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Abstract 

Clitoria ternatea Linn., commonly known as Aparajita or butterfly pea, is a perennial 

herbaceous climbing plant belonging to the family Fabaceae. It is widely cultivated as an 

ornamental vine because of its attractive blue or white flowers and has recently gained 

considerable attention in the food industry as a natural source of blue anthocyanin pigments. 

The plant is a slender, twining climber that can grow up to 2–3 m in height when supported. It 

possesses green, branched stems, alternate leaves, and a well-developed taproot with nitrogen-

fixing nodules, enabling it to improve soil fertility. Its large, butterfly-shaped flowers, 

characteristic of the pea family, are predominantly deep blue with a white or yellow throat, 

although pink and violet variants are also found. Beyond its ornamental value, C. ternatea has 

been recognized for its diverse medicinal properties, including antifungal, antidiabetic, and 

anti-inflammatory activities. 

 

The plant produces flat, linear pods measuring approximately 5–7 cm in length, each containing 

seven to ten smooth seeds that range from yellowish-brown to black in colour. Young pods are 

edible and consumed as vegetables in some regions. Propagation occurs mainly through seeds, 

which germinate within one to two weeks under warm conditions, while flowering generally 

begins about four weeks after germination. Owing to its rapid growth, drought tolerance, and 

ability to thrive in marginal soils, C. ternatea has become an economically important species 

for both sustainable agriculture and environmental conservation (Jeyaraj  et al., 2021). 

Butterfly pea flowers are particularly valued for their intense blue pigmentation, which 

is produced through anthocyanin biosynthesis involving enzymes such as chalcone synthase 

(CHS), chalcone isomerase (CHI), flavanone-3-hydroxylase (F3H), and anthocyanin 

synthase (ANS). Even small quantities of the flowers yield a vibrant natural colour, making 
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them suitable for food applications. Among their most popular uses is the preparation of blue 

tea, which is often blended with spices such as ginger, cardamom, and cinnamon to enhance 

both flavour and health-promoting properties. In traditional Ayurvedic medicine, Aparajita has 

long been regarded as a Medhya Rasayana (brain tonic) and has been used to improve 

memory, relieve stress, treat skin disorders, and manage several chronic ailments. 

Contemporary scientific research has further confirmed its rich phytochemical profile and 

numerous biological activities, including antioxidant, antimicrobial, anti-inflammatory, 

antidiabetic, neuroprotective, and anticancer effects (Tripathi et al., 2022). 

Originally believed to have originated in tropical Asia, C. ternatea is now widely 

distributed across India, Southeast Asia, Australia, Africa, and parts of Central and South 

America. Its adaptability allows it to flourish under diverse environmental conditions, 

particularly in warm, humid climates with fertile, well-drained soils and adequate sunlight. 

Because of its vigorous growth and low maintenance requirements, it is extensively cultivated 

in home gardens, agricultural fields, and landscaped areas (Jeyaraj et al., 2021). 

Apart from its ornamental significance, butterfly pea flowers have gained substantial 

commercial value as natural colourants for beverages, confectionery, bakery products, dairy 

items, desserts, and herbal teas. The anthocyanins present in the petals exhibit pH-dependent 

colour changes, making them suitable for the development of functional foods and intelligent 

food packaging systems. Unlike synthetic food dyes, these pigments are biodegradable, non-

toxic, and possess strong antioxidant properties, thereby meeting the increasing consumer 

demand for safe and natural food ingredients (Jeyaraj et al., 2021). 

Phytochemical investigations have revealed that C. ternatea is rich in tannins, 

flavonoids, glycosides, steroids, triterpenoids, phenolic compounds, and saponins, all of which 

contribute to its diverse pharmacological activities. The extraction efficiency of these bioactive 

compounds is influenced by factors such as solvent type, extraction temperature, pH, and 

extraction technique. Consequently, advanced methods including ultrasound-assisted 

extraction and optimized aqueous ethanol extraction have been developed to improve the 

recovery of anthocyanins and phenolic compounds for applications in the food, nutraceutical, 

and pharmaceutical industries (Tripathi et al., 2022). 

