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ABSTRACT

Butterfly pea leaves (Clitoria ternatea) are one part of the plant that contains various secondary
metabolites and have the potential to serve as a natural antioxidant source. This study aimed to
determine the phytochemical content and compare the antioxidant activity of ethanolic extracts of
young and mature butterfly pea leaves using the DPPH (2,2-diphenyl-1-picrylhydrazyl) method. The
samples were extracted by maceration using 96% ethanol, followed by qualitative phytochemical
screening and antioxidant activity testing at concentrations of 20, 40, 60, and 80 ug/mL. The results
showed that both extracts were positive for phenolics, flavonoids, tannins, alkaloids, saponins, and
steroids, but negative for triterpenoids. The ICso values of young leaf extract, mature leaf extract, and
vitamin C were 80.408, 58.023, and 5.655 ug/mL, respectively. Based on the ICso values, both extracts
were classified as strong antioxidants, while vitamin C was classified as a very strong antioxidant. The
mature butterfly pea leaf extract showed higher antioxidant activity than the young leaf extract,
indicating that leaf maturity affects the antioxidant potential of butterfly pea leaves.

Keywords: antioxidant activity, butterfly pea leaves, Clitoria ternatea, DPPH, phytochemical screening

1. INTRODUCTION

Free radicals are reactive molecules or atoms that contain one or more unpaired electrons and can react easily
with biological components in the body. Excessive free radical formation may cause oxidative stress, a condition that
occurs when the production of free radicals exceeds the capacity of the antioxidant defense system. Oxidative stress can
damage cellular components such as lipids, proteins, and DNA, and is associated with the development of various
degenerative diseases.',> Antioxidants play an important role in preventing oxidative damage by donating electrons or
hydrogen atoms to stabilize reactive molecules.> Therefore, antioxidant compounds are needed to maintain redox
balance and protect the body from cellular damage caused by free radicals.
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The human body naturally produces endogenous antioxidants, such as glutathione, superoxide dismutase, and
catalase. However, these antioxidant defense systems are often insufficient under conditions of physiological stress,
environmental exposure, and increased radical production.® For this reason, exogenous antioxidants from food or
medicinal plants are needed to support the body’s antioxidant defense. Synthetic antioxidants, such as butylated
hydroxytoluene and butylated hydroxyanisole, are commonly used to inhibit oxidation, but their long-term use has
raised safety concerns.* This has encouraged the exploration of natural antioxidants from plants because they are
considered safer, more accessible, and environmentally friendly.

Butterfly pea (Clitoria ternatea) is a plant from the Fabaceae family that grows widely in tropical regions and
has been used in agriculture, traditional medicine, and food applications.” This plant is commonly known for its flowers,
which contain anthocyanin pigments and are widely used as natural colorants in food and beverages.© However, not
only the flowers but also the leaves of C. ternatea contain various bioactive compounds. Previous phytochemical
studies reported that butterfly pea leaves contain secondary metabolites such as phenolics, flavonoids, tannins,
alkaloids, saponins, and steroids.” These compounds are known to contribute to antioxidant activity, especially phenolic
and flavonoid compounds, which can scavenge free radicals through electron or hydrogen donation mechanisms. In
addition, C. ternatea extract has been reported to show antioxidant potential, supporting its possible development as a
natural antioxidant source.®

The content of secondary metabolites in plants can be influenced by genetic factors, environmental conditions,
and physiological changes in plant organs. Leaves are metabolically active organs, and their maturity level may affect
the accumulation of bioactive compounds. Young and mature leaves may have different phytochemical compositions
because they undergo different physiological and metabolic processes during plant growth.® Several studies have shown
that leaf age or maturity can influence phenolic content and antioxidant activity in plant leaves. However, information
regarding the comparison of antioxidant activity between young and mature C. ternatea leaves is still limited.
Therefore, it is important to conduct phytochemical screening and antioxidant activity testing on butterfly pea leaves at
different maturity levels.

The DPPH (2,2-diphenyl-1-picrylhydrazyl) method is one of the most commonly used methods to evaluate
antioxidant activity in plant extracts because it is simple, rapid, and effective for measuring free radical scavenging
ability.'®,'" In this method, antioxidant activity is indicated by the reduction of DPPH radicals, which causes a decrease
in absorbance and a color change from purple to yellow. Based on this background, this study aimed to identify the
phytochemical compounds and compare the antioxidant activity of ethanolic extracts of young and mature butterfly pea
leaves using the DPPH method. It was expected that young and mature leaves would show different antioxidant
activities due to differences in secondary metabolite accumulation. The results of this study are expected to provide
scientific information on the antioxidant potential of C. fernatea leaves based on leaf maturity level.

