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Article info: Abstract: In the last few decades, many diseases have been caused
by Radical Oxidative Stress (ROS) or free radicals. Compounds that act

Received 08/04/2025 as natural antioxidants have been widely developed to counteract these
) free radicals. Rhizpora mucronata was a mangrove species reported to
Revised  15/08/2025 possess strong antioxidant activity. However, the research is limited to

extracts; fractions with more specific compound components have not
Accepted 02/09/2025 been explored. The n-hexane fraction of R. mucronata leaves was
Available online  29/11/2025 rep(_)r_ted to hav_e hig_h tota_l flgvonoid content (TFC). The TFC h_as a
positive correlation with antioxidant activity. Therefore, this study aimed
to simplify the compound components in the n-hexane fraction of R.
mucronata leaves using gravity column chromatography (GCG) and
determine their antioxidant activity. The n-hexane fraction was
fractionated using GCG with increasing solvent polarity (n-hexane,
chloroform, ethyl acetate, and methanol). The fractions were tested for
antioxidant activity using 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2'-
azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) methods. The
fractionation using GCG resulted in 80 fractions. These fractions were
grouped based on their thin-layer chromatography (TLC) profiles,
resulting in 12 groups of fractions (A-L). Fractions D, F, G, H, J, K, and
L, the fractions with enough yield, determined their antioxidant activity
using the DPPH and ABTS methods. Fractions D and J tested by the
DPPH method had IC50 values of 28.68 + 1.58 ppm and 9.59 + 0.39
ppm, respectively. Meanwhile, fractions D and J tested by the ABTS
method had IC50 values of 15.10 + 1.00 ppm and 3.16 + 0.55 ppm,
respectively. Meanwhile, fractions F, G, H, K, and L exhibit antioxidant
activity with 1C50 values greater than 100 ppm. Fractions D and J have
potent antioxidant activity, and both were tested using DPPH and ABTS
methods. Therefore, fractions D and J can be further developed as
natural antioxidants.
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causes free radicals to be unstable and

INTRODUCTION reactive. To stabilize themselves, free radicals

bond to take electrons from other compounds,
Free radicals are atoms or molecules that such as DNA or nucleic acids, causing these
have unpaired electrons. This condition compounds to become free radicals and
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initiating a chain radical reaction that ultimately
damages the body's cells. Therefore, free
radicals  significantly influence  various
physiological conditions of the human body,
which can cause various diseases [1]. Several
diseases caused by free radicals were
cardiovascular disease, metabolic disease,
Alzheimer's, and cancer [2]. Excess free
radicals in the body can be overcome with
antioxidants.

Antioxidants neutralize free radicals by
donating electrons to the free radicals before
damage to certain molecules increases.
Antioxidants are naturally produced by the
body, for example, Superoxide dismutase
(SOD), Glutathione peroxidase (GPx),
Catalase (CAT), Glutathione reductase (GRX),
and non-enzymatic antioxidants such as lipoic
acid, glutathione, L-arginine, uric acid, and
bilirubin [3]. However, if the number of free
radicals is too high, antioxidants from outside
the body are needed. The exogenous
antioxidants were vitamin C, E, carotenoids,
polyphenols, proteins, and micronutrients [4].
Polyphenols were reported to act as
antioxidants through an electron transfer
mechanism [5].

Polyphenols are secondary
metabolites that contain hydroxyl groups and
aromatic rings [6]. Polyphenolic compounds
can be obtained from plants. Rhizpora
mucronata was a mangrove species reported
to have high total phenolic content [7]. In
addition, R. mucronata leaf extract obtained
from North Sulawesi has very strong
antioxidant activity with an I1Csy value of 20.99
1 0.33 pg/mL [8]. The compound content in the
extract is still large and varied. The
phytochemical analysis of R. mucronata leaf
extract revealed the presence of saponin,
steroid, triterpenoid, phenolic, and flavonoid
groups [9]. R. mucronata leaves extract
detected using liquid chromatography-high
resolution mass spectrometry (LC-HRMS) was
reported to contain some flavonoid compounds
such as rutin, quercetin trifolin, hispidulin, and
kaempferol [10]. In addition, the n-hexane
fraction of R. mucronata leaves, as detected
using gas chromatography-mass
spectrometry, contained squalene as the major
compound [11]. The ethyl acetate fraction, n-
hexane fractions, and water fraction of R.
mucronata leaves, when fractionated using
liquid-liquid chromatography (LLE), revealed
significantly different antioxidant activities. The
n-hexane fraction of R. mucronata leaves has
been reported to exhibit strong antioxidant
activity [9]. The LLE method can separate

