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Introduction 

Antioxidants play a key role in skin whitening by combating 

oxidative damage, which can exacerbate skin conditions such as 

hyperpigmentation and dark spots. Free radicals produced by exposure 

to sunlight, pollution, and other environmental factors can harm skin 

cells and enhance melanin production.1,2 Melanin, a natural pigment in 

the body's epidermis, is crucial in protecting the skin from the sun's 

harmful ultraviolet radiation. When overproduced, however, melanin 

can lead to hyperpigmentation. The enzyme tyrosinase is essential in 

melanin production, and its increased activity can result in 

hyperpigmentation.3,4 Antioxidants help to reduce inflammation and 

prevent excessive melanin formation by neutralizing free radicals and 

reducing oxidative stress.5,6 
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The butterfly pea (Clitoria ternatea) is a flowering plant in the 

Fabaceae family, prized for its striking blue or purple blossoms. The 

plant flourishes abundantly in tropical regions, particularly in Southeast 

Asia, including Indonesia, where it is widely utilized in several culinary 

and medicinal contexts.7 Historically, butterfly pea flowers (BPF) have 

been employed in traditional medicine to address many health 

conditions, including stress, inflammation, and infections. Chemical 

analysis reveals the robust presence of bioactive compounds in BPFs, 

notably anthocyanins, particularly ternatin, responsible for the flowers' 

distinct blue colour.8 Moreover, BPFs harbour flavonoids such as 

quercetin, kaempferol, saponins, and tannins, further enriching their 

therapeutic potential.9–11 The BPF extract is widely recognized for its 

potent antioxidant properties, primarily due to the presence of bioactive 

compounds like anthocyanins, flavonoids, and phenolics. These 

compounds neutralize free radicals, the primary drivers of cellular 

oxidative stress, by donating electrons or hydrogen atoms, thereby 

reducing oxidative damage to DNA, proteins, and lipids. This 

antioxidant activity also shields the skin, preventing premature aging, 

inflammation, and damage caused by exposure to ultraviolet (UV) 

light.12,13 

Moreover, the antioxidant properties of the BPF extract also suggest its 

potential as an anti-melanogenesis agent. Antioxidants can promote 

skin whitening by inhibiting the tyrosinase enzyme, thereby reducing 

melanin production at the cellular level. Tyrosinase catalyzes the 

conversion of tyrosine to dihydroxyphenylalanine (DOPA) and then to 

dopaquinone, which is the first step in melanin production. 

Antioxidants like quercetin and anthocyanins can inhibit tyrosinase 
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Butterfly pea (Clitoria ternatea) flowers contain high levels of anthocyanins and flavonoids, 

functioning as natural antioxidants to combat free radicals. The antioxidant activity can prevent 

cell damage and inhibit melanogenesis, contributing to skin whitening by reducing melanin 

production. The present study investigated the antioxidant, anti-melanogenesis, and cytotoxic 

effects of butterfly pea flower (BPF) extract on B16 melanoma cells, aiming to explore its 

potential as a safer, natural alternative for skin whitening. Antioxidant properties and anti-

melanogenesis potential of BPF extract were evaluated using the 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) radical scavenging and tyrosinase inhibition assays, respectively. The cytotoxicity of BPF 

extract on B16 melanoma cells was further examined using the 3-(4, 5-dimethylthiazolyl-2)-2, 5-

diphenyltetrazolium bromide (MTT) assay. The results of the DPPH assay indicated that BPF 

extract exhibited an IC50 value of 165.10±7.78 ppm, compared to quercetin (the reference 

compound) with an IC50 value of 3.53±0.08, indicating moderate antioxidant potential. Butterfly 

pea flower extract showed an IC50 of 130.90±3.52 ppm in tyrosinase inhibition assay, indicating 

a weaker anti-melanogenesis effect than hydroquinone (IC50 value of 17.04±0.14 ppm). The MTT 

technique revealed high biocompatibility with 85% B16 melanoma cell viability at 250 ppm for 

