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healing properties. Therefore, it is necessary to exploit its
medicinal potential fully. This study aimed to assess its
bioactive  compounds  (flavonoids, tannins, saponins,
terpenoids), quantify total flavonoids and polyphenols, and
evaluate antioxidant activity. The extraction parameters,
including material-to-solvent ratio (1:1, 1:3 and 1:5),
temperature (30, 40 and 50°C), and time (1, 2 and 3 h), were
optimized. Results confirmed the presence of target
compounds in pennywort extracts. Optimal extraction
conditions were determined as a 1:3 leaves-to-solvent ratio at
40°C for 2 hours, yielding 1.73 mgGAE/g total polyphenols
and 4.26 mgQE/g total flavonoids. Antioxidant capacity,
measured by DPPH radical scavenging activity, exhibited an
1Csg value of 89.16 mg/mL.

1. INTRODUCTION

2009).  Furthermore,  ultrasound-assisted

Pennywort (Centella asiatica), a widely
distributed and affordable herb, possesses
valuable medicinal properties, including
wound healing, anti-inflammatory, and
circulatory enhancement. These benefits are
attributed to its rich phytochemical profile,
encompassing saponins, asiaticoside,
madecassoside, flavonoids, polyphenols, and
tannins (Shin et al., 2021; Chandrika and
Kumara, 2015). Numerous studies have
explored the biological activities of
pennywort. For instance, supercritical water
extraction of asiatic acid and asiaticoside
demonstrated increased yields at elevated
temperatures and pressures, with optimal
conditions at 250°C and 40 MPa (Kim et al.,

extraction  significantly = enhanced  the
extraction efficiency of bioactive compounds
within 10 minutes (Seong et al., 2023). A
comparative study by Idris et al. (2021)
highlighted the influence of extraction
method, solvent, time, and target compounds
on the overall extraction efficiency of
bioactive compounds from pennywort.

Furthermore, domestic research has made

significant strides in characterizing the
chemical composition of  pennywort.
Employing  chromatographic  techniques

alongside recrystallization, Vinh et al. (2020)
successfully isolated and identified palmitic
acid within pennywort extracts based on
physicochemical properties and H-NMR
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spectral  analysis. ~ Moreover,  studies
investigating essential oil extraction from
pennywort  through  steam  distillation,

irradiation, and microwave methods, coupled
with  subsequent  chromatographic-mass
spectrometry analysis, have yielded valuable
insights into the chemical constituents of the
herb and paved the way for further
investigations into its biological activities
(Hanh and Thach, 2021).

The aim of this study was to investigate
the presence of bioactive compounds in
pennywort. Additionally, the study sought to
optimize the extraction conditions including
the ratio of pennywort to solvent, extraction
time, and temperature, in order to maximize
the content of total flavonoids and
polyphenols.  Additionally, the  study
evaluated antioxidant activity using DPPH
radical scavenging assays. The findings
provide a foundation for future research on
applying pennywort extract in various forms,
such as soluble powders and bottled juices,
ultimately contributing to a wider range of
products enriched with bioactive compounds.

2. RESEARCH METHODOLOGY
2.1. Materials

Pennywort was purchased at markets in
An Hoa ward, Ninh Kieu district, Can Tho
city. The chemicals used include sodium
hydroxide, aluminium chloride, sodium
nitrite, sodium carbonate, iron (III) chloride,
sulfuric acid, chloroform, gallic acid (China),
2,2-diphenyl-1-picrylhydrazyl (DPPH, Japan),
quercetin, and Folin-Ciocalteu (Germany).
The equipment used include UV-VIS
spectrophotometer (Libra S60PC, USA),
water bath (Memmert WNB 22, Germany),
blender (Vietnam), fume hood (Vietnam),
analytical balance (Mettler Toledo, USA).

