamboo extracts have shown potent antimicrobial activities against both Gram positive (Staphylococcus, Streptococcus, Bacillus) and Gram-negative bacteria (E. coli, Salmonella, Pseudomonas, Klebsiella). Studies found that hexane and ethyl acetate extracts from bamboo (Guadua species, Olyra glaberrima, Aulonemia aristulata) leaves, culm, seeds and oils (specially in Hexene and ethyl acetate solvent) inhibited bacterial growth most effectively (Sola et al., 2023). B. vulgaris leaf extract (hexane) had low MIC (minimum inhibitory concentration) against Bacillus cereus (Zhiang et al., 2019).
	Bamboo extracts (P. heterocycla, B vulgaris, B. bambos) have also been reported for antifungal activities against Aspergillus niger, Candida albicans, Cryptococcus and Trichoderma harzianum. Leaf culm and seed extracts in hexane and ethyl acetate inhibited multiple fungal strains, highlighting bamboo as natural antifungal source (Mori et al., 2019; Soumya et al., 2014; Al Aboody and Mickymaray, 2020)

(i) Antimalarial activity:

Bambusa vulgaris leaf extract showed strong antimalarial activities in Plasmodium berghei infected mice, with higher doses giving strong effects than standard drug Lonart (10 mg/kg). However, such findings need further safety studies (Anigboro,2018; Udofiaet al.,2022).
	(j)   Antioxidant activity:	
	Bamboo shoots are traditional foods in Southeast Asia, consumed fresh, fermented or canned (Waikhom et al., 2013; Joshi et al., 2023)). A study showed that species with high total cyanogenic content (TCC) had low antioxidant properties and poor nutritional value, while Chimonobambusa callosa (local name ‘Phar’ in Mizo language) grown at high altitude proved safer with better nutrition. Dendrocalamus species generally had high TCC, while Bambusa species had moderate levels (Sangeetha et al., 2015; Raveender et al ., 2020).
	The health promoting effects of bamboo leaf extracts are linked to phytochemicals particularly phenolic compounds and antioxidants. Investigations on Phyllostachys edulis (Moso) revealed it’s strong radical scavenging and metal chelating activity (Kweon et al., 2001). In Korea, P. pubescens and P. nigra have been reported for antioxidant and antihypertensive properties (Park and Jhon, 2010). P. nigra var henomis has been reported (Zhang et al., 2007) to be utilized for the production of phenolics and flavonoids Sesa argenteastriatus leaves also exhibited high antioxidant activity, with compounds like (antioxidants). chlorogenic acid, isoorientin and vitexin, which varied seasonally (Ni et al.,2012) . Bambusa caulis in Liquamen (BCL) or bamboo sap, a traditional East Asian medicine, displayed antioxidant and immune regulating effects, suggesting therapeutic potential for skin disease such as atopic dermatitis (Qi et al., 2012).

(k)  Effects on reducing ulcer:
	Oral administration of hot-water extract (folin solution) of Sesa albomarginata significantly reduced stress, as well as ethanol and idomethacin- induced gastric mucosa by maintaining cellular integrity, reducing hyperaemia, suppressing histamine release and stabilizing erythrocytes (Otani et al, 1990). These results suggested folin’s antiulcer was due to its membrane stabilizing and haemostatic properties.

A 2 .    Banslochan – a medicinal bamboo products.
	Banslochan (Tabasheer), a resinaceous products, is valued for its stimulant, ant-inflammatory, antispasmodic properties. It is traditionally used for asthma, cough tuberculosis, colds, and lung diseases and is an ingredient of Ayurvedic remedies like Sitopaladi churna. In S.E Asia and Tibet, it remained popular for treating respiratory issues and as a tonic (Chongtham,2018).

A 3 .     Chemical composition of bamboo: 
	The nutritional composition of bamboo includes moisture (88.8%), protein (3.9%), fat (0.5%), minerals (1.1%, Calcium, Phosphorous, Iron) and carbohydrates (5.7%), along with vitamins (thiamine, niacin, vitamin C and riboflavin) (Bakhru, 1992; Santosh et al., 2021). Leaves and shoots provide hydrocyanic and benzoic acids, enzymes (nuclease, deaminase, proteolytic enzyme, Protease, Amylase, Silicon splitting enzymes etc.), flavonoids, alkaloids and phenolics that help in digestion, circulation and immune function (Patel,2016). Flavonoids such as vitexin and orientin act as antioxidants, reducing inflammation and allergies. Bamboo extracts are also used in foods like bamboo flavoured beer (Singhal et al., 2013).

A 4 .    Modern health care applications of bamboo
	In recent years, bamboo has gained attentions for health care applications. Increasing interest in herbal medicines and green markets have paved the way for promoting bamboo-based health products. Advances in science and technology have expanded its use in therapeutic and commercial products (Table – 1). Some of the such products are –

Table : 1   A brief summary of application of bamboos in treating diverse health aliments.

