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EBSTRACT:
Background: The community has empirically employed butterfly pea flower, one of the species, extensively as
a traditional beverage with pharmacological benefits. The flavonoid content of these plants, particularly the
anthocyanins, is assumed to be the source of the pharmacological effects. The content of the extract to be
obtained will be impacted by the variation in solvent polarity. In this investigation, the butterfly pea flowers will
be extracted utilizing the solvents of water and Ethanol. Objective: The goal of this study was to qualitatively
assess the content of butterfly pea petal extract in water and ethanol solvents using phytochemical screening and
FTIR analysis, followed by testing for antioxidant activity using three different methods, including ABTS,
DPPH, and FRAP. Method: The extraction with water and ethanol solvents, phytochemical screening tests.
antioxidant activity testing with DPPH assay, antioxidant capacity testing with ABTS, and quantitative FRAP
assays utilizing UV-Vis spectrophotometry are all steps of this study. Results: When tested for antioxidant
activity, ethanol extract produced ICso of 113.31 0.142ppm and water extract produced ICso of 86.67 0.485 ppm,
placing water extract in the strong category and ethanol extract in the medium category. Using the FRAP assay,
the antioxidant capacity of water extract and ethanol extract from butterfly pea flowers was tested, and the
results were 52.8957 0.0881mgQE/g extract and 32.0051 0.0441mgQE/g extract, respectively. The antioxidant
capacity test of the butterfly pea flower's ethanol and water extracts was performed using the ABTS assay, and
the results were 71497 3.29mgQE/g extract and 114,195 0.279mgQE/g extract, respectively. Conclusion: The
water dan ethanol extract of butterfly pea flowers differs from one another in terms of antioxidant activity and
phytochemical composition.
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INTRODUCTION:

Along with the times, the pattern of human life has
changed, including lifestyle changes to unhealthy and
causing the body to be exposed to harmful substances
that will cause disease and degenerative conditions.
Excessive oxidation reactions in the human body mainly
precede the disease. Oxidation reactions are defined as
the reduction of electrons which can cause the formation
of free radicals'.
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Free radicals are atoms or compounds that lose electron
pairs. Free radicals are unstable, highly reactive, and
consistently trying to find new electron pairs. Free
radicals in average amounts in the body can be
beneficial to health, one of which is as an anti-
inflammatory and antibacterial. However, in excess
amounts, free radicals in the body can result in oxidative
stress. This situation can cause damage to the body both
at the cellular and organ levels. supporting the
acceleration of the ageing process and the emergence of
various diseases in the body. Free radicals can oxidize
protein-nucleic acids to initiate degenerative discases
and cell damage and damage body cells®’. By
preventing the start of oxidative chain reactions,
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antioxidant substances are known to protect the b
against free radicals by preventing or decreasing the
oxidation of biological compounds, including lipids,
proteins, nucléfl acids, or other molecules. Based on this
mechanism, antioxidants play an essential role in the
body's absorption and neutralization of free radicals®.

One plant that can act as anaturalanti oxidant is the
butterfly peaflower (Clitoria ternatea L.), comes from
the Fabaceae family.In several Asian countries, eating
butterfly pea flowers (BPF) or drinking its infusion as
herbal tea is believed to make the skin younger and
prevent ageing®. The flowers of this tree have bright,
dark blue, and white color. They are often used as
natural dyes in local food and animal feed because they
taste good, and its nutritional value. Parts of plants, such
G leaves, flowers, and roots, have
pharmacological activities such as analgesic, antipyretic,

various

anti-inflammatory ., antioxidant, antidiabetic,
antimicrobial, anthelminthic, hepaprotective, and
antiasthmatic®’.

The BPF is known traditionally as a medicine for the
eyes and as a food coloring that gives it a blue color.
The color produced by BPF indicates the presence of
anthocyanins®. Anthocyanins in BPF are poly-alkylated
anthocyanins or have more than two acyl groups with
delphinidin ~ as  their  aglycone. poly-alkylated
anthocyanins have higher stability than anthocyanins
that do not have acyl groups. Anthocyanins are a class of
water-soluble pigments having a variety of useful
applications. Anthocyanin is a member of the flavonoid
component, which has the most potent antioxidant
activity. Anthocyanins help fight free radicals because
they can give hydrogen to radicals and stop their chain
reactions™!*.

