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Abstract: Dried Butterfly Pea (DBP) flowers were subjected to extraction using different concentrations of ethanol in 
water (0, 30, 50, 70, and 100%) through agitation in a water bath. The Total Phenolic Content (TPC), Total Flavonoid 
Content (TFC), Total Monomeric Anthocyanin Content (TMAC), antioxidant and antimicrobial properties, color, and 
pH sensitivity of the extracts were then evaluated. All extracts possessed antioxidant properties and showed potential 
antimicrobial activity. The highest TPC and TMAC were observed for the DBP extract in 30% ethanol, at 58.55 mg 
GAE/g d.w. and 3.53 mg/g d.w. of extract, respectively ( p < 0.05). The 30% ethanol extract had the highest sensitivity 
to pH changes compared to the 100% ethanol extract. The findings of this study indicate that BP extracted with 30% 
ethanol has the potential to be used as a natural food dye.
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1. Introduction
The Butterfly Pea (BP) (Clitoria ternatea) flower, a member of the Fabaceae family, is commonly known as telang 

(Malaysia), kordofan pea (Sudan), cunha (Brazil), or pokindang (Philippines). The structure of the plant consists of 
solitary, axillary papilionaceous bright blue petals with white to light yellow at the center, pinnate compound leaves, flat 
and pointed pods, and nodular roots. The plant has a high growth rate, is easy to maintain, and can withstand drought. 
Its flowers are capable of blooming nearly year-round [1].

Due to health concerns and the rarity of blues, these flowers are widely used as a natural colorant in food and 
beverages, courtesy of their vibrant blue color. The BP flower also exhibits higher pH sensitivity and a broader range 
of color variations, and its extracts have a longer shelf life compared to other plant-based colorants [2]. In addition, 
the blue-colored extracts from these flowers have been reported to possess potential antioxidant, antimicrobial, 
hypolipidemic, and anti-inflammatory properties [3]. These properties of BP are likely attributed to the pigmented 
phenolic compounds, particularly anthocyanins, which are present in the plant.

Several factors influence the extraction of anthocyanins from plants, including the sample-to-solvent ratio, time, 
temperature, extraction methods, as well as the types of solvent used [4-5]. Ethanol is widely used in extraction 
applications in the food or pharmaceutical industry, as it is Generally Recognized As Safe (GRAS) by the Food and 
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Drug Administration (FDA). Previous studies have also reported the effectiveness of ethanol as a solvent for extracting 
anthocyanins from various plants such as red cabbage, purple sweet potato, red rice bran, blackberry, and grape skins [6]. 

When the pH is below 3, anthocyanins predominantly exist in the stable red flavylium cation form. As the pH 
increases between 4 and 5, the colorless carbinol pseudobase forms, resulting from the rapid hydration of the flavylium 
cation. At a pH of 6 to 7, the flavylium cation loses a proton, leading to the creation of a neutral quinonoidal base that 
exhibits a purple to violet color. Finally, at a pH range of 7 to 8, an anionic quinonoidal base forms, displaying a blue 
color [7]. Due to the sensitivity towards various pH levels, the anthocyanins are widely used as a part of the smart 
packaging system as pH indicators for monitoring food quality. These indicators respond to the metabolites released 
from microbial and chemical changes during the deterioration of food through visual color changes of the smart film. 
The incorporation of anthocyanins as a smart indicator film has been reported to monitor the freshness of fish, shrimp, 
and milk [8].

Most research has focused on the comparison of different organic solvents, acidified solvents, or the use of 
assisted technology for extracting anthocyanins from BP flowers [5, 9, 10]. A previous study demonstrated that, in 
terms of antioxidants, 50% ethanol was the best for extracting fresh BP flowers, which is similar to that of water 
extraction combined with heat treatment for 1 h [10]. However, that study did not reveal the antimicrobial potential 
and pH sensitivity of these BP flowers for further applications. Therefore, our research emphasises the use of varying 
concentrations of ethanol in water for the extraction of dried double-petal BP flowers through the agitation method, 
with a focus on their phytochemical, antioxidant, antimicrobial properties, and pH sensitivity. This work features the 
best parameters for the application of the BP flower extract as a potential natural colouring indicator, aligning with 
the United Nations Sustainable Development Goals (UNSDGs) 12: Responsible Consumption and Production, which 
promotes the use of eco-friendly and renewable resources over environmentally harmful alternatives.

2. Materials and methods
2.1 Materials

Dried double-petal Butterfly Pea (DBP) flowers were purchased from a local market (Negeri Sembilan, Malaysia). 
The acetic acid, ethanol (99.8%), sodium hydroxide, hydrochloric acid, and potassium hydrogen phthalate were 
purchased from Chemiz (Selangor, Malaysia). Aluminium chloride, ferric chloride, ferrous sulphate, gallic acid, sodium 
carbonate, sodium acetate, sodium nitrate, potassium peroxodisulfate, quercetin, and 2,4,6-Tri(2-pyridyl)-S-triazine 
(TPTZ) were obtained from R & M Chemicals (Selangor, Malaysia). Folin-ciocalteau reagent, 2,2-azino-bis-(3-ethyl-
benzothiazoline-6-sulphonic acid) (ABTS), and 2,2-diphenyl-1-picrylhydrazyl radical (DPPH) were bought from Merck 
(Darmstadt, Germany).

2.2 Sample extraction

The DBP flowers with an average moisture content of 11.36% (Moisture content analyzer, AND MX50, Japan) 
were ground using a blender (Blendforce Maxi BL233, Tefal, France) and sieved through a 40-mesh sieve. The DBP 
powder was then extracted according to Mehmood et al. [11] with slight modifications. The DBP with a solid-solvent 
ratio of 1:15 was extracted with different concentrations of ethanol in water (30, 50, 70, and 100%) and water (0% 
ethanol) at 50 °C for 150 min in the water bath shaker. After that, the extracts were filtered using Whatman filter paper 
no. 1. The removal of ethanol from the filtrate was carried out by using a rotary evaporator under vacuum at 45 °C, 
and the extracts were kept at -80 °C before freeze-drying. The freeze-dried Butterfly Pea flower Extracts (BPE) were 
kept away from light in a silica gel-filled desiccator at room temperature (25 °C). The BPE was dissolved with distilled 
water at a concentration of 5 mg/mL beforehand and was used for each analysis. The maximum wavelength (λmax) for 
the 100% ethanol extract was observed around 400 nm, while the hydroalcoholic and water extracts exhibited values 
between approximately 570 and 580 nm.