	S.No
	Bamboo products
	Application
	Bioactive compounds

	1
	Bamboo charcoal
	Treatment of liver and kidney, Detoxification.
	Pyrolysis of Bamboo at high temperature

	2
	Bamboo leaf extracts

	Antimicrobial, antioxidant, Anti-inflammatory, Healing properties, Contraceptive effects, Diabetic management, Myocardial protection
	By extraction through solvent (Ethanol/Hexane)

	3
	Bamboo shoot extract
	Gastrointestinal health, Anticancer properties.
	Extraction in Ethanol and water

	4
	Bamboo silica
	Strengthening bones, Relieving joint pains
	Silica minerals, Extraction from bamboo shoots

	5
	Resinaceous Products (Banslochan/Tasasheer)
	Tuberculosis, Ashthma, Cold and cough, Antispasmodic, Respiratory issues.
	Ayurvedic Medicine, Sitopaladi churna

	6
	Bamboo fibres
	Antibacterial properties, Medical textiles (gauze, scrubs, nurse uniform)
	Extracted from Bamboo culms through mechanical, chemical and enzymatic processes.

	7
	Bamboo leaf herbal tea
	Enhancing immunity, Promoting relaxation
	Phenolics, Flavonoids, Dried bamboo leaves.

	8
	Bamboo vinegar
	Skin disease, Eczeme, Dermatitis 
	Rich in Acetic Acid and Phenols, 
Heated bamboo vapour condensed to produce.



(a) Bamboo charcoal

Bamboo charcoal contains over 400 minerals and has numerous health benefits. It is used in treating disease like liver and kindly failure through apheresis. Researches indicated it’s biocompatible, toxin absorbing and promising material for future medical uses (Tang et al., 2015).
(b)  Bamboo wine and beer

In Tanzania, wine is made from chopped tips of Oxytenanthera braunii. Bamboo bear made with bamboo leaf extracts, offers a distinct bamboo aroma, mellow taste and rich bioflavonoids, with improved antioxidant activity, storage stability and can help lower blood lipids (Mgeni. 1983; Ibeh et al., 2013).
(c)  Bamboo vinegar

Heated bamboo vapour when condensed produces a liquid called vinegar, which is rich in acetic acid and phenols. It is used in cosmetics, insecticides, deodorants, food and agriculture (Biswas and Mahanta, 2012; Akinlabi et al., 2017)). In Japan, traditionally bamboo vinegar is used for treatment of skin disease like eczema and dermatitis and is recognized as anti-inflammatory and antifungal, often added to bath water (Panee, 2015).

(d)  Bamboo fibre 

	Bamboo fibre, made from bamboo pulp is a regenerated cellulose fibre with high strength, wearability and spinnability. Bamboo fibre’s natural properties make it suitable for medical applications, offering absorption, retention and softness. It is eco-friendly, biodegradable and blends well with other natural fibres like cotton, silk and hemp. Bamboo fibre’s unique properties, including hygroscopicity, breathability, UV- protection and natural antibacterial, make it suitable for medical textile like gauze, scrubs and nurse uniforms without needing additives (Sharma,2009; Mishra et al., 2015). 
	Bamboo fibres feature a natural antibacterial agent called ‘Bamboo Kun’. It has been reported that bamboo fibres meet safety standards, resist irritation and prevent bacterial growth better than cotton or wood pulp fibres (Amjad et al.,2024). Even after multiple washes, bamboo retains its antibacterial and deodorizing qualities unlike chemical antimicrobials that may cause allergies.

A 5 . Bamboo in traditional medicine

	Bamboo has a long history of traditional use, with the first records around 500 BC. In China, different bamboo species and parts like sap, leaves, shoots and shavings are used for treating fever, phlegm, epilepsy, mental disorders, stomach heat, haematuria and other ailments (Lin , 1981; Shukla et al ., 2012; Zhang et al ., 2020).
	Bamboo is believed to have a soothing effect, reducing inflammation and excess phlegm. Leaves and shavings are used for cough, fever and digestive issues, shoots and resins for various illness and leaf decoctions for fever, halitosis and blood purification.
	In Ayurveda, Bambusa arundinacea is used as a blood purifier and for skin inflammatory and infections conditions (Jivani, 2011). Leaf infusions serve as eyewash and remedies for bronchitis, gonorrhoea and fever, while burnt root treat ringworm, bleeding gums and ulcers.
	Resins from bamboo shoots combined with lime and coke powder, helps to heal cuts and wounds. The bark treats eruptions while tender shoots of B. arundinacea aid digestion and apetite. In Assam, young shoots are used for birth control and their poultice cures ulcers and expels worms. Leaves act as emmenagogues, anthelmintics and astringents, also in treating diarrhoea in cattle when mixed with salts. Bambusa spinosa leaf buds treat leprosy, fever and hemoptysis, It’s root decoction is used in anuria (Adnan et al., 2015) . Sap of B. vulgaris is remedy for phthisis in the Philippines. Bark is used for haemorrhage, nausea and vomiting. Shoots and roots have diuretic, diaphoretic and emollient effects (Adetunji et al.,2025). Fresh roots, mixed with tobacco and betel leaves are macerated in oil and applied to tumours.

