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Abstract: Clitoria ternatea is rich in a wide range of phytochemicals that 

contribute to its medicinal properties. These compounds play a key role in the 

plant’s biological activities, it is contained tannins, phlobatannin, carbohydrates, 

saponins, triterpenoids, phenols, flavanoids, flavonol glycosides, proteins, 

alkaloids, antharaquinone, anthocyanins, cardiac glycosides, Stigmast-4-ene-3,6-

dione, volatile oils and steroids. Traditional medicine systems have used this plant 

to treat a variety of ailments such as indigestion, constipation, arthritis, skin 

diseases, liver and intestinal problems. The flowers of C. ternatea are used 

worldwide as ornamental flowers and traditionally used as a food colorant. C. 

ternatea flower extracts were found to possess antimicrobial, antioxidant, anti-

inflammatory, cytotoxic and antidiabetic activities which are beneficial to human 

health. This review will highlight the environmental, chemical constituents and 

pharmacological effects of Clitoria ternatea. 

Key words: Butterfly Pea, blue tea, Clitoria ternatea, flavonoids, anthocyanins, 
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1. Introduction 

Clitoria ternatea, commonly known as butterfly pea; blue tea or 

blue pea, is a flowering plant celebrated for its vibrant blue flowers and 

various medicinal uses. This perennial herb belongs to the Fabaceae family 

and is native to tropical regions. Clitoria ternatea L., is classified 

according to Kartesz (1994) as follows in Table (1): 

 

Kingdom: Plantae  Subclass: Rosidae 

Subkingdom: Tracheobionta  Order: Fabales 

Superdivision: Spermatophyta  Family: Fabaceae Lindl.  

Division: Magnoliophyta  Genus: Clitoria L 

Class: Magnoliopsida  Species: Clitoria ternatea L. 

 

Future Science Association 
 

Available online free at 
www.futurejournals.org 

 

Print ISSN: 2572-3006  

Online ISSN: 2572-3111 
 
 

DOI: 
10.37229/fsa.fjb.2024.09.21   
  

Received:  5 August 2024 

Accepted:  10 September 2024 

Published:  21 September 2024 

Publisher’s Note: FA stays neutral 

with regard to jurisdictional claims in 

published maps and institutional 

affiliations. 

 

 

Copyright: © 2022 by the authors. 

Submitted for possible open access 

publication under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license 

(https://creativecommons.org/licenses

/by/4.0/). 

The Future of Biology 

mailto:meldesoky82@yahoo.com
http://www.futurejournals.org/


Abd El-Halim et al., 2024 

 

   Future of Biol., 3 (2024) 22-38                                                      23 of 38 
 

Native Habitat 

Clitoria ternatea L. is believed to be native to the Indonesian island of Ternate, where it was first 

documented by botanist Carl Linnaeus. However, its exact origin is somewhat ambiguous, as it has been 

widely cultivated and naturalized across tropical and subtropical regions globally, including parts of Africa, 

Southeast Asia, and the Indian subcontinent (Oguis et al., 2019). 

The plant thrives in a variety of environments, particularly in disturbed areas and human-altered 

landscapes. It is often found in sandy soils and savannas, demonstrating resilience to drought conditions. Its 

ability to self-pollinate and fix nitrogen makes it adaptable to various ecological settings, contributing to its 

widespread distribution (Fantz, 1981; Govaerts, 1999 and Oguis et al., 2019). Clitoria ternatea thrives in 

a range of environments, particularly in tropical and subtropical regions. It is often found in disturbed areas 

and is known for its adaptability to various soil types (Pengelly and Conway, 2000). 

Morphological description of Clitoria ternatea 

Clitoria ternatea features pinnately compound leaves that are arranged alternately along the stem. 

Each leaf typically consists of 5 to 7 leaflets, which can reach lengths of up to 5 cm. The leaflets are generally 

ovate to elliptic in shape, with a rounded apex and base. They exhibit a smooth texture and are glabrous 

(hairless) on both surfaces. The leaves display reticulate venation, which means that the veins form a 

network pattern. The upper epidermis is covered by a thick cuticle, providing protection, while the lower 

epidermis contains paracytic stomata, allowing for gas exchange. Beneath the upper epidermis, there is a 

layer of palisade cells and lignified xylem, contributing to the leaf's structural integrity and function in 

photosynthesis. Clitoria ternatea possesses a branched taproot system that allows it to access water and 

nutrients from deeper soil layers. This extensive root system is crucial for the plant's survival, especially 

during periods of drought, as it can endure dry conditions for 7 to 8 months. It has a taproot system with 

many slender lateral roots. Additionally, the roots are known to form nodules, which are essential for 

nitrogen fixation. These nodules host symbiotic bacteria that convert atmospheric nitrogen into a form that 

the plant can utilize, enhancing soil fertility and supporting the plant's growth in nutrient-poor conditions 

(Tjitrosoepomo, 1985; Rugayah et al., 2004; Morris, 2009; Gupta, et al., 2010; Bishoyi and Geetha, 

2013; Suarna and Wijaya 2021; Surya, et al., 2022 and Hasanah et al., 2023) 

The flowers of Clitoria ternatea are zygomorphic (bilaterally symmetrical) and consist of five petals 

arranged in a distinctive pattern Fig (1) The calyx is composed of five sepals that are fused at the base, 

forming a tubular structure that supports the flower. The corolla features five petals, the largest petal, often 

dark blue, serving as the banner. Two smaller petals that resemble wings, typically less than half the size of 

the banner petal. Two petals that are fused together, forming a protective structure for the reproductive 

organs. While the predominant color is a striking blue, flowers can also be found in shades of white, purple, 

and pink, often with a gradient effect. The flower contains ten stamens, nine of which are fused (forming a 

tube) and one that is free. Each stamen has a pollen-bearing anther, typically white and consisting of four 

lobes. The ovary is monocarpellary, containing several ovules, and is topped by a long style with a bent tip. 