2.3 Total Phenolic Content (TPC)

The TPC of BPE was evaluated according to Mehmood et al. [11]. About 5.9 mL of distilled water, 0.5 mL of 
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Folin-ciocalteau reagent, and 1.5 mL of 20% (w/v) Na2CO3 were added to 0.1 mL of BPE. The mixture was added 
with an additional 2 mL of distilled water before being heated at 70 °C for 10 min in the water bath. After heating, the 
samples were cooled to room temperature before measuring absorbance at 765 nm using a cuvette (Genesys 10S UV-Vis 
Spectrophotometer, Thermo Scientific, USA). All analyses were performed in at least triplicate. A calibration curve was 
established using gallic acid at concentrations ranging from 0.05 to 1 mg/mL, yielding a linear equation of y = 0.001x + 
0.0766 (R2 = 0.99). The results were expressed as mg gallic acid equivalent/g of extract dry weight (mg GAE/g d.w).

2.4 Total Flavonoid Content (TFC)

The TFC of BPE was measured at least in triplicate by adding 1 mL of 2% AlCl3 to 1 mL of BPE [12]. Distilled 
water was used as a blank. The mixture was incubated for 10 min at room temperature before being measured in a 
cuvette at 450 nm by using a spectrophotometer (Genesys 10S UV-Vis Spectrophotometer, Thermo Scientific, USA). 
The reference standard used was quercetin at different concentrations ranging from 0.00 to 1 mg/mL with the linear 
equation of y = 0.0118x + 0.0697 (R2 = 0.98). The results were expressed as mg quercetin equivalent/g of extract dry 
weight (mg QE/g d.w.). 

2.5 Total Monomeric Anthocyanin Content (TMAC)

The anthocyanin content of BPE was evaluated using the pH differential method reported [5]. The extracts were 
diluted with pH 1.0 potassium chloride buffers and pH 4.5 potassium hydrogen phthalate buffers with a ratio of 1:10 
(extract: pH solution). Then, the absorbance for each buffer was measured in a cuvette at 520 nm and 700 nm by using 
a spectrophotometer (Genesys 10S UV-Vis Spectrophotometer, Thermo Scientific, USA), respectively. Distilled water 
was used as a blank, and the analysis was performed at least in triplicate. The TMAC was expressed as mg cyanidin-3-
glucoside equivalent per gram of dry extract (mg/g) and was calculated as:

1,000TMAC (mg/g) A Mw DF
Lε

× × ×
=

×

Where, A is absorbance = (A520 – A700)pH1.0 – (A520 – A700)pH4.5;
Mw = 449.2 g/mol for cyanidin-3-glucoside;
DF = dilution factor;
ε = 26,900 L/mol/cm is the molar extinction coefficient;
L = path length (1 cm).

2.6 Antioxidant activities of BPE
2.6.1 DPPH scavenging activity

The scavenging activity of BPE was measured at least in triplicate by % DPPH scavenging activity [13]. In 0.5 
mL of BPE extract, about 1.95 mL of 0.1 mM ethanolic DPPH solution was added. The mixture was incubated at room 
temperature in a dark condition for 30 min before being measured in a cuvette at 517 nm by using a spectrophotometer 
(Genesys 10S UV-Vis Spectrophotometer, Thermo Scientific, USA). The % DPPH scavenging activity was calculated 
as:

% DPPH 100blank sample

blank

A A
A
− 

= ×  
 

Where A is absorbance, Ablank is the absorbance of the DPPH solution, and Asample is the absorbance of BPE with the 
DPPH solution.
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2.6.2 ABTS radical scavenging activity

The ABTS stock solution was prepared by adding an equal volume of 7 mM ABTS with 2.45 mM K2S2O8 and was 
kept for 12 to 16 h. Then, the ABTS stock solution was diluted with ethanol until the absorbance was adjusted to 0.70 
± 0.02 at 734 nm and was left at room temperature to stabilize. The % of ABTS scavenging activity was determined 
according to Zhou et al. [14], where the ratio of BPE reacted with the ABTS solution is 1:4 (v/v). Then, the mixture was 
incubated in a dark condition for 10 min before being measured in a cuvette at 734 nm by using a spectrophotometer 
(Genesys 10S UV-Vis Spectrophotometer, Thermo Scientific, USA). The analysis was performed at least in triplicate, 
and the % of ABTS scavenging activity was calculated as:

% ABTS 100blank sample

blank

A A
A
− 

= ×  
 

Where A represents absorbance, Ablank is the absorbance of ABTS solution, and Asample is the absorbance of BPE 
reacted with ABTS solution.

2.6.3 Ferric-Reducing Antioxidant Power (FRAP)

The FRAP solution was prepared fresh by mixing 0.3 M acetate buffer (pH 3.6), 10 mM TPTZ, and 20 mM 
FeCl3·6H2O at a ratio of 10:1:1 of the solutions, respectively. Then, the solution was heated in a 37 °C water bath for 
30 minutes. The FRAP assay was conducted according to Sik et al. [15]. About 0.1 mL of BPE was reacted with 3 mL 
of FRAP solution before the mixtures were heated in a 37 °C water bath for 4 min. The analysis was conducted at least 
in triplicate. The absorbance was measured in a cuvette at 593 nm by using a spectrophotometer (Genesys 10S UV-Vis 
Spectrophotometer, Thermo Scientific, USA) and was expressed as Fe2+ mmol/g of extract d.w.