(B)  Bamboo as food supplements:

With rising health concerns and side effects of allopathic medicine, demand for nutraceutical- rich foods is increasing. Bamboo shoots are valuable as aid in food supplements, food processing and beverage industries (Chongtham and Bisht, 2011; Kumar, 2025)). They are rich in proteins, carbohydrates, amino acids, sugars, fibres and minerals and secondary metabolites. Fresh shoots provide vitamin A, B- complex, E and fibres such as cellulose, hemicellulose, lignin and pectin. Their phytosterols help reduce cholesterol, making them suitable for sugar restricted diets (Nongdam and Tikendra, 2014; Ma et al., 2024).
Bamboo shoots also contain high potassium (620-1100mg/100gm), magnesium, selenium and 17 amino acids (8 essential). Tyrosine forms 57- 67% of total amino acids. Some species also have metabolites like glucosides, choline, cyanogen’s and botulin (Santosh et al., 2021; Mulatu et al., 2019).
Bamboo leaf antioxidants effectively prevent oxidation of lipid and reduce biogenic amine formation (generated during the decarboxylation of amino acids by microbes) in meat products especially when combined with tea polyphenols. Antioxidants from bamboo leaves (AOB) also act as antimicrobial agents, reducing bacterial growth and spoilage (Lan et al., 2024). They reduce the formation of acrylamide, a carcinogenic compound that forms in fried and baked carbohydrate-rich foods like fried chicken and potato products, while also enhancing crispiness and flavour retension (Zhang et al., 2007).
These days bamboo shoots are a valuable ingredient in food fortification, offering a boost of nutrients and therapeutic benefits. Bamboo shoots are being used to make a variety of tasty products, including nuggets, crackers, snakes, baked goods and more. Bamboo- based nutraceuticals, rich in health benefits are widely available in the global market for managing different health ailments (Das, 2019; Tian et al., 2025).
Bamboo shoots, being fast growing seasonal crops with a short shelf require proper processing of storage, transport, and consumption. Many species contain high levels of antinutrients and bitterness, so methods like washing, boiling, soaking, drying and fermentation are used. However, modern techniques with the help of hightech machines and tools, include freeze drying, hot air drying, somotic dehydration and canning are common, especially in countries such as China, Thailend, Korea, and Taiwan (Fig – 2).

[image: ]
(Fig.  2  -  Steps of bamboo shoot processing)


Bamboo shoots are eated fresh, fried, fermented, powdered or in paste in diverse way such as boiling in Japan, stir-firing in China and Korea, spicing in Thailand and Indonesia or pickling in Myanmar and Nepal (Satya et al., 2010; Kumar and Birru, 2017). Bamboo shoots are nutritious, low calorie food option, rich in phytosterol, (91-265 mg/100gm dry wt), ideal for today’s sedentary lifestyle. Studies highlight their nutritional benefits and role in preventing chronic disease, spurring interest in food industry applications. Fresh and fermented shoots are vital in Himalayan cuisines. In China, bamboo shoots have been part of culinary tradition for over 2500 years. In India, their use is mainly in the North Eastern and hilly regions though demand is growing in upscale markets, shifting their images from poor man’s timber to rich man vegetables. 
Bamboo leaves also serve as nutritious fodder for various animals, including giant pandas, elephants and livestock’s, while also holding significant medicinal value in numerous Asian and African nation. Leaves of various bamboo species (Bambusa balcooa, B. bambos, B, vulgaris, Dendrocalamus asper, D. giganteus and  Phyllastachys aurea) are nutritious, high in water, crude protein, phosphorous, and low tannis, making them good fodder (Andriarimalala et al., 2019; Kumari,2022; Choudhary et al., 2025a). Assamese macaques also consume bamboo leaves. Rich in antioxidants and polyphenols, bamboo leaf extracts are used in edible oil, meat, aquatic products and as food additives. They enhance food shelf life and stability and are also applied in traditional medicines due to phenolic acids and flavonoids like crypto chlorogenic acid, chlorogenic acid, orientin, caffeic acid, luteolin, ferulic acid, vitexin (Ma et al., 2020). Research has identified significant levels of acetylcholine in the tender shoots of Phyllostachys bambusoides, a key neurotransmitter that may help prevent Alzheimer’s disease. 
Bamboo based preparations like bamboo salt, vinegar, extracts and silica are gaining importance for their therapeutic value. Bamboo vinegar also act as an insecticides, bactericide and deodorant, while bamboo salts helps to treat inflammation, diabetes, viral diseases, circulation issues, organ disorder and Cancer (Hwang et al., 2008). In Korea, bamboo is traditionally used as cancer treatment (Singhal et al., 2013). Innovation in nutritional analysis, recommend processed bamboo shoots as nutritious health food.