The fruit is a narrow, flattened legume that typically measures 40–130 mm in length and contains 6-10 

seeds. The seeds are oblong and flattened, varying in color from olive brown to nearly black, and are shiny 

The seed is oval in shape and has a blackish or yellowish brown colour with a length range of 4.5-7.0 mm 

and 3-4 mm wide (Mukherjee et al., 2008; Kosai et al., 2015; Jeyaraj et al., 2021 and Sarma et al., 

2023). 

 

 

 

              Fig. (1). Clitoria ternatea flower 
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Ornamental importance of Clitoria ternatea 

Clitoria ternatea L. is increasingly recognized for its ornamental value in gardens and landscapes 

(Jeyaraj, et al., 2021 and Islam et al., 2023). Here’s an overview of its importance as an ornamental plant, 

supported by the references as follows: 

1- Aesthetic appeal 

Clitoria ternatea is particularly valued for its striking flowers, which can be deep blue, white, or even 

pink. The vivid colors and unique shape of the flowers make it a popular choice for decorative gardens and 

landscaping. The plant's ability to bloom throughout the year adds to its appeal, providing continuous color 

and interest in garden settings (Staples, 1992). 

2- Versatile growth habit 

This plant is a perennial climber that can grow up to 10 meters in length, making it suitable for various 

vertical gardening applications. Its climbing nature allows it to be used on trellises, fences, and arbors, 

enhancing the vertical space in gardens. Additionally, it can serve as ground cover, helping to suppress 

weeds and improve soil quality through its nitrogen-fixing properties (Reid and Sinclair, 1980 and 

Staples, 1992). 

3- Low maintenance 

Clitoria ternatea is known for its resilience and low maintenance requirements. It thrives in a variety 

of soil types and conditions, requiring minimal care once established. This makes it an ideal choice for 

gardeners looking for attractive yet easy-to-care-for plants (Staples, 1992). 

Environmental Importance of Clitoria ternatea 

As a leguminous plant, Clitoria ternatea contributes to:  

1. Nitrogen fixation 

As a member of the legume family (Fabaceae), Clitoria ternatea has the unique ability to fix 

atmospheric nitrogen into a form that plants can use, thanks to its symbiotic relationship with nitrogen-

fixing bacteria (Rhizobia) in its root nodules. This process enhances soil fertility, making it beneficial for 

agricultural practices. By enriching the soil, it helps improve the growth of subsequent crops and reduces 

the need for synthetic fertilizers, which can have detrimental effects on the environment (Oblisami, 1974; 

De Souza et al., 1996; Alderete-Chávez, et al., 2011 and Oguis et al., 2019). 

2. Soil erosion control 

Clitoria ternatea is often used as a cover crop due to its vigorous growth and ability to form a dense 

mat. This characteristic helps prevent soil erosion, particularly in areas susceptible to runoff and 

degradation. By stabilizing the soil, it protects against the loss of topsoil, which is crucial for maintaining 

soil health and agricultural productivity (Dayal et al., 2015). 

3. Biodiversity support 

The plant provides habitat and food for various pollinators, including bees and butterflies, 

contributing to local biodiversity. Its flowers attract these beneficial insects, which play a crucial role in 

pollination, thereby supporting the ecosystem's balance. The presence of diverse plant species, including 

Clitoria ternatea, can enhance ecosystem resilience against pests and diseases (Raju and Ramana, 2021). 

4. Revegetation and restoration 

Clitoria ternatea is utilized in ecological restoration projects, particularly in disturbed areas such as 

coal mines and degraded lands. Its ability to thrive in poor soil conditions and its nitrogen-fixing properties 

make it an ideal candidate for revegetation efforts. By improving soil quality and providing ground cover, 
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it aids in the recovery of ecosystems that have been damaged by human activities (Gamage et al., 2021). 

5. Pest management 

The plant has been noted for its potential as a natural insecticide. Extracts from Clitoria ternatea have 

shown antimicrobial and insecticidal properties, which can help manage pest populations without the 

adverse effects associated with chemical pesticides. This aspect is particularly important in sustainable 

agriculture, where reducing chemical inputs is a priority, cyclotide was an example of a protein-derived 

bioactive compound that was found almost in every part of butterfly pea and used as a natural pesticide 

(Nguyen et al., 2011 and Oguis et al., 2019). 

6. Carbon sequestration 

By promoting healthy soil and vegetation, Clitoria ternatea contributes to carbon sequestration. 