BPF, compared to only 24.45% for doxorubicin at 30 ppm. These findings underscore the potential 

of BPF extract as a bioactive ingredient for skin care, offering moderate antioxidant activity with 

safe, natural anti-melanogenesis effects. The present study supports BPF’s application in cosmetic 

formulations aimed at skin protection and whitening, with minimized toxicity for prolonged use. 
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activity by binding to the enzyme's active site or reducing the oxidation 

of tyrosine and DOPA. The reduction in melanin formation leads to a 

decrease in skin pigmentation. Therefore, BPF extract shows potential 

as an active ingredient in cosmetics for skin-lightening applications.14–

16 Safety testing is essential to confirm that skin-whitening agents are 

safe for prolonged use. The 3-(4, 5-dimethylthiazolyl-2)-2, 5-

diphenyltetrazolium bromide (MTT) assay on B16 melanoma cells is a 

commonly used method to assess the cellular toxicity of these 

compounds. The method assesses cell viability based on the ability of 

live cells to reduce MTT to formazan, which produces a colour change 

that can be measured quantitatively. This test is crucial to confirm the 

effectiveness of the whitening agent in inhibiting melanogenesis, 

ensuring its safety and non-toxicity to skin cells. It is also vital to 

confirm that the skin-whitening compound is safe for prolonged topical 

application.17 The present study aimed to evaluate the antioxidant 

properties, anti-melanogenesis potential, and cytotoxic effects of BPF 

extract on B16 melanoma cells. 
 

Materials and Methods 
 

Sources of chemical reagents 

The chemical reagents used in this study included BPF aqueous extract, 

2,2-diphenyl-1-picrylhydrazyl (DPPH) (Merck), analytical-grade 

ethanol (Smartlab), HPLC-grade methanol (Merck), quercetin (Sigma 

Aldrich), Aqua Bides (Ikapharmindo), hydroquinone (Merck), 

tyrosinase enzyme (Merck), L-tyrosine (Merck), phosphate buffer 

solution (Merck), dimethyl sulfoxide (Merck), and formazan (Sigma). 

 

Evaluation of the antioxidant activity of butterfly pea flower extract 

Standard solutions of quercetin were prepared at concentrations of 1, 2, 

3, 4, and 5 ppm, while BPF extract solutions were prepared at 

concentrations of 25, 50, 200, 400, and 1000 ppm using ethanol as the 

solvent. From each concentration series, 2 mL was pipetted and added 

to 2 mL of 50 ppm DPPH reagent solution in a test tube wrapped in 

aluminum foil. The mixture was vortexed for 1 minute, incubated for 

60 minutes in a dark place, and then checked for absorbance at a 

wavelength of 514 nm with a UV-vis spectrophotometer (Shimadzu 

UV-1780). The absorbance values were used to compute the inhibition 

percentage and IC50.11. 

 

Assessment of the anti-melanogenesis potential of butterfly pea flower 

extract 

Phosphate buffer solution (2 mL, pH 6.8) was added to the vial, 

followed by the addition of 5 mL of 6.6 mM L-tyrosine substrate. 

Standard hydroquinone solutions with concentrations of 12, 14, 16, 18, 

20, and 22 ppm, along with standard BPF extract solutions at 

concentrations of 25, 75, 200, 400, 600, and 1000 ppm were added to 

each vial. The contents were then homogenized. Subsequently, 100 

units of tyrosinase enzyme were added and homogenized. The mixture 

was then incubated for 2.5 hours at room temperature, after which the 

absorbance was measured at 480 nm using a UV-vis spectrophotometer 

(Shimadzu UV-1780). The absorbance values obtained at each 

concentration were processed to determine the IC50 value.18 

 

Determination of the cytotoxic effect of butterfly pea flower extract   

The B16 murine melanoma cells were seeded in a 96-well plate and left 

overnight. After that, the cells were treated with different concentrations 

(15.625, 31.25, 62.5, 125, 250, 500, and 1000) of BPF extract. After 

treatment, MTT solution was added to each well, and the plates were 

incubated for an additional 4 hours at 37°C. The media was removed, 

and dimethyl sulfoxide was added to dissolve the formazan crystals in 

each well. After that, the crystals were incubated for 10 minutes at 37°C, 

and their absorbance was measured at 540 nm using a microplate reader 

(Biobase BK-EL 10A).19 

 

Results and Discussion 
 

Antioxidant activity of butterfly pea extract 

Quercetin is a flavonoid, well-regarded for its potent antioxidant 

properties, capable of inhibiting lipid oxidation and preventing DNA 

damage caused by free radicals. Research by Boots et al. (2008) has 

shown that quercetin enhances the activity of crucial antioxidant 

enzymes, such as superoxide dismutase (SOD) and catalase, which are 

essential for cellular protection against oxidative stress.20 The DPPH 

method, a validated and widely accepted technique for evaluating 

antioxidant activity, was used in this study to assess the antioxidant 

potential of BPF extract. This method measures a compound's ability to 

scavenge free radicals, observed as a colour change from purple to 

yellow as the compound interacts with DPPH radicals.21,22 Quercetin, 

renowned for its potent antioxidant activity, was used as a reference 

standard in this study to validate the DPPH method, as it consistently 

demonstrates strong radical-scavenging activity, ensuring an accurate 

comparison of antioxidant potential. 