Phytochemical Composition and Therapeutic Significance 

The therapeutic value of Clitoria ternatea is largely associated with its rich and diverse 

phytochemical profile. The plant contains a wide range of biologically active compounds, 

including anthocyanins, flavonoids, flavanol glycosides, phenolic acids, tannins, saponins, 

triterpenoids, steroids, phytosterols, and tocopherols. Among these, the flowers are particularly 
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rich in ternatins, a distinctive group of delphinidin-derived anthocyanins responsible for the 

characteristic deep blue colour of butterfly pea flowers. Besides imparting colour, ternatins 

exhibit excellent pigment stability and potent antioxidant activity. Other important 

phytochemicals, such as kaempferol, quercetin, and myricetin glycosides, along with various 

phenolic compounds, further enhance the medicinal and functional properties of the plant. 

Phytochemical analyses have also confirmed the occurrence of glycosides, tannins, terpenoids, 

and saponins in flower extracts, highlighting C. ternatea as a valuable natural reservoir of 

bioactive secondary metabolites (Tripathi et al., 2022). 

The quantity and quality of these bioactive compounds are greatly influenced by the 

extraction method employed. Conventional techniques, including aqueous extraction, ethanol 

extraction, and maceration, have been extensively used to isolate phytochemicals from 

butterfly pea flowers. However, recent research has demonstrated that advanced extraction 

methods, particularly ultrasound-assisted extraction and optimized aqueous ethanol 

extraction, significantly improve the recovery of anthocyanins, flavonoids, and phenolic 

compounds. Furthermore, maintaining a lower extraction pH and moderate processing 

temperatures enhances anthocyanin stability by preserving the pigments in their flavylium 

cation form, thereby reducing degradation and increasing extraction efficiency. These 

optimized extraction strategies have expanded the utilization of butterfly pea flower extracts in 

the formulation of functional foods, nutraceuticals, and natural health products (Jeyaraj et al., 

2021). 

Health Benefits and Agricultural Importance of Clitoria ternatea 

1. Potent Antioxidant Activity 

One of the most widely investigated biological properties of Clitoria ternatea is its 

strong antioxidant potential. Excessive generation of reactive oxygen species (ROS) leads to 

oxidative stress, which plays a significant role in the onset and progression of chronic diseases 

such as cardiovascular disorders, diabetes, neurodegenerative diseases, and cancer. The flower 

is rich in anthocyanins and phenolic compounds that effectively scavenge free radicals by 

donating electrons or hydrogen atoms, thereby protecting lipids, proteins, and DNA from 

oxidative damage. Experimental studies have demonstrated that butterfly pea flower extracts 

possess excellent free radical scavenging capacity and inhibit lipid peroxidation, making them 

valuable natural antioxidants for use in functional foods, nutraceuticals, and dietary 

supplements (Tripathi et al., 2022). 
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2. Antidiabetic Potential 

Clitoria ternatea has also attracted considerable attention for its antihyperglycaemic 

properties. Diabetes mellitus is characterized by prolonged elevation of blood glucose levels 

resulting from impaired insulin secretion or insulin resistance, often leading to complications 

affecting the cardiovascular, renal, nervous, and visual systems. Research indicates that 

flavonoids and anthocyanins present in butterfly pea flowers inhibit carbohydrate-digesting 

enzymes such as α-amylase and α-glucosidase, thereby slowing glucose absorption and 

reducing postprandial blood sugar levels. Experimental studies using diabetic animal models 

have reported significant reductions in fasting blood glucose, glycated haemoglobin (HbA1c), 

and malondialdehyde (MDA) levels following administration of flower extracts. These 

findings suggest that the plant may help improve glycaemic control while reducing oxidative 

stress and delaying diabetes-related complications through its antioxidant and antiglycation 

activities (Dewi et al., 2023). 

3. Antimicrobial and Anti-inflammatory Properties 

Butterfly pea has demonstrated broad-spectrum antimicrobial activity against several 

pathogenic microorganisms, making it a promising natural alternative to synthetic 

antimicrobial agents. Extracts obtained from different plant parts, including flowers, leaves, 

stems, and roots, have shown inhibitory effects against bacteria such as Staphylococcus aureus, 

Escherichia coli, Bacillus cereus, Pseudomonas aeruginosa, Klebsiella pneumoniae, Proteus 

vulgaris, Salmonella typhi, and Aeromonas hydrophila. This antimicrobial activity is largely 

attributed to the presence of flavonoids, phenolic compounds, alkaloids, terpenoids, and other 

secondary metabolites that disrupt microbial cell membranes and metabolic functions. 