2.7 Optical measurement

The color of the BPE was expressed as the mean (n = 3) of the luminosity (L*)-, red-green index (a*)-, and yellow-
blue index (b*)-values and was measured by using the Lovibond LC100 handheld spectrocolorimeter (Lovibond, 
China). A standard white tile (L*-: 92.4, a*-: 0, b*-: 1.53) was used for calibration before being measured according 
to the International Commission on Illumination (CIE) color scale. The chroma (C*) and hue angle (H°) were also 
measured according to the equation below [16]. Then, the images of the BPE extracts with different solutions were 
photographed using a phone camera (Samsung Galaxy S10+, Korea).

( )

( )

* 2 2

*
1

*

Chroma 

Hue angle Tan

C a b

bH
a

° −

= +

 
=   

 

2.8 pH sensitivity

The pH sensitivity of BPE was conducted for 100% ethanol and 30% ethanol extracts, according to their lowest 
and highest value of TMAC. About 1 mL of BPE was reacted with 2 mL of 13 different types of pH-adjusted solutions 
prepared from 1 M HCl and 1 M NaOH, ranging from pH 1 to pH 13. The images of the extracts reacted with different 
pH buffers were photographed using a phone camera (Samsung Galaxy S10+, Korea). The color measurements of the 
extracts at different pH buffers of pH 1 to 13 were expressed as the mean (n = 3) of CIE color space L*-, a*-, and b*- 
values by using the Lovibond LC100 handheld spectrocolorimeter (Lovibond, China).
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2.9 Antimicrobial activity

The antimicrobial activity of the BPE was evaluated using an agar well diffusion method described by Tessema 
et al. [17] with slight modifications. The Mueller-Hilton Agar (MHA) plates were streaked with four different testing 
microorganisms (Listeria monocytogenes (ATCC 19112), Staphylococcus aureus (ATCC 29737), Escherichia coli 
(ATCC 25922), and Salmonella enterica serovar Typhi (ATCC 14028)) that had been adjusted to a 0.5 McFarland 
standard (OD about 0.08-0.10 at 635 nm) by using a sterile cotton swab. Then, 6 mm diameter wells were made on the 
agar by using a sterile stainless steel core borer. About 20 µl of the various extracts (50 mg/mL) were filled into the 
well. The same volume of sterile distilled water and streptomycin (10 µg/mL, Oxoid, UK) was filled into the well as 
the negative and positive controls, respectively. After that, the plates were left at room temperature for at least an hour 
to allow diffusion of the extracts into the medium before incubating at 37 °C for 24 h. The antimicrobial activity of the 
extracts was expressed as the average values of the diameter of the inhibition zones (mm).

2.10 Statistical analysis

Statistical analyses were performed using one-way Analysis of Variance (ANOVA) in Minitab (Version 19, 
Minitab, Pennsylvania, USA). Each experiment was carried out in triplicate (n = 3) and expressed as mean ± standard 
deviation. The differences between means of different types of solvent extractions were compared using Tukey’s test 
method of comparison at a 95% significance level. 

 
3. Results and discussion
3.1 TPC

The effect of different ethanol concentrations on the TPC of BPE is shown in Table 1. The TPC values ranged 
between 46.15 and 58.55 mg GAE/g d.w. extract. The result showed a significant difference ( p < 0.05) among the 
solvents tested, with 30% ethanol yielding the highest TPC value. Interestingly, water (0% ethanol) also proved to 
be an effective solvent for extracting polyphenolic compounds under these extraction conditions, exhibiting higher 
polyphenol content compared to 100% ethanol. Water is particularly effective in extracting multiple hydroxyl groups 
due to its high polarity. Water also allows efficient release of polyphenols while preserving their stability under mild 
heating and controlled extraction time. In contrast, although ethanol can disrupt the cell membranes [18] and promote 
the release of bioactive compounds, it may also contribute to the breakdown of phenolics under higher temperatures and 
prolonged exposure [19]. This suggests that extraction efficiency is not solely contributed by solvent selectivity towards 
polyphenol, but likely the combined factors such as extraction temperature and duration. The lower ethanol content 
in the 30% hydroalcoholic solution probably created a balanced environment to preserve the extracted polyphenols 
from degradation at the applied temperature and extraction time, which led to higher TPC values. Moreover, the 
hydroalcoholic solvents could enhance the extraction efficiency of BPE by offering a range of polarities. High water 
content favors the recovery of polar compounds like phenolic acids and glycosylated flavonoids, while higher ethanol 
ratios improve solubilization of semi-polar phenolic diterpenes and flavones [20]. The results obtained were slightly 
different from those reported by Jaafar et al. [21], who found that the optimum ethanol concentration for TPC extraction 
of BPE was 37% (v/v) by using a water bath shaker at 45 °C for 90 min. Meanwhile, Jeyaraj et al. [10] observed that 
50% ethanol was the most effective solvent for BPE extraction compared to methanol and acetone. Apart from solvent 
concentration, various factors such as extraction time, temperature, pH, as well as extraction method also influence the 
yield of TPC [5, 22].
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Table 1. TPC, TFC, and the TMAC of the butterfly pea extracts with different solvent extraction

Water (0% ethanol) 100% ethanol 70% ethanol 50% ethanol 30% ethanol

TPC
(mg GAE/g d.w.) 52.71 ± 0.68b 46.15 ± 0.46d 50.71 ± 0.85c 49.92 ± 0.61c 58.55 ± 0.08a

TFC
(mg QE/g d.w.) 14.57 ± 0.04e 29.14 ± 0.48a 21.44 ± 0.17b 19.96 ± 0.84c 17.58 ± 0.64d

TMAC
(mg/g d.w.) 2.96 ± 0.11bc 0.56 ± 0.06d 3.17 ± 0.06b 2.87 ± 0.11c 3.53 ± 0.10a

Values are given as mean ± standard deviation (n = 3). Means in the same row with different letters are significantly different ( p < 0.05).