compounds only within a limited range of
polarities. The fractionation using gravity
column chromatography (GCC) employed a
gradient polarity solvent to obtain compounds
of varied polarity [12]. So, the compounds
obtained in each fraction were more specific.
So, a fraction with more potent antioxidant
activity was expected to be obtained.
Fractionation of the n-hexane fraction of R.
mucronata leaves from Lombok Island using
the GCC method has not been performed.
Variations in geographical location influence
the composition of compounds and the
associated biological activities of R. mucronata
leaves. However, this study aimed to
fractionate R. mucronata leaves using gravity
column chromatography. In addition, each
fraction would be tested for its antioxidant
activity using the DPPH and ABTS methods.
The fraction that has the highest antioxidant
activity can be a candidate for development as
a natural antioxidant.
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Figure 1. Scheme of Fractionation of R. mucronata
Leaves

MATERIALS AND METHODS
Materials

Reagents with pro-analysis grade
(Sigma-Aldrich), such as 2,2-diphenyl-1-
picrylhydrazyl radical (DPPH), 2,2-azino-bis-3-
ethylbenzthiazoline-6-sulfonic acid (ABTS),
and quercetin. Silica gel 60 Fy, Merck
1.09385.1000 (230-400 Mesh) for column
chromatography. F,s, silica plate. Solvent with
pro analytical grade (E. Merck) consisting of n-
hexane, methanol, ethyl acetate, chloroform,
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and dichloromethane. R. mucronata leaves
were obtained from Buwun Mas Village,
Sekotong District, West Lombok Regency,
West Nusa Tenggara, Indonesia.

Method
Extraction and Fractionation

R. mucronata leaves were extracted using the
sonication method by Sammanta et al. (2024)
[7]. The n-hexane fraction was obtained
through a liquid-liquid fractionation process by
Sammanta et al. (2024) [7]. The n-hexane
fraction (5 grams) was fractionated using the
gravity column chromatography (45 x 3 cm).
The stationary phase used is Silica gel 60 F,s4
Merck 1.09385.1000 (230-400 Mesh) for
column chromatography. The solvents used
are n-hexane, chloroform, ethyl acetate, and
methanol with a gradient composition. The
eluent composition and gradient can be seen
in Table 1. The fractionation process was
monitored based on the colour of the
separated compounds on the chromatography
column or the collection of a 20 mL fraction in
a vial. The metabolite profile of each vial was
identified using thin-layer chromatography
(TLC). Fractions that have similar TLC profiles
were combined. The fractionation procedure is
available in Figure 1.

Thin Layer Chromatography (TLC)

The compound profile of fractions 1-80 was
examined using TLC. The stationary phase
used was silica F,s4. Fractions 1-56 were
eluted using the mobile phase n-hexane:
chloroform (1:4). Fractions 56-62 were eluted

using the mobile phase ethyl acetate:
methanol (1:4). Fractions 62-75 were eluted
using ethyl acetate: methanol (1:9). Fractions
75-80 were eluted using a 100% methanol
mobile phase. Meanwhile, fraction A-L was
eluted using a mobile phase of n-hexane:
chloroform (1:4).

