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ARTICLE INFO ABSTRACT

Aging is influenced by several factors, including Reactive Oxygen Species (ROS).
An imbalance of higher ROS and lower antioxidants may lead to oxidative stress
in cells that is manifested as wrinkles, dark spots, and fine lines. Antioxidants can
prevent the effects of ROS. Safe and abundant sources of antioxidants can come
from natural ingredients. One of the natural ingredients widely studied is Clitoria
ternatea flower extract (CFE). This study aims to report the CFE potential as an
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Clitoria ternatea, measure the total flavonoid and phenolic content. Antioxidant activity was evaluated
Clollagenase, by hydroxyl (OH) and Nitric Oxide (NO) scavenging, while anti-aging activity was
Elastase,

evaluated by collagenase and elastase inhibition tests. CFE showed high phenol and
flavonoid content (14.49 ng GAE/mg and 9.00 pg QE/mg). CFE also has OH and NO
scavenging activity with IC, | 18.39 and 31.11 pg/mL, which exhibited antioxidant
potential. CFE also showed potential to inhibit collagenase (IC,, = 177.48 pg/mL) and
inhibit elastase (IC,, = 30.88 ug/mL). CFE may serve as a promising candidate with
antioxidant and anti-aging properties.

Reactive oxygen species
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1. Introduction

Skin maturation is a common process within the
physiology of all living things, including humans.
Skin maturation is influenced by external stressors and
natural conditions, including ultraviolet (UV) radiation,
pollution, and smoking habits. The combination of
outside stressors and natural components increase the
Reactive Oxygen Species (ROS) and results in oxidative
stress (Naidoo & Birch-Machin 2017). The effects of this
process include physical changes such as the appearance
of lines and wrinkles, changes in skin color, widespread
dryness, dull and unpleasant complexion, changes in
skin tone, and decreased skin function (Papaccio et al.
2022).

High ROS in the body can disrupt molecular stability
that is closely related to skin aging, some of which are
genes that maintain the extracellular matrix, namely
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Nuclear Factor Kappa B (NF-xB), Metalloproteinases
(MMPs), and Activator Protein 1 (AP-1) (Zhang et al.
2018). The increase in the expression of these genes
leads to higher levels of collagenase and elastase
enzymes, which influence skin aging. Both enzymes
contribute to the degradation of collagen and elastin
fibers within the extracellular matrix (ECM). Collagen
is crucial for the tensile strength of the skin, while elastin
influences its elasticity (Mehta-Ambalal 2016). Thus,
these two enzymes need to be inhibited so that there is
no decomposition of collagen and elastin, which can
cause alteration in the structure, elasticity, and firmness
of the skin (Wang et al. 2018).

ROS can be neutralized by the presence of antioxidants.
Antioxidants refer to molecules that can prevent or
retard the breakdown caused by oxidation reactions
to a certain level (Nurhidayah 2020). Under normal
conditions, the body naturally synthesizes endogenous
antioxidants, including Glutathione reductase (GR),
glutathione peroxidase (GPx), catalase (CAT), and
superoxide dismutase (SOD) (Nur & Lukitaningsih
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2017). However, excessive levels of ROS in the body
cannot be overcome by endogenous antioxidants alone;
additional antioxidants, such as exogenous antioxidants,
are needed, which can be found in natural and synthetic
forms.

Synthetic antioxidants are widely used in anti-
aging cosmetics due to their rapid effectiveness
and cost efficiency. However, excessive use of
synthetic antioxidants poses risks, including potential
carcinogenicity (Kandowangko 2023). As a safer
alternative, researchers have explored natural sources
rich in antioxidants. One potential source is the butterfly
pea flower, Clitoria ternatea L., which has been utilized
in Indonesia for ornamental purposes, beverages, natural
food coloring, and traditional medicine (Kusuma 2019;
Marpaung 2020).

Clitoria ternatea flower extract (CFE) is known for
its antioxidant properties, attributed to its high flavonoid
content (Chayaratanasin et al. 2015; Cahyaningsih et
al. 2019). CFE has been observed to have antidiabetic,
antibacterial, anti-cataract, and anti-inflammatory
effects. (Kusrini et al. 2017; Widowati et al. 2022, 2023).
Previous studies reported that C. fernatea flower tea
exhibits significant antioxidant activity using the DPPH
assay. At 100% tea concentration, the total flavonoid
content was 4.88 ug QE, surpassing that of pineapple
tea (Widowati et al. 2022). Furthermore, C. fernatea
floral extract has demonstrated significant radical
scavenging activity in assays such as 2,2'-azinobis
(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), ferric
reducing antioxidant power (FRAP), and 1,1-diphenyl-
2-picrylhydrazyl (DPPH) (Li et al. 2022). Additionally,
C. ternatea leaf extract has been found to inhibit wound-
healing enzymes like hyaluronidase and MMP-1 (Li et
al. 2022).

The antioxidant activities of CFE have been widely
studied using DPPH, ABTS, and FRAP methods. Still,
measurement of other specific free radical inhibition
activities that are equally important, namely hydroxyl
(OH) and Nitric Oxide (NO), has not been done. In
addition, studies that specifically evaluate the inhibition
of collagenase and elastase enzymes as anti-aging have
not been widely conducted. Thus, this study aimed to
assess the phytochemical composition, total flavonoid
and phenolic content of CFE, and antioxidant activity
with OH and NO scavenging activities, and evaluate the
anti-aging activity through the collagenase and elastase
inhibition activities of CFE.