2. EXPERIMENTAL

2.1. Chemicals, Equipment and Instrumentation

This research was conducted at the Research Laboratory, Department of Chemistry, Faculty of Mathematics
and Natural Sciences, Universitas Negeri Medan, from February to June 2026. The samples used in this study were
young and mature butterfly pea (Clitoria ternatea) leaves obtained from Titi Kuning, Medan Johor District, Medan
City, North Sumatra. Young leaves were collected from the shoot area or leaves that were light green and had a softer
texture, while mature leaves were collected from the middle to lower parts of the plant, fully developed, darker green in
color, and firmer in texture. The chemicals used included 96% ethanol (C:HsOH), methanol p.a. (CHsOH), DPPH
powder (2,2-diphenyl-1-picrylhydrazyl) Merck, vitamin C (CsHsOs), distilled water (H20), FeCls solution 10 mg/mL,
magnesium powder (Mg), concentrated hydrochloric acid (HCI), 1 N hydrochloric acid, NaCl solution 20 mg/mL,
gelatin solution 10 mg/mL, chloroform, ammonia, concentrated sulfuric acid (H-SO.), glacial acetic acid (CH;:COOH),
Mayer reagent, and Dragendorff reagent.

The equipment used in this study included an analytical balance (Fujitsu FSR-A320), covered glass jars,
beakers, measuring cylinders, stirring rods, glass funnels, Whatman No. 1 filter paper, volumetric flasks, blender,
measuring pipettes, glass bottles, micropipettes, dropper pipettes, vortex, vials, 40-mesh sieve, stopwatch, rotary
evaporator, and UV-Vis spectrophotometer. The UV-Vis spectrophotometer was used to measure the absorbance of
DPPH solution after reaction with the sample solution and reference solution.
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2.2. Research Procedure

2.2.1. Preparation of Young and Mature Butterfly Pea (Clitoria ternatea) Leaf Samples

Young and mature butterfly pea leaves, each weighing 2 kg, were collected and subjected to wet sorting to remove
damaged, wilted, or unsuitable leaves. The sorted samples were washed under running water to remove dirt, dust, and
soil residues attached to the leaf surface. The leaves were then drained until no water remained on the surface.

The cleaned young and mature butterfly pea leaves were cut into small pieces to allow a more uniform drying
process. Drying was carried out in a shaded place with good air circulation and without direct sunlight until the leaves
became dry and easily crushed. The dried samples were ground using a blender to obtain powder, then sieved using a
40-mesh sieve to obtain uniform particle size. The simplicia powder obtained was stored in a tightly closed container
and placed in a cool area protected from light before being used for the extraction process.'?

2.2.2. Extraction of Young and Mature Butterfly Pea (Clitoria ternatea) Leaves

The extraction of young and mature butterfly pea leaves was carried out using the maceration method with 96%
ethanol as the solvent. A total of 300 g of young butterfly pea leaf simplicia powder and 300 g of mature butterfly pea
leaf simplicia powder were each placed into tightly closed glass containers. Then, 96% ethanol was added with a
simplicia-to-solvent ratio of 1:3. The soaking process was carried out for 3 x 24 hours at room temperature with
occasional stirring to optimize the diffusion of active compounds into the solvent.

After maceration was completed, the mixture was filtered using Whatman No. 1 filter paper to separate the filtrate
and residue. The residue was then remacerated using fresh solvent with the same volume to extract the remaining active
compounds. The filtrates from maceration and remaceration were combined and concentrated using a rotary evaporator
at 40°C and 60 rpm until a thick extract was obtained. The ethanolic extracts of young and mature butterfly pea leaves
were stored in tightly closed amber bottles at low temperature before being used for phytochemical screening and
antioxidant activity testing.'?

2.2.3. Phytochemical Screening of Ethanolic Butterfly Pea Leaf Extracts

Phytochemical screening was carried out qualitatively to identify the presence of secondary metabolites in the
ethanolic extracts of young and mature butterfly pea leaves, including phenolics, flavonoids, tannins, alkaloids,
saponins, steroids, and triterpenoids.'*

a). Phenolic Test

A total of 40 mg of ethanolic butterfly pea leaf extract was added with 10 drops of FeCls solution 10 mg/mL. The
sample was considered positive for phenolic compounds if the color changed to green, blue, purple, red, or dark black.

b). Flavonoid Test

A total of 40 mg of ethanolic butterfly pea leaf extract was added with 100 mL of hot water, heated for 5 minutes,
and filtered. Then, 5 mL of the filtrate was taken and added with 50 mg of magnesium powder and 1 mL of
concentrated HCI, followed by vigorous shaking. The sample was considered positive for flavonoids if a yellow,
orange, or red color was formed.