(b) Bamboo based food preparation 
		Bamboo-based preparation involves utilizing various parts of bamboo plant, particularly shoots, to create nutritious and flavourful dishes. Fresh bamboo shoots are typically harvested, boiled or steamed to remove bitterness, and then sliced or chopped for use in stir fries, curries, soup and salads. Bamboo shoots can be preserved through drying, pickling or canning, allowing for year round consumption. Bamboo -based preparations showcase the versatility and nutritional benefits of this sustainability ingredient, offering a range of delicious and healthy meal options (Table – 2 & list 1).



Table 2 : 		Bamboo - based health supplements

	S.No
	Composition
	Product level
	Holistic health

	1
	Bamboo timber
	Bamboo Nutra
	Skin rejuvenation properties and fat reducing properties.

	2
	Bamboo silica
	Bamboo silica
	Promotes skin’s youthful vitality

	3
	Bamboo leaf
	Bamboo flex
	Inflammation reducing effect, Support bone development

	4
	Tabashir exudates
	Bonusan forte
	Reduce fatigue, boosts energy and metabolism, support nervous system

	5
	Bamboo leaf
	Guozen bamboo leaf essence
	Detoxifies blood, fortifies bones 

	6
	Bamboo shoot
	Hawlik capillary capsule
	Nourishes hair follicles

	7
	Tabashir exudates
	Lambert silica capsule
	Enhances connective tissues, bone collagen and cartilage.

	8
	Bamboo fibre
	Sanacel
	Aids digestion

	9
	Tabashir
	Silice de bambou
	 Prevents early ageing, strengthens skin hair, bones and teeth.

	10
	Culm powder
	Solary bamboo capsule
	Supports collagen production in bone and connective tissue.

	11
	Bamboo silica
	Exnerex bamboo silica
	Antiageing: support overall health of arteries, joints, nail, hair,skin, and bones.

	12
	Bamboo capsule
	Shudhanta herbal bamboo capsule
	Promotes digestive health, boosts immunity and fight inflammation.

	13
	Bamboo leaf
	Guozen bamboo leaf essence
	Detoxifies blood, fortifies bones.

	14
	Bamboo extract
	Bio Finest bamboo extract
	Supports weight management, digestive health and immune function.

	15
	Bamboo leaf extract
	Herbal papaya bamboo leaf extract liquid
	Improve cardiovascular blood flow.



From traditional Asian recipes to modern fusion dishes, bamboo – based preparations are a great way to explore new flavours and culinary possibilities. Some popular bamboo-based dishes in specific cuisines are- 
· Asian cuisine – Stir-fries, curries and soups
· Japanese cuisine – Takenoko (boiled bamboo shoots)
· Korean cuisine – Bamboo shoot kimchi
· Southeast Asian cuisine – Bamboo shoot salads and curries.













List 1- : Some important bamboo-based dishes prepared through boiling, steaming, grilling or drying. 
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Bamboo rice also known as bamboo seeds or bamboo kernel, refers to the edible seeds of certain bamboo species. These seeds are highly nutritious and are being consumed in various parts of the world either as culinary ingredients or as nutritional supplements.
Culinary ingredient – Bamboo rice can be used in various dishes, such as stir-fries, curries, or as nutritious addition to other recipe.
Nutritional supplement – Bamboo rice is rich in protein, fibre and other essential nutrients, making it a potential supplement for those looking for alternative sources of nutrition.
(e)  Food fortified with bamboo for added health benefits
Fortified food prepared form bamboo offers a unique blend of nutrition and flavour. Bamboo shoots are rich in fibre, vitamins and minerals making them an excellent ingredient for fortified foods. By combining bamboo shoots with other nutrients-dense ingredients, manufacturers can create products that cater to specific dietary needs.

Table 3 : 		Nutrient enhance products with bamboo shoots.

	S.No
	Shoot fortified food products
	Bamboo species
	Form used

	1
	Biscuit
	Bambusa balcooa
	Fresh

	2
	Candies
	Not mentioned
	Fresh

	3
	Chips
	Bambusa vulgaris
	Fresh

	4
	Yogurt
	D. hamiltonii
	Fresh

	5
	Chicken nuggets
	Bambusa auriculata
	Fresh

	6
	Candy, chutney, chukh, crackers, nugget
	D. hamiltonii
	Fresh

	7
	Cookies, Flat breads, Stuffed bread, Snacks, Baked goods, Pickles
	D. hamiltonii, Bambusa tulda, Phyllostachys mannii
	Fresh