3.2 TFC

Flavonoids are secondary metabolites in plants that play key roles in responses to both biological and non-
biological environmental factors. In this study, the TFC of BPE ranged between 14 and 29 mg QE/g d.w. The TFC for 
BPE extracted with 100% ethanol was double in amount ( p < 0.05) compared to the water extract. Notably, the TFC 
values lowered ( p < 0.05) as ethanol percentage decreased, highlighting the influence of solvent selectivity on flavonoid 
extraction. The flavonoids, mainly aglycones, are largely influenced by the solvent polarity. While polar solvents like 
water can form hydrogen bonds with the hydroxyl groups of flavonoids, the predominantly hydrophobic regions of these 
compounds are poorly compatible with water, limiting their extraction. In contrast, ethanol had a moderate polarity and 
amphiphilic nature, which interacted effectively with both hydrophilic and hydrophobic regions of the flavonoids. Thus, 
ethanol or hydroalcoholic solvents can simultaneously dissolve non-polar aromatic structures and form hydrogen bonds 
with hydroxyl groups, resulting in higher TFC compared to water alone. Previous studies have identified flavonoids 
present in BP flowers, including myricetin, epicatechin, rutin, kaempferol, quercetin, and procyanidin A2 [23-25]. 
Similar trends were reported by Yusuf et al. [26], who observed an increase in TFC values when increasing ethanol 
concentration up to 80% at 25 °C using ultrasound-assisted extraction for 20 min.

3.3 TMAC

Anthocyanins are a colorful subgroup of flavonoids responsible for the red, pink, purple, and blue pigments found 
in flowers, fruits, and vegetables. Previous studies have identified the delphinidin-based anthocyanins, particularly 
ternatins, as the compounds responsible for the characteristic blue color of the butterfly pea flowers [27, 28]. In this 
study, the TMAC of the BPE ranged between 0.56 and 3.53 mg/g, with the highest TMAC ( p < 0.05) observed for 30% 
ethanol extraction. Azman et al. [29] reported that a high solvent-to-water ratio is effective for extracting anthocyanins 
due to their polar nature and solubility. This may be attributed to the high solubility of glycosylated anthocyanins that 
form stable anthocyanins in aqueous environments. This effect was evident in our study, as water and hydroalcoholic 
solvents yielded darker extracts with lower a* (red index) and b* values (blue index), indicating a higher presence of 
red-blue pigments. In contrast, the brightness of the sample extracted with 100% ethanol was significantly ( p < 0.05) 
higher than water due to the low a* value (red index) and a high b* value (yellow index), suggesting the predominance 
of yellow-green compounds. The hydrophobic regions of the polyphenolic anthocyanin structure also enable it to 
solubilize in organic solvents such as ethanol. Interestingly, Liao et al. [30] reported a significant decrease in TMAC 
when the ethanol concentration was increased up to 80% for anthocyanin from purple eggplant, highlighting that 
excessive ethanol can reduce anthocyanin yield. 

3.4 Antioxidant activity

The antioxidant activities of the BPE were evaluated by DPPH, ABTS, and FRAP assays. The antioxidant activities 
of BPE are shown in Figure 1(a) and (b). Results have shown that the % DPPH for BPE was the highest ( p < 0.05) for 
100% ethanol, followed by 70% ethanol, 50% ethanol, 30% ethanol, and water. Also, the DPPH scavenging activity for 
ethanol with a higher water mixture (50% and 30% ethanol) was the same as water extraction. A similar trend was also 



Volume 6 Issue 2|2025| 269 Food Science and Engineering

observed for % ABTS of all BPE extraction solvents with a remarkable radical scavenging activity above 90%. Both 
DPPH and ABTS assays had the same electron transfer mechanism and involved the decolorization of the free radicals. 
However, stronger scavenging activity by the ABTS assay could contribute to its diverse ability to determine antioxidant 
capacity for both hydrophilic and hydrophobic compounds simultaneously compared to the DPPH assay, which occurs 
preferably in a hydrophobic system [31]. Interestingly, both DPPH (r = 0.973) and ABTS (r = 0.885) strongly resonated 
with the result of TFC, indicating a possibility that the flavonoids in the extract play a role in the radical scavenging 
activity. Meanwhile, the FRAP assay worked differently from both DPPH and ABTS, which involved a non-radical 
color formation reaction from the reduction of the ferrous complex by the active compounds. The highest value of 
FRAP observed was 30% ethanol with 0.32 mmol Fe2+/g extract. Siti Azima et al. [32] reported that the reducing power 
ability was associated with total anthocyanins.
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Figure 1. The antioxidant activities of BPE in different concentrations of ethanol in water. (a) The DPPH and ABTS % scavenging activity and (b) 
FRAP analysis 

3.5 Optical properties 

The optical properties of BPE, such as the color (CIE lab color space), chroma (color intensity or vividness), 
and hue angle (degrees of actual color) of BPE, were measured and presented in Table 2. BPE extracted with 100% 
ethanol was significantly ( p < 0.05) different from other solvent extractions. The 100% ethanol extract had higher 
lightness values, and a slight red hue compared to the BPE extracted using water and ethanol at 30%, 50% and 70% 
concentrations. This indicated that 100% ethanol has lower anthocyanin presence, aligning with the reduction in 
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pigment extraction under highly non-polar conditions as observed in the lowest TMAC values. The low b* values for all 
extracts except for 100% ethanol highlight a strong blue hue of the anthocyanins. Besides that, 100% ethanol exhibited 
the highest chroma (more intense in color) and a shift in hue towards yellow (84.64°), consistent with the yellowish 
tone observed in Figure 2(a). However, the hydroalcoholic and water extracts showed chroma values ranging from 21 
to 24, indicating vivid coloration alongside hue angles near 315 to 323°, which correspond to bluish-purple tones of 
the anthocyanins. The major anthocyanin responsible for the blue color in the plant is known as delphinidin [33]. The 
polyacylated derivatives of delphinidin 3,3’,5’-triglucosides, also known as ternatins, were particularly responsible for 
the vibrant blue color of the BP flowers [34].