¢). Tannin Test

A total of 40 mg of ethanolic butterfly pea leaf extract was added with 1 mL of NaCl solution 20 mg/mL and 5 mL
of gelatin solution 10 mg/mL. The sample was considered positive for tannins if a precipitate was formed.

d). Alkaloid Test

A total of 40 mg of ethanolic butterfly pea leaf extract was added with 2 mL of chloroform and several drops of
ammonia, then filtered. The filtrate was added with 3—5 drops of concentrated H.SO4 and shaken until two layers were
formed. The acid layer was collected and separately added with 4-5 drops of Mayer and Dragendorff reagents. The
sample was considered positive for alkaloids if a white precipitate was formed with Mayer reagent and a reddish-yellow
precipitate was formed with Dragendorff reagent.

e). Saponin Test
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A total of 40 mg of ethanolic butterfly pea leaf extract was added with 10 mL of water and shaken for 1 minute.
Then, 2 drops of 1 N HCI were added. The sample was considered positive for saponins if stable foam was formed and
persisted for approximately 7 minutes.

). Steroid and Triterpenoid Test

A total of 40 mg of ethanolic butterfly pea leaf extract was added with 10 drops of glacial acetic acid and 2 drops of
concentrated H2SO4. The sample was considered positive for steroids if the color changed to green or blue, while
triterpenoids were indicated by the formation of a red or purple color.

2.2.4. Preparation of DPPH Solution

The DPPH solution was prepared by weighing 15.77 mg of DPPH powder, then dissolving it in methanol p.a. in a
100 mL volumetric flask until homogeneous. The resulting solution had a concentration of 0.4 mM. The DPPH solution
was stored at low temperature and protected from light to prevent degradation before being used in antioxidant activity
testing.'?

2.2.5. Preparation of Sample Solutions and Vitamin C Reference Solution

The sample solutions were prepared from ethanolic extracts of young and mature butterfly pea leaves. Each extract
was weighed as much as 5 mg, dissolved in methanol p.a., and placed into a 50 mL volumetric flask. Methanol p.a. was
then added up to the mark and the solution was homogenized. The stock solution obtained was further diluted into
several concentration variations, namely 20, 40, 60, and 80 pg/mL. All sample solutions were stored under light-
protected conditions until used in antioxidant activity testing.'¢

The reference solution was prepared using vitamin C. A total of 50 mg of vitamin C was dissolved in 50 mL of
distilled water until completely dissolved to obtain a stock solution with a concentration of 1000 ppm. From this stock
solution, 10, 20, 30, and 40 pL were respectively pipetted into 5 mL volumetric flasks and diluted with distilled water
up to the mark. The vitamin C standard solutions obtained had concentrations of 2, 4, 6, and 8 ppm. The vitamin C
solutions were stored under light-protected conditions before being used as the reference in antioxidant activity
testing.'®

2.2.6. Determination of Maximum Wavelength and Operating Time of DPPH

The maximum wavelength of DPPH was determined by mixing 4 mL of 0.4 mM DPPH solution with 2 mL of
methanol p.a. The solution was homogenized and incubated for 30 minutes at room temperature under light-protected
conditions. After incubation, the absorbance of the solution was measured using a UV-Vis spectrophotometer in the
wavelength range of 400-800 nm. The wavelength showing the highest absorbance peak was determined as the
maximum wavelength and used as the working wavelength in antioxidant activity testing.!”

The operating time was determined to identify the optimum reaction time between DPPH solution and antioxidant
compounds. A total of 4 mL of 0.4 mM DPPH solution was mixed with 50 pL of vitamin C standard solution and
homogenized using a vortex for 1 minute. The mixture was allowed to react at room temperature under light-protected
conditions. Absorbance was measured every 5 minutes for 60 minutes at the maximum wavelength until a stable
absorbance value was obtained.®

2.2.7. Antioxidant Activity Test Using the DPPH Method

Blank absorbance measurement was carried out by pipetting | mL of 0.4 mM DPPH solution, then adding
ethanol p.a. up to a final volume of 5 mL in a volumetric flask. The mixture was homogenized and allowed to stand for
30 minutes under light-protected conditions. The blank absorbance was then measured at the maximum wavelength of
DPPH.