Healthy plants absorb carbon dioxide from the atmosphere, helping mitigate climate change. The plant's 

robust growth and ability to cover large areas enhance its capacity to sequester carbon effectively (Gew et 

al., 2024). 

Phytochemical constituents 

Nutritional analysis of C. ternatea flowers identified the percentage of protein, fibre, carbohydrate 

and fat to be 0.32, 2.1, 2.2 and 2.5% respectively while the moisture content was found to be 92.4%. The 

flower was also found to have high content of calcium (3.09 mg/g), magnesium (2.23 mg/g), potassium 

(1.25 mg/g), zinc (0.59 mg/g), sodium (0.14 mg/g) and iron (0.14 mg/g) (Neda et al., 2013). The 

preliminary phytochemical screening showed that the plant contained tannins, phlobatannin, carbohydrates, 

saponins, triterpenoids, phenols, flavanoids, flavonol glycosides, proteins, alkaloids, antharaquinone, 

anthocyanins, cardiac glycosides, Stigmast-4-ene-3,6-dione, volatile oils and steroids (Kamilla et al., 2009, 

Rai et al., 2015 and Mukherjee et al., 2008). The fatty acid content of Clitoria ternatea seeds includes 

palmitic, stearic, oleic, linoleic, and linolenic acids. Seeds also contained cinnamic acid, anthoxanthin 

glucoside, a highly basic small protein named finotin, water-soluble mucilage, delphinidin 3, 3’, 5’-

triglucoside and beta-sitosterol (Kelemu et al., 2004, Husain et al., 1998, Macedo et al., 1992, Sinha, 

1960 and Ripperger, 1978). 

 

Fig. (2). Delphinidin 3-malonyl glucoside 

Several studies investigated, identified and isolated the bioactive compounds from C. ternatea 

flower. The anthocyanin known as ternatins are blue in colour and are acylated based on delphinidin (Fig. 

2). Their structures were characterised as malonylated delphinidin 3,3′,5′-triglucosides having 3′,5′-side 

chains with alternative D-glucose and p-coumaric acid units at R and R1 with a total of 15 (poly) acylated 

delphinidin glucosides identified in all the blue petal lines namely ternatins A1-A3, B1-B4, C1- C4 and D1-

D3 while some studies have identified several other delphinidin derivatives (Zakaria et al., 2018; Shen et 

al., 2016 and Nair et al., 2015). Ternatins A1, A2, B1, B2, D1 and D2 are the six major anthocyanins 

present in the flowers (Mukherjee et al., 2008 and Terahara et al., 1998).  
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Fig. (3). Flavonol glycosides 

The flavonols (Fig. 3) identified in the petals are fourteen kaempferol, quercetin and myricetin 

glycosides which consist of H or OH at R1 and R2 and with H, rhamnosyl or malonyl at R3 and R4 

(Mukherjee et al., 2008 and Kazuma et al., 2003). Shen et al., (2016) identified various lipophilic 

compounds from C. ternatea being fatty acids (palmitic acid, stearic acids, petroselinic acids, linoleic acid, 

arachidic acid, behenic acid and phytanic acid), phytosterols (campesterol, stigmasterol, β-sitosterol and 

sitostanol) and tocols (α-tocopherol and -tocopherol). Several other components such as mome inositol, 

pentanal, cyclohexen, 1-methyl-4-(1-methylethylideme) and hirsutene were identified by Neda et al. 

(2013). In addition to the identification of various anthocyanins and flavonol glycosides, other components 

such as 6″-malonylastragalin, phenylalanine, coumaroyl sucrose, tryptophan and coumaroyl glucose were 

determined (Zakaria et al., 2018).  

Pharmacological effects 

Clitoria ternatea flower contains a significant amount of phytochemicals which exhibits great 

antioxidant, antimicrobial, antidiabetic, anti-inflammatory and antiproliferative/anticancer properties 

(Lo´pez Prado et al., 2019; Mahmad et al., 2018; Nair et al., 2015; Rajamanickam et al., 2015 and 

Neda et al., 2013). Acute toxicity study using albino Wistar rats treated orally with aqueous ethanol extract 

(2000 mg/kg bodyweight) of the flower showed no signs of mortality or abnormality and there was no 

significant difference in the haematological values. The extract did not display acute toxicity effects and are 

safe for consumption (Srichaikul, 2018). Clitoria ternatea flowers can potentially be utilised as a functional 

food incorporated into various food products or even as a pharmaceutical supplement/drug combined with 

commercial drugs to improve treatment efficacy of patients. 

Antioxidant activity 

Oxidative stress plays a part in the development of chronic and degenerative illness such as cancer, 

autoimmune disorders, cardiovascular and neurodegenerative diseases. The discovery of antioxidants from 

natural sources is beneficial to human health (Admassu et al., 2018 and Pham-Huy et al., 2008). Various 

studies investigated the antioxidant activity of C. ternatea flowers using antioxidant assays such as 2,2- 

diphenyl-1-picrylhydrazyl radical (DPPH) radical scavenging, ferric reducing antioxidant power (FRAP), 

hydroxyl radical scavenging activity (HRSA), hydrogen peroxide scavenging, oxygen radical absorbance 

capacity (ORAC), superoxide radical scavenging activity (SRSA), ferrous ion chelating power, 2,2′-azino-

bis(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) radical scavenging and Cu2+ reducing power assays. 