The antioxidant activity of BPF extract, with an IC50 value of 

165.10±7.78 ppm, was compared to quercetin, which showed a 

significantly lower IC50 of 3.53±0.08 ppm, indicating quercetin’s higher 

antioxidant capacity. This difference reflects the distinct antioxidant 

potential of each compound. As a pure flavonoid, quercetin has an 

optimized molecular structure that efficiently scavenges free radicals, 

evident in its low IC50 value. In contrast, BPF extract, while containing 

flavonoids, also includes other active compounds like anthocyanins that 

contribute to its antioxidant activity but do not exhibit the same potency 

as pure quercetin. Thus, while quercetin is a more potent antioxidant, 

BPF extract remains a valuable natural antioxidant source, suitable for 

applications where moderate antioxidant activity is desired. The 

antioxidant activity is essential for protecting cells from oxidative 

damage, which can contribute to preventing premature aging and 

improving overall skin health.23,24 The IC50 values of DPPH radical 

scavenging activities of quercetin and butterfly pea flower extract was 

presented at Table 1 and figure 1. 

 

 

Table 1: IC50 values of DPPH radical scavenging activities of quercetin and butterfly pea flower extract 

 

DPPH Scavenging of Quercetin DPPH Scavenging of BPF Extract 

Concentration 

(ppm) 

% Inhibition Concentration 

(ppm) 

% Inhibition 

1 2 3 1 2 3 

1 10.40 11.40 13.24 25 15.11 14.98 13.09 

2 28.32 28.49 28.65 50 26.32 25.24 26.86 

3 39.37 39.71 40.21 200 54.79 55.33 55.33 

4 53.11 53.61 54.11 400 66.40 63.83 65.86 

5 67.51 68.51 69.01 1000 87.45 88.66 87.31 

IC50 (ppm) 

Mean ± SD 
3.53 ± 0.08 

IC50 (ppm) 

Mean ± SD 
165.10 ± 7.78 

DPPH: 2,2-diphenyl-1-picrylhydrazyl
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Figure 1. Non linier regression curve of DPPH scavenging activity of quercetin and BPF extract 
 

Anti-melanogenesis activity of butterfly pea extract 

Tests for anti-melanogenesis activity can be conducted using various 

methods to evaluate the impact of compounds on melanin production 

and related enzymes. In vitro methods, such as B16-F10 cells, measure 

melanin production following compound treatment. In contrast, in vivo 

assays involve using animal models with induced hyperpigmentation to 

assess the overall effects of the compound. Enzymatic assays measure 

changes in enzyme activity to assess the inhibition of tyrosinase, a key 

enzyme involved in melanogenesis. Additionally, expression analysis 

of melanogenesis-related genes, such as tyrosinase, TRP-1, and TRP-2, 

can be used to evaluate the impact of compounds on gene regulation. 

Recent research indicates that combining these methods provides a 

more comprehensive understanding of the potential of compounds in 

treating pigmentation disorders.25 

The anti-melanogenesis activity of BPF extract was assessed using the 

tyrosinase enzyme inhibition method with the substrate L-tyrosine. 

Hydroquinone was employed for comparison. The tyrosinase enzyme 

plays a key role in melanin biosynthesis, which affects skin 

pigmentation. In the present study, BPF extract inhibited the activity of 

the tyrosinase enzyme, with an IC50 value of 130.90±3.52 ppm. 

However, this value was higher than that of hydroquinone, which had a 

significantly lower IC50. Previous research has shown hydroquinone is 

effective as a tyrosinase inhibitory agent through a direct competitive 

mechanism. On the other hand, the tyrosinase inhibitory activity of BPF 

extract may be influenced by its anthocyanin and flavonoid content, 

which are known to possess enzyme-inhibitory properties and 

antioxidant activity. Although BPF extract demonstrated lower 

inhibitory effectiveness than hydroquinone, it shows potential as a 

safer, natural alternative for skin whitening formulations. Its reduced 

risk of side effects, along with antioxidant properties that help protect 

the skin from oxidative stress, make it a compelling option.26,27 IC50 

values of tyrosinase inhibition by hydroquinone and butterfly pea 

flower extract was presented at Table 2 and figure 2. 