2. Materials and Methods

2.1. Sample Extraction

The extraction of CFE was performed by PT
FAST (Depok, Indonesia) in compliance with Good
Manufacturing Practices (GMP) under CoA No. Batch
00103211072. In the extraction of C. ternatea using
70% ethanol, lactose functioned as an additive in the
formulation (Widowati et al. 2023a).

2.2. Phytochemical Screening

Phytochemical examination of CFE extract involves
a tube reaction method, which includes the identification
of saponins, flavonoids, alkaloids, phenols, terpenoids,
steroids/triterpenoids, and tannins (Maity et al. 2012;
Prahastuti ef al. 2020).

2.2.1. Phenol Identification

The sample on the drop plate was added with FeCl,
in 1% distilled water. Color changes to purple/blue/red/
green/black indicate the presence (Maity et al. 2012;
Prahastuti ef al. 2020).

2.2.2. Steroid/Triterpenoid Identification

A dropping plate was inserted with 10 mg of sample
extract, and then acetic acid was added until the plate
was submerged. Concentrated sulfuric acid (H,SO,)
was administered after 10 to 15 minutes. A green or
blue colour shows the existence of steroids, while
the existence of an orange or red precipitate indicates
the existence of triterpenoids (Prahastuti et al. 2020;
Widowati et al. 2022).

2.2.3. Saponin Identification

Dilute 10 mg of sample extract in aquadest, boil for
5 minutes, and then shake vigorously before adding
IN HCI. If bubbles still form after adding 1N HCI, the
presence of saponins was indicated after treatment with
HCI (Widowati et al. 2016, 2022; Prahastuti et al. 2020).

2.2.4. Tannin Identification

After adding the 10 mg sample, 2 mL of 2N HCl was
heated for 30 minutes in a water bath. After cooling and
filtering, amyl alcohol was administered to the combined
solution. The formation of purple colour on the surface
of amyl alcohol indicated the presence of tannins (Maity
etal. 2012; Widowati et al. 2018; Prahastuti et al. 2020).
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2.2.5. Terpenoid Identification

Vanillin and H,SO, were administered to 10 mg
of extract. Purple colour indicated positive reaction
(Jakimiuk ef al. 2021; Widowati et al. 2022; Yuanda et
al. 2023).

2.2.6. Flavonoid Identification

A reaction tube contained Mg and 2N HCl was added
with 10 mg of the sample extract and incubated for 5 to
10 minutes. Next, amyl alcohol was added to the filtrate.
The appearance of an orange to red coloration signified
the presence of flavonoids (Maity ef al. 2012; Prahastuti
et al. 2020).

2.2.7. Alkaloid Identification

Two layers of chloroform were generated after
adding 10% ammonia to the sample and extracting it
using chloroform. One or two drops of Draggendorf's
solution were added to the upper layer after it had been
collected, and the lower layer had been added with 1N
HCI (Maity et al. 2012; Prahastuti et al. 2020).

2.3. Total Phenolic Content Assay

The complete phenol substance was calculated
utilizing Folin Ciocalteu reagent. The essential step
was to fill the 96-well microplate with 15 pL of the
test. Subsequently, 10% Folin-Ciocalteu reagent (75 pL)
and 7.5% sodium carbonate (60 pL) were administered.
The plate was then shaken and incubated at 50°C for
10 minutes. The absorbance was determined at 760 nm
using a Multiskan GO reader. Gallic acid equivalents
(GAE) in pg/100% were utilized to select the total
phenolic substance. This test was replicated three
times, and the information appears as mean =+ standard
deviation (Prahastuti et al. 2019; Widowati et al. 2022).

2.4. Total Flavonoid Content Assay

The colorimetric strategy was utilized to determine
the full flavonoid content within the tests. The sample
solution of 15 pL was administered to 75 pL of 2% AICL..
The clear well contains only solvent (150 puL) and 150
uL of the sample dissolved. The absorbance at 415 nm
was recorded using a microplate reader to determine
the flavonoid content. The standard straight condition of
quercetin was utilized to determine flavonoid substance
in Quercetin equivalents (QE) per mg of test. The test
was carried out three times to guarantee the precision of
the results (Prahastuti et al. 2020; Widowati et al. 2022).

2.5. OH Scavenging Activity Assay

Thirty microliters of the sample solution at various
concentrations were administered to the reaction
mixture. The following materials were combined: 10
uL of FeCl,-EDTA, 5 pL of 20 mM H,O,, 5 pL of 1
mM L-Ascorbic acid, 10 pL of 28 mM Deoxyribose,
and 70 pL of phosphate buffer. The mixture was heated
to 37°C for 30 minutes. Afterwards, 25 pL of 1% TBA
and 5% TCA was administered, and the mixture was
then incubated at 80-90 °C for a further 30 minutes.
Utilizing a spectrophotometer (Thermo Fisher Scientific,
Multiskan GO Microplate Spectrophotometer) at 532 nm
(Irwan et al. 2020; Widowati ef al. 2021).