The antioxidant activity test of vitamin C was carried out by mixing 4 mL of vitamin C solution at
concentrations of 2, 4, 6, and 8 ppm with 1 mL of 0.4 mM DPPH solution. The mixture was homogenized and
incubated for 30 minutes in the dark. After incubation, the absorbance of the solution was measured using a UV-Vis
spectrophotometer at the maximum wavelength.
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The antioxidant activity test of ethanolic extracts of young and mature butterfly pea leaves was carried out by
taking 4 mL of sample solution from each test concentration, namely 20, 40, 60, and 80 pg/mL. Each sample solution
was mixed with 1 mL of 0.4 mM DPPH solution and homogenized thoroughly. The mixture was incubated for 30
minutes under light-protected conditions to allow the reaction between antioxidant compounds in the extract and DPPH
radicals. After incubation, the absorbance of the solution was measured using a UV-Vis spectrophotometer at the
maximum wavelength.'¢

2.2.8. Data Analysis
Antioxidant activity was determined based on the percentage inhibition of DPPH radicals at each concentration
of sample solution and reference solution. The percentage inhibition was calculated using the following formula:

o absorbance blank — absorbance sample
%Inhibition = ~bsorbance blank x 100 %

where blank absorbance is the absorbance of DPPH solution without sample, while sample absorbance is the absorbance
of DPPH solution after the addition of sample solution or reference solution.

The ICso value was determined using a linear regression equation between the logarithm of sample
concentration and percentage inhibition with the equation y = bx + a. The value of y = 50% was substituted into the
regression equation to obtain the sample concentration required to inhibit 50% of DPPH free radicals. A lower ICso
value indicates stronger antioxidant activity. The ICso values of ethanolic extracts of young and mature butterfly pea
leaves were then compared with vitamin C as the reference standard.'®

3. RESULTS AND DISCUSSION
3.1. Preparation and Extraction of Young and Mature Butterfly Pea Leaves

Sample preparation was carried out to obtain dried simplicia powder of young and mature butterfly pea
(Clitoria ternatea) leaves for the extraction process. The young and mature butterfly pea leaves were collected from Titi
Kuning, Medan Johor District, Medan City, North Sumatra. Young leaves were collected from the shoot area and were
characterized by a light green color and softer texture, whereas mature leaves were collected from the middle to lower
parts of the plant and were characterized by a darker green color, fully developed leaf structure, and firmer texture.
Differences in leaf maturity may influence the content of secondary metabolites because young and mature leaves are at
different physiological stages.'

The collected young and mature leaves were sorted, washed, cut into small pieces, dried, ground, and sieved
using a 40-mesh sieve. Drying was conducted to reduce the moisture content of the samples, prevent microbial growth,
and maintain the quality of the simplicia.?® Grinding and sieving were performed to obtain a more uniform particle size.
Smaller particle size can increase the contact surface area between the simplicia and the solvent, thereby improving the
extraction of active compounds.?! From 2 kg of young butterfly pea leaves, 317 g of simplicia powder was obtained,
while 338 g of simplicia powder was obtained from 2 kg of mature butterfly pea leaves.

Extraction was carried out using the maceration method with 96% ethanol as the solvent. Maceration was
selected because it is a simple extraction method and does not involve high heating, thereby minimizing the degradation
of thermolabile secondary metabolites. Ethanol 96% was used because it can dissolve various secondary metabolites,
including polar and semi-polar compounds, and has good penetration ability into plant cell walls.??> A total of 300 g of
young leaf simplicia powder and 300 g of mature leaf simplicia powder were each macerated using 96% ethanol with a
simplicia-to-solvent ratio of 1:3. The filtrates obtained from maceration and remaceration were combined and
concentrated using a rotary evaporator at 40°C and 60 rpm until thick extracts were obtained.'?

The extraction results showed that the young butterfly pea leaf extract produced 19.8 g of thick extract with a yield of
6.6%, while the mature butterfly pea leaf extract produced 17.7 g of thick extract with a yield of 5.9%. The extraction
yields of young and mature butterfly pea leaves are presented in Table 1.
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Table 1. Yield of ethanolic extracts of young and mature butterfly pea leaves

No Sample Simplicia weight Thick extract weight Yield
1. Young butterfly pea leaves 300 g 198 g 6.6%
2. Mature butterfly pea leaves 300 g 177 g 5.9%

Based on Table 1, the yield of young butterfly pea leaf extract was higher than that of mature butterfly pea leaf
extract. This difference may be caused by the softer tissue structure of young leaves, which allows the solvent to
penetrate the cell matrix more easily and extract the compounds contained inside the cells. In contrast, mature leaves
have thicker and firmer tissue structures, which may limit solvent penetration into the cells.?> However, extraction yield
is not always directly proportional to antioxidant activity, because yield only indicates the total amount of extract
obtained, whereas antioxidant activity is more strongly influenced by the type and concentration of active compounds
present in the extract.

