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ABSTRACT

Purpose: Oxidative stress is a condition caused by an imbalance between free radicals and
the body's antioxidant defense system. Antioxidants are substances that reduce or inhibit
the formation of free radicals. This study aimed to evaluate the effects of different extraction
temperatures on the polyphenol content of nipa palm (Nypa fruticans) fruit husk and to
determine its antioxidant activity. Research method: The nipa palm fruit husk was
extracted using different temperatures (30°C, 45°C, and 60°C) and the antioxidant activity
was determined using the 2,2-diphenyl-1-picrylhydrazyl method. The data were presented
as mean * standard deviation and analyzed by one-way analysis of variance (one-way
ANOVA) followed by Duncan multiple comparison tests. Findings: The results showed that
an extraction temperature of 60°C produced the highest total phenolic (44.50 mg Gallic acid
equivalent per g of sample), flavonoid (8.75 mg Quercetin equivalent per g of sample), and
tannin (50.30 mg Tannic acid equivalent per g of sample). Fourier transform infrared
analysis detected hydroxyl groups, indicating the presence of polyphenol compounds in the
nipa palm fruit husk extract. Furthermore, the extraction temperature of 60°C exhibited the
highest radical scavenging activity (52.79%) compared to other temperatures (30°C and
45°C). These findings suggest that nipa palm fruit husk extract can serve as a natural
antioxidant and has potential applications as a pharmaceutical agent. Research limitations:
There were no limitations identified. Originality/Value: This study is the first to report
the effect of temperature on the extraction of polyphenol content from nipa fruit husks. It
also highlights the potential of nipa fruit husk extract as a natural source of antioxidant
agents.
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INTRODUCTION

A free radical is a molecule that is highly reactive with other molecules due to an unpaired
electron in the outer orbital. These molecules can be produced through various endogenous
processes, such as mitochondrial respiration and immune cell activation, as well as from
exogenous sources like radiation, pollution, and smoking (Chandimal et al., 2025). When the
free radicals are higher than potential antioxidants in the body, this condition is known as
oxidative stress (Rad et al., 2020). In this condition, the body needs to take antioxidants from
outside the body, also known as exogenous antioxidants. An antioxidant is a substance that
can reduce or inhibit the free radical formation. It can be obtained from natural sources, such
as dietary supplements or functional foods (Mukherjee et al., 2024). Polyphenol compounds,
vitamins, and polysaccharides are widely recognized as sources of antioxidants that can be
extracted from natural resources, particularly plants, where they predominantly accumulate in
the leaves, flowers, fruits, and seeds (Lang et al., 2024; Wilczyfiska & Zak, 2024).

Polyphenol compounds are a type of secondary metabolite that is generally found in
plants. Polyphenol substances include phenolic acids, flavonoids, tannins, stilbenes, and
lignans (Lang et al., 2024). Polyphenol groups are known as antioxidant agents because they
inhibit free radical formation. It can act as a radical scavenger by donating hydrogen atoms or
electron transfer mechanisms (Andrés et al., 2023). Polyphenols can be extracted from
terrestrial and aquatic plants, such as water lettuce (Pistia stratiotes) (Herpandi et al., 2021;
Sudirman et al., 2022) and Limnocharis flava (Sudirman et al., 2024a). The nipa palm (Nypa
fruticans) 1s an aquatic plant found in mangrove areas and can serve as a source of bioactive
components. Previous research has reported that palm leaf and fruit extracts contain bioactive
compounds, including polyphenols, which have antioxidant activity (Astuti et al., 2020;
Hermanto et al., 2020). More recent research by Sudirman et al. also reported that nipa fruit
husk extract contains polyphenolic compounds (Sudirman et al., 2024b).