2.2. Determination of the presence of
some groups of bioactive compounds in
pennywort extract

Fresh pennywort was carefully prepared
by washing and discarding wilted or damaged

leaves. Subsequently, the qualified leaves
were ground with distilled water in a 1:3 (w/v)
ratio of leaves to solvent. The resulting
mixture was incubated in a water bath at 40°C
for 2 hours to facilitate extraction. The extract
was then obtained by filtering the mixture
through filter paper. The extract's presence of
flavonoids, tannins, saponins, and terpenoids
was qualitatively assessed wusing specific
reagents. Each experiment was independently
replicated  three  times to  ensure
reproducibility.

2.3. Investigation of the influence of
solvent ratio on total flavonoid and total
polyphenol content in pennywort extract

Pennywort extracts were prepared as
mentioned above in three different ratios: 1:1,
1:3, and 1:5 (w/v, weight of leaves to volume
of water). Each extract's total flavonoid and
polyphenol content were then analyzed to
determine the optimal leaves-to-solvent ratio
for maximizing the yield of these bioactive
compounds. Each experiment was
independently replicated three times to ensure
reproducibility.

2.4. Investigation of the influence of
temperature and extraction time on total
flavonoid and total polyphenol content in
pennywort extract

Pennywort extracts were prepared as
mentioned above according to the optimal
leaves-to-solvent ratio at three different
temperatures (30, 40, and 50°C) for varying
durations (1, 2, and 3 hours). Each extract's
total flavonoid and polyphenol content was
then analyzed to determine the most suitable

extraction temperature and time for
maximizing the yield of these bioactive
compounds. Each experiment was

independently replicated three times to ensure
reproducibility.

2.5. Determination of
activity in pennywort extract

antioxidant

A pennywort extract was prepared as
mentioned above according to the optimal
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leaves-to-solvent ratio at the optimal
extraction temperature and time. The
antioxidant activity of the extract was

evaluated by assessing its ability to neutralize
DPPH free radicals with an initial
concentration of 34.9 pg/mL. Vitamin C (15
pg/mL) served as a positive control. The ICs
value which represents the concentration of
the extract required to neutralize 50% of the
DPPH radicals, was determined. Each
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experiment was independently replicated three
times to ensure reproducibility.

2.6. Analytical methods and data
processing
Table 1 presents the criteria and

corresponding analytical methods employed
to assess the bioactive components in the
pennywort extract.

Table 1. Analytical methods

Criteria

Methods

Qualitative analysis

Flavonoid
2022)
Tannin
Agarwala, 2011)
Saponin
Terpenoid

Agarwala, 2011)
Quantitative analysis
Total flavonoid content

Coloration using a 10% solution of sodium hydroxide (Dat et al.,
Coloration using a 10% solution of ferric chloride (Yadav and
Foaming effect (Dat et al., 2022)

Coloration using chloroform and sulfuric acid (Yadav and

Coloration using aluminum chloride in an alkaline medium

(Marinova et al., 2005)

Total polyphenol content
Antioxidant capacity

Folin-Ciocalteu method (Feduraev et al., 2019)
DPPH radical scavenging activity (Tabart et al., 2007)

The data were compiled using Excel 2016.
Statistical analysis was performed using
ANOVA in conjunction with the LSD test
through Minitab 17 software to determine
statistically significant differences.

3. RESULTS AND DISCUSSION

3.1. The presence of some groups of
bioactive compounds in pennywort extract

Determining the presence of bioactive
compounds is a crucial first step in
investigating the content and activity of
these substances within pennywort. This
study surveyed to identify the presence of

compounds including flavonoids,
saponins, tannins, and terpenoids. The
qualitative results of this survey are

presented in Table 2.

The study findings confirmed the
presence of all four major bioactive
compound groups (flavonoids, tannins,
saponins, and terpenoids) within the
pennywort extract. As reported in previous
literature (Huong and Bach, 2011), these
compounds are water-soluble. The use of
aqueous solvents facilitates the extraction
process by enhancing the diffusion of active
ingredients into the solvent. Water, a polar
solvent, effectively interacts with and
dissolves polar compounds through dipole-
dipole interactions and hydrogen bond
formation (Rahman et al., 2013). These
results align with a previous study by Roy
and Bharadvaja (2017), which also
demonstrated the presence of flavonoids,
terpenoids, saponins, and tannins in water
extracts of pennywort.
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Table 2. Qualitative analysis of bioactive compounds in pennywort extract

Target Reactions Results Images
compounds
Flavonoid Concentrated yellow color +
Saponin A foam layer about 1 cm high +
Tannin Dark green or black color +
Terpenoid Red-brown color +

Results from the authors' analysis. +: the presence of the target compound.