The large number of activities of the BPF extract makes
it interesting to study its ingredients. One of the most
used techniques for explaining compounds and
identifying chemical components is FTIR. The infrared
spectrum may be measured quickly and accurately using
FTIR, and it has been employed as a required method to
identify medications in the pharmacopeia of several
nations!!. ABTS, DPPH, and FRAP are several methods
to measure antioxidant activity ">, This study examines
several [Bgleasurement methods, namely ABTS and
FRAP, to determine the antioxidant capacity of samples
equivalent to quercetin (QE) and the DPPH assay to
determine each sample’s antioxidant activity (ICsp).
Antioxidant capacity and activity have almost the same
meaning, which refers to the ability of a
ct)mp()undfsampmu inhibit or ward off the activity of
free radicals'®. Based on the above background, this
study will examine the content of phytochemicals, FTIR
analysis and comparison of ABTS, DPPH, and FRAP

testing to estimate the antioxidant activity of water and
ethanol extracts of BPF.

MATERIALS AND METHODS:

Materials:

Clitoria rernatea were provided by Omah Sehat Mandiri
Pangan Plantzone plantation in the Krakal, Klemunan,
‘Wlingi District, Blitar, East Java, Indonesia, DPPH,
ABTS (Sigma, US), ethanol 96% pa (Smart- Lab,
Indonesia), quercetin (Sigma, US), FeCls(Smart-Lab,
Indonesia), potassium acetate, potassium persulfate
(Loba Chemie PVT. LTD, Mumbai), TPTZ(Sigma, US),
water pro analytical (Onemed, Indonesia), distilled
water (Bratachem, Indonesia), Wagner's, dragendorf’s
and Mayer's reagent (Asahimas Chemical, Banten),
HCI, magnesium powder, H>804, NaCl and NaOH.

Extraction of Butterfly Pea Flower:

Water Extract of Clitoria ternateaL {WEC):

After being thoroughly cleaned, fresh BPF are dried at
40°C for 12 hours. The flowers are then chopper-
smoothed before being added to the distilled water. They
are then filtered using doubled filter paper and placed in
an ultrasonic for 15 minutes (stopping every 5 minutes
to prevent overheating). The extract was compressed
with a rotary evaporator and dried with a freeze-dryer.

Ethanol Extract of Clitoria ternatea L. (EEC)

After being thoroughly cleaned, fresh BPF are dried at
40°C for 12 hours. The flowers are then placed in 96%
ethanol, blended with a chopper, ultrasonically
processed for 15 minlm (stopping every 5 minutes to
prevent overheating), and then filtered through double
filter paper. The extract was compressed in a rotary
evaporator.

Phytochemical screenin@)f extract:

The water and ethanol extract of Cliroria rernatea L.
blossom were subjected to different tests to identify the
nature of bioactive chemical constituents present in E
plant material. Using standard analysis methods"*'%, the
crude extracts were screened qualitatively for the
phytochemical constituents.

Test for Ahloids:

40mg of extract was mixed with ImL of 2N HCI, 9mL
of water, and 3 parts were created after homogenization.
‘When Part 1 was added to Mayer's reagent, a white or
yellowish-white precipitate formed as a sign of success.
Wagner's reagent was applied in Part 2, and the
appearance of a brown precipitate was a good sign.
Dragendorf reagent was added to part three, and the
formation of a red-orange precipitate served as a
positive outcome indicator.
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Test for Flavonoids:

In bnilinglen 40mg of the extract was dissolved,
simmered for 5 minutes, and then filtered. The filtrate
was diluted to a maghum of 5ml, followed by the
addition of 005mg of magnesium powder, ImL of
concentrated HCI, and a vigorous shake. If the solution
turns red, yellow, or orange, the results are positive.

TestforSaponins:

In bnilinglen 40mg of the extract was dissolved,
simmered for 5 minutes, and then filtdll. The filtrate
was diluted to a maximum of 5ml, followed by the
addition of ImL of concentrated HCI and 0.05mg of
magnesium powder, which was then rapidly shaken. If
the solution turns red, yellow, or orange, it has produced
successful outcomes.

Test forTerpenoids:

The extract, 40mg, was dissolved in water. Three drops
of conc@'eued HCI and one drop of concentrated
H2504 were added to 2mL of the extract solution. The
development of red or purple color is a sign of success.

Test for Tannins:

In a test tube, the extract was added, and then it was
dissolved in hot water and agitated. 2MI of 10% NaCl
were added to the extract solution, then it was filtered. A
few drops of FeCl; were added to the filtrate that
resulted. A change in the solution’s color to dark blue,
yellowish-brown, or  greenish-black indicates a
successful outcome.

Test for Anthocyanins:

The sample is heated with 2M HCI for 2 minutes at
100°C in the first procedure, after which the sample's
color is assessed. Anthocyanins are present when the
sample's red color remains constant throughout time.
The second method involves gradually adding the
sample containing 2M NaOH. Anthocyanins are present
when the red color gradually fades to blue-green and
changes.

FT-IR Spectr§fbpic Analysis:

A Shimadzu Fourier transform infrared spectrometer
(Japan) with a frequency range of 4000-500 cm-1 was
used to record the FT-IR spectra. FT-IR spectroscopic
measurement of the WEC and EEC of a sample was
used to ascertain the characteristics of a molecule's
vibrational modes.