Clitoria ternatea flower has been shown to have potent antioxidant activity (Table 2). 

In the DPPH assay, 100% methanol extract of C. ternatea flower extract was found to be more potent 

than vitamin E (Nithianantham et al., 2013), whereas the water extract was found to be lower than ascorbic 

acid (vitamin C) (Chayaratanasin et al., 2015; Phrueksanan et al., 2014 and Iamsaard et al., 2014) 

Some studies investigated and compared the antioxidant activity (DPPH assay) of the extracts using 

different solvents in which the water extract was found to be more potent than 100% ethanol extract at 15 

min extraction time (Kamkaen and Wilkinson, 2009). However, in another study the best extraction time 

was determined (6 h) for the water extract, 100% and 50% methanol extract in which the water extract and 
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50% methanol were found to be equally potent and had a higher activity than 100% methanol extract 

(Lo´pez Prado et al., 2019). The optimum condition was investigated using water extract in another study 

with and without ultrasound at a fixed temperature and liquid-solvent ratio in which the extraction with 

ultrasound was found to have higher antioxidant activity (Mehmood et al., 2019). The in vitro chemical 

assays to measure antioxidant activity (Table 2) need to be carefully interpreted as they bear no similarity 

to biological systems including the absorption of antioxidants by the human body (Gengatharan et al., 

2015). In a cell based study, the water extract was found to potently inhibit 2,2′-azobis-2-methyl-

propanimidamide dihydrochloride (AAPH)-induced hemolysis and oxidative damage of canine 

erythrocytes (Phrueksanan et al., 2014). In another study, the pre-treatment of human HaCaT 

keratinocytes with the water extract reduced UV-induced mitochondrial DNA damage (Zakaria et al., 

2018). In a randomized crossover study, acute ingestion of C. ternatea flower extract/beverage was found 

to have increased plasma antioxidant capacity and the effect was further enhanced when consumed together 

with sucrose in healthy men (Chusak et al., 2018). These studies attribute the flavonols and anthocyanins 

for the antioxidant activity. 

 

Table (2).  The antioxidant activity of C. ternatea flowers from various research studies 

Extract Antioxidant assay Results References 

Water extract and 100% 

ethanol extract 
DPPH radical scavenging 

Water extract IC50=1 mg/mL 

Ethanol extract IC50=4               

mg/mL  

Water extract in gel 

formulation for inhibition of 

DPPH reduction=28% at 0.5 

mg/mL 

Kamkaen and 

Wilkinson 

(2009) 

100% Methanol extract DPPH radical scavenging IC50=327 µg/mL 
Nithianantham 

et al. (2013) 

Citrate buffer extract 

DPPH radical scavenging 

and 

FRAP 

 

  EC50=0.49 mg/mL 

13.3 mM/g based on trolox 

equivalent 

antioxidant capacity (TEAC) 

Siti Azima et al. 

(2014) 

Water extract 
DPPH radical scavenging 

FRAP 

IC50=84.15 µg/mL 

0.33 mmol/mg ascorbic 

equivalent 

Iamsaard et al. 

(2014) 

Water extract 

DPPH radical scavenging 

Oxygen radical absorbance 

capacity (ORAC) 

Reduction of free 

radicalinduced erythrocyte 

hemolysis (4 h) 

Inhibition of lipid 

peroxidation (4 h) 

IC50=470 µg/mL 

17.54 g trolox 

equivalents/mg extract 

96.3% at 400 µg/mL 

72.7% at 400 µg/mL 

Phrueksanan 

et al. (2014) 

Water extract 

DPPH radical scavenging 

Trolox equivalent 

antioxidant 

capacity (TEAC) 

Ferric reducing antioxidant 

power (FRAP) 

HRSA 
SRSA 

Ferrous ion chelating power 

 

IC50=0.47 mg/mL 

0.17 mg trolox/mg dried 

extract 

 

0.38 mmol FeSO4/mg dried 

extrac 

IC50=19.2 mg/mL 
IC50=26.3 mg/mL[ 

>103 mg EDTA/mg dried 

extract 

Chayaratanasin 

et al. (2015) 
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Cont. Table (2).  

Extract Antioxidant assay Results References 

Methanol/acetone/water 

(5:4:1) extract 

ORAC 

 

490.7 mol trolox 

equivalent/g extract 

Nair et al. 

(2015) 

95% methanol extract 

 

DPPH radical scavenging 

 

IC50=95.3 µg/mL Rajamanickam 

et al. (2015) 

Water extract 

 

ABTS radical scavenging 

DPPH radical scavenging 

ORAC extract 

4.2 µM trolox equivalent/g 

extract 

EC50=0.76 mg/mL 

15.8 µmol trolox 

equivalent/g 

Azima et al. 

(2017) 

Water extract 

 

ABTS radical scavenging 

DPPH radical scavenging 

     IC50=42.9 µg/mL 

IC50=195.5 µg/mL 

Zakaria et al. 