Polyphenols are thermolabile compounds (Antony & Farid, 2022). Thermal degradation
is the primary mechanism cited to explain the reduction in polyphenol yield during high-
temperature extractions (Duarah et al.,, 2024). A previous study reported that different
extraction temperatures affect the total phenol and flavonoid contents of L. flava and P.
stratiotes leaf extracts (Sudirman et al., 2024a). Additionally, high temperatures were found
to reduce the polyphenol content in Hibiscus sabdariffa extract (Singh et al., 2021). Different
extraction temperatures also have varying effects on the polyphenol content of Utricularia
aurea and its antioxidant activity (Sudirman et al., 2023). Based on these references,
temperature is a crucial factor in the polyphenol extraction process for determining the
optimal conditions. However, the effects of temperature on the extraction of polyphenol
compounds from nipa fruit husk have not been reported. Therefore, this study aimed to
investigate the optimal extraction temperature for polyphenol compounds from nipa (N.
fruticans) fruit husks.

MATERIALS AND METHODS

Preparation and extraction

The small fruit husk pieces were dried in a dehydrator at 45°C for 24 hours and then ground
into dried fruit husk powder using a Microphyte disintegrator B-One DM-120M grinding
machine. The extraction was performed using the maceration method at three different
temperatures: 30°C, 45°C, and 60°C. A 50% ethanol solution (ethanol in water) was used as
the solvent, following the procedure described by a previous study (Sudirman et al., 2024b).
In brief, 20 g of the dried sample was placed in an Erlenmeyer flask containing 200 mL of
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50% ethanol. After 2 hours of maceration, the filtrate and residue were separated using
Whatman No. 42 filter paper. The filtrate was transferred to a new collection tube, and the
residue was re-extracted with fresh solvent under the same conditions, continuing for a total
of five extractions. After the extraction process, the filtrates were combined in a new
collection tube, and the solvent was removed using a rotary vacuum evaporator at 40°C to
form a paste, which was then freeze-dried.

Total phenolic, flavonoid, and tannin contents analysis

The total phenolic content was determined using Folin-Ciocalteu’s method, following the
procedure outlined by the previous study (Molole et al., 2022). Briefly, 0.2 mL of each extract
(10 mg/mL) was mixed with Folin-Ciocalteu’s phenol reagent in a reaction tube and allowed
to react for 5 minutes. After the reaction, 8% sodium carbonate was added, and the volume
was adjusted to 3 mL with distilled water (dH20O). The mixture was then incubated in the dark
for 30 minutes. The supernatant was separated by centrifugation at 3,000 rpm for 30 minutes.
The absorbance of the supernatant was measured using a spectrophotometer (Genesys 150
ThermoScientific, Massachusetts, USA) at 750 nm. Gallic acid was used as a standard to
quantify the total phenolic content, which was expressed as mg of gallic acid equivalent
(GAE) per gram of dried sample (mg GAE/g dry weight).

The total flavonoid content was determined using the aluminium chloride colorimetric
method, as described in a previous study (Shraim et al., 2021). Briefly, 0.5 mL of the extract
solution was mixed with a 2% aluminium chloride solution (1:1) and incubated at room
temperature for 60 minutes. After the reaction, the absorbance was measured immediately
using a spectrophotometer (Genesys 150 ThermoScientific, Massachusetts, USA) at 420 nm.
Quercetin was used as a standard to quantify the total flavonoid content, which was expressed
as mg quercetin equivalent (QE) per gram of dried sample (mg QE/g dry weight).

Tannin content was measured using the Folin-Ciocalteu's method, as described by a
previous study (Balaky et al., 2021), with tannic acid used as the standard. A stock solution of
tannic acid was prepared at a concentration of 100 pg/mL and diluted to various
concentrations to create a standard curve. For the analysis, 0.1 mL of the sample solution (1
mg/mL) was pipetted into a 10 mL volumetric flask containing 7.5 mL of distilled water, 0.5
mL of Folin-Ciocalteu's reagent, and 1 mL of 35% sodium carbonate. Distilled water was
added to bring the total volume to 10 mL. The mixture was then stirred and incubated at room
temperature for 30 minutes. Absorbance was measured at 700 nm using a spectrophotometer.
The tannin concentration was calculated and expressed as mg tannic acid equivalent (TAE)
per gram of dried sample (mg TAE/g dry weight).