Total Flavenoid Content (TFC):

Standard quercetin and aluminium chloride colorimetric
techniques were modified by Putra et al.'to estimate the
total flavonoid concentration.

a. Making a standard solution of quercetin.

100mL of ethanol was used to dissolve 10mg of
standard quercetin every hour. A 5-60ppm standard
series concentration was created. To make up to 10mL
of distilled water, 2mL of each concentration wiifken
and mixed with 3mL of methanol pa, 0.2mL of 10%
AlICl;, and 0.2mL M potassium acetate. After
allowing the solution to stand at room temperature for
thirty minutes, the absorbance was measured at the
longest wavelength.

b. The sample's total flavonoid content

Each WEC and EEC were combined wilhan of
methanol per gramme, 0.2mL of 10% AICls;, 02mL of
1M potassiff:lj acetate, and 2mL of water to make a total
of 10mL. The abs@nce was then measured at the
longest wavelength after the solution had been allowed
to settle at room temperature for 30 minutes.

Total Anthocyanin Content (TAC):

a. Making a potassium chloride bl’ is step one.
10.465g of potassium chloride was dissolved in
distilled water and put into a 250mL volumetric tube.
‘When the pH approaches 1, continue adding
additional HCI solution.

b. Making Sodium Acetate Buffer. 8.2g of sodium
acetate are dissolved in distilled water at pH 4.5 in a
volumetric tube with a capacity of 250mL. When the
pH hits 4.5, continue adding HCI solution.

¢. Total amount of anthocyanins
The method of Lee® was modified to determine the
total anthocyanin content. This I@iquc makes use
of the pH difference between a potassium chloride
buffer (pH of 1) and a sodium acetate buffer (pH of
4.5). Using the same cminn factor (1 part for the
test sample and 4 parts for the buffer), samples were
diluted with both rs prior to analysis. Both
buffers were tested against a blank cell filled with
distilled water after standing for 60 minutes at the
algesl wavelength and 700nm (for haze correction).
The following equation was used to determine the
total anthocyanin content:

T()Ialthc)cyemin(mﬂ, CyE ME)=A:MW-DF=103

L Exl

A=(A520nm-A700nm)pH1.0-(A520nm—
AT700nm)pH4 5:
for malvidin-3-glucoside: MW= 493.43g/ mol; & =
28000 molar extinction cne@iems, inL- mol” - ER'
for cyanidin-3-glucoside : MW=449.2 g/mol;e = 26900
ar extinction coefficients,inL - mol '+ cm ';
DF =dilution factor established in D;

1 = pathlength in cm;

and10°= factor forconversionfromg tomg.
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AntioxidantactiVEf§ determinations of Butterflypea
Flowerusing the FRAP assay:

The FRAP assay was conducted with the
modifiedBenzie and Strain® technique. The stock
solutions comprised of methanol, a solution of

FeClz 6H:0 w a concentration of 20mM, and a
solution of (2. 4, 6-tripyridyl ine) with a
concentration of 10mM. To prepare the fresh working
solution, a mixture was created by combining one
milliliter of TPTZ solution, one milliliter of FeClz.6H>0Q
solution, and ten milliliters of methanol at a ratio of
1:1:10. A volume of lﬂfm of BPF extract in solution
ubjected to heating at a temperature of 37°C for a
duration of 30 minutes under conditions of darkness,
subsequent to the reaction with 3mL of the FRAP
solution and 1mL of water. Subsequently, the colored
substance (ferrous tripyridyl triazine complex) was
subjected to measurements at a wavelength of 593nm.
The observed relationship between the concentration of
quercetin and its corresponding response followed a
linear trend within the concentration range of 5 to 120
parts per million (ppm). The outcomes are displayed in
units of milligrams per gram of extract. denoted as
quercetin auivedeul (QE). If the observed FRAP value
exceeded the linear range of the standard curve, more
dilution was necessary.

was

Antioxidantactivity determinations of Butterfly pea
Flowerusing the ABTSassay:

With a few adjustments, the Arnao et al®* technique was
used for the ABTS assay. The stock solutions contained
7mg of potassium persulfate solids and 36[1“(:&' ABTS.
Potassium persulfate and ABTS were each dissolved in
10.0mL of distilled water. After mixing the two stock
solutions in equal parts, the working solution was
created by adding ethanol until it reached a volume of
25mL for analysis. After that, give them 12hours at
room temperature and no light to react. For each test, a
brand-new ABTS®* solution was created. BPF E5Aracts
in solution were given two hours in the dark to react
with 850mL of the ABTS®*solution. The absorbance at
nm was then measured using a spectrophotometer.
The standard curve was linear for quercetin
concentrations between 20 and 600ppm. The result is
displayed as ra quercetin equivalent (QE)/g for the
extract. More dilution was necessary if the measured
ABTS value was higher than the linear range of the
standard curve.