2.6. NO Scavenging Activity Assay

The CFE test consisted of 96-well phosphate-buffered
saline (PBS) with 10 mM sodium nitroprusside. The
Griess reagent was then mixed with 0.1% C H, CLN,,
1% CHN,O,S, and 2% H,PO,. The mixture was then
allowed to stand at 25°C for two hours. The maximum
measurement for the test was 546 nm (Widowati et al.

2023b).

2.7. Collagenase Inhibition Assay

This assay was adapted from the method of Widodo
et al. (2019) and Widowati et al. (2022). The reaction
mixture was transferred into a 96-well microplate and
incubated at 37°C for 20 minutes. The solution contained
collagenase enzyme prepared in Tricine buffer (pH 7.5,
50 mM, supplemented with 10 mM CaCl,, 6 uL, and
400 mM NaCl), Clostridium histolyticum (0.01 U/mL
in cold water, 10 puL), and 30 uL of the sample solution
at concentrations ranging from 4.69 to 150 pg/mL.
Subsequently, 20 pL. of FALGPA substrate (1 mM in
Tricine buffer) was added. The absorbance was recorded
at 335 nm using a microplate reader.

2.8. Elastase Assay

Elastase inhibitory activity was attempted with
changes based on the protocol, followed by Widowati
et al. (2016) and Prahastuti ef al. (2020). The sample
(2.08-66.67 ug/mL) 10 pL should be tested at room
temperature for 15 minutes. Then, the mixture was
supplemented with 5 pL of elastase (0.5 mU/mL in
chilled ddH,0) and 125 pL of Tris buffer (100 mM, pH
8). The solution was kept at room temperature for 15
minutes, followed by the addition of 10 pL of substrate
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C,,H,,N,O, (2 mg/mL in Tris buffer). Spectrophotometer
set to 410 nm wavelength for measured the absorbance;
the following equation was applied to calculate the

percentage of elastase inhibitory activity.

2.9. Statistical Data Analysis

Statistical data were analyzed in the SPSS software
version 20.0. The analysis of variance (One-way
ANOVA) was performed, followed by Tukey's post
hoc HSD test. The IC, value of each test (inhibition of
collagenase, elastase, and OH, NO) was calculated based
on the standard curve.

3. Results

3.1. CFE Quality

Table 1 presents the CFE quality test results.
Based on Table 1, the quality test of CFE includes
identification tests, physical characteristics, heavy
metals, and microbiological tests. The results show that
the identification test and physical characteristics of the
CFE follow specifications. The heavy metal content test
results show that CFE has an arsenic content of 0.008
ppm, lead content is 0.002 ppm, cadmium content
is 0.008 ppm, and mercury content is 0.007 ppm, all
within the specified limits. The microbiological tests
showed that the total plate count, yeast, mold count, E.

coli, Enterobacteriaceae count, Clostridia, Salmonella,
and Shigella tests of CFE were below standard limits.

3.2. Phytochemical Screening

The phytochemical screening, as a qualitative
method, detected some bioactive compounds in plants,
namely alkaloids, flavonoids, saponins, tannins,
terpenoids, steroids/triterpenoids, and phenols. Table
2 shows the CFE phytochemical screening results.
The results of CFE phytochemical screening contain
flavonoids, alkaloids, phenols, triterpenoids, and
terpenoids. The CFE exhibited the highest amount
(++++) of phenol compounds, characterized by
blackish-green color forms, serving as an indicator,
whereas triterpenoids showed the lowest content (+)
with brownish color forms.

3.3. Total Phenolic and Flavonoid Content of CFE

The research outcome confirmed that the overall
level of phenolics in CFE reached 14.49+1.18 ug GAE/
mg, indicating the presence of phenolic compounds,
which were known for their antioxidant activities.
Similarly, the flavonoid content in CFE was found to
be 9.00£1.13 pg QE/mg, suggesting that flavonoids
contributed significantly to the overall phytochemical
profile of the extract (Table 3).

Table 2. Results of phytochemical screening test (CFE)

Table 1. Quality of CFE Phytochemical . Test results of
_ _ Indicators
Item Specification Test result content CFE
Identification test Flavonoids An orange color forms (++)
Form Powder Accordance in the bottom layer of
Color Dark Blue Accordance amyl alcohol
Smell Typical Accordance  Saponins Foam forms, but after )
Flavor Slightly Sour Accordance adding 1 drop of HCl,
the foam disappears
Extract level 1:1 Accordance  Phenols A blackish-green color (++++)
Mesh size 80 >90% Passed Accordance forms
Solubility soluble in water Accordance  Tannins The amyl alcohol layer )
Water content <10% Accordance is greenish yellow (no
Heavy metals orange/red color is

Arsenic (As) <5 ppm 0.0008 formed)
Lead (Pb) <10 ppm 0.002 Steroids/Triterpenoids A brownish color forms (- Steroids (+)
Cadmium (Cd) <0.3 ppm 0.008 Triterpenoids
Mercury (Hg) <0.5 ppm 0.0007 Terpenoids A purple color is formed (+++)