(2018) 

Water extract with 

ultrasound assistance 

(US) 

and water extract with 

heat assistance at 50 °C 

(AGE) 

DPPH radical scavenging 

 

ABTS radical scavenging 

 

FRAP 

 

 

Reducing power 

 

Cu2+ reducing power 

 

 

Xanthine oxidase inhibition 

 

US=931.5 µg trolox 

equivalent/g extract 

AGE=764.3 µg trolox 

equivalent/g Extract 

 

US=13,488 µg trolox 

equivalent/g extract 

AGE=11,720.3 µg trolox 

equivalent/g 

Extract 

US=5834.6 µg trolox 

equivalent/g extract 

AGE=4195.3 µg trolox 

equivalent/g extract 

 

US=4539.0 µg trolox 

equivalent/g extract 

AGE=6154.1 µg trolox 

equivalent/g 

Extract 

`US=12,696 µg trolox 

equivalent/g extract 

AGE=9549 µg trolox 

equivalent/g extract 

 

US=1.01 mg/mL (IC50) 

AGE=1.22 mg/mL (IC50) 

Mehmood et al. 

(2019) 

Water extract, 100% and 

50% methanol extract 

at 6 h (best condition) 

 

 

DPPH radical scavenging 

 

 

 

Inhibition of cholesterol 

oxidation 

 

Water extract=11.7 mM 

trolox equivalent/g extract 

100% methanol extract 

=6.99 mM trolox 

equivalent/g extract 

50% methanol extract =12.2 

mM trolox 

equivalent/g extract 

Water extract=79.8% 

100% methanol 

extract=49.7% 

50% methanol 

extract=89.8% 

Lo´pez Prado et al. 

(2019) 

Water extract 
 

DPPH radical scavenging 
 

EC50 of 12.47 ± 2.96 mg/mL Goh, et al. (2022) 
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Antibacterial activity 

Different extracts of Clitoria ternatea showed inhibitory effects against Pseudomonas eruginosa, 

Escherichia coli, Klebsiella pneumonia, Bacillus subtilis, Aeromonas formicans, Aeromonas hydrophila 

and Streptococcus agalactiae. Several studies investigated on the antibacterial potential of C. ternatea 

flowers. The methanol extract of C. ternatea flower was tested against 12 bacterial species (Bacillus cereus, 

Bacillus subtilis, Bacillus thuringiensis, Staphylococcus aureus, Streptococcus faecalis, Escherichia coli, 

Klebsiella pneumoniae, Pseudomonas aeruginosa, Salmonella typhi, Enterobacter aerogens, Proteus 

mirabilis and Herbaspirillum spp.) and was found to have the most potent activity against Bacillus 

thuringiensis with a minimum inhibitory concentration (MIC) of 12.5 mg/mL and minimum bactericidal 

concentration (MBC) of 25 mg/mL with an inhibition zone of 15.7 mm using agar disc diffusion technique 

(Kamilla et al., 2009). In another study, the water, methanol, petroleum ether, hexane and chloroform 

extract of C. ternatea flower (4 mg) were tested against E. coli, K. pneumoniae, S. enteritidis, S. 

typhimurium and P. aeruginosa to determine its antibacterial activity. The methanol extract was found to 

have the highest activity when tested using agar disc diffusion technique with an inhibition zone range of 

16–26 mm in E. coli, K. pneumonia and P. aeruginosa but had no activity against S. typhi and S. enteritidis. 

The highest zone of inhibition 26 mm was observed against K. pneumonia and P. aeruginosa (Uma et al., 

2009). Leong et al. (2017) determined the antibacterial activity of anthocyanins of C. ternatea flower 

ethanol extract paste against B. cereus, B. subtilis, S. aureus, B. subtilis subsp. spizizenii, Proteus mirabilis, 

K. pneumoniae, Yersinia enterocolitica and E. coli. The extract was found to have good antibacterial activity 

against B. cereus, B. subtilis, S. aureus, P. mirabilis and K. pneumonia with the most potent activity against 

K. pneumonia with a MIC of 1.6 mg/mL and minimum lethal concentration (MLC) of 25 mg/mL while in 

another study, the anthocyanin fraction obtained from the ethanol extract of C. ternatea flower had the best 

effect against B. subtilis with a disc diffusion inhibition zone of 10 mm (Mahmad et al., 2018). The findings 

from these studies suggest the potential of the anthocyanins for its antibacterial activity. 

Antifungal activity 

A rise in resistance towards most antifungal agents in diverse pathogens which calls for the need to 

identify new therapeutic agents (Perfect, 2016). The methanol extract of C. ternatea flower (100 mg/mL) 

tested against Candida albicans, Rhizopus and Penicillium spp. had the highest activity against Candida 

albicans with an inhibition zone of 19 mm in agar disc diffusion. However, in broth dilution method, it only 

had activity against Penicillium spp. and Rhizopus with similar MIC value of 0.8 mg/mL and MFC value 

of 1.6 mg/ml (Kamilla et al., 2009). The anthocyanin fraction obtained from the ethanol extract of C. 

ternatea flower tested against Fusarium sp., A. niger and Trichoderma sp. had the highest activity against 

Fusarium sp. with an inhibition zone of 10 mm in agar disc diffusion technique (Mahmad et al., 2018). 