Table 2. Optical properties of BPE at different extraction solvents

Water (0% ethanol) 100% ethanol 70% ethanol 50% ethanol 30% ethanol

L*-value 5.10 ± 0.10d 46.20 ± 0.00a 8.10 ± 0.10b 6.67 ± 0.15c 4.90 ± 0.00d

a*-value 17.10 ± 0.10bc 3.60 ± 0.10d 17.37 ± 0.32b 19.13 ± 0.12a 16.73 ± 0.06c

b*-value -12.43 ± 0.15b 38.40 ± 0.30a -17.37 ± 0.32d -14.67 ± 0.06c -14.73 ± 0.06c

Chroma (C*) 21.14 ± 0.16d 38.57 ± 0.31a 24.56 ± 0.46b 24.11 ± 0.13b 22.30 ± 0.04c

Hue angle (H°) 323.98 ± 0.26a 84.64 ± 0.10e 315.00 ± 0.00d 322.53 ± 0.06b 318.64 ± 0.18c

Values are given as mean ± standard deviation (n = 3). Means in the same row with different letters are significantly different ( p < 0.05).
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Figure 2. (a) The image of butterfly pea flower extracts in different ethanol concentrations of ethanol in water, and (b) Butterfly pea extracts of 100% 
ethanol and 30% ethanol at different pHs ranging from pH 1 to pH 13

3.6 pH sensitivity

The pH sensitivity of BPE extracted with 100% ethanol and 30% ethanol was evaluated based on their TMAC 
values, the lowest and the highest anthocyanin contents, respectively, since anthocyanins are the major pigments in 
these extracts. The initial pH values for 100% ethanol and 30% ethanol were 4.02 and 5.26, respectively (data not 
listed). Based on the observation in Figure 2(b), the BPE extracts at 30% exhibited notable variations across a wide 
pH range (1 to 13), transitioning from red, magenta, purple, blue, green, and yellow as the environment shifted from 
highly acidic to highly alkaline. These observations are consistent with previous reports on BP extracts [13] and reflect 
the structural transformations of anthocyanins in response to pH changes. In contrast, 100% ethanol extract displayed 
minimal color changes and consistently appeared lighter across the pH range, contributed by its high yellow index 
(b* > 0). Meanwhile, the extract obtained with 30% ethanol was darker in color due to its intense blue hue (b* < 0). 
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This difference in color suggests that 30% ethanol facilitated a more efficient anthocyanin extraction due to its high 
polarity, resulting in deeper blue hues. Table 3 shows that the 30% ethanol extracts appear more red (high a*-value) 
under strongly acidic conditions, which is characteristic of the red-purple flavylium cation form of anthocyanins. As 
the pH approached neutrality, the a*-values rapidly shifted negatively, reflecting a transition from red to bluish green 
as the flavylium cation undergoes structural transformation, converting into quinoidal base and an anionic quinonoid 
base. Conversely, 100% ethanol maintained a very low a*-values (near zero) across lower pH values towards neutrality, 
indicating less anthocyanin content within the low-polarity solvent. Additionally, green compounds are readily extracted 
from both solvents in decreasing amounts under alkaline conditions (pH 7 to 12). Notably, 100% ethanol displayed an 
increased shifting of positive b*-values, indicating stronger yellow tones across all pH levels, as shown in Figure 2 (b), 
peaking at pH 12. This may be due to pigment instability or possible oxidation. In contrast, the 30% ethanol extract 
exhibited a dramatic shift towards negative b*-values peaking at pH 5, which aligned with the formation of quinonoidal 
and anionic base at mildly acidic to neutral conditions. Increasing alkalinity shifts towards a higher b*-value (yellow 
index), peaking at pH 13, suggesting the formation of chalcones that impart a yellowish discoloration of BPE. These 
colorimetric trends align with the known pH-dependent anthocyanin transformations. Generally, anthocyanins exist as 
red flavylium ions at low pH (pH ≤ 3). Increasing pH makes the flavylium ion undergo deprotonation and hydration. 
The initial deprotonation of the flavylium ion, which occurred in mildly acidic to neutral conditions, yields a purple 
quinonoid base, followed by further deprotonation to form an anionic quinonoid base that imparts a greenish color. 
Hydration of the flavylium ion leads to the formation of a colorless hemiketal, which will further transform into yellow 
cis-chalcones and trans-chalcones (pH 12-13) [13, 35]. 

Table 3. The L*-, a*-, and b*-values of pH sensitivity for 100% ethanol and 30% ethanol BPE extracts

L*-values a*-values b*-values

100% ethanol 30% ethanol 100% ethanol 30% ethanol 100% ethanol 30% ethanol

pH 1 60.43 ± 0.32a 28.17 ± 0.06b 1.40 ± 0.17b 54.30 ± 0.10a 14.03 ± 0.29b 6.13 ± 0.06b

pH 2 58.83 ± 0.12a 23.10 ± 0.10b 1.63 ± 0.06b 45.67 ± 0.15a 20.20 ± 0.00a -8.23 ± 0.06b

pH 3 59.30 ± 0.00a 18.97 ± 0.06b 1.13 ± 0.06b 34.47 ± 0.06a 20.50 ± 0.00a -26.73 ± 0.06b

pH 4 60.10 ± 0.01a 18.07 ± 0.06b 1.10 ± 0.00b 29.73 ± 0.12a 20.53 ± 0.21a -36.30 ± 0.27b

pH 5 59.87 ± 0.06a 19.50 ± 0.10b 1.00 ± 0.01b 27.33 ± 0.06a 20.87 ± 0.06a -39.70 ± 0.10b

pH 6 60.63 ± 0.12a 17.03 ± 0.15b 0.43 ± 0.06b 10.73 ± 0.35a 22.50 ± 0.00a -34.33 ± 0.40b

pH 7 60.87 ± 0.06a 20.07 ± 0.06b -1.97 ± 0.15a -14.77 ± 0.06b 31.00 ± 0.10a -19.60 ± 0.10b

pH 8 60.53 ± 0.15a 16.17 ± 0.06b -3.83 ± 0.06a -19.20 ± 0.10b 40.60 ± 0.00a -9.70 ± 0.00b

pH 9 59.77 ± 0.10a 30.83 ± 0.23b -3.97 ± 0.06a -12.87 ± 0.15b 52.40 ± 0.00a -4.57 ± 0.06b

pH 10 59.60 ± 0.00a 8.00 ± 0.10b -4.63 ± 0.15a -6.30 ± 0.10b 51.00 ± 0.10a -3.90 ± 0.00b

pH 11 57.67 ± 0.15a 7.67 ± 0.17b -1.70 ± 0.10a -3.90 ± 0.10b 55.50 ± 0.10a 0.90 ± 0.10b

pH 12 57.10 ± 0.00a 18.23 ± 0.21b -0.57 ± 0.06a -3.27 ± 0.21a 58.04 ± 0.06a 9.67 ± 0.15b

pH 13 55.87 ± 0.06b 57.80 ± 0.00a 2.87 ± 0.13b 5.93 ± 0.15a 51.13 ± 0.15b 59.80 ± 0.10a