	8
	Cookies
	Melocanna baccifera
	Fresh

	9
	Milk pudding
	D. latiflorous
	Fresh

	10
	Pork Nuggets
	B. polymorpha
	Fresh

	11
	Pork Pickles
	Not mentioned
	Fresh

	12
	Chicken, nugget, pickle
	B. bambos, b. tulda, D. asper, D. strictus
	Fresh

	13
	Amaretti cookies
	Melocanna baccifera
	Fresh



 Fortified bamboo shoot products can be enriched with vitamin B and D, iron and calcium to address micronutrient deficiencies. Bamboo – based fortified food can be formulated for specific life stages, such as infant nutrition or elderly care. These products are being designed to support digestive health, boost immunity or provide essential nutrients for growth and development (Santosh et al., 2023; Indira et al., 2024). Fortified bamboo shoot products can be marketed as functional foods, appealing to health- conscious consumers. The versality of bamboo shoots allows them to be incorporated into various product formats such as powders, flakes or canned goods. Bamboo fortified foods can be tailored to meet the nutritional needs of different populations, including pregnant women, athletes or individuals with specific dietary restrictions. By leveraging the nutritional benefits of bamboo, manufacturers can create innovative products that support overall health and well being. Bamboo based fortified foods can be used as a base for various recipes, enhancing their nutritional value. These products can be fortified with probiotics to promote digestive health or Omega-3 fatty acids to support heart health. Fortified bamboo shoot products can be designed for specific cuisines, such as Asian style stir fries or Western - style soups. Bamboo based products can be labelled as herbal, eco-friendly or sustainable sourced appealing to environmentally conscious consumers. Bamboo based fortified foods can be designed for convenience, such as ready – to – eat meals or snacks bars. These products can be tailored to meet the needs of different industries such as sports nutrition or clinical nutrition. These products can be designed to support specific health benefits such as bone health, immune function, antioxidant, anti-ageing etc. These products can also be used to support food security initiatives, providing essential nutrients to underserved communities.
Fortified food prepared from bamboo offers a unique opportunity to create innovative, nutritious and sustainable products that support overall health and well-being.
(C) Bamboo for beauty

(a)  Bamboo for anti-ageing : unlocking its potential

Researches have highlighted the bamboo’s potential as anti-ageing benefits. Bamboo extracts have been shown to possess antioxidant properties, combating that drive ageing. The silica content of bamboo enhances skin firmness and elasticity, diminishing signs of ageing (Rhodes, 2010; Vaz,2021; Gu,2022; Kiehl,2022). Bamboo’s antioxidant properties also protect against UV-radiation and pollutants. Bamboo extracts have been found to inhibit inflammatory agents cytokines, and thus help in reducing inflammation and oxidative stress (Higa et al; 2011;Choi et al.,2012; Tundis et al., 2023) . The anti-inflammatory effect helps to mitigate age related disease such as arthritis and cardiovascular diseases. Bamboo’s high silica content also supports bone health, potentially reducing the risk of osteoporosis (Sonarkhan et al., 2021; Azman et al., 2023; Gautam et al., 2024). The combination of antioxidant and anti-inflammatory compounds in bamboo may help mitigate age related cognitive decline.
Bamboo extract have been used in traditional medicine to promote skin health and reduce signs of ageing (Vasave and Wasule, 2019; Tundis et al., 2023) . Modern researches have revalidated these claims, demonstrating bamboo’s potential as anti-ageing agent. Bamboo based skincare products can help to nourish and moisturize the skin, with noticeable improvement in texture and glow. The silica in bamboo also supports collagen production, essential for maintaining skin elasticity. Bamboo antioxidant properties also help to rejuvenate and refresh the skin’s appearance. The silica content of bamboo may help strength hair follicles, reduce the risk of hair loss, promotes hair growth and reduce greying.
Bamboo extract have been found to possess antiglycation properties, preventing the formation of advanced glycosylation end products (AGE’s) that contribute to ageing (Sun et al., 2025). 
Bamboo natural properties make it an attractive alternative to synthetic anti-ageing properties. Bamboo extracts can be used in various forms, including topical applications, supplements and cosmetics. By incorporating bamboo into their lifestyle, individuals can support their overall health and well-being, promoting a more youthful and vibrant appearance. Bamboo based formulation used in cosmetic and personal care products offering benefits like skin smoothing, antioxidant protection and antiageing properties being sold in global market include, Eminence (Bamboo firming fluid), Bamboo Crème Frappee (Erborian), Bamboo moisturizes, Haruharu Wonder Black Bamboo calming hand and Nail Cream, Bamboo leaf extract liquid supplement, Ginseng anti-ageing face cream, FSS bamboo bio ferment PF and  FSS bamboo extract OS (oil soluble) etc.
(D)  Bamboo for climate change mitigation

Rising carbon dioxide levels are driving global climate change, causing shifting of weather, reduced food production, rising seas and catastrophic flooding. These impacts are world-wise and delaying action will make adaptation harder and costiler. Bamboo is a powerful ally in the fight against climate change, leveraging its exceptional rapid growth rate, substantial biomass production and impressive carbon sequestration capabilities to make a significant impact (Yuen et al., 2017; Choudhary et al., 2025b; Abebe et al., 2025). With its impressive ecological benefits and potential to foster eco-friendly practices, bamboo is poised to contribute significantly to the realization of the UN Sustainable Development Goals, particularly in promoting biodiversity, mitigating climate change and fostering economic growth (Bhakare, 2021; Taib et al., 2023) (Fig -3).
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(Fig. 3 Bamboo based industries for sustainable development)