3.2. The influence of solvent ratio on
total flavonoid and total polyphenol content
in pennywort extract

The ratio between plant materials and
solvent significantly influences the extraction
process. A higher solvent volume enhances
the solvent's contact with the plant material,
thereby improving the solubility of bioactive
compounds. This study investigated the
impact of three different leaves-to-solvent
ratios (1:1, 1:3, and 1:5) on the total flavonoid
and total polyphenol contents in pennywort
extracts, while  maintaining  constant
extraction conditions (40°C for 2 hours). The
statistical results of this investigation are
summarized in Table 3.

Table 3 reveals that the leaves-to-solvent
ratio significantly influences the total
flavonoid and polyphenol content within the
pennywort extract. An increase in the solvent
volume from a 1:1 to a 1:3 ratio resulted in a
significant increase in both total flavonoid and
total polyphenol content. However, a further
increase in the solvent volume to a 1:5 ratio
did not significantly alter the flavonoid
content, while the total polyphenol content
exhibited a statistically significant decrease
compared to the 1:3 ratio.

The solvent volume  significantly
influences the extraction efficiency of
compounds from plant materials. The driving
force behind the extraction process is the
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concentration gradient between the solutes
within the plant cells and the solvent. Solute
transport from the plant cells into the solvent
primarily occurs through diffusion. Increasing
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the solvent volume enhances the diffusion
rate, facilitating faster and more thorough
extraction of target compounds.

Table 3. Total flavonoid and total polyphenol contents at various leaves-to-solvent ratios

Leaves-to-solvent ratios (w/v)

Criteria 11 13 135
Total flavonoid content (mgQE/g) 1.79+0.02° 3.0840.11% 3.06+0.16"
Total polyphenol content (mgGAE/g) 0.96+0.01° 1.72+0.05% 1.54+0.04°

Results from the authors' analysis. The values are the average of 3 replicates + standard
deviation. Distinct letters following values in the same row indicate statistically significant

differences (p < 0.05).

However, the relationship between solvent
volume and extraction yield is not linear. At
low solvent volumes (e.g., 1:1 ratio),
insufficient solvent may limit the dissolution
of compounds like polyphenols and
flavonoids, resulting in low extraction yields.
Conversely, excessive solvent volumes can
also diminish efficiency. While initially
promoting  diffusion and maximizing
extraction, further increases in solvent volume
beyond a certain point do not significantly
enhance the yield. This phenomenon is
attributed to the attainment of equilibrium,
where the solute concentration in the solvent
remains relatively constant despite further
increases in solvent volume. Moreover, the
excessive solvent use reduces the economic
efficiency of the extraction process (Hoa and
Phuong, 2022, Duc et al., 2022).

3.3. The influence of extraction
temperature and time on the total
flavonoid and polyphenol content in

pennywort extract

Temperature and extraction time are
critical parameters influencing the efficiency
of compound extraction from plant materials
(Rahmawati, 2021). Elevated temperatures
accelerate molecular motion, enhancing the
dissolution and diffusion of target compounds
from the plant matrix into the solvent. Higher
temperatures reduce solvent  viscosity,

facilitating deeper penetration into the plant
material and increasing the contact surface
area between the solvent and the plant matrix
(Putra et al., 2023). However, excessive heat
can induce unwanted chemical reactions
within the extract, potentially leading to
compound degradation and loss (de Souza et
al., 2019). Prolonged extraction time generally
increases the recovery of target compounds.
However, beyond a certain point, further
increases in extraction time yield diminishing
returns, with minimal gains in extraction
efficiency (Man et al., 2019).