3.2. Phytochemical Screening of Ethanolic Extracts of Butterfly Pea Leaves

Phytochemical screening was conducted to identify the secondary metabolites present in the ethanolic extracts
of young and mature butterfly pea leaves. The screening included tests for phenolics, flavonoids, tannins, alkaloids,
saponins, steroids, and triterpenoids. The presence of secondary metabolites was indicated by color changes, precipitate
formation, or foam formation after the addition of specific reagents.’* The phytochemical screening results of the
ethanolic extracts of young and mature butterfly pea leaves are presented in Table 2.

Table 2. Phytochemical screening results of ethanolic extracts of young and mature butterfly pea leaves

No. Test Reagent Young Mature Observation
leaves leaves
1. Phenolics FeCls + + Green solution
2. Flavonoids Mg + concentrated HCI + + Orange solution
3. Tannins NaCl + gelatin + + Blackish-green color
4. Alkaloids Mayer and Dragendorff + + Wthe .and reddish-brown
precipitates
S. Saponins Water + HCI 1 N + + Stable foam for £7 minutes
6. Steroids Glacial CH;COOH + concentrated H>SO4 + + Green solution
7. Triterpenoids Glacial CH;COOH + concentrated H>SO4 - - No red or purple color formed

Note: (+) = detected; (—) = not detected.

Based on Table 2, both young and mature butterfly pea leaf extracts were positive for phenolics, flavonoids,
tannins, alkaloids, saponins, and steroids, but negative for triterpenoids. These results indicate that both maturity levels
contain relatively similar groups of secondary metabolites. Differences in leaf maturity did not eliminate certain
metabolite groups, but may influence the amount or level of active compounds accumulated in the extract.

The positive result for phenolics was indicated by the formation of a green color after the addition of FeCls
reagent. This color change occurs because Fe** ions react with hydroxyl groups in phenolic compounds, forming
colored complexes. Phenolic compounds play an important role as antioxidants because they can donate electrons or
hydrogen atoms to stabilize free radicals.?

The flavonoid test showed positive results in both extracts, indicated by the formation of an orange color after
the addition of magnesium powder and concentrated HCI. The orange color indicates the reduction reaction of flavonoid
compounds by magnesium under acidic conditions. Flavonoids are a group of phenolic compounds that contribute to
antioxidant activity through electron donation and hydrogen atom donation mechanisms.*”

Tannins were also detected in both young and mature leaf extracts. Tannins are polyphenolic compounds that
contain several hydroxyl groups in their chemical structures, allowing them to contribute to free radical scavenging
activity. In addition to phenolics, flavonoids, and tannins, both extracts also showed positive results for alkaloids,
saponins, and steroids. Alkaloids are nitrogen-containing secondary metabolites with various biological activities.
Saponins were indicated by stable foam formation due to their surface-active properties, while steroids were indicated
by the formation of a green color after the addition of Liebermann—Burchard reagent.'

The negative result for triterpenoids indicates that triterpenoid compounds were not detected in the ethanolic
extracts of either young or mature butterfly pea leaves using the qualitative method applied in this study. The absence of
a positive reaction may be caused by the absence of triterpenoid compounds or by their concentration being too low to
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produce a clear color change. Overall, the phytochemical screening results show that the ethanolic extracts of young and
mature butterfly pea leaves contain secondary metabolites that may support antioxidant activity, particularly phenolics,
flavonoids, and tannins.

3.3. Determination of Antioxidant Activity Using the DPPH Method

3.3.1. Maximum Wavelength of DPPH

The determination of the maximum wavelength was carried out to obtain the working wavelength that provides
optimum absorbance for the DPPH solution. Measurement at the maximum wavelength is important because
absorbance changes can be observed more clearly and the results become more accurate.?* In addition, the use of the
maximum wavelength increases analytical sensitivity because the solution gives the highest absorbance at that
wavelength.?

Based on the spectral scanning of 0.4 mM DPPH solution in the wavelength range of 400-600 nm, the
maximum wavelength was found at 517 nm with an absorbance value of 0.368. This result is consistent with the
characteristics of DPPH, which generally shows optimum absorbance in the range of 515-520 nm when dissolved in
organic solvents such as methanol or ethanol.?