Functional group analysis

The Fourier transform infrared spectroscopy (FT-IR) analysis was used to detect the
functional group of polyphenols from nipa palm fruit husk. FT-IR spectra of polyphenols
were obtained by mixing polyphenol extract with potassium bromide, further it was pressed to
form pellets. The analysis used a Fourier transform infrared (InfraRed Bruker Tensor 37) and
was performed according to a previous method (Bhateja et al., 2020).

Antioxidant activity assay

The antioxidant activity of nipa palm extract was analyzed by the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) method (Sudirman et al., 2022). Briefly, the extract was dissolved in
ethanol to make a concentration of 0.25 mg/mL. Then, 1 mL of each sample (0 mg/mL and
0.25 mg/mL) was mixed with 0.2 mM DPPH solution (1:1, v/v) and incubated at 37°C for 30
minutes. The absorbance was immediately measured using a UV-Vis spectrophotometer
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(Genesys 150 ThermoScientific) at 517 nm. The antioxidant activity was calculated as the
inhibition of the extract on the DPPH radical according to this formula (1):

T Ab: - Abscampie
Percentage (%) inhibition — B~ Abssami) ¢ 10095,
Abspiank

(1

Whereas: Abspiank, the absorbance at 517 nm without sample (0 mg/mL); AbSsumpre, the
absorbance at 517 nm with sample (0.25 mg/mL).

Statistical analysis
The data were presented as mean + standard deviation (SD) and analyzed by one-way
analysis of variance (one-way ANOVA) followed by Duncan multiple comparison tests.
Whereas, p<0.05 was considered significantly different. Statistical analysis was performed
with Statistical Product and Service Solution (SPSS) software ver22.0 (IBM Corporation,
Armonk, NY, USA).

RESULTS AND DISCUSSION

Total phenolic, flavonoid, and tannin contents

In this study, polyphenol compounds were successfully extracted from the N. fruticans (nipa
palm) fruit husk using different temperature extraction methods. The nipa fruit husk contains
polyphenols, such as phenolic acids, flavonoids, and tannins. The total phenol content of nipa
fruit husk extracts is shown in Figure 1. The total phenolic content at an extraction
temperature of 60°C (44.50 mg GAE/g) was significantly higher (p<0.05) compared to 30°C
(35.03 mg GAE/g), but there was no significant difference (»>0.05) when compared to 45°C
(40.26 mg GAE/g). The highest phenolic content was observed when the extraction was
conducted at 60°C. A previous study reported the highest total phenolic content in U. aurea
leaf when extracted at 60°C (50.80 mg GAE/g), compared to other extraction temperatures
(30°C and 45°C) (Sudirman et al., 2023). Additionally, the total phenolic content in Funtumia
elastica stem bark increases with rising extraction temperatures (25-65°C) (Frempong et al.,
2021). The total phenolic content of grape marc also increases with extraction temperatures
ranging from 45°C to 60°C (Spigno et al., 2007). The total phenol of mate tea leaves increases
from 8.4 mg GAE/g to 11.8 mg GAE/g when extracted at 40°C and 60°C, respectively
(Rebocho et al., 2022).