Pennywort extracts were prepared at three
different temperatures (30°C, 40°C, and
50°C) and for varying durations (1, 2, and 3
hours). The resulting extracts were then
analyzed for their total flavonoid and
polyphenol content. The results of this
analysis are presented in Table 4.

The findings in Table 4 reveal statistically
significant variations in flavonoid and
polyphenol content across different extraction
conditions (temperature and time) at a 95%
confidence level. Notably, there's an
interactive effect between these two factors.
The highest flavonoid content (4.26 mgQE/g)
was observed at 40°C for 3 hours, while the
peak polyphenol content (1.73 mgGAE/g)
was achieved at 40°C for 2 hours. This
suggests that prolonged extraction times
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might degrade or denature certain polyphenols
not categorized as flavonoids. These results
align with previous research by Lien et al.
(2014) on soybeans. Their study, which
examined extraction times (2, 3, and 4 hours)
and temperatures (30, 40, 50, and 60°C), also
demonstrated significant effects of these
factors on flavonoid and polyphenol content.
The optimal conditions in their study were 3
hours and 40°C, yielding 2.97 £ 0.04 mgQE/g

of flavonoids and 2.18 + 0.06 mgGAE/g of
polyphenols. This phenomenon can be
explained by Fick's second law of diffusion,
which posits that an equilibrium in solute
concentration between the solid matrix and
the solvent is eventually reached. While
increased temperature and time generally
enhance extraction efficiency, exceeding
certain thresholds can lead to a decline in
flavonoid and polyphenol content.

Table 4. Total flavonoid and total polyphenol contents at various extraction temperatures

and times

Temperature Time (hours)

Total flavonoid content

Total polyphenol content

(o]

O (mgQE/g) (mgGAE/g)
30 1 2.849+0.07 1.38°+0.01
30 2 3.18°+0.10 1.58°+ 0.01
30 3 3.64°+ 0.04 1.38°+ 0.08
40 1 1.948+ 0.02 0.92°+ 0.02
40 2 3.31°+0.11 1.73*+ 0.05
40 3 426+ 0.24 1.08%+ 0.04
50 1 2.72%4+0.00 1.35°+0.01
50 2 2.417+£0.04 1.60°+ 0.04
50 3 2.46%+0.12 1.32°+0.01

Results from the authors' analysis. The values are the average of 3 replicates + standard
deviation. Distinct letters following values in the same column indicate statistically significant

differences (p < 0.05).
3.4. Antioxidant activity in pennywort extract

Given that the optimal extraction
conditions for total flavonoid and polyphenol
content differed, it was crucial to assess the
antioxidant activity of the extracts obtained
under these specific conditions: 1:3 solvent-
to-material ratio, 40°C, and either 2 or 3 hours
of extraction. To evaluate this, the DPPH free
radical scavenging activity of the extracts was

determined. Figure 1 illustrates the DPPH
radical scavenging activity of the samples
extracted at 1:3, 40°C, and 3 hours, as well as
those extracted at 1:3, 40°C, and 2 hours, with
vitamin C serving as a control.

The findings in Figure 1 demonstrate a
significant  difference in free radical
scavenging capacity between the two
extraction conditions. The extract obtained
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under the 1:3 leaves-to-solvent ratio, 40°C,
and 2-hour extraction exhibited a radical
scavenging activity of 30.30%, whereas the
extract prepared under the same conditions
but with a 3-hour extraction time achieved a
radical scavenging activity of 21.17%. This
suggests that the extract obtained with the 2-
hour extraction time possesses superior
antioxidant capacity in this experimental
context. Consequently, the pennywort extract
prepared under the 1:3 leaves-to-solvent ratio,
40°C, and 2-hour extraction was selected for
subsequent ICs value determination.

SCIENCE AND TECHNOLOGY

The ICs, value represents the concentration
of the extract required to neutralize 50% of the
initial DPPH radicals. Figure 2 illustrates the
relationship between the concentration of the
extract and the corresponding DPPH
scavenging level. The R? value of the linear
regression equation, 0.9859, indicates a strong
correlation  between  concentration and
scavenging within the tested range of 50-350
mg/mL. This suggests a direct proportionality
between the extract's concentration and its
ability to neutralize DPPH radicals within this
concentration range.