Values are given as mean ± standard deviation (n = 3). Means in the same row of pH value for each 
 L*-, a*-, and b*-values between 100% ethanol and 30% ethanol with different letters are significantly different ( p ≤ 0.05).
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3.7 Antimicrobial activity

In this study, the antimicrobial activities of BPE at 50 mg/mL were evaluated using the agar well diffusion method 
against two Gram-positive bacteria (L. monocytogenes and S. aureus) and two Gram-negative bacteria (E. coli and S. 
Typhi). The diameter of the inhibition zones shows (Table 4) that most of the BPE samples were able to inhibit both 
Gram-positive and Gram-negative bacteria. The highest inhibition zones for L. monocytogenes, S. aureus, and E. coli 
were exhibited by BPE with 70% ethanol, whereas the water extract showed the greatest inhibition against S. Typhi. 
However, it was also noticeable that 100% ethanol extracts had no inhibitory effect on S. aureus and S. Typhi. This 
lack of activity could be attributed to the inefficient extraction of polar anthocyanins and other hydrophilic compounds 
that contribute to antibacterial action. The antimicrobial effect may be due to their polyphenolic compounds, which 
can interact with the bacterial membrane proteins by sequestering essential ions for protein stability, as well as through 
electron transfer processes at the membrane interface involving both hydrophobic interaction and hydrogen bonding. 
These mechanisms ultimately disrupt bacterial membranes, leading to antimicrobial effects [36].

Table 4. The antimicrobial activity of BPE

The diameter of inhibition zones (mm)

Streptomycin
(+ve control)

Sterile distilled 
water 

(-ve control)
Water

(0% ethanol)
100%

ethanol
70%

ethanol
50%

ethanol
30%

ethanol

L. monocytogenes 20.17 ± 1.65a 0.00 7.38 ± 0.88b 7.00 ± 1.41b 9.58 ± 1.53b 9.50 ± 2.12b 9.50 ± 2.12b

S. aureus 20.00 ± 1.89a 0.00 7.37 ± 0.05b 0.00 9.40 ± 0.09b 8.33 ± 0.00b 8.67 ± 0.00b

E. coli 21.33 ± 0.47a 0.00 7.67 ± 0.47b 6.50 ± 0.71b 9.50 ± 1.18b 8.03 ± 0.05b 8.50 ± 0.24b

S. Typhi 20.00 ± 0.94a 0.00 10.33 ± 0.94b 0.00 10.00 ± 0.00b 6.98 ± 0.73b 9.77 ± 1.74b

Values are given as mean ± standard deviation (n = 3). Means in the same row with different letters are significantly different ( p < 0.05).

4. Conclusion
In this study, the butterfly pea was extracted using ethanol-water solutions of varying concentrations. Results 

showed that solvent polarity affected the phytochemical properties of the butterfly pea extracts. Low polarity solvents 
had a significant effect on the TFC, whereby higher solvent polarity influenced the total phenolic and anthocyanin 
contents. All BPEs exhibited antioxidant properties with strong radical scavenging activity, alongside good antimicrobial 
effects. Furthermore, higher water content in the ethanol-water solutions displayed an intense blue pigment and 
showed high sensitivity to pH changes. These findings indicate that BPEs with a proper ratio of water-solvent solutions 
are promising natural coloring agents with color-changing abilities in response to pH, as well as antioxidant and 
antimicrobial properties.

CrediT authorship contribution statement
Nor Adilah Abdullah: Conceptualization, Methodology, Investigation, Writing—Original Draft preparation, 

Writing—Reviewing and Editing. Chong Gun Hean: Supervision, Validation. Ezzat Mohamad Azman: Methodology, 
Validation, Writing—Reviewing and Editing. Nur Hanani Zainal Abedin: Methodology, Validation, Writing—Reviewing 
and Editing, Supervision.



Volume 6 Issue 2|2025| 273 Food Science and Engineering

Declaration of funding
This research did not receive any specific grant from funding agencies in the public, commercial, or non-profit 

sectors.

Acknowledgement
We would like to thank the Faculty of Food Science and Technology, UPM, for supporting the research facilities.

Conflict of interest
The authors declare that they have no known competing financial interests or personal relationships that could have 

appeared to influence the work reported in this paper.

References
[1]	 Campbell SM, Pearson B, Marble SC. Butterfly Pea (Clitoria ternatea) Flower Extract (BPFE) and its use as a pH-

dependent natural colorant. Edis. 2019; 2019(2): EP573. Available from: doi:10.32473/edis-ep573-2019.
[2] 	 Rawdkuen S, Faseha A, Benjakul S, Kaewprachu P. Application of anthocyanin as a color indicator in gelatin films. 

Food Bioscience. 2020; 36: 100603. Available from: doi:10.1016/j.fbio.2020.100603.
[3] 	 Wang Y, Liu T, Xie Y, li N, Liu Y, Wen J, et al. Clitoria ternatea blue petal extract protects against obesity, 

oxidative stress, and inflammation induced by a high-fat, high-fructose diet in C57BL/6 mice. Food Research 
International. 2022; 162: 112008. Available from: doi:10.1016/j.foodres.2022.112008.

[4] 	 Netravati, Gomez S, Pathrose B, Kuruvila B. Comparative evaluation of anthocyanin pigment yield and its 
attributes from Butterfly pea (Clitorea ternatea L.) flowers as prospective food colorant using different extraction 
methods. Future Foods. 2022; 6: 100199. Available from: doi:10.1016/j.fufo.2022.100199.