Bamboo can help reducing poverty through cultivation that generates income from harvesting to marketing. It’s nutritious shoots enhance food security in Asia, while it’s extracts provide 
medicinal benefits and disease resistance. Bamboo also aids water management, energy production, eco-friendly construction, fabric and textile productions, biodegradable products and ecological balance (Binfield et al., 2022; Zhang et al., 2024). 
Responding to climate change requires two approaches: mitigation (reducing and stabilizing greenhouse gas emission) and adaptations (adjusting to its impacts).
Bamboo a rapidly growing grass plays a key role in climate change mitigation. Bamboo plant releases 35% more oxygen than equivalent tree strands and can sequester upto 62 tons of CO2/ha annually compared to 15 tons of young forests (Aarthi et al., 2021; Choudhary et al., 2025b). Its rapid growth, canopy cover and carbon storage make it vital for land reclamation and climate resilience (Devi and Singh, 2021; Walia et al.,2025) .
Bamboo plantation can be made along the roadside, block plantation, wind break or shelterbelt, field corners, wasteland, marginal lands, under social forestry scheme (farm forestry, farmer leasehold, village-based community forestry, strip plantation) and rehabilitation of degraded lands etc. National Bamboo Mission (NBM) promotes holistic sector growth through area-based strategies, expanded cultivation and marketing. Measures include establishing nurseries, improving planting materials, supporting handicraft markets, and easing restrictions on harvesting and trade in non-forest areas.
Bamboo agroforestry is a sustainable land management option in India, providing food, fodder, fuel, timber substitutes, and raw materials for rural communities (Jyoti et al., 2015; Sinha et al., 2025). It thrives in diverse soils and climate and meets the basic needs of farmers and villagers. Farmers across India, Nepal, Bangladesh and Thailand cultivate different bamboo species, often intercropped with crops, fruits or along irrigation channels to support livestock and improve land use. IDRC supported ICFRE (Indian Council of Forestry Research and Education) in 2001 to develop bamboo-based agroforestry models in Madhya Pradesh for restoring degraded farmlands. Trials with species like Bambusa nutans, B. bambos and Dendrocalamus strictus intercropped with soybean, wheat, mustard, pigeon pea and other showed bamboo-soyabean and bamboo wheat models as most viable. Intercropping enhanced yields and profitability.
Bamboo, though a grass, resembles a tree and regenerates naturally from rhizomes without replanting or heavy inputs. It can grow on marginal lands of diverse habitat, making it useful in diversified farming. Economically important across Asia, Africa and the America, bamboo is a timber alternative for roofs, floors, beams, fences and housing, supporting about one billion people. Household and artisanal products include mats, baskets, trays, boxes, water bottles and edible shoots from more than 200 species. Light weight culms are easy to harvest and simple tools allow even semi-skilled workers to make value-added products. It supports poor and vulnerable groups offering part time or seasonal work fostering the path out of poverty. Industrial bamboo cultivation has generated a novel value chain boosting income and climate adaptability for vulnerable populations.
(a) Conserving biodiversity with bamboo
		Bamboo forests support biodiversity by aiding soil formation, nutrients cycling, oxygen generation and habitat supply. They provide habitats for many species (both flora and fauna) due to abundant foliage ( Pan et al., 2023; Li et al, 2025). Animals such as elephants, deer, monkeys, pigs, rats, squirrels, some species of Rhinoceros and especially red pandas rely on bamboo for food and shelter and breeding grounds. In Nepal, bamboo forests are key habitats for endangered species (Bista et al ., 2022; Ayer et al., 2023). Studies show bamboo cover is vital for red pandas, though human activities and bamboo habitat loss pose significant threats to their survival. Bamboo also support bird and insects including bees and butterflies, aiding pollination which in turn contribute to cleaner air and healthier environment. Bamboo plays an important role in conserving by sustaining diverse species and ecosystem (Cedric et al., 2023; Shang et al.,2024). The root system of bamboo reinforces soils stability, reduces erosion, maintain soil fertility and supports plant diversity, ensuring ecosystem health (Xu et al., 2015). Bamboo also helps regulate water flow, preventing floods and droughts and maintains water quality, benefiting both aquatic and terrestrial life as well as the local communities.
(b) Bamboo in reducing carbon footprint
		Bamboo plays a significant role in reducing carbon footprint due to its exceptional carbon sequestration capabilities. It absorbs significant amounts of CO2 and release oxygen, serving as a potent. By incorporating bamboo into sustainable practice, we can mitigate climate change and promotes healthier environment (Daba, 2016; Laishram et al., 2021).
Forest store 56% of earth’s carbon and bamboo is a major contributor of both carbon source and sink. India, the 4th largest CO2 emitter, plans to raise its global energy use share from 6% (2015) to 11% (2040). Bamboo’s fast growth and annual regrowth give it high CO2 sequestration potential, converting carbon into biomass and aiding afforestation (Tripathi et al., 2024). It’s rhizomes can live up to 100 years.
		Studies report carbon storage in bamboo species, P. pubescence (106.36 t/ha) and P. bambusoides (165.1 t/ha) in Japan (Isagi, 1994; Houdanon et al., 2018) and in India Bambusa species like B. cacharenasis (54.7t/ha), B. vulgaris (128t/ha) and B. balcooa (65.3t/ha) (Nath et al., 2009; Sharma and Nirmala, 2015). To limit climate damage, it has been targeted that global greenhouse gases (GHG’s) must be stabilized at 445-490 ppm CO2 e (CO2 equivalent).
		India, being highly vulnerable to the impact of global warming, has set an ambitious target to reduce emission intensity by at least 45% from 2005 level by 2030. Bamboo provides benefits in terms of climate adaptation, contributes to global mitigation efforts, offers financial advantages.