Microbiological test Alkaloids An orange color forms (+++)
Total plate count <10° 1.5 x 10?
Yeast mold count <10° 9.0 x 10!
E. coli <10! 1.0 x 10! Table 3. Total phenolic and flavonoid content of CFE
Enterobacteriaceae count <10° <1.0x 10"  Total phenolics (ug GAE/mg) Total flavonoids (g QE/mg)
Clostridia Negative Negative 14.49+1.18 9.00+1.13
Salmonella Negative Negative *GAE: gallic acid equivalency, QE: quercetin equivalence
Shigella Negative Negative
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3.4. OH Scavenging Activity

The OH radical scavenging activity of CFE is
demonstrated in Figure 1. The scavenging activity of
CFE exhibited a significant difference in OH scavenging
activity (P<0.05), with the highest activity observed at
13.33 pg/mL, corresponding to 36.67%. The IC, value
of OH scavenging activity showed 18.39 pg/mL (Table
4). The OH IC, value presented that CFE had OH
scavenging activity potential.

3.5. NO Scavenging Activity

The effect of CFE on NO scavenging activity is
shown in Figure 2. NO scavenging activity at 66.67
ug/mL with 74.08+6.03% (P<0.05) showed the highest
activity of CFE. The NO IC,  value scavenging activity
showed 31.11 ug/mL (Table 5). This IC,  of NO value
shows that CFE had NO scavenging activity potential.

3.6. Collagenase Inhibition Activity

Collagenase inhibitory activity data are shown
in Figure 3. Collagenase inhibition activity showed
the highest activity at 250 pg/mL with a value of
67.65£1.94% (P<0.05), while the lowest activity
was observed at a concentration of 7.81 pug/mL. The
collagenase IC,, value inhibition activity showed

N w &
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OH Scavenging activity (%)
:

o
L

0.42

083 167 3.33 6.67
Concentration (ug/mL)

Effect of various concentrations of CFE on OH
scavenging activity. *Data represented as the mean
+ standard deviation (SD) of 3 replicates. Different
letters represented the significant differences between
treatments (P<0.05) according to the Tukey HSD post
hoc test

13.33

Figure 1.

Table 4. IC, value of OH activity in CFE

Antioxidant . )
activities Equations R IC,, (ug/mL)
= -
OHscavenging ) yo36x 4874 0.99 18.39

activity

177.48 pg/mL (Table 6). This IC,; collagenase value
shows that CFE has collagenase inhibition potential.

3.7. Elastase Inhibition Activity

The CFE effect on elastase activity is shown in
Figure 4. The elastase inhibition activity of CFE
exhibited a significant concentration-dependent
difference, with the highest activity observed at
66.67 pg/mL (85.73+0.52%). Increasing the CFE
concentration further enhanced elastase inhibition
activity significantly. The IC, value of elastase
inhibition activity is 30.88 pg/mL (Table 7). This
IC,, elastase value showed that CFE had an elastase
inhibition potential.

4. Discussion

Aging is a natural biological process that occurs
in humans over time. Aging can be influenced by an
imbalance in ROS levels in the body, which causes
oxidative stress. This condition can cause degradation of
elastin and collagen so that the skin becomes loose and
wrinkles appear, one form of skin aging (Rinnerthaler
et al. 2015). Excessive ROS levels require exogenous
antioxidants that can come from natural ingredients.
One promising source of natural antioxidants is CFE
(Andriani & Murtisiwi 2020).
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Figure 2. Effect of various concentrations of CFE on NO scavenging
activity. *Data represented as the mean £ SD of 3
replicates. Different letters represented the significant
differences between treatments (P<0.05) according to the
Tukey HSD post hoc test.

Table 5. IC, value of NO activity in CFE

Antioxidant
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activities Equations R IC,, (ng/mL)
NOscavenging | _ s050¢ 128352 0,97 31.11
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Figure 3. Effect of various concentrations of CFE on collagenase
scavenging activity. *Data represented as the mean + SD
of 3 replicates. Different letters represented the significant
differences between treatments (P<0.05) according to the
Tukey HSD post hoc test

Table 6. IC, value of collagenase inhibitory activity in CFE

100 -
80-
60~ e

40 d

Elastase Inhibition Activity (%)

2.08
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833 16.67 33.33 66.67
Concentration (ug/mL)

Figure 4. Effect of various concentrations of CFE on elastase
inhibition activity. *Data represented as mean + SD
of 3 replicates is used to show the data. Different
letters represented the significant differences between
treatments (P<0.05) according to the Tukey HSD post
hoc test

Table 7. IC, value of the elastase inhibitory activity in CFE

Anti-aging

Anti-aging

1 2 1 2
activities Equations R IC,, (ug/mL) activities Equations R IC,, (ug/mL)
Collagenase ) o7y 130018 0.99 177.48 Flastase y=1.0319x +18.133 0.99 30.88
inhibitory inhibitory

In this study, Clitoria ternatea was extracted using
the maceration method, and lactose was added to make
a powder. The results of the CFE quality test showed
that the CFE produced had high quality, both in terms of
physical identification, physical characteristics, heavy
metal content, and microbiological testing. This follows
the provisions of good extract requirements according
to BPOM RI (2023). The results of phytochemical
screening showed that CFE contains triterpenoids,
phenols, flavonoids, terpenoids, and alkaloids. These
results are from other studies conducted by Torres et
al. (2022) which showed the existence of triterpenoids,
flavonoids, phenols, terpenoids, and alkaloids in CFE.
Other parts of this plant, including the leaves, stems,
and roots, have also been studied to contain flavonoids,
phenols, triterpenoids, terpenoids, and alkaloids
(Priyanga et al. 2019).