[5] 	 Salacheep S, Kasemsiri P, Pongsa U, Okhawilai M, Chindraprasirt P, Hiziroglu S. Optimization of ultrasound-
assisted extraction of anthocyanins and bioactive compounds from butterfly pea petals using Taguchi method 
and Grey relational analysis. Journal of Food Science and Technology. 2020; 57: 3720-3730. Available from: 
doi:10.1016/j.fbio.2020.100603.

[6] 	 Tan J, Han Y, Han B, Qi X, Cai X, GE S, et al. Extraction and purification of anthocyanins: A review. Journal of 
Agriculture and Food Research. 2022; 8: 100306. Available from: doi:10.1016/J.JAFR.2022.100306.

[7] 	 Azman EM, Nor NDM, Charalampopoulos D, Chatzifragkou A. Stability enhancement of anthocyanins from 
blackcurrant (Ribes Nigrum L.) pomace through intermolecular copigmentation. Molecules. 2022; 27(17): 5489. 
Available from: doi:10.3390/molecules27175489.

[8] 	 de Oliveira Filho JG, Braga AR, de Oliveira BR, Gomes FP, Moreira VL, Pereira VA, et al. The potential 
of anthocyanins in smart, active, and bioactive eco-friendly polymer-based films: A review. Food Research 
International. 2021; 142: 110202. Available from: doi:10.1016/J.FOODRES.2021.110202.

[9] 	 Jeyaraj EJ, Lim YY, Choo WS. Effect of organic solvents and water extraction on the phytochemical profile and 
antioxidant activity of Clitoria ternatea flowers. ACS Food Science and Technology. 2021; 1(9): 1567-1577. 
Available from: doi:10.1021/acsfoodscitech.1c00168.

[10]	Handayani L, Aprilia S, Arahman N, Bilad MR. Identification of the anthocyanin profile from butterfly pea (Clitoria 
ternatea L.) flowers under varying extraction conditions: Evaluating its potential as a natural blue food colorant 
and its application as a colorimetric indicator. South African Journal of Chemical Engineering. 2024; 49: 151-161. 
Available from: doi:10.1016/j.sajce.2024.04.008.

[11] 	Mehmood A, Ishaq M, Zhao L, Yaqoob S, Safdar B, Nadeem M, et al. Impact of ultrasound and conventional 
extraction techniques on bioactive compounds and biological activities of blue butterfly pea flower (Clitoria 
ternatea L.). Ultrasonic Sonochemistry. 2019; 51: 12-19. Available from: doi:10.1016/j.ultsonch.2018.10.013.

[12] 	Ramlan NAFM, Zin ASM, Safari NF, Chan KW, Zawawi N. Application of heating on the antioxidant and 
antibacterial properties of Malaysian and Australian stingless bee honey. Antibiotics. 2021; 10(11): 1365. Available 



Food Science and Engineering 274 | Nur Hanani Zainal Abedin, et al.

from: doi:10.3390/antibiotics10111365.
[13] 	Fu X, Wu Q, Wang J, Chen Y, Zhu G, Zhu Z, et al. Spectral characteristic, storage stability and antioxidant 

properties of anthocyanin extracts from flowers of Butterfly Pea (Clitoria ternatea L.). Molecules. 2021; 26(22): 
7000. Available from: doi:10.3390/molecules26227000.

[14] 	Zhou Y, Li C, Feng B, Chen B, Jin L, Shen Y. UPLC-ESI-MS/MS based identification and antioxidant, 
antibacterial, cytotoxic activities of aqueous extracts from storey onion (Allium cepa L. var. proliferum Regel). 
Food Research International. 2020; 130: 108969. Available from: doi:10.1016/j.foodres.2019.108969.

[15] 	Sik B, Ajtony Z, Lakatos E, Székelyhidi R. The effects of extraction conditions on the antioxidant activities, total 
polyphenol and monomer anthocyanin contents of six edible fruits growing wild in Hungary. Heliyon. 2022; 8(12): 
e12048. Available from: doi:10.1016/j.heliyon.2022.e12048.

[16] 	Pandiselvam R, Mitharwal S, Rani P, Shanker MA, Kumar A, Aslam R, et al. The influence of non-thermal 
technologies on color pigments of food materials: An updated review. Current Research in Food Science. 2023; 6: 
100529. Available from: doi:10.1016/j.crfs.2023.100529.

[17] 	Tessema FB, Gonfa YH, Asfaw TB, Tadesse MG, Bachheti A, Alshahami MO, et al. Targeted HPTLC profile, 
quantification of flavonoids and phenolic acids, and antimicrobial activity of Dodonaea angustifolia (L.f.) leaves 
and flowers. Molecules. 2023; 28(6): 2870. Available from: doi:10.3390/molecules28062870.

[18] 	Sikorska-Zimny K, Białek E, Kocik A, Kozioł M, Ziarkowska M, Wojciechowska M, et al. The effect of different 
ethanol concentrations on functional properties in apple macerates. Journal of Nutrition and Food Security. 2025; 
10(3): 423-432. Available from: doi:10.18502/jnfs.v10i3.19241.

[19] 	Drăghici-Popa AM, Boscornea AC, Brezoiu AM, Tomas ST, Pârvulescu OC, Stan R. Effects of extraction process 
factors on the composition and antioxidant activity of blackthorn (Prunus spinosa L.) fruit extracts. Antioxidants. 
2023; 12(10): 1897. Available from: doi:10.3390/antiox12101897.

[20] 	Ziani I, Bouakline H, Yahyaoui MI, Belbachir Y, Fauconnier M-L, Asehraou A, et al. The effect of ethanol/water 
concentration on phenolic composition, antioxidant, and antimicrobial activities of Rosmarinus tournefortii de 
Noé hydrodistillation solid residues. Journal of Food Measurement and Characterization. 2022; 17: 1602-1615. 
Available from: doi:10.1007/s11694-022-01722-6.