(c) Bamboo for ecological balance
	Bamboo provides essential ecosystem services, including carbon sequestration and habitat restoration, flood and soil erosion control and sediment retention (Dutta et al., 2025). Its adaptability to varied soils and climates makes it ideal for agroforestry, where it can be intercropped to reduce erosion, improve fertility and conserve water.
		It’s deep root system lowers flood risk, reduce soil water loss and support phytoremediation by removing contaminats from deep soil layers. This makes bamboo a valuable tool for environmental conservation and sustainable land management ( Li et al ., 2025).
(d) Bamboo in revitalizing degraded land
Bamboo’s deep roots enable growth on degraded or contaminated land, making it effective for water conservation, soil restoration and rehabilitation (Gairola et al., 2025; Singh et al., 2025 ). An IDRC funded project in India showed that soil sludge and fly-ash combinations supported bamboo growth, restoring degraded land due to bamboo high biomass yield. Bamboo leaves and plant materials also serve as green manure, enriching soil nutrients. Bamboo as the sole survivor of Hiroshima in 1945 bombing is a persistent myth. Bamboo’s resilience in the face of catastrophic events is documented, however, its role in Hiroshima after the atomic bomb blast remains a topic of debate and speculation. While bamboo is known for its remarkable ability to withstand harsh environments, the claim that it was one of the first plants to sprout up in Hiroshima after bombing is more legend than facts. According to historical account, Hibakujumoku refers to tree that survived the atomic bombings of Hiroshima and Nagasaki in 1945. Bamboo is also supposed to be the part of the list of Hibakujumoku (Survivor tree of Hiroshima). Bamboo could sprout new buds and leaves several months after the blast. This survivor and regeneration might have played a significant role in city’s rebuilding process.
(e) Bamboo for sustainable land management:
Bamboo soils have strong anti-scour and anti-erosion properties making them effective for soil erosion control, watershed protection and as forest substitute (Ge et al.,  2024).
Bamboo grown well on hillsides, road river and canal embankments, gullies and stream banks. It’s roots and rhizomes form dense mats that hold soil with about 80% of them concentrated in the top 30 cm, ideal for preventing erosion. Studies in India, Nepal and China show bamboo plantations reduce soil erosion upto 85% in China) and improve soil organic matter (Singh et al., 2021; Zhao et al., 2023; Rani et al., 2024) . Bamboo forests also regulate floods and landslides by binding soft soils and resisting strong currents (Shen et al., 2025). 
Bamboo is widely used in slope stabilizing and bioengineering (Nepal, China, India). Bambusa balcooa and B. tulda and B. nutans developed from Bamboo Tissue Culture Laboratories (TNB College Campus, Bhagalpur and Biodiversity Park, kushiargaon, Araria) of the Dept. of Environment, forest and climate change, Govt. of Bihar, India are being planted along rivers, reservoirs, road embankment wasteland and farmland are proving effective due to their dense clumps and fast growth (Choudhary et al., 2017 ;2020; 2022; Kumari,2022) . Bamboo clumps or forest act as efficient natural barriers against soil erosion and slope failure (Choudhary et al., 2016; 2020; 2025c; Bian et al., 2023; Isukuru et al., 2023). Bamboo produces high biomass, upto 10t/ha annually mostly as foliage. Leaves fall when the plants are of 12-18 months old and are quickly replaced by new emergence of leaves. Fallen leaves create sufficient accumulation of litter. Bamboo’s leafy cover also reduces soil water evaporation and improves soil organic matter. leafy cover (litter) has high water retention capacity (Zhou et al., 2018; Rani et al., 2024).
(f) Bamboo for refining air and water quality
Bamboo sequesters large amounts of CO2 through photosynthesis, reducing greenhouse gases and improving air quality, while releasing more O2. Its foliage acts as natural filter, trapping dust, pollen and particulates. Dust collected on bamboo leaves can reach up to 10% of leaf dry weight. It’s dense rhizomes stabilize soil, reducing erosion, and limiting runoff of heavy metals, fertilizers, and pesticides into water bodies. Bamboo also absorbs excess nitrogen, phosphorous and heavy metals such as As, Pb, Cr, Cd, Ni etc. from soil and waste water, preventing water pollution and eutrophication (Choudhary et al., 2025b). Bamboo charcoal being long used for water purification, removes impurities, odour and chemicals, improving drinking water taste and quality. These days, bamboo is being increasingly planted to create oxygen-rich park and promote ecotourism, supporting both environmental sustainability and local economics.
(E) Bamboo- a path to inner peace
Bamboo has long been revered for its spiritual significance in Eastern culture, particularly in Buddhism and zen practices. It’s gentle swaying in the breeze creates a soothing melody that calms the mind and promotes mindfulness. Walking through the bamboo forest, with soft rustling of leaves and warm sunlight filtering through the stalks, can be a mediative experience, encouraging introspection and deeper connection with nature. In meditation practices, bamboo is often used as a focal point, representing flexibility, resilience and humility qualities that are essential for spiritual growth. 
Velu vana or Venu Van (Bamboo Grove) of Rajgir, Bihar, India is one of the eight sacred site in Buddhism, holding profound significance for it’s serene and spiritual ambiance (Fig.4) . This tranquil haven is believed to be a place where Lord Buddha often meditated and shared his teachings, radiating an aura of inner peace and enlightment. 
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Fig. 4 Venu van (Bamboo Grove) of Rajgir, Bihar, India