Antioxidantactivity determinations of Butterfly pea
Flower using the DPPHassay:

With a few adjustments, the Cahyaningsih et al®
technique was used for the DPPH assay. The stock
solution contained 100mL of ethanol and Smg of DPPH,
and it was kept at -20°C until it was required. A working
solution with an absorbance of 035764 units at 515nm

52

is created by combining 2mL of the stock solution with
2 mL of the ethanol mixture using a spectrophotometer.
The quercetin was left to get sensitized with 2mL of
DPPH solution at a concentration of 8 to 40ppm for two
hours in the dark. Each WEC and EEC (2mL) was left
sensitive with 2mL of DPPH solution for 2 hours in the
dark with a concentration of 40 to 150ppm; absorbance
was obtained at 520nm with an absorbance of 0.74738.
The standard curves for quercetin and the extract are
linear. Results are presented as 1Cso values.

RESULT:

Phytochemical Screening of BPF Extract:
Table 1: Phytochemical screening of butterfly pea flowers extract

S.No Phytochemicals ‘Observation
Ethanol 96 % Water
Extract Extract
1 Alkaloid - -
2 +
3 Flavonoid + +
4 Saponin + +
5 Tannin + +
6 Terpenoid +
Note:(-)Absent;(+) Present
Total Flavonoid Content (TFC)
The quercetin standard curve isobtained from

aconcentrationseries of 5. 10, 20, 30, 40, 50 and 60ppm
Measure data wave length ()mBan. The line
arregressione quation obtained is y=0.0726x+0.0758
with a value of r = 0.9986. From the results of linear
regression on the standard curve, quercetin solution was
then usedto measure thetotal flavonoid contentin WEC
and EEC. The test results found that the total flavonoids
in WEC were 7,804+0.08mgQE/g extract, and in EEC,
were 3.72240.01mgQE/g extract. The amount of
flavonoids in WEC is more significant when compared
to EEC.

Total Anthocyanin Content (TAC):

The maximum wavelength measurement result of
anthocyanins is at a wavelength of 543 nm. From these
results, it can be determined the total anthocyanin
concentration of WEC and EEC.

Table 2: Calculation of the total anthocyanincon centration of
WEC and EEC

Anthocyanin TAC
Sample Maonomer of (mgMElgextract;
Extract mgCyE/gextract)
WEC Malvidin 4.159+ 0.705
Cyanidin 3941x 0.670
EEC Malvidin - 3.618 0.081
Cyanidin - 3428 0077

Spectroscopic Analysis Using FT-IR

FT-IR is helpful to identify the characteristics of
vibrational modes of a molecule in sample. Figure I
displays the FT-IR spectra of WEC and EEC.
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Fig. 1: FTIR spectra of (A) water extract (B) ethanol extract of
Clitoria ternatea L

A broad band between 3000 and 3500 might suggest the
presence of O-H. The two extracts have different
absorptions in the range of 2800 — 2900. Two sharp
peaks in the ethanol extract appeared in this range,
indi g the presence of aliphatic C-H absorption,
whereas in the aqueous extract, there were none. The
wave number 1600 — 1650 in the ethanol extract
indicates the presence of C=C (aromatic ring). Wave
numbers 1000 — 1100, with sharp and strong peaks from
both extracts, indicate the presence of C-O. The spectra
of the EEC showed more specific absorption indicating
the presence of flavonoids®. Whereas the WEC showed
more specific absorption indicating the presence of
anthocyanin content®

Antioxidant activity measured using FRAPassay:

At a wavelength of 593 nm, quercetin concentrations of
5, 10, 20, 40, 50, 60, 70, 80, 90, 100, 110, and 120ppm
were meamed and used to create standard curves. The
derived linear regression equation has a value of
1=0.9986 and is written as y = 0.0131x + 0.0614. The
antioxidant content of tn WEC and EEC is determined
using the results of the lincar regression equation
derived from the quercetin solution standard curve.

Table 3: Calculation of the antioxidant capacity of WEC and EEC

usingFR APassay

Repli Absor | Concent | Antioxid | Mean %
Sample | cation | bance rations antactiv | SD

of (ppm) ity (mg

extrac QE/gext

tsamp ract)

le

1 0.753 527939 | 527939 | 52.8957x
WEC 2 0.755 529466 | 529466 | 0.0881

3 0.755 529466 | 52.9466

1 0.480 319542 | 31.9542 | 32.0051=
EEC 2 0.481 320305 32,0305 | 0.0441

3 0.481 320305 32,0305

Antioxidant activity measured using ABTSassay
Standard curves for quercetin were created u@
concentrations of 20, 60, 80, 120, and 180 ppm, and the
linear regression equation y = -0.0043x + 1.7172 e
created, with an r-value of 0.9964. The outcomes of the
linear regression equation, which were derived from the
quercetin  solution standard curve, were used to
determine the antioxidant levels in the WEC and EEC.