The research results showed that the total phenolic
content in CFE reached 14.49+1.18 ug GAE/mg. The
flavonoid content in CFE reached 9.00+1.13 pug QE/
mg. This shows the high levels of flavonoids and
phenolics in CFE. In line with this, an investigation
by Patel et al. (2023) appeared that extracts from

C. ternatea flowers had a total flavonoid content of
15.8440.268 mg QE/g of extract. Several studies have
shown that other parts of this plant, including roots and
leaves, additionally contain high levels of flavonoids
and phenolics. Nurcholis et al. (2023) compared the
flavonoid and phenolic substances of different plant
components. The results showed that the most elevated
phenolic substance was found within the roots of C.
ternatea (83.45 mg GAE/g). In contrast, the most
elevated flavonoid content was found within the leaf
extract (5.96 mg QE/g). Similarly, Purwanto & Aprilia
(2022) reported that leaf extract contained phenolic
substance of 57.51 mg GAE/g.

Reactive oxygen species (ROS) are manifested
in various molecules, for example, hydroxyl (*OH),
superoxide (*O,), peroxyl (ROO*), singlet oxygen
(10,), nitric oxide (NO*), hydrogen peroxide
(H,0,), peroxynitrite (ONOO*), hypochlorous acid
(HOCI), and lipid peroxidase. Superoxide is the
most predominant free radical formed in the body.
Within the oxidation response, this superoxide will be
converted into hydrogen peroxide (H,O,), which can
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be further converted into hydroxyl radicals (*OH) at
the proliferation stage. These hydroxyl radicals cause
lipid peroxidation within the cell membrane, leading
to cell damage. If this process continues unchecked,
it will cause an imbalance between free radicals and
endogenous antioxidants known as oxidative stress
(Purwata 2016; Kusumawati et al. 2021). Previous
studies have shown similar results, in which CFE has
antioxidant activity in assays such as ABTS, DPPH, and
FRAP (Nurhayati et al. 2024). CFE is known to have
antioxidant potential in inhibiting lipid peroxidation,
with an inhibition percentage reaching 94% (Purwanto
& Aprilia 2022).

Nitric oxide is a small gas molecule also known
as nitrogen monoxide, with the chemical formula NO
(Lancaster Jr 2015). The antioxidant impact of CFE
was further assessed by its potential inhibitory effect
on NO. This study demonstrated that CFE's anti-
oxidant activity inhibits NO activity. Antioxidants
can lower NO ability by giving up an electron. The
extract contained antioxidant principles that prevent
the synthesis of nitrite by competing with oxygen in
their reaction with NO (Utami et al. 2018). This data
was in line with research conducted by Purwanto &
Aprilia (2022) that extracts from numerous parts of
C. ternatea, such as flowers, leaves, and roots, have
antioxidant potential with NO scavenging.

The collagenase enzyme can degrade collagen,
which is the main component of the extracellular
matrix (Nurhidayah 2020). Based on the research
results, CFE has significant inhibitory activity against
the collagenase enzyme. This inhibition is in line with
the increasing concentration of CFE—studies showing
that plant extracts and secondary metabolites can
suppress collagenase degradation. Flavonoids, one of
the compounds found in CFE, are known to have a role
in inhibiting collagenase. The presence of hydroxyl and
carbonyl groups in plant flavonoid particles permits
them to make complexes with metal particles, allowing
interaction with metalloenzymes such as collagenase.
A study showed that this compound can anticipate
collagen degradation by inhibiting collagenase
movement (Zagoérska-Dziok et al. 2021).

Excessive exposure to UV radiation and ROS
enhances the activation of the elastase enzyme, leading
to the destruction of elastin in the elastic fibers of
the skin. This process is in charge of the formation
of skin wrinkles (Nur & Lukitaningsih 2017). The

elastase inhibitory activity of CFE increases as its
concentration increases, indicating that CFE can inhibit
elastase activity. Flavonoids have excellent antioxidant
properties and can show their antioxidant activity by
counteracting free radicals and ROS (Hassanpour &
Doroudi 2023). In herbal plants, flavonoids and their
derivatives are often found, which have the potential
to act as elastase inhibitors (Jakimiuk et al. 2021).
Thus, CFE possesses potential antioxidant and anti-
aging agent through NO, OH scavenging activities
and inhibition of collagenase and elastase. Excessive
exposure to UV radiation and ROS increases the
activation of the elastase enzyme, which causes damage
to elastin in the skin's elastic fibers. This process
plays a role in the formation of skin wrinkles (Nur &
Lukitaningsih 2017).

Thus, CFE has an effective anti-aging and
antioxidant mechanism through various processes.
Flavonoid compounds in this extract act as antioxidants
and anti-aging agents, neutralizing free radicals such as
OH (hydroxyl radicals) and NO (nitric oxide) that can
damage skin tissue and trigger aging. Additionally, this
extract inhibits the activity of collagenase and elastase
enzymes, which are responsible for the degradation of
elastin and collagen proteins crucial for skin elasticity.
This mechanism helps inhibit tissue damage and
maintain skin health so that it can be used as an anti-
aging and antioxidant in cosmetic products (Nur &
Lukitaningsih 2017; Yuanda et al. 2023). The proposed
mechanism of this research can be seen in Figure 5.