45 -

21.17¢

DPPH radical scavenging level
ro
[
H

37.582

30.30°

3h-40°C

2h-40°C Vitamin C

Figure 1. DPPH radical scavenging activity of pennywort extract at 40°C — 3 hours and
40°C — 2 hours (vitamin C as control)
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Figure 2. The antioxidant capacity of pennywort extract (1:3 - 40°C - 2 hours)
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The ICsy value for the pennywort extract
was determined to be 89.16 mg/mL, as
calculated from the regression equation y =
0.1091x + 40.273. This value represents the
concentration of the extract required to
neutralize 50% of the initial DPPH radicals. A
previous study by Quyen et al. (2020)
compared the antioxidant capacity of two
types of pennywort extracts obtained from
dried powder using water and ethanol as
solvents. Their results showed that the ethanol
extract had an ICsy of 1744.77 pg/mL, while
the water extract had an ICsy of 2324.26
pg/mL. These values suggest that the
antioxidant activity of the pennywort extract
in this study, using fresh material and water
as the solvent, is lower compared to the
ethanol extracts in the previous study.
However, the use of water as the solvent
offers advantages for certain applications,
such as the production of pennywort juice or
soluble powders for food processing.

4. CONCLUSION

This study identified four key compound
groups within the water-based pennywort
extract: flavonoids, saponins, tannins, and
terpenoids.  Furthermore, the research
pinpointed several factors that significantly
influence the total flavonoid and polyphenol
content of the extract, including the ratio of
pennywort leaves to solvent, extraction
temperature, and extraction time. Based on
the findings, the optimal extraction
conditions were determined to be a 1:3 ratio
of leaves to solvent, an extraction
temperature of 40°C, and an extraction time
of 2 hours. Under these conditions, the
extract exhibited a total flavonoid content of
4.26 mgQE/g and a total polyphenol content
of 1.73 mgGAE/g. The antioxidant activity
of the extract under these conditions was
demonstrated by an ICsy value of 89.16
mg/mL, indicating its ability to neutralize

DPPH free radicals. These findings provide
a solid foundation for future research aimed
at further optimizing the extraction of
bioactive compounds from pennywort and
exploring their potential applications in food
products.
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KHAO SAT PINH TiNH VA PINH LUQNG MOQT SO HQP CHAT CO HOAT TiNH
KHANG OXY HOA TRONG RAU MA (Centella asiatica)

TOM TAT

Rau maé (Centella asiatica) la mét loai thio dwoc quen thudc véi nhiéu cong dung tot nhw khdng oxy
hoa, khdng viém, khang khudn va tac dung hé tro' lam lanh vét thwong. Vi vdy viéc khai thac hét tiem
nang dwoc Iy cia rau md la can thiét. Nghién ciu nay nham khao sat mot sé hop chat c6 hoat tinh sinh
hoc trong rau md (nhir flavonoid, tannin, saponin, terpenoid), dong thoi xdc dinh ham lwong flavonoid
va polyphenol tong sé va danh gid hoat tinh khdng oxy héa. Cac théng sé trich ly bao gom ty 1é dung
méi, nhiét @ va thoi gian dwoc t6i wu héa thong qua thi nghiém véi cdac sie két hop khdc nhau. Két qua
cho thdy trong dich trich rau md cé chira ca bon nhém hop chdt muc tiéu. Piéu kién trich ly tot nhat la ty
1¢ 16 rau ma: dung méi 1:3, nhiét @é 40°C va thoi gian 2 gio, khi @6 ham lwong polyphenol tong sé la
1,73 mgGAE/g va flavonoid tong sé la 4,26 mgQE/g. Hoat tinh khdng oxy héa thong qua kha ning trung
hoa géc tw do DPPH thé hién gid tri ICsy la 89,16 mg/mL.

Tir khoa: Centella asiatica, dinh luwong, dinh tinh, khang oxy hoa, rau ma.
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