Maximum Wavelength DPPH
0,4
0,35
03
0,25
0,2
0,15
0,1
0,05

Absorbance

400 425 450 475 500 517 525 550 575 600
Wavelength (nm)

Figure 1. Maximum wavelength graph of DPPH

The maximum wavelength of 517 nm was then used as the working wavelength in the antioxidant activity assay. At this
wavelength, the decrease in absorbance caused by the reaction between DPPH and antioxidant compounds can be
measured more sensitively. A decrease in absorbance indicates that DPPH radicals are reduced into a more stable form
after accepting hydrogen atoms or electrons from antioxidant compounds.

3.3.2. Operating Time of DPPH

The operating time was determined to identify the optimum reaction time required for DPPH radicals and
antioxidant compounds to reach a stable reaction before absorbance measurement. Operating time indicates the period
at which the reaction reaches a relatively stable condition, resulting in more consistent absorbance values.?” This
determination was based on absorbance changes at specific time intervals until relatively constant values were
obtained.?®

In this study, the operating time was determined using DPPH solution and vitamin C as a positive control at the
maximum wavelength of 517 nm. Absorbance was observed every 5 minutes for 60 minutes. The results showed that
the absorbance began to stabilize after 30 minutes of incubation. Therefore, an incubation time of 30 minutes was used
in the antioxidant activity assay of young butterfly pea leaf extract, mature butterfly pea leaf extract, and vitamin C. The
use of a 30-minute incubation time is also consistent with DPPH assays, which are commonly performed under light-
protected conditions to ensure an optimum reaction.?

393
e-LS8WV - 2622-4968, p-LSSN - 2622- /349 © 2026 Stare University of Medan



Indonesian Journal of Chemical Science and Technology (IJCST-UNIMED), 2026, Volume 09, No 2, pp 387-400

0,005 Operating Time

0,49
0,485
0,48
0,475
0,47
0,465

Absorbance

0 10 20 30 40 50 60 70
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Figure 2. Operating time graph of DPPH

The stable absorbance value indicates that the reaction between DPPH radicals and antioxidant compounds had
proceeded optimally. If measurement is carried out before the reaction stabilizes, the absorbance value may not
accurately represent the maximum antioxidant capacity of the sample. Therefore, determining the operating time is an
important step in antioxidant activity testing using the DPPH method.

3.3.3. Color Change of DPPH Solution after Sample Addition

The DPPH method was selected because it is simple, relatively rapid, requires only a small amount of sample,
and can indicate antioxidant activity through color change and absorbance reduction.?*® DPPH is a stable free radical
with a purple color due to the presence of an unpaired electron. After reacting with antioxidant compounds, DPPH
accepts a hydrogen atom or electron and is reduced to DPPH-H, which has a paler color.??3?

Figure 3. Color change of solutions: A = DPPH solution, B = vitamin C + DPPH solution, C = young butterfly pea leaf
extract + DPPH solution, D = mature butterfly pea leaf extract + DPPH solution

Based on visual observation, the purple DPPH solution faded after the addition of vitamin C, young butterfly pea leaf
extract, and mature butterfly pea leaf extract. This color change indicates a reaction between antioxidant compounds in
the samples and DPPH radicals. The greater the fading of the solution color, the higher the ability of the sample to
scavenge DPPH free radicals.>*

The color change in the vitamin C solution was more apparent because vitamin C is a reference compound
with very strong antioxidant activity. In the butterfly pea leaf extracts, the color did not completely turn pale yellow
because the extracts still contained natural pigments. Nevertheless, the decrease in purple color intensity still indicates
antioxidant activity in both young and mature butterfly pea leaf extracts.

3.3.4. Relationship between Concentration and Absorbance

The antioxidant activity assay was performed on young and mature butterfly pea leaf extracts at concentrations
of 20, 40, 60, and 80 pg/mL. Vitamin C was used as a reference standard at concentrations of 2, 4, 6, and 8 pg/mL. The
results showed that increasing sample concentration caused a decrease in absorbance values. The relationship between
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concentration and absorbance of young and mature butterfly pea leaf extracts is shown in Figure 4, while the
relationship between concentration and absorbance of vitamin C is shown in Figure 5.

0,350 0.300
0,300 0,

0,250
0,200
0,150
0,100
0,050
0,000

Absorbance

0 20 40 60 80 100

Concentration
—@— Daun telang tua Daun telang muda

Figure 4. Graph of the relationship between concentration and absorbance of young and mature butterfly pea leaf
extracts

0,350

0,300

0,250

0,200

0,150 0,116

0,290
0,232

0,174

Absorbance

0,100
0,050
0,000
0 2 4 6 8 10
Concentration

Figure 5. Graph of the relationship between concentration and absorbance of vitamin C

Based on Figure 4, the absorbance value of young butterfly pea leaf extract decreased from 0.300 at 20 pg/mL to 0.184
at 80 pg/mL. In mature butterfly pea leaf extract, the absorbance decreased from 0.270 at 20 ug/mL to 0.134 at 80
png/mL. This decrease in absorbance indicates that higher extract concentrations provide more antioxidant compounds
that can react with DPPH radicals.