Table 4: Calculation of the antioxidant capacity of WEC and EEC using ABTS Assay

Sample Replicationof Absorbance Concentrations (ppm) Antioxidant activity Meant SD
extractsample (mgQE/g extract)

WEC 1 1458 60.279 72.335 71.497 £3.29
2 1474 56.558 67.869
3 1451 61.907 74.288

EEC 1 1309 94.930 113916 114.195+0.279
2 1308 95.163 114.196
3 1307 95.395 114.474

7
Furthermore, E determine the antioxidant ability of
WEC and EEC in inhibiting free radicals of ABTS®+, it
is necessary to calculate the % inhibition of quercetin
and BPFextract. Based on the curve of % inhibition of
quercelium equation of the linear regression was
obtained y = 02514x + 04389 with an r-value of
0.9964, where “x” is the sample concentration value and
“y™ is the % sample inhibition value. For the next, the %
inhibition of the extract samples was calculated, and the
average concentration of WEC was 59.58 ppm with a %
inhibition value of 1542%. At the same time, the EEC
obtained concentration of 95.16 ppm with a % inhibition
value of 24.36%.

Table 5: Calculation of % inhibition of quercetin and butterfly

extract

Querceti | Querce o Average % Inhibition

n tin Inhibitio | extract of extract

concentr | absorb | n of | concentrati

ations ance querceti on

(ppm) n (ppm)
Wa | Etha | Wat | Etha
ter | nol er nol

20 1608 6.77

60 1.480 14.19

80 1.364 2091 59. | 9516 | 154 | 24.36
58 2

120 1.221 2921

180 0.918 46.77
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Table 6: Calculation of the antioxidant activity of quercetin using DPPH assay
‘Concentrations ﬁrbame ibition IC50 Mean 8D
(ppm) I 1 Ll 1 n m I n m
8 0.189 0.188 0188 | 47.059 47.339 47.339
10 0.187 0.187 0187 | 47.619 47.619 47.619 22.056
20 0.179 0.178 0.180 | 49.860 50.140 49580 | 22.08 2224 2185 =0.196
30 0.17 0.172 0.170 | 52381 51.821 52381
40 0.169 0.169 0.168 | 52.6601 52.601 52.941
Blank:0 357
Table 7: Calculation of the antioxidant activity of WEC using DPP'H assay
‘Concentrations orbance % Inhibition IC50 Mean £SD
(ppm) 1 i I 1 I I i 1
40 0.527 0525 0.523 | 29451 29987 29987 86.67 87.15 86.18
50 0.469 0470 0467 | 37216 37082 37483 86.67+0.485
60 0.43 0431 043 42436 42303 42430
100 0.331 0332 0.331 | 55689 | 55556 55689
150 0.208 0208 0.208 | 72.155 72.155 72.155
Blank:0.747
Table 8: Calculation of the antioxidan tactivity of EEC using DPPH assay
nirations Absor bance Inhibition IC50 M
(ppm) 1 I 1 1 1 1 1 n m D
40 0586 0.586 0.587 21.553 21.553 21.419 113.15 113.41 113.38 11331
50 0558 0557 0.559 | 25.301 25435 | 25.167 +0.142
60 051 0511 0511 | 31.727 31.593 | 31.593
100 0421 0422 0.423 43.641 43.507 | 43373
150 0265 0.265 0.265 64.525 64.525 | 64525
Blank:0.747
Statistical Analysis:
Table 9: Statistical Analysis
Normality Test Homogenity Test Parametric or Non- Result
(Shapiro-Wilk) ParametricTest
TFC - - Mann-WhitneyUTest Therearedifferences
TAC N N Independentt-Test Therearedifferences
ABTS W W Independentt-Test Therearedifferences
DPPH V v Independentt-Test Therearedifferences
FRAP F v Mann-WhitneyUTest Therearedifferences
Requirement 1g. > 0,05 Sig. =005 Sig. < 0,05
Antioxidant activity measured using DPPH assay: DISCUSSION:

Quercetin - standard curves were obtained from
concentrations of 8,1(m, 30, and 40 ppm, the equation
of line. The resultant linear regression equation derived
from the standard curve of the quercetin solution is
utilized for the computation of antioxidant activity.
(Table 6).

Water extract standard curves were obtained from
concentrations of 40, 50, 60, 100, and 150ppm, the
equation of line. The results of the linear regression
equation obtained from the standard curve of the water
extracts solution are for calculating the antioxidant
performance. (Table 7).