The anthocyanins of C. ternatea flower ethanol extract paste (50 mg/mL) tested against A. niger, P. 

expansum and R. stolonifera only exhibited activity against P. expansum with an inhibition zone of 15.5 

mm in agar disc diffusion while it had an MIC value of 12.5 mg/mL and MLC value of 25 mg/mL. The 

mode of action for the antifungal activity against P. expansum was investigated and found to be mediated 

by the alteration of morphology of P. expansum fungal hyphae which had flattened empty hyphae resulting 

from cell wall disruption and damage of conidiophore. The germination of P. expansum conidia was 

completely inhibited with suppressed conidial development (Leong et al., 2017). 

Anti-inflammatory activity 

The current available non-steroidal anti-inflammatory drugs (NSAIDs), including acetaminophen 

and aspirin are associated with side effects, particularly gastrointestinal and cardiovascular effects as they 

are known to affect both COX-1 and COX-2. The discovery of new or alternate strategies is needed to 

reduce the risks associated with NSAIDs while achieving sufficient pain relief (Brune and Patrignani, 

2015). The petroleum ether extract of C. ternatea flowers was evaluated for anti-inflammatory activity using 

carrageenan paw edema method with healthy albino rats of either sex. The extract (200 and 400 mg/kg) 

significantly inhibited paw edema compared to control untreated group while in Eddy’s hot plate method, 

the treatment group (400 mg/kg) had significant increased reaction time (time recorded when animals licked 

their fore or hind paws or jump response, whichever appear first) compared to control untreated group. The 
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study suggests the possibility of the extracts to have a protective effect against the release of prostaglandins, 

kinnins and other substances in carrageenan induced edema (Shyamkumar and Ishwar, 2012). In another 

study, the anthocyanin and flavonol fraction obtained from C. ternatea flower extract (extracted in a mixture 

of MeOH/acetone/H2O at ratio of 5:4:1) were investigated for its anti-inflammatory potential. In the 

lipopolysaccharides (LPS)-induced inflammation in RAW-264.7 macrophage cells, the flavonols had mild 

suppression of ROS while the anthocyanins had no effect on ROS production. The anthocyanins were also 

found to have higher inhibition of nitric oxide production compared to the flavonols. In western blot studies, 

only the anthocyanins inhibited nuclear factor-B translocation and iNOS protein expression whereas the 

flavonols significantly inhibited COX-2 expression but not the anthocyanins (Nair et al., 2015). 

Anticancer activities 

Chemotherapy, radiation therapy and targeted therapy are among the approaches used for the 

treatment and management of cancer but they are not able to provide a permanent cure and have been 

associated with various side effects and toxicities (Curigliano et al., 2012). Thus, new agents that are safe, 

available and effective are urgently needed. Several studies investigated the anticancer potential of C. 

ternatea flower extracted using different solvents. The 100% petroleum ether extract (IC50=36 µg/mL) was 

found to be more potent than the 100% ethanol extract (IC50 value of 57 µg/mL) in the in vitro cytotoxic 

assay against Dalton’s lymphoma ascites (DLA) cells at 3 h which could be due to different phytochemical 

composition in both extracts. The petroleum ether extract was found to have presence of saponins, tannins, 

steroids and triterpernoids while the ethanol extract had flavonols only (Kumar and Bhat, 2011). In another 

study, the water extract was more potent than the methanol extract having much lower IC50 values with 

activity against hormone dependent breast cancer cell line (MCF-7), non-hormone-dependent breast cancer 

cell line (MDA-MB-231), human ovary cancer cell line (Caov-3), and human liver cancer cell line (HepG2) 

at 72 h. However, the methanol extract had activity against MCF-7 and MDA-MB-231 cells only with 

higher IC50 values. The extracts were not toxic against the normal cell line (Hs27). The study suggests the 

aqueous extract to have more significant anti-proliferative activity than the methanol extract as it may have 

more active compounds (flavonoids) present (Neda et al., 2013). Shen et al. (2016) found the anticancer 

effect of the hydrophilic (100% methanol) extract to be more potent than the lipophilic (hexane:ethyl 

acetate, 1:1) extract on human epithelial laryngeal carcinoma (Hep-2) cell line. The potent active 

compounds identified in the hydrophilic extract were mainly ternatins, kaempferol and quercetin 

responsible for the antiproliferative effect as opposed to the lipophilic extract which constitutes of fatty 

acids, phytosterols and tocopherols. 

Antidiabetic activity 

Herbal based medications are worth exploring for potential use in the management of diabetes as 

they are considered to be safer and may have reduced side effects (Borikar et al., 2018). Several studies 

investigated the in vitro and in vivo potential of C. ternatea flower extract for antidiabetic activity. The 

water extractreduced the formation of fluorescent advanced glycation end products having the highest 

activity at day 28 (49.4% at 1 mg/mL) as well as significant reduction in fructose amine level (14.47–