In Figure 5, vitamin C also showed a decrease in absorbance with increasing concentration. The absorbance
value of vitamin C decreased from 0.290 at 2 pg/mL to 0.116 at 8 pg/mL. The sharper decrease in vitamin C absorbance
indicates that vitamin C has stronger DPPH radical scavenging ability than the butterfly pea leaf extracts.

The DPPH method has several limitations, including the sensitivity of DPPH to light and temperature;
therefore, storage and testing should be conducted under light-protected conditions. In addition, DPPH is more soluble
in organic solvents such as methanol or ethanol.*! For this reason, in this study, the DPPH solution was kept under
minimal light exposure to maintain its stability during the assay.

3.3.5. Inhibition Percentage and ICso Value

Antioxidant activity was determined based on the percentage inhibition of DPPH radicals. The inhibition
percentage represents the ability of the sample to scavenge free radicals. A higher inhibition percentage indicates a
greater ability of the sample to neutralize DPPH radicals. The absorbance and inhibition percentage data of young
butterfly pea leaf extract, mature butterfly pea leaf extract, and vitamin C are presented in Table 3.
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Table 3. Percentage inhibition of DPPH radicals by young butterfly pea leaf extract, mature butterfly pea leaf extract, and vitamin C

S 1 Concentration absorbance Mean Blank Inhibition
ample (pg/mL) 1 2 3 absorbance absorbance (%)

20 0301 0,298 0,300 0,300 18,478

Young
butto e 40 0263 0,265 0,264 0,264 0368 28,261
1eav§fsp 60 0225 0222 0,224 0,224 ’ 39,130
80 0,183 0,i86 0,184 0,184 50,000
20 0271 0,269 0,270 0,270 26,630

Mature
butterh e 40 0225 0228 0,226 0,226 0368 38,587
1eav§fsp 60 0,180 0,178 0,179 0,179 ’ 51,359
80 0,133 0,135 0,134 0,134 63,587
2 0291 0,289 0,290 0,290 21,195
o 4 0232 0,234 0,231 0,232 36,957
Vitamin C 6 0173 0,176 0,174 0,174 0,368 52,717
8 0,117 0,114 0,116 0,116 68,478

Based on Table 3, young butterfly pea leaf extract showed an increase in inhibition percentage from 18.478% at 20
pg/mL to 50.000% at 80 pg/mL. Mature butterfly pea leaf extract showed an increase from 26.630% at 20 ug/mL to
63.587% at 80 pg/mL. Meanwhile, vitamin C showed an increase in inhibition percentage from 21.195% at 2 ug/mL to
68.478% at 8 pg/mL.

The increase in inhibition percentage with increasing concentration indicates that antioxidant activity is
concentration-dependent. As extract concentration increases, more antioxidant compounds are available to donate
electrons or hydrogen atoms to DPPH radicals. As a result, the amount of remaining DPPH radicals decreases, leading
to lower absorbance and higher inhibition percentage.*?

Mature butterfly pea leaf extract produced higher inhibition percentages than young butterfly pea leaf extract at
all tested concentrations. This indicates that mature leaf extract has stronger DPPH radical scavenging ability than
young leaf extract. This difference is thought to be related to leaf maturity, which may affect the accumulation of
bioactive compounds, particularly phenolics, flavonoids, and tannins.*

The inhibition percentage data were then used to construct linear regression graphs between concentration and
inhibition percentage. The linear regression graph of antioxidant activity of young and mature butterfly pea leaf extracts
is shown in Figure 6, while the linear regression graph of vitamin C antioxidant activity is shown in Figure 7.

100
3y y=0,6182x + 14,13
< R?=0,9999
(%)
a SO 1 O [
S| e °-
= | & o y =0,5272x + 7,6085
¢ R? = 0,9994
0
0 20 40 60 80 100
Konsentrasi(pg/mL)

® % inhibisi Daun Telang Muda
% inhibisi Daun Telang Tua

Figure 6. Linear regression graph of antioxidant activity of young and mature butterfly pea leaf extracts
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0 2 Kénsentrasi(ugmL) 8 10

Figure 7. Linear regression graph of antioxidant activity of vitamin C

Based on Figure 6, the linear regression equation of mature butterfly pea leaf extract was y = 0.618215x + 14.13 with an
R? value of 0.999855, while the young butterfly pea leaf extract showed the equation y = 0.527175x + 7.6085 with an
R? value of 0.999363. The R? values close to 1 indicate a very strong linear relationship between sample concentration
and inhibition percentage. This shows that increasing extract concentration contributes to increased DPPH radical
scavenging activity.