The total flavonoid content of nipa fruit husk extracts is shown in Figure 2. The flavonoid
content of nipa palm fruit husk at an extraction temperature of 60°C (8.75 mg QE/g) was
significantly higher (p<0.05) compared to an extraction temperature of 30°C (2.71 mg QE/g),
with no significant difference (p>0.05) when compared to 45°C (4.28 mg QE/g). The highest
flavonoid content was observed when the extraction was conducted at 60°C. This study
reports a similar finding to a previous study, where the extraction temperature of 60°C yielded
the highest flavonoid content in U. aurea leaf, compared to other temperatures (30°C and
45°C) (Sudirman et al., 2023). Previous studies reported that the flavonoid content of
Cannabis sativa increases from 14 mg LUE/100 g to 25 mg LUE/100 g when extracted at
temperatures ranging from 40 to 60°C (Teh & Birch, 2014). Additionally, the flavonoid
content of Tabernaemontana heyneana also increases with rising extraction temperatures (55
to 65°C) (Sathishkumar et al., 2008). A previous study also reported that the flavonoid
content of Daphne genkwa increases as the extraction temperature rises from 40 to 60°C
(Xiang et al., 2024).
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Fig. 1. (A) Gallic acid standard curve and (B) total phenolic content of nipa palm (N. fruticans) fruit husk extract
at different extraction temperatures. Data are shown as mean =+ standard deviation (n=3). The values with
different letters represent significantly different (p<0.05) as analyzed by Duncan’s multiple range test.
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Fig. 2. (A) Quercetin standard curve and (B) total flavonoid content of nipa (N. fruticans) fruit husk extract at
different extraction temperatures. Data are shown as mean + standard deviation (#=3). The values with different
letters represent significantly different (p<0.05) as analyzed by Duncan’s multiple range test.
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Fig. 3. (A) Tannic acid standard curve and (B) total tannin content of nipa (N. fruticans) fruit husk extract at
different extraction temperatures. Data are presented as mean + standard deviation (n=3). The values with
different letters represent significantly different (p<0.05) as analyzed by Duncan’s multiple range test.

The total tannin content of nipa fruit husk extracts is shown in Figure 3. The tannin
content of nipa fruit husk at an extraction temperature of 60°C (50.30 mg TAE/g) was
significantly higher (p<0.05) compared to 30°C (39.85 mg TAE/g), with no significant
difference (»p>0.05) when compared to 45°C (45.11 mg TAE/g). The highest tannin content
was observed when the extraction was conducted at 60°C. A previous study reported that the
total tannin content of coffee husk increased from 13.03 TAE/g to 22.83 TAE/g with an
increase in extraction temperature (40°C — 60°C) (Maimulyanti et al., 2023). Additionally, the
total tannin content of Quercus infectoria galls also increased with rising extraction
temperatures (50-75°C) (Arina & Harisun, 2019).

Overall, the total phenolic, flavonoid, and tannin contents increase with rising extraction
temperatures. An increase in temperature promotes the release of secondary metabolites, such
as polyphenolic compounds, from the plant matrix into the solvent. This is due to the
reduction in solvent viscosity and the increase in diffusivity at higher temperatures (Liu et al.,
2019). A previous study also reported that increasing the temperature during the extraction
process softened plant tissues and weakened the interactions between proteins and phenols, as
well as between phenols and polysaccharides, leading to greater migration of polyphenols into
the solvent (Shi et al., 2003; Ma et al., 2022). However, polyphenols are thermolabile
compounds and higher temperatures may cause the degradation of polyphenolic compounds
(Antony & Farid, 2022). A previous study reported that the phenolic compounds in
Clinacanthus nutans leaves decreased when extracted at 80°C (Sulaiman et al., 2017).
Similarly, the total flavonoid content of seed cake extracts decreased when the extraction
temperature exceeded 60°C (Teh & Birch, 2014). Additionally, the total tannin content in Q.
infectoria galls decreased when the extraction temperature was increased from 75 to 100°C
(Arina & Harisun, 2019). Additionally, the total phenolic content of Cymbopogon citratus
decreased when the extraction temperature exceeded 90°C (Muala et al., 2021). These
changes are attributed to high temperatures causing the oxidation and degradation of the
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desired compounds. Thus, temperature plays a crucial role in the polyphenol extraction
process. In this present study, the optimum extraction temperature was found to be 60°C.