 

 

 
 

Figure 2: Non-linear regression curve of tyrosinase inhibition activity of hydroquinone and butterfly pea flower extract. 

 
Effect of butterfly pea flower extract on B16 melanoma cell viability 

The cytotoxic potential of BPF extract was evaluated against B16 

melanoma cells using the MTT assay. This method allowed the 

measurement of mitochondrial activity. The results indicated that the 

extract at a concentration of 250 ppm did not cause a significant 

reduction in cell viability, suggesting that it is safe for the cells. The 

BPF extract contains quercetin, a flavonoid compound known for its 

antioxidant and anti-inflammatory properties, which may help protect 

cells by combating free radicals and reducing oxidative stress. To 

confirm the assay, doxorubicin, a compound with known cytotoxic  

effects, was used as a control. The viability test with doxorubicin 

showed a cell viability percentage of 24.45±2.2 at a concentration of 30 

ppm, demonstrating its strong cytotoxicity on B16 melanoma cells. 

Furthermore, the extract's lowered toxicity profile supports its safety as 

a skin-whitening agent, making it a preferable choice for long-term use 

in cosmetic products. In some researches quercetin-containing natural 

extracts brighten the skin by inhibiting tyrosinase activity. They are also 

safe and have minimal side effects compared to synthetic chemicals.28–

31 Percentage viability of B16 melanoma cells following treatment with 

BPF extract and doxorubicin was presented in Table 3 and Table 4. 
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Table 2: IC50 values of tyrosinase inhibition by hydroquinone and butterfly pea flower extract 
 

Tyrosinase Inhibition of Hydroquinone Tyrosinase Inhibition of BPF Extract 

Concentration 

(ppm) 

% Inhibition Concentration 

(ppm) 

% Inhibition 

1 2 3 1 2 3 

12 32.56 33.03 34.44 25 10.53 11.53 10.06 

14 40.55 38.44 39.61 75 37.80 37.80 37.77 

16 44.31 42.90 45.01 200 60.63 61.25 60.19 

18 52.77 51.36 53.24 400 78.19 78.35 78.08 

20 59.58 58.64 58.17 600 83.14 83.44 82.82 

22 64.52 64.52 66.16 1000 90.55 90.73 90.14 

IC50 (ppm) 

Mean ± SD 
17.04 ± 0.14 

IC50 (ppm) 

Mean ± SD 
130.90 ± 3.52 

 

Table 3: Percentage viability of B16 melanoma cells following treatment with butterfly pea flower extract 
 

Replication 
Concentration (ppm) 

1000 500 250 125 62.5 31.25 15.625 

1 79.23 83.06 92.99 93.34 93.86 99.8 91.57 

2 78.66 82.20 94.41 97.73 97.64 92.09 90.94 

3 78.69 85.84 95.77 96.49 100,00 99.69 96.38 

mean 78.86 83.70 94.39 95.86 97.17 97.19 92.97 

SD 2.20 2.40 3.20 2.40 3.00 5.40 2.50 

Table 4: Percentage viability of B16 melanoma cells following treatment with doxorubicin 

 
Replication Concentration (ppm) 

30 15 7.5 3.75 1.875 0.9375 0.46875 

1 25.1 26.4 33.1 39.2 49.1 65.9 71.6 

2 22.0 30.6 33.6 37.6 47.3 55.8 67.1 

3 26.3 30.6 38.8 42.2 53.1 57.7 67.4 

mean 24.45 29.19 35.14 39.64 49.80 59.82 68.69 

SD 2.2 2.4 3.2 2.4 3.0 5.4 2.5 

Conclusion 
 

Butterfly pea flower extract demonstrated promising antioxidant, anti-

melanogenesis, and low cytotoxic properties on B16 melanoma cells. 

With moderate antioxidant activity and tyrosinase inhibition, the extract 

offers a natural, safer alternative to synthetic skin-whitening agents. Its 

low cytotoxicity further supports its potential for long-term cosmetic 

applications, providing skin protection while reducing pigmentation. 
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