Based on Figure 7, vitamin C showed the linear regression equation y = 7.8803x + 5.4355 with an R? value of
0.999999. This R? value indicates a very strong linear relationship between vitamin C concentration and inhibition
percentage. The linear regression equation was used to determine the ICso value, which represents the concentration
required to inhibit 50% of DPPH radicals.

The ICso values of young butterfly pea leaf extract, mature butterfly pea leaf extract, and vitamin C are
presented in Table 4.

Table 4. ICso values and antioxidant strength classification

Sample Linear Regression Equation ICso (ng/mL) Antioxidant strength
Young butterfly pea leaf extract y =0,5272x + 7,6085 80,408 Strong
2=0,9994
Mature butterfly pea leaf extract y=0,6182x + 14,13 58,023 Strong
2=0,9999
Vitamin C y =7,8803x + 5,4355 5,655 Very Strong
R2=1

Antioxidant activity can be classified based on ICso values. Samples with ICso values below 50 pg/mL are
classified as very strong antioxidants, 50-100 pg/mL as strong, 100—150 pg/mL as moderate, 150200 pg/mL as weak,
and above 200 pg/mL as very weak.’® Based on Table 4, mature butterfly pea leaf extract had an ICso value of 58.023
png/mL, while young butterfly pea leaf extract had an ICso value of 80.408 pg/mL. Both extracts were classified as
strong antioxidants. Vitamin C as the reference standard had an ICso value of 5.655 pg/mL and was classified as a very
strong antioxidant.

Mature butterfly pea leaf extract showed higher antioxidant activity than young butterfly pea leaf extract
because it had a lower ICso value. A lower ICso value indicates stronger antioxidant activity because a smaller
concentration is required to inhibit 50% of free radicals.’” These results show that mature butterfly pea leaves are more
effective in scavenging DPPH free radicals than young leaves.

The ability of butterfly pea leaf extracts to scavenge free radicals is supported by the secondary metabolites
identified in the phytochemical screening. Flavonoids act as antioxidants by releasing hydrogen atoms from phenolic
hydroxyl groups to neutralize free radicals. After donating a hydrogen atom, flavonoids form more stable phenoxyl
radicals due to electron delocalization in the aromatic ring.*® This mechanism supports the ability of butterfly pea leaf
extracts to reduce DPPH radicals.
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In addition to flavonoids, tannins may also contribute to antioxidant activity because they are polyphenolic
compounds containing hydroxyl groups on aromatic rings. These hydroxyl groups can donate hydrogen atoms to free
radicals, converting them into more stable forms. The presence of phenolics, flavonoids, and tannins in butterfly pea
leaf extracts is therefore considered a major factor supporting their antioxidant activity.

The difference in antioxidant activity between young and mature butterfly pea leaves indicates that leaf
maturity can influence antioxidant potential. Mature leaves are thought to accumulate higher levels of bioactive
compounds, particularly phenolics and flavonoids, because physiological maturity may represent an important stage for
plants to store secondary metabolites as a defense mechanism against environmental stress.* Therefore, although young
leaf extract produced a higher extraction yield, mature butterfly pea leaf extract showed stronger antioxidant activity
based on its ICso value.

Overall, the results show that the ethanolic extracts of young and mature butterfly pea leaves have strong
antioxidant activity. Mature butterfly pea leaf extract showed higher antioxidant potential than young butterfly pea leaf
extract, as indicated by its higher inhibition percentage and lower ICso value. These findings indicate that leaf maturity
influences the antioxidant potential of butterfly pea leaf extract.

4. CONCLUSION

Ethanolic extracts of young and mature butterfly pea (Clitoria ternatea) leaves contained phenolics, flavonoids, tannins,
alkaloids, saponins, and steroids, but did not contain triterpenoids. Both extracts showed strong DPPH radical
scavenging activity, with ICso values of 80.408 pg/mL for young leaves and 58.023 pug/mL for mature leaves. Vitamin C
showed very strong antioxidant activity with an ICso value of 5.655 pg/mL. Mature leaves exhibited higher antioxidant
activity than young leaves, indicating that leaf maturity influences the antioxidant potential of C. ternatea leaves.
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