Functional group of polyphenol compound

The polyphenol functional groups of nipa fruit husk extract are shown in Figure 4. The FT-IR
spectra revealed peaks at 3268.62 cm™, 2201.17 ecm™, 2097.65 cm™, 1990.11 cm™, 1608.68
cm™', 1520.54 cm™, 1439.45 cm™, 1365.86 cm™', 1256.04 cm™, and 1090.98 cm™. These
peaks indicate the stretching of the polymeric hydroxyl group (O-H) and hydrogen-bonded
stretching at 3268.62 cm™, and O-H bending at 1365.86 cm™ (Nandiyanto et al., 2019).
Figure 4 also shows C-O stretching vibration absorption bands at 1608.68 cm™ and aromatic
ethers at 1256.04 cm™. Additionally, the alkyne group (C=C) was detected at 2201.17 cm™.
The region between 3400 and 3200 cm™ is associated with the asymmetric and symmetric
stretching of the polymeric hydroxyl (O-H) group and hydrogen bonding, which is a
characteristic feature of polyphenolic compounds (Wongsa et al., 2022).

Antioxidant activity

The antioxidant activity of nipa palm (N. fruticans) is shown in Figure 5. As indicated in
Figure 5, the extract at 0.25 mg/mL exhibits antioxidant activity ranging from 43.55% to
52.79%. The extract at an extraction temperature of 60°C (52.79%) shows significantly
(»<0.05) higher inhibition compared to the other temperatures (30 and 45°C). Whereas, no
significant difference (p>0.05) between extraction temperature of 30°C (43.55%) and 45°C
(45.41%). A previous study reported that the percentage inhibition of Aloiampelos striatula
leaves-methanolic extract at 0.20 mg/mL was approximately 34.83% (Mokoroane et al.,
2020). Additionally, the 0.2 mg/mL extract of Grewia carpinifolia exhibited an inhibition
percentage of about 11.85%, with a total phenol content of 19.08 mg GAE/g (Adebiyi et al.,
2017). The present study indicates that nipa palm fruit husk extract is more effective in
antioxidant activity compared to these previous studies. This may be due to its higher
polyphenol content compared to the extracts in the studies cited.
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Fig. 4. The representative Fourier transform infrared spectroscopy (FT-IR) spectra peaks of nipa palm (V.
fruticans) fruit husk extract at an extraction temperature of 60°C.
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Fig. 5. Antioxidant activity of nipa palm (N. fruticans) fruit husk extract at different extraction temperatures.
Data are presented as mean + standard deviation (n=3). The values with different letters represent significantly
different (p<0.05) as analyzed by Duncan’s multiple range test.

When the free-radical DPPH interacts with an unpaired electron, it shows the highest
absorption at 517 nm, producing a purple color. A free-radical scavenging antioxidant reacts
with DPPH to form DPPHH, which absorbs less light due to its reduced hydrogen content. As
more electrons are captured, the DPPHH radical causes decolorization, then shifting the color
from purple to yellow (Baliyan et al., 2022). The antioxidant activity of nipa palm husk
extracts is due to the presence of polyphenol compounds, such as phenolic acid, flavonoid,
and tannin. The extraction temperature of 60°C shows the highest antioxidant activity due to
the presence of the highest polyphenol compounds especially phenolic acid and tannins. A
previous study reported that polyphenol groups are known as antioxidant agents because they
inhibit free radical formation. It can act as a radical scavenger by donating hydrogen atoms or
electron transfer mechanisms (Andrés et al., 2023; Lang et al., 2024).

CONCLUSION
The polyphenol compounds were successfully extracted from the nipa palm (Nypa fruticans)
fruit husk using 50% ethanol at various extraction temperatures. The extraction at 60°C

yielded the highest total phenolic (44.50 mg GAE/g), flavonoid (8.75 mg QE/g), and tannin
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(50.30 mg TAE/g) contents compared to the 30°C and 45°C extractions. Consequently, it also
exhibited the highest antioxidant activity, with a percentage inhibition of approximately
52.79% at 0.25 mg/mL. Fourier transform infrared analysis identified hydroxyl groups,
confirming the presence of polyphenol compounds in the nipa palm fruit husk extract. These
results suggest that nipa palm fruit husk extract could potentially be used as a source of
nutraceutical food, particularly as a natural antioxidant agent.
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