Antioxidant activity assay using 1,1-
diphenyl-2-picrylhydrazyl (DPPH) method

The fractions D, F, G, H, J, K, and L were
made into a concentration series of 0.156,
0.3125, 0.625, 1.25, 2.5, 5, 10, 25, 50, and
100 pg/mL. Each 100 pL fraction and 100 pL
0.25 mM DPPH were put into a 96-well plate.
The solution mixture was homogenized using
a shaker machine for 30 seconds. The mixture
was incubated in the dark for 30 minutes [13].
A mixture of 100 pL methanol and 100 pL
DPPH was used as a control. The absorbance
of each sample was measured at a
wavelength of 517 nm using a multiscan
spectrometer (Multiscan SkyHigh, Thermo
Scientific, Finland). The DPPH free radical
scavenging was calculated using the following
formula:

DPPH Radical Scavenging activity (%)
(Abs Control — Abs Sample)
= x100%

Abs Control

The concentration series and the sample's
DPPH free radical scavenging activity were
used to create a calibration curve, yielding the
Y=bx-a equation. The ICg, of the sample can
be calculated using the equation.

Table 1. The solvent for fractionation of the n-hexane fraction of R. mucronata leaves using GCC

Solvent n-hexane  Chloroform Ethyl Methanol Number of
composition (mL) (mL) acetate (mL) (mL) fractions

1 100 - - - 1-5

2 75 25 - - 6-10

3 50 50 - - 11-15
4 25 75 - - 16-20
5 - 100 - - 21-25
6 - 80 20 - 26-30
7 - 60 40 - 31-35
8 - 40 60 - 36-40
9 - 20 80 - 41-45
10 - - 100 - 46-50
11 - - 80 20 51-55
12 - - 60 40 56-60
13 - - 40 60 61-65
14 - - 20 80 66-70
15 - - - 200 71-80
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Antioxidant activity assay using 2,2 -azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
method

Five millilitres of 7 mM ABTS were combined with
88 upL of 140 mM potassium persulfate. The
mixture was left for 12-16 hours in the dark at
room temperature to obtain an ABTS positive
radical solution (ABTS-+). The ABTS-* solution
was diluted using methanol until its absorbance
reached 0.70 £ 0.02 at 734 nm. One hundred pL of
each fraction (0.156; 0.3125; 0.625; 1.25; 2.5; 5;
10; 25; 50; and 100 pg/mL) was put into a 96-well
plate, then added to 100 uyL ABTS-+ solution. The
mixture was allowed to stand for 6 minutes, after
which the absorbance was read at a wavelength of
734 nm using a multiscanning spectrometer
(Multiscan SkyHigh, Thermo Scientific, Finland).
The control solution used was a mixture of 100 pL
methanol and 100 yL ABTS-+ solution. The ABTS
free radical scavenging activity can be calculated
with the following equation:

ABTS radical scavenging activity (%)
B (Abs Control — Abs sample)

0,
Abs control x 100%

Statistical analysis

Data analysis was carried out using SPSS
software, version 16. The % DPPH and ABTS
radical scavenging activity of the tested fractions
(100 ppm) was analyzed using the One-Way
ANOVA. The level of confidence used is 95%.

RESULTS AND DISCUSSION

Yield of Extract and Fractions

R. mucronata leaves were extracted using ethanol
(96%) by the sonication method. The sonication
method utilizes sound wave energy that disturbs
the particles in the sample. The vibration of
sonication enhanced the contact of the sample
with the solvent. Therefore, the separation process
of the compounds becomes quicker and more
efficient [14]. The ethanol (96%) was chosen
because it is selective, non-toxic, has good
absorption, and can filter non-polar, semipolar, and
polar compounds [15]. The ethanol extract of R.
mucronata leaves obtained was 26.56 g,
corresponding to a yield of 10.624%. The extract
has yielded above 10%, indicating the maximum
extraction process.

R. mucronata ethanol extract was extracted
using the liquid-liquid extraction method. The
method used two solvents that do not mix (water
and n-hexane). Liquid-liquid extraction was a

fractionation method that allowed for the easy
separation of compounds based on their
polarity [16]. The n-hexane fraction obtained
was 14.9 g, corresponding to a yield of
74.5%. For further separation of compounds,
fractionation was performed using the gravity
column chromatography (GCC) method. This
method can separate more specific
components based on their polarity and
affinity with the stationary phase on the
chromatography column [17].