The simplicity and elegance of bamboo also remind practitioners of the importance of living in harmony with the natural world. By embracing the peaceful energy of bamboo, individuals can find a sense of inner calm and balance, helping them navigate the complexities of modern life with greater ease and clarity ( Hassan et al., 2017; Lyu et al., 2019; Zeng et al., 2020). Whether through meditation, mind-fulness or simple spending time in nature, bamboo serves as a powerful tool for achieving inner peace and spiritual wellbeing. By embracing the tranquillity of bamboo, individuals can cultivate a deeper sense of inner peace, clarity and connections to nature, fostering a more balance and harmonious state of being.
Conclusion 
Bamboo reveals itself as a dynamic resource, significantly impacting holistic wellness through its various applications. It’s role in traditional medicine, food supplements, anti-ageing, climate change mitigation and inner peace underscore its potential as sustainable and versatile tool for enhancing human well-being and environmental health. Further studies on bamboo’s properties and applications can unlock new opportunities for innovation. Incorporating bamboo into contemporary wellness practices can enhance its reach and impact. By embracing bamboo’s potential, we can foster a more holistic approach to wellness, one that integrates physical, mental and environmental well-being
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Traditional Vs. Modern applications of Bamboo  

 

Traditional applications of bamboos

Traditional medicines
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Tender bamboo shoot harvesting   Bamboo shoot peeling process       Bamboo shoot sorting, trimming and quality control     Slicing to desired thickness              

(Consumed as fermented products)   -   Soup, pickles, chutney,  cutlets, roasted preparations   -   Dehydrated bamboo products  for flavouring and snacking  

(Processing through high tech  machines  –   Osmotic dehydration,  freeze drying, hot  - air oven  drying, canning etc.)   -   Bamboo canning, dried  bamboo and bamboo  powder   -   Derivation of bioactive  compounds   -   Characterization of active  principles  

Eaten as fresh shoot  (after  boiling/steaming to  remove bitterness)    

Traditional methods of further processing  

Modern technology for processing  
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(a)   Fry, steamed fermented,   Preparation      Boiled bamboo shoots      Bamboo shoots stir fry      Pickled bamboo shoots      Bamboo shoot soup      Grilled bamboo shoot      Bamboo shoot salad      Steamed bamboo shoots      Bamboo shoot tempura      Bamboo shoot stir - fry  with vegetables      Bamboo shoot and  vegetable soup      Smoke bamboo shoots      Canned bamboo shoots      Bamboo shoot and s h rimp  stir fry      Bamboo sho o t and  vegetables biryani      Bamboo shoot and  mushroom risotto      Bamboo shoots and herb  infused oils.      Bamboo shoot and  mushroom burgers      Bamboo shoot mushroom  soup      Bamboo shoot and herb  infused oils      Bamboo shoot and  vegetable spring roll    

  (b)  Curry preparation      Bamboo shoots and     paneer curry      Bamboo shoot and egg  curry      Bamboo shoot and lentil  curry      Bamboo shoot and egg  curry      Bamboo shoot curry    

( c)  Non - veg preparation      Bamboo shoot and  chicken stir fry      Bamboo shoot and  chicken tikka masala      Bamboo shoot and  meat stew      Bamboo shoot and  chicken noodle soup      Bamboo shoot and  fish stew    
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Bamboo based industries: A future green perspective
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