Ethanol extracts standard curves were obtained from
concentrations of 40, 50, 60, 100, and 150ppm, the
equation of line. The findings of the linear regression
equation derived from the water extract solution
standard curve are used to determine the antioxidant
activity. (Table 8).

Total Flavonoid Content (TFC)

In order to determine the aggregate flavonoid
concentrations in WEC and EEC, a calculation is
required. The formation of a complex between
aluminium chloride with keto groups and nearby
hydroxy groups from the flavone and flavonol groups,
which results in a shift in wavelength towards visible
and is marked by a yellow colour in the solution, is the

basis for determining flavonoid levels by the
colorimetric method. The intensity of the yellow colour
produced increases with concentration®®. Because

flavonoid molecules comprise a conjugated aromatic
structure that exhibits high absorption bands in the
ultraviolet and visible light spectrum regions, total
flavonoid levels are measured using UV-Vis
spectrophotometers?”. The chemical used as a standard
solution is quercetin, a flavonoid of the flavonol group
with a ketone group at C-4 and a hydroxyl group at the
neighboring C-3 or C-5 atom of flavones and
flavonols.While the addition of AICI; reagent aims to
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gm an acid-resistant cnmex between hydroxy groups
and adjacent ketones and form an acid-resistant complex
with ortho hydroxy groups on flavonoids so that AICI3
reagents can detect flavone and flavonol groups in
flavonoid compounds, the addition of potassium acetate
aims to maintain wavelengths in the visible range.
Additionally, methanol acts a solution binder to read
the absorption of flavonoid compounds in the visible,
UV wavelength area®™ . To ensure the reaction is
flawless and the colour intensity produced is maximised,
incubate the sample for 1 hour prior to the
measurement®! -+

The maximum wavelength of quercetin was initially
measured with a wavelength range of 400-450nm in
order to ascertain the overall flavonoid concentration.
Based on the highest absorption result, quercetin's
maximum wavelength measurement result is 432nm.
The absorption of typical quercetin solutions is
measured using these wavelengths. In order to derive a
linear regression equation with an r-value of 0.9986, the
measurement results of quercetin standard absorption
are plotted with levels. The equation is y = 00726x +
0.0758. The total flavor@¥d content in WEC and EEC
can be compared using the quercetin calibration curve
equation. The average total flavonoid concentration of
WEC was higher than the average total flavonoid
content of EEC, according to the study's findings. The
Mann-Whitney U Test results on the total ﬂ‘:lV()l]()G
levels of WEC and EEC revealed a significant value of p
= 0.034 (0.05), indicating that there was a significant
difference between the total flavonoid levels of the
WEC and EEC.

B5)

Total Anthocyanin Content (TAC):

The pH differential spectrophotometry method, which
calculates differences in visible light absorbance at
different pHs, at pH 1.0 and pH 4.5, was used to
determine the anthocyanin levels. The absorption
correction factoris calculated using the absorbance data
at the wavelength of 700nm. The extracted sample's
maximum wavelength measurement result was at a
wavelength of 543nm. According to Harborne”,
anthocyanin pigments have a maximum wavelength
range of 515-545nm as evident by the appearance of red,
sensitive red, purple, and blue. On each anthocyanin
monomer, including malvidin and cyanidin, distilled
water solvents produced the highest overall anthocyanin
content. The average total anthocyanin content of
ethanol solvent also turned negative at the same time.
This suggests that ethanol solvents cannot be used to
extract anthocyanin monomer compounds, such as
malvidin-3-glucoside and cyanidin-3-glucoside™. This
outcome is consistent with the findings of anthocyanin
screening performed on an ethanol extract of BPF,
which revealed low levels of anthocyanin chemicals.

The compatibility between the polarity of the solvent
and the substance being dissolved also affects the value
of total anthocyanin levels, leading anthocyanins to
dissolve easily and create high anthocyanin levels®. The
Independent t-test results on the total amount of
anthocy arfekfin WEC and EEC produced a significant
value of p = 0.000 (0.05), indicating that there is a
significant difference between the anthocyanin levels of
the flowers' total water and ethanol extracts.
Anthocyanin  compounds are stable at acidic pH.
Therefore, adding HCI is used as a solvent in making
buffers. The function of adding HCI is to hydrolyze
anthocyanins in the material, usually in the form of
aglycone so that it can be measured p@rly. The more
acidic state approaching pH one will cause more
anthocyanin pigments to be in the form of flavilium
cations or colored oxonium, which represent the number
of anthocyanins, and absorbance measurements will
show a greater amount of anthocyanins™. While at pH
4.5, this flavilium cation changes to be more stable half
thick, and there is a decrease in color intensity until it is
colorless so that the absorption that reads small or does
not cause absorption so that the absorption is an
absorption that represents the number of disturbing
compounds.