Consequently, C. ternatea has potential applications in both pharmaceutical formulations and 

natural food preservation systems (Jamil et al., 2018). 

In addition to its antimicrobial effects, the plant exhibits significant anti-inflammatory 

activity. Chronic inflammation is associated with numerous disorders, including arthritis, 

cardiovascular diseases, and metabolic syndromes. Bioactive compounds such as flavonoids 

and phenolics help suppress inflammatory mediators, regulate pro-inflammatory signalling 

pathways, and reduce oxidative stress-induced tissue damage. These scientific findings support 

the long-standing Ayurvedic use of Aparajita for managing inflammatory conditions and 

promoting overall health (Jeyaraj et al., 2021). 

4. Emerging Anticancer Potential 

Recent investigations have highlighted the promising anticancer properties of butterfly 

pea flower extracts. Since oxidative stress, persistent inflammation, and uncontrolled cell 
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proliferation contribute to cancer development, the antioxidant-rich phytochemicals present in 

C. ternatea have gained considerable research interest. Anthocyanins, flavonoids, and phenolic 

compounds have demonstrated antiproliferative effects by suppressing tumour cell growth and 

inducing programmed cell death in experimental models. Although current evidence is 

primarily based on laboratory studies, these findings suggest that C. ternatea may serve as a 

valuable source of bioactive compounds for future anticancer drug development. Nevertheless, 

further preclinical and clinical investigations are required before its therapeutic applications 

can be fully established (Jeyaraj et al., 2021). 

5. Role in Sustainable Agriculture 

Apart from its medicinal significance, Clitoria ternatea also contributes substantially 

to sustainable agricultural systems. As a leguminous species, it develops a deep taproot system 

with numerous lateral roots that establish symbiotic associations with Rhizobium bacteria. 

These microorganisms fix atmospheric nitrogen into plant-available forms, thereby enhancing 

soil fertility and reducing the need for synthetic nitrogen fertilizers. Owing to this 

characteristic, butterfly pea is widely utilized as a cover crop, green manure, and forage 

crop, where it improves soil health, suppresses weed growth, and supports environmentally 

sustainable farming practices (Jeyaraj et al., 2021). 

Clitoria ternatea L. (Aparajita) has emerged as a highly valuable medicinal and 

functional plant owing to its rich phytochemical composition, diverse therapeutic properties, 

and extensive applications across the food, pharmaceutical, and agricultural sectors. Revered 

in traditional Ayurvedic medicine as a Medhya Rasayana, it has been used for centuries to 

enhance cognitive function, alleviate inflammatory conditions, promote skin health, and 

support the management of various chronic ailments. Modern scientific investigations have 

provided substantial evidence supporting these traditional uses by demonstrating the plant's 

potent antioxidant, antidiabetic, antimicrobial, anti-inflammatory, neuroprotective, and 

anticancer activities, which are largely attributed to its abundance of anthocyanins, flavonoids, 

and phenolic compounds (Jeyaraj et al., 2021). 

The flowers of C. ternatea are among the richest natural sources of ternatins, 

distinctive blue anthocyanin pigments that not only impart an attractive natural colour but also 

possess remarkable antioxidant properties. Their excellent colour stability and pH-sensitive 

characteristics have led to their increasing use as natural food colourants, functional food 

ingredients, and intelligent packaging indicators, thereby expanding their commercial 

significance in the food, nutraceutical, and pharmaceutical industries. In addition to its 

medicinal value, the plant contributes to sustainable agriculture through biological nitrogen 
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fixation, improving soil fertility and serving effectively as a forage crop, green manure, and 

soil conditioner (Tripathi et al., 2022). 

Despite the considerable progress achieved in understanding the biological and 

pharmacological potential of Clitoria ternatea, further clinical research is required to establish 

standardized dosages, confirm long-term safety, and validate its therapeutic efficacy in 

humans. Future studies should also focus on developing more efficient extraction techniques, 

enhancing anthocyanin stability, and exploring innovative applications in functional foods, 

pharmaceutical formulations, and intelligent food packaging systems. Overall, Aparajita 

represents a promising natural resource whose traditional medicinal value, supported by 

contemporary scientific evidence, underscores its significant potential to promote human 

health, drive innovation in natural product development, and contribute to sustainable 

agricultural practices. 
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