Thin-Layer Chromatography (TLC) of
Fractions

Table 2. Weight of fractions of R. mucronata
leaves

Fraction Fraction from Weight
vial number (mg)

A 1-18 1

B 19-24 17.3

C 25-32 7.8

D 33-35 496.9

E 36 5.9

F 37-38 180

G 39-52 53.3

H 53-59 18.2

I 60-61 18.6

J 62-65 154

K 66-70 1538.9

L 71-80 6302.7

AN B ) e E G b | ) K

Figure 2. TLC profile of Fractions R. mucronata
leaves. Eluent: n-hexane: chloroform (1:4),
stationary phase: F254 silica plate, visualization
under UV 366.

The fractionation using GCC produced 80
fractions. These fractions were analyzed for
their compound profiles using TLC. Based on
the TLC profile, 12 fractions (fractions A-L)
were obtained. Each fraction has a different
weight, as seen in Table 2. The fraction with
the highest number was fraction L, which
corresponded to fractions 71-80, eluted using
a methanol solvent (Table 1). So, it was
concluded that the dominant compound in R.
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mucronata leaves was polar. The TLC profile also
showed that the L fraction was polar, as evidenced
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Figure 4. Antioxidant Activity of Rhizpora mucronata Leaves Using the DPPH Method. The % inhibition of fractions at

Figure 5. Antioxidant Activity of Rhizpora mucronata Leaves Using the ABTS Method. The % inhibition of fractions at 100

Radical scaveging activity (%)

DPPH Radical Scavenging Activity (%)

100.00

90.00

80.00

7000

60.00

50.00

4000

30.00

2000

10.00

0.00
0 20 40 60 80 100

Concentratin (ppm)

100 ppm was significantly different (*) with p<0.05.

100.00

90.00

80.00

70.00

60.00

50.00

40.00

30.00

20.00

10.00
0.00

0 20 40 60 80 100
Concentration (ppm)

ppm was significantly different (*) with p<0.05.

—+—Fraction D
Fraction F
Fraction G
Fraction H

—=—Fraction J

—=—Fraction K

—a—Fraction L

—e— Fraction D
Fraction F
Fraction G
Fraction H

—a— Farction J

—&— Fraction K

—sa—Fraction L

Permatasari et al



Acta. Chim. Asiana., 2025, 8(2), 752-759 757

Antioxidant activity of fractions

Only fractions D, F, G, H, J, K, and L were
tested for antioxidant activity. Meanwhile, the
other fractions were not tested because the
numbers were insufficient. ABTS and DPPH
methods have the same principle: transferring
a single electron to a free radical, often called
Single Electron Transfer (SET). The SET
mechanism is divided into 2, namely electron
transfer followed by a proton transfer (SET-PT)
and sequential proton loss electron transfer
(SPLET). Antioxidants that are more easily
ionised and deprotonated will be more reactive
in stabilising radicals through the SET-PT
mechanism (Figure 3).

Meanwhile, the SPLET mechanism is the
release of protons from  antioxidant
compounds followed by the transfer of anions
to radical compounds (Figure 3). In the SET-
PT method, antioxidants directly react with free
radicals (ROO), then donate electrons to
anions (ROO-). The DPPH method mainly
reacts via the SPLET mechanism when
conducted in organic solvents such as ethanol
and methanol. Meanwhile, in distilled water,
the ABTS method primarily proceeds through
the SPLET mechanism [18]. Therefore, if the
sample was dissolved in aquadest, the ABTS
method was more appropriate.