Antioxidant activity measured usingFRAP

Test antioxidant activity with the FRAP method 1s based
on the power of antioxidant compounds to reduce Fe3+-
TPTZ ions to Fe2+-TPTZ form, which is characterized
by intensive blue discoloration with an increase in
absorbance value as the magnitude of antioxidant
activity of the tested sample. TPTZ is a colorant, and
Fe(Ill) is a free radical®®. The addition of FeCl3 also
aims to form a green-to-blue complex (berlin blue). In
this study, the method used was a modification of the
procedure reported by Benzie and Strain®', where
methanol was used as a TPTZ solvent. TPTZ compounds
dissolve in methanol. According to Ou et a 7
antioxidant substances that may reduce Fe(III)TPTZ
under thermodynamic reaction circumstances and have a
reasonable reaction rate can be accurately measured
using the FRAP tes aﬁ\c a result, the FRAP assay's
incubation procedure is carried out at a temperature of
37°C. In addition, testing the antioxidant activity of the
sample must be done in a dark place because
antioxidants are very sensitive to changes in the
surrounding environment, such as light exposure, so if
exposed to light, these antioxidant compounds will be
easily damaged. This can decrease antioxidant activity™®

The FRAP assay is carried out se@uemlitellively and
quantitatively. Semi-quantitatively, the FRAP test assay
can be used as a rapid screening method to detect
antioxidant redox reactions in samples by mixing drop-
by-drop samples of water and ethanol extract into a
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small part of the volume of the FRAP reagent. A
solution that tums blue within a few minutes indicates
that samples of WEC and EEC clenin antioxidant
tivity.  Quantitatively, testing the strength of
antioxidant acBy of WEC and EEC was carried out by
FRAP assay using a UV-Vis spectrophotometer. The
results of wavelength measurements are at a wavelength
of 593nm. This result corresponds to the theoretical
maximum wavelength of the Fe2* TPTZ complex is 593
nm, because the sample absorbance reading is best at
that wavelength. Absorbance readings can also still be
carried out in the wavelength range ranging from 560-
620nm'.

WEC has a higher antioxidant activity power than EEC.
Thmmuul of antioxidant activity in BPF can be caused
by the presence of secondary metabolite compounds in
the extract. This is also influenced by the selection of the
solvent type used in the BPF sample extraction process.
This type of solvent is based on the degree of polarit
where the law of like dissolves like applies®™=.
Flavonoid and anthocyanin compounds are polar, so
they will dissolve in polar solvents like water, while
ethanol solvents are semi-polar. Thus, water solvents
can extract flavonoid and anthocyanin compounds better
than ethanol solvents. The results of statistical tests on
the antioxidant perfnrnalce of WEC and EEC using the
Mann-Whitney U Test showed a significant value of p =
0.043 (<0.05), which means there was a significant
difference in the antioxidant activity of WEC and EEC
tested by the FRAP assay.

Antioxidant activity measured using ABTS assay:

The capacity of a sample to reduce or neutralize free
radical cations (ABTSE¥Nis used to the
antioxidant activity of a sample using the ABTS (2.2'-
azinobis (3-ethylbenzothiazoline-6-sulfonic acid) test.*.
In this method, electrons will be transferred from
antioxidant compounds in the form of one or two
electrons, which can reduce radical cations. In this case,
radical oxidation occurs where the intensity of the
ABTS®+ color will decrease from the original blue-
green color. If the concentration becomes lighter or
clearer, a decrease in the intensity of the color will cause
a decrease in  absorbance*'. The decrease in
ABTS"*absorbance will be the basis of reference in
determining the antioxidant activity of a sample.
Quercetin standard is used as a positive control because
it has been shown to have strong antioxidant activity*.
Based on the absorbance measurement of the quercetin
standard solution that has been carried out, the
regression equation results are y = -0.0043x + 1.7172
with a value of r = 0.9964. From the quercetin standard
curve, a correlation value (r) is obtained, which is < 1
that the linearity of the reference standard meets the
standard for measuring the test substance. The linear

measure

ion equation obtained was then used to calculate
ﬁcc)ncemraticm of WEC and EEC.

Based on the data values, it can be seen that the
antioxidant activity of the EEC is higher than the WEC.
Differences can influence differences in concentration
and antioxidant activity in extract samples in the number
of compounds that act as antioxidants in each sample.
The EEC is likely to contain compounds with
antioxidant abilities in larger amounts than the WEC.
These results were also supported by the calculation of
the % inhibition of the BPF extract, which was
equivalent to a quercetin standard, to determine the free
radical inhibition ability of the extract samples.
Percentage of inhibition (% inhibition) is one of the
calculation methods to determine a senmp igh or low
antioxidant activity against free radical inhibition. The
greater the percentage inhibition value, tl‘ahigher the
antioxidant activity of the samples tested*’. Based on the
data obtained., it is known that the average concentration
of the WEC, which is 59.58ppm, has a % inhibition
value of 1542%. The EEC with an average
concentration of 95.16 ppm has a free radical inhibition
value or % inhibition of 24.36%. Secondary metabolites
likely to provide antioxidant activity in the EEC are
englycx)nemuu()ids such as isoflavones, flavanones and
flavones which tend to be more soluble in semipolar
solvents such as ethanol. Sequentially, these compounds
have wvarious antioxidant mechanisms, such as the
mechanism of donating hydrogen ions, scavenging, and
inhibition of oxidant enzymes* . In addition, there
may also be condensed tannins in the EEC, where the
tannins consist of a flavonoid polymer known as
proanthocyanidin, one of whose pharmacological
activities is antioxidant*?