Exposure to aging factors, including UV radiation
and free radicals, induces the formation of reactive
oxygen species (ROS), which in turn trigger oxidative
stress. This oxidative stress enhances the activity of
collagenase and elastase, enzymes that degrade collagen
and elastin—two key structural proteins responsible
for maintaining skin strength and elasticity—thereby
accelerating the aging process. Phytochemical
screening has revealed that CFE is rich in flavonoids,
phenols, triterpenoids, terpenoids, and alkaloids, which
contribute to its ability to suppress ROS formation by
scavenging hydroxyl and nitric oxide radicals, thus
reducing oxidative stress. In addition, CFE protects
collagen and elastin from enzymatic degradation,
thereby preventing skin aging. These findings highlight
the potential of CFE as an effective antioxidant and
anti-aging agent.
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Figure 5. Proposed mechanism of CFE as an antioxidant and anti-aging agent

Acknowledgements

This research was funded by Maranatha Christian
University 2024 (Dana Percepatan Lektor Kepala)
and the facilitation and support from Aretha Medika
Utama, Bandung, Indonesia.

References

Andriani, D., Murtisiwi, L., 2020. Uji aktivitas antioksidan ekstrak
etanol 70% bunga telang (Clitoria ternatea L) dari daerah
Sleman dengan metode DPPH. Pharmacon: Jurnal Farmasi
Indonesia. 17, 70-76. https://doi.org/10.23917/pharmacon.
v17i1.9321

Badan Pengawas Obat dan Makanan Republik Indonesia, 2023.
Guidelines for assessing the results of innovation in the
processed food sector in the context of preparing standards
for food additives. BPOM, Jakarta.

Cahyaningsih, E., Yuda, P.E.S.K., Santoso, P., 2019. Skrining
fitokimia dan uji aktivitas antioksidan ekstrak etanol bunga
telang (Clitoria ternatea L.) dengan metode spektrofotometri
UV-VIS. Jurnal llmiah Medika. 5, 51-57. https://doi.
org/10.36733/medicamento.v5il.851

Chayaratanasin, P., Barbieri, M.A., Suanpairintr, N., Adisakwattana,
S., 2015. Inhibitory effect of Clitoria ternatea flower petal
extract on fructose-induced protein glycation and oxidation-
dependent damages to albumin in vitro. BMC Complementary
and Alternative Medicine. 15, 27. https://doi.org/10.1186/
$12906-015-0546-2

Hassanpour, S.H., Doroudi, A., 2023. Review of the antioxidant
potential of flavonoids as a subgroup of polyphenols and
partial substitute for synthetic antioxidants. Avicenna Journal
of Phytomedicine. 13, 354-376.

Irwan, M., Girsang, E., Nasution, A.N., Lister, LN.E., Amalia, A.,
Widowati, W., 2020. Antioxidant activities of black soybean
extract (Glycine max (L.) Merr.) and daidzein as hydroxyl
and nitric oxide scavengers. Majalah Kedokteran Bandung.
52, 74-80. https://doi.org/10.15395/mkb.v52n2.1816

Jakimiuk, K., Gesek, J., Atanasov, A.G., Tomczyk, M., 2021.
Flavonoids as inhibitors of human neutrophil elastase.
Journal of Enzyme Inhibition and Medicinal Chemistry. 36,
1016-1028. https://doi.org/10.1080/14756366.2021.1927006

Kandowangko, N.Y., 2023. Keragaman Jeruk di Daerah Pesisir Teluk
Tomini. Deepublish, Yogyakarta.

Kusrini, E., Tristantini, D., Izza, N., 2017. Retracted: test the activity
of butterfly pea flower extract (Clitoria ternatea L.) as an
anti-cataract agent. Jurnal Jamu Indonesia. 2, 30-36. https://
doi.org/10.29244/jji.v2i1.28



Lucianus J and Adhika OA

Kusuma, A.D., 2019. Potensi teh bunga telang (Clitoria ternatea)
sebagai obat pengencer dahak herbal melalui uji
mukositas. Risenologi. 4, 65-73. https://doi.org/10.47028/j.
risenologi.2019.42.53

Kusumawati, A.H., Farhamzah, F., Alkandahri, M.Y., Sadino, A.,
Agustina, L.S., Apriana, S.D., 2021. Antioxidant activity and
sun protection factor of black glutinous rice (Oryza sativa var.
glutinosa). Tropical Journal of Natural Product Research. 5,
1958-1961. https://doi.org/10.26538/tjnpr/v5il1.11

Lancaster, J.R. Jr., 2015. Nitric oxide: a brief overview of chemical
and physical properties relevant to therapeutic applications.
Future Science OA. 1, FSO59. https://doi.org/10.4155/
fs0.15.59

Li, C., Tang, W., Chen, S., He, J., Li, X., Zhu, X., Li, H., Peng,
Y., 2022. Phytochemical properties and in vitro biological
activities of phenolic compounds from flower of Clitoria
ternatea L. Molecules. 27, 6336. https://doi.org/10.3390/
molecules27196336