Fractions D and J of R. mucronata leaves,
tested using the DPPH method at a
concentration of 50 ppm, showed % DPPH
radical inhibition with values of 56.20 + 2.40%
and 93.84 + 0.34%, respectively (Figure 4).
These two fractions have ICsq of 28.68 + 1.58
ppm and 9.59 + 0.39 ppm, respectively. The %
inhibition at the D and J concentrations of 100
ppm was significantly different. Meanwhile,
based on the ABTS antioxidant test method,
fractions D and J at a concentration of 50 ppm
showed % inhibition of ABTS radicals,
respectively, of 82.96 + 1.50 % and 96.86 *
0.02% (Figure 5). The ICg, value of fraction D
and J was 15.1 + 1.00 ppm and 3.16 £+ 0.55
ppm, respectively. The antioxidant activity of
fractions D and J was classified as very strong
[19]. The differences in antioxidant activity of
the tested fractions, as determined by various
methods, were attributed to variations in the
reactivity of the compounds towards DPPH
radicals or ABTS radicals. Compounds with a
high number of hydroxyl groups correlated with
their antioxidant activity, as tested using the
DPPH method.

Meanwhile, the number of hydroxyl groups
in the compound did not correlate with its
antioxidant activity, as determined using the

ABTS method. For example, the compounds
naringenin and naringin have few hydroxyls.
Their antioxidant activity, as measured by the
DPPH method, was low, but high when using
the ABTS method. In addition, naringenin has
lower antioxidant activity than naringenin
because naringenin has a sugar residue at
position 7 in ring A. Therefore, the steric
hindrance of naringenin was high, making it
difficult to react with DPPH (18). Therefore,
fraction D tested with DPPH had lower
antioxidant activity than the ABTS method. So,
most of the compounds in fraction D contain
compounds with a low number of hydroxyl
groups.

Meanwhile, fraction J was estimated to
have many hydroxyl groups. So, its antioxidant
activity was high when tested using the DPPH
method. One example of a compound that has
high activity when tested using the DPPH and
ABTS methods is proanthocyanidins. This
compound has a high number of hydroxyls
[20].

Fraction D was a combination of fractions
33-35. This fraction was eluted using a solvent
mixture of chloroform and ethyl acetate (3:2),
indicating that the compound was predicted to
be semipolar. Some examples of semipolar
compounds include phenolics, terpenoids,
alkaloids, and aglycones. The phenolic
compounds in fraction D probably have long
carbon chains, so they are attracted to
semipolar solvents [21]. Phenolic compounds
have a hydroxyl group attached to an
aromatic group, which reduces

Captured free radicals through a hydrogen
atom donor mechanism [22]. Fraction J was a
combination of fractions 62-65, eluted with the
solvent ethyl acetate: methanol (2:3).
Therefore, the compounds contained in
fraction J were polar. Some examples of polar
compounds include coumaric acid, caffeic
acid, quercetin, chlorogenic acid, and
hesperidin. These compounds were classified
as flavonoid compounds. These compounds
were classified as flavonoid compounds.
Quercetin was the major flavonoid detected in
the polar extract of R. mucronata leaves, as
determined using LC-HRMS (10). There were
also polar phenolic compounds, such as gallic
acid [23]. Flavonoid compounds neutralize free
radical compounds through hydrogen donor
transfer [24].

CONCLUSION

R. mucronata leaves have relatively
strong antioxidant activity. The fractionation
process using Gravity Column
Chromatography makes separating
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compounds in a sample easier based on their
polarity. Different antioxidant activity testing
methods will produce different antioxidant
activities as well. Each type of compound has
a different reactivity in the antioxidant test
method. Most fractions, such as D, F, H, and
J, had high antioxidant activity when tested
using the ABTS method. Fractions G, K, and L
had high antioxidant activity when tested using
the DPPH method. The J fraction, as tested
using the DPPH and ABTS methods, exhibited
the highest activity, with ICsy values of 9.59 +
0.39 ppm and 3.16 + 0.55 ppm, respectively.
The antioxidant activity of fraction J was
relatively strong. Therefore, fraction J can be a
promising natural antioxidant candidate that
warrants further development.