In the ABTS assay, the EEC has higher antioxidant
activity. These results are inversely proportional to the
FRAP and DPPH assays which show that the WEC has
high antioxidant activity in inhibiting every radical. One
of the causes of these differences is the reaction
mechanism between each of the radicals and
antioxidants analyzed. One of the weaknesses of the
ABTS assay is that several types of antioxidants can
provide different radical inhibition values, depending on
the method of preparation of ABTS and the length of
time the reaction takes place between the ABTS radicals
and the sample. Several antioxidants can react quickly,
moderately or slowly in reducing ABTS radicals* .
l'efm'e, while calculating the antioxidant capacity,
the reaction time needed for the ABTS test must be
taken into account. Only the reaction's stoichiometry and
the HAT or SET mechanism, which indicates which is
dominant, are provided by the drop in absorbance®.
However, this cannot predict and explain the mechanism
and reaction rate between ABTS radicals and the
antioxidants analyzed'**°,
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Antioxidant activity measured using DPPH assay:

A free radical employed in research on antioxidants is
called DPPH. This approach has the benefits of being
straightforward, quick, simple, accurate, dependable,
and practical. The capacity of these compounds to
contribute electrons to free radicals is related to their
capacity to scavenge them: as a result, the DPPH colour
will fade, turning from purple to yellowish. To
determine this maximum wavelength, testing was done
initially. The maximum wavelength attained falls within
the 500-520 nmmaximum wavelength range utilized in
the DPPH test®. Because, it can be affected by a number
of variables, including temperature, humidity, sample
reading time, and light, the maximum wavelength was
determined twice in this study, namely during the
antioxidant activity test on quercetin and the sample.
The amount of measured light will grow as more light
enters the cuvette. The sample's absorbance at 520nm
and quercetin's maximum wavelength of 515nm,
respectively, have been previously measured for the
antioxidant activity test, and the test is lengthy enough
to perform a recheck at the maximum wavelength.

According to the ICs value parameter, where a value of
less than 50ppm is c ered in the extremely powerful
antioxidant category, the results showed that the ICsp of
replicating quercetin I, II, and IIT with an average of
22,056ppm. These findings suggest that quercetin is
highly effective at scavenging free radicals. The average
1Csp values for EEC from replications I, 11, and III were
113.31ppm and 86.67ppm, respectively, indicating that
these substances fall under the strong and moderate
antioxidant categories, respectively. The findings of thi
study differ from those of Andriani and Murtisiwi's*®
study on the antioxidant activity test of BPF in 70%
ethanol solvent, which used an extract from the BPF
with an 1Csy value of 41 36+1.191g/mL, including very
potent antioxidants. This variation is likely the result of
variations in the altitude at which they are grown, as
well as variations in the concentration of ethanol used as

a distiller. Each region will have a different
phytochemical content of a plant's secondary
metabolites, such as flavonoids, depending on

environmental parameters such light, temperature, pH,
height, and temperature. The secondary metabolites in

the extract, including flavonoids, can activate the
antioxidant activity in BPF. The study's findings
demonstrated that the EEC lacked the antioxidant

strength that the WEC did. Due to the fact that
flavonoids are polar and will dissolve in polar solvents
like water, whereas ethanol solvents are semi-polar, this
is caused by the dissolving principle. So, the water
solvent is more effective in extracting flavonoids than
ethanol.

CONCLUSION:

Different solvents for the extraction process of butterfly
pea flowers (Clitora ternatea L.) have different contents
when analyzed using phytochemical screening or FTIR
analysis. Anthocyanins and terpenoids could not be
detected in the EEC.The FRAP and DPPH assays
yielded the same results in this antioxidant activity test
of WEC and EEC: the WEC had stronger antioxidant
activity than the EEC. The ABTS assay, on the other
hand, yielded different results. demonstrating that the
EEC had higher antioxidant activity than the WECs. The
variances could be the result of different antioxidant
types that were present in the samples and had varied
reactions to the radicals used. The mechanisms
underpinning antioxidant tests differ for each approach.
It becomes crucial to think about the best method for the

ples.
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