36.66%) in glycated bovine serumalbumin. The study suggests the potential of the extract in the prevention 

of the formation of advanced glycation end products to be mediated through its free radical scavenging 

ability mainly attributed to the active compounds present being the ternatin anthocyanins, delphinidin 

derivatives and kaempferol (Chayaratanasin et al., 2015). In vivo studyfor antidiabetic activity in alloxan-

induced diabetic rats (wistar albino) by Rajamanickam et al. (2015) utilizing 95% methanol, ethyl acetate 

and chloroform extract were found to have significantly reduced blood glucose level, increased serum 

protein levels and restored serum albumin to normal levels. The extracts also significantly decreased serum 

urea, creatinine, cholesterol and triglyceride levels compared to control untreated diabetic rats. A similar 

trend was also observed in the in vivo studies by Borikar et al. (2018) utilising 100% methanol extract and 

water extract in the study by Daisy and Rajathi (2009). In a randomized crossover study, acute ingestion 

of C. ternatea flower extract/beverage was found to have suppressed postprandial plasma glucose and 

insulin levels when consumed with sucrose in healthy men (Chusak et al., 2018). Overall, these studies 

suggested the hypoglycemic activity may be exerted by the flavonoid principles (flavonol glycosides and 



Abd El-Halim et al., 2024 

 

   Future of Biol., 3 (2024) 22-38                                                      31 of 38 
 

anthocyanins) and alkaloids present in the extract which may involve the potentiation of insulin secretion 

from the β-cell or by enhancement of the transport of blood glucose from plasma to peripheral tissues. 

Antiparasitic and insecticidal effects 

The ethanolic extract of Clitoria ternatea (100mg/ml) bring paralysis within 15-20 min and bring 

death within 28-30 min to the Indian earthworm Pheritima posthuman Shekhawat and Vijayvergia (2011). 

However, the anthelmintic activity of ethanolic extracts of flowers, leaves, stems and roots of Clitoria 

ternatea were also evaluated on adult Indian earthworms Pheretima posthuma. Results showed that roots 

of the Clitoria ternatea took less time to paralyze and death of the earthworms. Roots were further extracted 

successively with petroleum ether, chloroform, ethyl acetate and methanol and these extracts were screened 

for anthelmintic activity. Results showed that methanol extract of Clitoria ternatea root is the more potent 

(Nirmal et al., 2008) The in vitro comparative study of anthelmintic activity of aqueous and ethanolic 

extracts of leaves of Clitoria ternatea was carried out against Eisenia foetida at three different 

concentrations (100, 50, 25 mg/ml). The study involved the determination of time of paralysis and time of 

death of the worms. At the concentration of 100 mg/ml both the ethanolic and the aqueous extracts showed 

very significant anthelmintic activities as compared to the standard drug, levamisole (0.55 mg/ml). In case 

of aqueous extract, the time of paralysis and death time was observed as 18 ± 1.57 min and 53.33 ± 0.33 

min, and in case of ethanolic extracts 12.33 ± 0.80 min and 32.33 ± 0.71min respectively (Salhan et al., 

2008) The mosquito larvicidal activity of Clitoria ternatea was investigated against three major mosquito 

vectors Aedes aegypti, Culex quinquefasciatus, and Anopheles stephensi. Among the methanol extracts of 

Clitoria ternatea leaves, roots, flowers, and seeds, the seed extract was effective against the larvae of all the 

three species with LC50 values 65.2, 154.5, and 54.4 ppm, for A. stephensi, A. aegypti, and C. 

quinquefasciatus, respectively. Among three tested plant species, Clitoria ternatea was showing the most 

promising mosquito larvicidal activity (Mathew et al., 2009). 

Other biological activities of phytochemicals studied in C. ternatea flowers 

Clitoria ternatea flower has shown to have potential antioxidant, antimicrobial, anticancer and 

antidiabetic activity. However, there are also various studies which have looked into its potential for other 

beneficial activities. Adhikary et al. (2018) found the 100% methanol extract of C. ternatea flower and its 

purified compound quercetin-3β-D-glucoside for its anti-arthritic potential in a mice model. Quercetin-3β-

D-glucoside was found to be more potent than the extract to significantly reduce myeloperoxidase activity, 

decrease in release of pro-inflammatory cytokines, chemokines, reactive oxygen species (ROS)/reactive 

nitrogen species production. It also significantly reduced tumor necrosis factor α-receptor 1, toll-like 

receptor 2, inducible isoform of nitric oxide synthase, COX-2 and matrix metalloproteinase-2 expression. 
The anti-allergy effects of C. ternatea flower extract was also found in a study by Singh et al. (2018). The 

98% ethanol extract was able to attenuate histamine-induced contraction in both goat tracheal chain and 

isolated guinea pig ileum preparations. The extract was also found to attenuate histamine-induced dyspnoea 

and ovalbumin-induced changes of various inflammatory cytokines in animal models. The extract also 

displayed antitussive activity in sulfur dioxide- and citric acid-induced cough in experimental animals and 

attenuated inflammation in carrageenan and acetic acid challenged rodents. Clitoria ternatea flower extract 

was also found to have other beneficial effects in various other studies such as anti-aging (Zakaria et al., 

2018), hepatoprotective (Nithianantham et al., 2013), testicular damage protection (Iamsaard et al., 

2014), antiadipogenesis (Chayaratanasin et al., 2019) and starch digestion activity (Chusak et al., 2019). 