ACKNOWLEDGEMENTS

All authors thank Mataram University for
funding our study.

REFERENCES

[1]. Phaniendra, A., Jestadi, D. B., &
Periyasamy, L. (2015). Free Radicals:
Properties, Sources, Targets, and Their
Implication in Various Diseases. Indian
Journal of Clinical Biochemistry, 30(1),
11-26

[2]. Zaric, B. L., Macvanin, M. T., & Isenovic,
E. R. (2023). Free radicals: Relationship
to Human Diseases and Potential
Therapeutic applications. The
International Journal of Biochemistry &
Cell Biology, 154, 106346.

[3]. Martemucci, G., Costagliola, C.,
Mariano, M., D’andrea, L., Napolitano,
P., & D’Alessandro, A. G. (2022). Free
Radical Properties, Source and Targets,
Antioxidant Consumption and Health.
Oxygen, 2(2), Article 2.

[4]. Panova, I. G., & Tatikolov, A. S. (2023).
Endogenous and Exogenous
Antioxidants as Agents Preventing the
Negative Effects of Contrast Media
(Contrast-Induced Nephropathy).
Pharmaceuticals, 16(8), Article 8.

[5]. Bhuyan, U., & Handique, J. G. (2022).
Chapter 6 - Plant polyphenols as potent

antioxidants: Highlighting the
mechanism of antioxidant activity and
synthesis/development of some

polyphenol conjugates. In Atta-ur-

Rahman (Ed.), Studies in Natural
Products Chemistry (Vol. 75, pp. 243-
266). Elsevier.
https://doi.org/10.1016/B978-0-323-
91250-1.00006-9

[6]. Andrés, C. M. C., Pérez de la Lastra, J.
M., Juan, C. A, Plou, F. J., & Pérez-
Lebeda, E. (2024). Antioxidant
Metabolism Pathways in Vitamins,
Polyphenols, and Selenium: Parallels
and Divergences. International Journal
of Molecular Sciences, 25(5), Article 5.
https://doi.org/10.3390/ijms25052600.

[7l. Sammanta, R. V., Permatasari, L.,
Muliasari, H., Mukhlishah, N. R. I., &
Deccati, R. F. (2024). Determination of
total flavonoid content from extract and
fractions of mangrove (Rhizopora

mucronata) leaves | Acta Chimica
Asiana.
https://aca.unram.ac.id/index.php/ACA/a
rticle/view/199

[8]. Rumengan, A. P., Mandiangan, E. S.,
Tanod, W. A., Paransa, D. S. J.,
Paruntu, C. P., & Mantiri, D. M. H.
(2021). Identification of pigment profiles
and antioxidant activity of Rhizophora.

[9]. Permatasari, L., Muliasari, H., & Ilmi, H.
(2025). Principal Component Analysis
(PCA) of Total Phenolic Content,
Antioxidant and Antimalarial Activities of
Rhizopora mucronata, Avicennia marina,
and Sonneratia alba Leaves from
Lombok Island. Research Journal of
Pharmacy and Technology, 18(8), 3787-
3792.

[10]. Saputri, L. O., Permatasari, L., Harahap,
H. S., Rosyidi, R. M., Rivarti, A. W.,
Prihatina, L. M., Rahayu, Z., & Azariani,
W. (2025). Potential of rutin from
Rhizophora mucronata leaves as a
Inhibitor of Kelch-like ECH-associated
protein 1/Nuclear factor erythroid 2
related factor 2 Keapl/Nrf2): An in silico
study for Alzheimer's therapy. Journal of
Advanced Pharmaceutical Technology &
Research, 16(2), 73.

[11]. Maziya, R., Permatasari, L., Deccati, R.
F., Muliasari, H., Rahman, F., Annas, Z.
F., & Sammanta, R. V. (2025).
Exploration of secondary metabolite
profile in the n-hexane fraction of
Rhizophora mucronata, Avicennia
marina, and Sonneratia alba | Acta

Permatasari et al



[12].

[13].