Maity, N., Nema, N.K., Sarkar, B.K., Mukherjee, P.K., 2012.
Standardized Clitoria ternatea leaf extract as hyaluronidase,
clastase and matrix-metalloproteinase-1 inhibitor. /ndian
Journal of Pharmacology. 44, 168-173. https://doi.
org/10.4103/0253-7613.100381

Marpaung, A.M., 2020. Tinjauan manfaat bunga telang (Clitoria
ternatea L.) bagi kesehatan manusia. Journal of Functional
Food and Nutraceutical. 1, 63-85. https://doi.org/10.33555/
jfin.v1i2.30

Mehta-Ambalal, S.R., 2016. Neocollagenesis and neoelastinogenesis:
from the laboratory to the clinic. Journal of Cutaneous and
Aesthetic Surgery. 9, 1-7. https://doi.org/10.4103/0974-
2077.191645

Naidoo, K., Birch-Machin, M.A., 2017. Oxidative stress and
ageing: the influence of environmental pollution, sunlight
and diet on skin. Cosmetics. 4, 4. https://doi.org/10.3390/
cosmetics4010004

Nur, S., Lukitaningsih, E., 2017. Screening of antioxidants, anti-aging
and tyrosinase inhibitory activities of ethanolic and ethyl
acetate extracts of fruit flesh and fruit peel langsat (Lansium
domesticum Corr) in vitro. Traditional Medicine Journal. 22,
63-72. https://doi.org/10.22146/tradmed;j.24342

Nurcholis, W., Igbal, T.M., Sulistiyani, S., Liwanda, N., 2023. Profile
of secondary metabolites in different part of the butterfly pea
(Clitoria ternatea) plant with antioxidant activity. Yuzuncu
Yil University Journal of Agricultural Science. 33,231-247.
https://doi.org/10.29133/yyutbd.1251495

Nurhayati, R., Shoviantari, F., Munandar, T.E., Yuwono, M., 2024.
Butterfly pea (Clitoria ternatea L.) flower water and ethanol
extract: phytochemical screening, FTIR analysis, and
antioxidant activity estimation using comparison of ABTS,
DPPH, and FRAP assays. Research Journal of Pharmacy and
Technology. 17, 1973-1982. https://doi.org/10.52711/0974-
360X.2024.00313

Nurhidayah, N., 2020. Antioxidant and Anti-aging Activity Test of
Purified Extract of Kepel Leaves (Stelechocarpus burahol
(Bi.) Hook F. & Th.) Through Inhibition of the Collagenase
Enzyme. Universitas Muhammadiyah, Purwokerto.

Papaccio, F., D’Arino, A., Caputo, S., Bellei, B., 2022. Focus on the
contribution of oxidative stress in skin aging. Antioxidants.
11, 1121. https://doi.org/10.3390/antiox 11061121

Patel, S., Dey, R., Verma, K., Deshbhratar, R., Maru, K.K., Sharma,
P, Limaye, R., Puri, P., 2023. Comparative analysis of
antioxidant and anti-inflammatory activities of red, blue, and
black tea for health benefits. Brazilian Journal of Science. 2,
76-89. https://doi.org/10.14295/bjs.v2i4.299

Prahastuti, S., Hidayat, M., Hasiana, S.T., Widowati, W., Widodo,
W.S., Handayani, Rr.A.S., Rizal, R., Kusuma, H.S.W., 2020.
The ethanol extract of the bastard cedar (Guazuma ulmifolia
L.) as antioxidants. Pharmaciana. 10, 77-85. https://doi.
org/10.12928/pharmaciana.v10i1.13636

Prahastuti, S., Hidayat, M., Hasiana, S.T., Widowati, W., Amalia, A.,
Yusepany, D.T., Rizal, R., Kusuma, H.S.W., 2019. Antioxidant
potential ethanolic extract of Glycine max (L.) Merr. var. Detam
and daidzein. Journal of Physics: Conference Series. 1374,
012020. https://doi.org/10.1088/1742-6596/1374/1/012020

Priyanga, R., Salimudheen, H.V., Uma, M.P., Thamburaj, S., Natesan,
G., 2019. Phytochemical analysis and evaluation of in
vitro antioxidant and anti-urolithiatic potential of various
fractions of Clitoria ternatea L. blue flowered leaves. Asian
Journal of Pharmaceutical Analysis. 9, 67-76. https://doi.
org/10.5958/2231-5675.2019.00014.0

Purwanto, U.M.S., Aprilia, K., 2022. Antioxidant activity of telang
(Clitoria ternatea L.) extract in inhibiting lipid peroxidation.
Current Biochemistry. 9, 26-37. https://doi.org/10.29244/
cb.9.1.3

Purwata, O.,2016. Antioxidant: Bioactivity Test Teaching Materials.
Universitas Udayana, Denpasar.