[21] 	Jaafar NF, Ramli ME, Mohd Salleh R. Optimum extraction condition of Clitorea ternatea flower on antioxidant 
activities, total phenolic, total flavonoid and total anthocyanin contents. Tropical Life Sciences Research. 2020; 
31(2): 1-17. Available from: doi:10.21315/tlsr2020.31.2.1.

[22] 	Aditiyarini D, Iswuryani EO. Effect of various factors on anthocyanins extraction from butterfly pea flower (Clitoria 
ternatea L.). New Biotechnology and Chemistry. 2021; 21(1): e817. Available from: doi:10.36547/nbc.817.

[23] 	Gonçalves GCP, Rosas ALG, de Sousa RC, Vieira TRR, de Albuquerque Sousa TC, Ramires T, et al. A green 
method for anthocyanin extraction from Clitoria ternatea flowers cultivated in southern Brazil: Characterization, 
in vivo toxicity, and biological activity. Food Chemistry. 2024; 435: 137575. Available from: doi:10.1016/
j.foodchem.2023.137575.

[24] 	Escher GB, Wen M, Zhang L, Rosso ND, Granato D. Phenolic composition by UHPLC-Q-TOF-MS/MS and 
stability of anthocyanins from Clitoria ternatea L. (butterfly pea) blue petals. Food Chemistry. 2020; 331: 127341. 
Available from: doi:10.1016/J.FOODCHEM.2020.127341.

[25] 	Liu C, Liu J, Liu G, Song Y, Yang X, Gao H, et al. Anthocyanins and flavonoids derived from Clitoria ternatea 
L. flower inhibit bladder cancer growth via suppressing fatty acid synthesis mediated by SREBP1 pathway. Acta 
Biochimica et Biophysica Sinica. 2024; 57(5): 770-781. Available from: doi:10.3724/abbs.2024192.

[26] 	Yusof N, Abdul Munaim MS, Kutty RV. The effects of different ethanol concentration on total phenolic and total 
flavonoid content in Malaysian propolis. IOP Conference Series: Materials Science and Engineering. 2020; 991: 
012033. Available from: doi:10.1088/1757-899X/991/1/012033.

[27] 	Escher GB, Marques MB, do Carmo MAV, Azevedo L, Furtado MM, Sant’Ana AS, et al. Clitoria ternatea L. 
petal bioactive compounds display antioxidant, antihemolytic and antihypertensive effects, inhibit α-amylase 
and α-glucosidase activities and reduce human LDL cholesterol and DNA induced oxidation. Food Research 
International. 2020; 128: 108763. Available from: doi:10.1016/j.foodres.2019.108763.

[28] 	Thuy NM, Minh VQ, Ben TC, Nguyen MTT, Ha HTN, Tai NV. Identification of anthocyanin compounds in 
butterfly pea flowers (Clitoria Ternatea L.) by ultra performance liquid chromatography/ultraviolet coupled to mass 
spectrometry. Molecules. 2021; 26(15): 4539. Available from: doi:10.3390/molecules26154539.

[29] 	Azman EM, Mohd Nor ND, Charalampopoulos D, Chatzifragkou A. Effect of acidified water on phenolic profile 
and antioxidant activity of dried blackcurrant (Ribes Nigrum L.) pomace extracts. LWT. 2022; 154: 112733. 
Available from: doi:10.1016/j.lwt.2021.112733.

[30] 	Liao J, Xue H, Li J. Extraction of phenolics and anthocyanins from purple eggplant peels by multi-frequency 



Volume 6 Issue 2|2025| 275 Food Science and Engineering

ultrasound: Effects of different extraction factors and optimization using uniform design. Ultrasonic Sonochemistry. 
2022; 90: 106174. Available from: doi:10.1016/J.ULTSONCH.2022.106174.

[31] 	Tena N, Mart J. State of the art of anthocyanins: antioxidant activity, sources, bioavailability, and therapeutic effect 
in human health. Antioxidants. 2020; 9(5): 451. Available from: doi:10.3390/antiox9050451.

[32] 	Siti Azima AM, Noriham A, Manshoor N. Anthocyanin content in relation to the antioxidant activity and 
colour properties of Garcinia mangostana peel, Syzigium cumini and Clitoria ternatea extracts. International 
Food Research Journal. 2014; 21(6): 2369-2375. Available from: http://www.ifrj.upm.edu.my/21%20(06)%20
2014/44%20IFRJ%2021%20(06)%202014%20Siti%20205.pdf [Accessed 8th November 2024]. .

[33] 	Ratha J, Yongram C, Panyatip P, Powijitkul P, Siriparu P, Datham S, et al. Polyphenol and tryptophan contents 
of purple corn (Zea mays L.) variety KND and butterfly pea (Clitoria ternatea) aqueous extracts: Insights into 
phytochemical profiles with antioxidant activities and PCA analysis. Plants. 2023; 12(3): 603. Available from: 
doi:10.3390/plants12030603.

[34] 	Chandrajith G, Gamage V, Lim YY, Choo WS. Anthocyanins from Clitoria ternatea flower: Biosynthesis, 
extraction, stability, antioxidant activity, and applications. Frontiers in Plant Science. 2021; 12: 1-17. Available 
from: doi:10.3389/fpls.2021.792303.

[35] 	Matiolli R, Francioso A, Mosca L, Silva P. Anthocyanins: A comprehensive review of their chemical properties and   
health effects on cardiovascular and neurodegenerative diseases. Molecules. 2020; 25(17); 3809. Available from: 
doi:10.3390/molecules25173809.

[36] 	Pattananandecha T, Apichai S, Sirilun S, Julsrigival J, Sawangrat K, Ogata F, et al. Anthocyanin profile, 
antioxidant, anti-inflammatory, and antimicrobial against foodborne pathogens activities of purple rice cultivars in 
northern Thailand. Molecules. 2021; 26(17): 5234. Available from: doi:10.3390/molecules26175234.


	_GoBack
	_Hlk122597528
	_Hlk202183656
	_Hlk202183695
	_Hlk200991763
	_Hlk201055992
	_Hlk203598855
	_Hlk201330773
	_Hlk201331223
	_Hlk201331122