Side effects and toxicity 

LD50 of ethanol extract of Clitoria ternatea root was more than 1,300 mg/kg in mice (Kelemu et al., 

2004). Acute oral toxicity study showed that there was no mortality up to 3000mg/kg in mice (Deka and 

Chandra, 2011). After single dose 1000 mg/kg in rats, no death or any other disorders up to 72 h (Taur 

and Patil, 2011). The extract wass found safe even at the dose of 2000 mg/kg body weight in rats (Nawaz 

et al., 2004). There was no mortality observed at doses up to 2 g/kg (po) of the ethanol extract of the aerial 

parts of Clitoria ternatea in rats. During observation, the animals exhibited decreased mobility but no signs 

of convulsions or loss of writhing reflex. This result indicates that Clitoria ternatea has a low toxicity profile 

(Verma et al., 2013). The mutagenic effect of the aqueous extract of Clitoria ternatea Linn was assessed 
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by three test methods, Bacillus subtilis rec assay, Salmonella typhimurium Ames’ test and micronucleus 

test. The aqueous extract gave negative results, no mutagenic activities in both bacterial and mammalian 

cells (Punjanon and Arpornsuwan, 2009). 

Applications of Clitoria ternatea in Industry 

Application in Traditional Food and Food Industry 

Nowadays, C. ternatea attracts a lot of interest due to its potential applications in traditional and 

modern medicine, cosmetics, agriculture, and the food industry as a source of natural food colorants and 

antioxidants. C. ternatea has been cultivated for a long time as a fodder and forage crop, and previous 

studies observed the plant for these purposes (Oguis et al., 2019). Parts of the plant are widely used for 

disease prevention, health promotion, and because they are believed to promote memory and intelligence 

in the Indian system of medicine, particularly in Ayuverda (Mukherjee et al., 2007) Differently in 

Malaysia, the flowers are consumed to make Nasi Kerabu blue in color, which is a famous local dish (Neda 

et al., 2013). Some sweets, namely kuehs in Malaysia, are colored blue for specific religious occasions. 

Meanwhile, the use of the flower as a food and drink colorant is currently becoming more popular in 

Indonesia. In Myanmar, C. ternatea flowers are dipped in batter, fried, and eaten as snacks (Ravindran, 

2017). In Thailand, the common Thai drink named Nam Dok Anchan is colored with butterfly pea flower 

and served with pandan-flavored syrup and lime juice (E.F.S.A., 2022). The blue petals are also used to 

decorate and garnish dishes such as salads, soup, and rice. 

Application in removal of environmental pollutants 

This study has designed a green synthesis of magnetic (cobalt oxide) and noble (gold) nanoparticles 

from the fresh flowers of Clitoria ternatea. The flavonoids and polyphenols in the extract decreased the 

energy band gap of cobalt oxide and gold nanoparticles; hence, the capping of the natural constituents in 

Clitoria ternatea helped form stable metal nanoparticles. The cobalt oxide and gold nanoparticles are 

evaluated for their potential for eliminating organic pollutants from industrial effluent. The novelty of this 

present work represents the application of cobalt oxide nanoparticles in the removal of organic pollutants 

and a comparative study of the catalytic behaviour of both metal nanoparticles. The degradation of 

bromophenol blue, bromocresol green, and 4–nitrophenol in the presence of gold nanoparticles was 

completed in 120, 45, and 20 min with rate constants of 3.7 × 10− 3 /min, 6.9 × 10− 3 /min, and 16.5 × 10− 

3 /min, respectively. Similarly, the photocatalysis of bromophenol blue, bromocresol green, and 4–

nitrophenol in the presence of cobalt oxide nanoparticles was achieved in 60, 90, and 40 min with rate 

constants of 2.3 × 10− 3 /min, 1.8 × 10− 3 /min, and 1.7 × 10− 3 /min, respectively. The coefficient of 

correlation (R2) values justify that the degradation of organic pollutants follows first-order kinetics. The 

significance of the study is to develop green nanomaterials that can be used efficiently to remove organic 

pollutants in wastewater using a costeffective method with minimal toxicity to aquatic animals. It has 

proved to be useful in environmental pollution management (Nishigandha et al., 2024). 

Extraction of flavonoids from Clitoria ternatea flower as carbon steel corrosion inhibitor 

The present study emphasizes the extraction of flavonoids from the Butterfly blue pea (Clitoria 

ternatea), a flower containing very strong antioxidant properties. The performances of mild steel to prevent 

corrosion in 3.5 % NaCl medium doped with CT extracts (50, 100, 250, 500, 750, 1000 ppm) were 

ascertained by carrying out electrochemical measurements. It is apparent that CTW is superior in terms 

of corrosion inhibition of mild steel in NaCl medium under CO2 environment with respect to CTET extract 

(%IECTW=89.91% >%IECTET=85.53%). Adsorption of both inhibitors on the surface of MS obeyed 

Langmuir isotherm. Therefore, it can be inferred from the findings that CT extracts were adsorbed via both 

physical and chemical adsorption, hence showing excellent corrosion resistance behaviour, thus indicating 

its potential to be an alternative source of natural antioxidants potent CO2 corrosion inhibitor (Azahar et 

al., 2024). 

 

Conclusion 

Clitoria ternatea has a long history of use in traditional medicine, and recent studies suggest that it 

is promising medicinal plant with wide range of pharmacological activities which could be utilized in 

https://www.sciencedirect.com/topics/materials-science/corrosion-inhibition
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several medical applications because of its effectiveness and safety. More research is needed to further 

explore the therapeutic potential of the plant, but it remains a promising natural remedy for several 

conditions. 
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