Rinnerthaler M., Bischof J., Streubel M.K., Trost A., Richter K.,
2015. Oxidative stress in aging human skin. Biomolecules.
5, 545-589. https://doi.org/10.3390/biom5020545

Torres R.C., Parcon M.R.V.,, Esmundo H.J.N., Canillo D.C.P,,
Ramil C.C., 2022. Antioxidant activity and phytochemical
constituents of Philippine Clitoria ternatea flowers as a
potential therapeutic agent against infectious diseases. Issues
in Biological Sciences and Pharmaceutical Research. 10,
12-18. https://doi.org/10.15739/ibspr.22.003

Utami S., Sachrowardi Q.R., Damayanti N.A., Wardhana A., Syarif
1., Nafik S., Arrahman, B.C., Kusuma, H.S.W., Widowati, W.,
2018. Antioxidants, anticollagenase and antielastase potentials
of ethanolic extract of ripe sesoot (Garcinia picrorrhiza Miq.)
fruit as antiaging. Journal of HerbMed Pharmacology. 7,
88-93. https://doi.org/10.15171/jhp.2018.15

Wang Q.W., Wang Q.Z., Zhu K., Yan S.J., Zheng H.L., Guan J.C.,
2018. Dickkopf-1 induces pancreatic carcinogenesis through
upregulation of c-Myc and cyclin D1. International Journal
of Clinical and Experimental Medicine. 11, 11781-11788.

Widodo W.S., Widowati W., Ginting C.N., Lister 1., Armansyah
A., Girsang E., 2019. Comparison of antioxidant and
anti-collagenase activity of genistein and epicatechin.
Pharmaceutical Sciences and Research. 6, 6. https://doi.
org/10.7454/psr.v6i2.4510

Widowati W., Fauziah N., Herdiman H., Afni M., Afifah E., Kusuma
H.S.W., Nufus, H., Arumwardana, S., Rihibiha, D.D., 2016.
Antioxidant and anti-aging assays of Oryza sativa extracts,
vanillin and coumaric acid. Journal of Natural Remedies.
88-99. https://doi.org/10.18311/jnr/2016/7220

Widowati W., Janeva B.W., Nadya S., Amalia A., Arumwardana S.,
Kusuma H.S.W., Arinta, Y., 2018. Antioxidant and antiaging
activities of Jasminum sambac extract, and its compounds.
Journal of Reports in Pharmaceutical Sciences. 7,270-285.
https:// doi.org/10.4103/2322-1232.254804

Widowati, W., Kusuma, H.S.W., Arumwardana, S., Afifah, E.,
Wahyuni, C.D., Wijayanti, C.R., Maulana, M.A., Rizal,
R., 2021. Corilagin potential in inhibiting oxidative and
inflammatory stress in LPS-induced murine macrophage
cell lines (RAW 264.7). Iranian Journal of Basic Medical
Sciences. 24, 1656-1665.

Widowati, W., Wargasetia, T.L., Zakaria, T.M., Marthania, M., Akbar,
R.A.T.P.P., Gunadi, M.S., Halim, N., Santiadi, S., 2022.
Antioxidant activity of TEMON (Clitoria ternatea and Citrus
sp.) as an infused herbal tea. Majalah Obat Tradisional. 27,
32-40. https://doi.org/10.22146/mot. 71628



HAYATI J Biosci

Vol. 33 No. 2, March 2026

Widowati W., Darsono L., Lucianus J., Setiabudi E., Susang Obeng S.,
Stefani S., Wahyudianingsih, R., Tandibua, K.R., Gunawan,
R., Wijayanti, C.R., Novianto, A., Kusuma, H.S.W., Rizal,
R., 2023a. Butterfly pea flower (Clitoria ternatea L.)
extract displayed antidiabetic effect through antioxidant,
anti-inflammatory, lower hepatic GSK-3f, and pancreatic
glycogen on diabetes mellitus and dyslipidemia rat. Journal
of King Saud University-Science. 35, 102579. https://doi.
org/10.1016/j.jksus.2023.102579

Widowati, W., Wargasetia, T.L., Kurniawati, V., Rachmaniar, R.,
Yuninda, V.A., Sabrina, A.H.N., Azizah, A.S., Legowo, W.P.,
Ferdiansyah, R., 2023b. In-vitro study of potential antioxidant
activities of mangosteen and its nanoemulsions. Medicinal
Plants-International Journal of Phytomedicines and Related
Industries. 15, 534-542. https://doi.org/10.5958/0975-
6892.2023.00053.9

Yuanda K.E., Audina M., Alawiyah T., 2023. Formulasi dan uji
aktivitas antioksidan sediaan serum ekstrak bunga telang
(Clitoria ternatea L.) sebagai anti aging. Innovation Journal
of Social Sciences Research. 3, 8301-8313.

Zagorska-Dziok M., Ziemlewska A., Bujak T., Niziot-Lukaszewska
Z.,Hordyjewicz-BaranZ.,2021. Cosmetic and dermatological
properties of selected Ayurvedic plant extracts. Molecules.
26, 614. https://doi.org/10.3390/molecules26030614

Zhang M., Hwang E., Lin P,, Gao W., Ngo H.T.T., Yi T.H., 2018.
Prunellavulgaris L. exerts a protective effect against extrinsic
aging through NF-xB, MAPKs, AP-1, and TGF-f/Smad
signaling pathways in UVB-aged normal human dermal
fibroblasts. Rejuvenation Research. 21, 313-322. https://
doi.org/10.1089/rej.2017.1971