[14].

[15].

[16].

[17].

Acta. Chim. Asiana., 2025, 8(2), 752-759 759

Chimica Asiana.
https://aca.unram.ac.id/index.php/ACA/a
rticle/view/231

Permatasari, L., sugeng, riyanto, &
Rohman, A. (2020). Identification of
Phenolic Compound from  Active
Subfraction Of Baccaurea Racemosa
Pulp by High Resolution Mass
Spectrometry. International Journal of
Pharmaceutical  Research,  13(01),
1065-1072.

Dewi, L. B. K., Khusuma, A., Muliasari,
H., Permatasari, L., & Widodo, H.
(2024). The principal component
analysis of antioxidant activities of
Songgak, atraditional herbal drink in
West Nusa Tenggara, Indonesia. Food
Research, 8(5), 245-252.

Suryanto, E., & Taroreh, M. R. . (2020).
Ultrasound-Assisted Extraction
Antioksidan Serat Pangan Dari Tongkol
Jagung (Zea Mays L.). Chemistry
Progress, 12(2), Article 2.

Wendersteyt, N. V., Wewengkang, D. S.,
& Abdullah, S. S. (2021). Uji Aktivitas
Antimikroba Dari Ekstrak Dan Fraksi
Ascidian Herdmania Momus Dari
Perairan Pulau Bangka Likupang
Terhadap Pertumbuhan Mikroba
Staphylococcus  Aureus, Salmonella
Typhimurium Dan Candida Albicans.
Pharmacon, 10(1), Article 1.

Reymond, C., Dubuis, A., Le Masle, A,
Colas, C., Chahen, L., Destandau, E., &
Charon, N. (2020). Characterization of
liquid—liquid extraction fractions from
lignocellulosic  biomass by  high
performance liquid chromatography
hyphenated to tandem high-resolution
mass spectrometry. Journal of
Chromatography A, 1610, 4605609.
https://doi.org/10.1016/j.chroma.2019.46
0569.

Triadisti, N., & Zamzani, |. (2023).
Column Chromatography Fractionation
and Antioxidant Activity of Passiflora
foetida Leaves. Borneo Journal of
Pharmacy, 6(1), Article 1.

[18].

[19].

[20].

[21].

[22].

[23].

[24].

Platzer, M., Kiese, S., Herfellner, T.,
Schweiggert-Weisz, U., Miesbauer, O.,
& Eisner, P. (2021). Common Trends
and Differences in Antioxidant Activity
Analysis of Phenolic Substances Using
Single Electron Transfer Based Assays.
Molecules, 26(5), 1244,
https://doi.org/10.3390/molecules260512
44,

Pujiawati, Y., Khotijah, L., & Wiryawan, I.
(2023).  Screening of antioxidant
activities and their bioavailability of
tropical plants. IOP Conference Series:

Earth and Environmental Science,
1182(1), 012083.
https://doi.org/10.1088/1755-
1315/1182/1/012083.

Nie, F., Liu, L., Cui, J., Zhao, Y., Zhang,
D., Zhou, D., Wu, J., Li, B., Wang, T., Li,
M., & Yan, M. (2023). Oligomeric
Proanthocyanidins: An Updated Review
of Their Natural Sources, Synthesis, and
Potentials. Antioxidants, 12(5), Article 5.

Puspitasari, A. D., & Wulandari, R. L.
(2017). Antioxidant activity,
determination of total phenolic and
flavonoid content of Muntingia calabura
L. Extracts. Pharmaciana, 7(2), Article 2.

Zeb, A. (2020). Concept, mechanism,
and applications of phenolic antioxidants
in foods. Journal of Food Biochemistry,
44(9), €13394.

Contreras Puentes, N., & Alviz, A
(2020). Hypoglycaemic Property of
Yacon (Smallanthus sonchifolius

(Poepp. and Hendl.) H. Robinson): A
Review. Pharmacognosy Reviews, 14,
37-44.

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(4), 354-376. h

Permatasari et al



