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Accepted: Feb. 18, 2025 aimed to evaluate the effects of different extraction solvents (70% ethanol, 70%
acetone, and aquadest) on the polyphenol content of Sargassum sp., harvested from
KEYWORDS Tanjung Tinggi Beach (Belitung Island, Indonesia), and to determine its
L antioxidant activity using the 2,2-diphenyl-1-picrylhydrazyl method. The results
Antioxidant, showed that distilled water (aquadest) extraction yielded the highest total phenolic
Flavonoid, (7.32 mg GAE/g) and tannin (10.47 mg TAE/g) contents, while 70% ethanol
extraction resulted in the highest total flavonoid content (6.40 mg QE/g). Fourier
transform infrared analysis detected hydroxyl groups, indicating the presence of
Sargassum, polyphenol compounds in the Sargassum extract. Furthermore, the aquadest extract
exhibited the highest radical scavenging activity (43.65%) compared to other
solvents. These findings indicate that Sargassum extract may act as a natural
antioxidant and holds potential for use as a pharmaceutical agent.

Polyphenol,

Seaweed.

1. INTRODUCTION

A free radical is a highly reactive molecule due to an unpaired electron in its outer orbital (Lobo
etal., 2010). Oxidative stress occurs when the concentration of free radicals exceeds the body’s
antioxidant capacity (Rad et al., 2020). In such cases, the body requires external sources of
antioxidants to restore balance, known as exogenous antioxidants. Antioxidants are substances
that can reduce or prevent the formation of free radicals. These can be obtained from natural
sources, such as dietary supplements or functional foods (Xu et al., 2017). Polyphenols,
vitamins, and polysaccharides are well-known antioxidant sources that can be extracted from
natural resources, including plants (Lourenco et al., 2019).

A polyphenol compound is a type of secondary metabolite commonly found in plants. These
compounds include phenolic acids, flavonoids, tannins, stilbenes, and lignans. Polyphenols are
recognized for their antioxidant properties, as they help inhibit the formation of free radicals. It
functions as radical scavengers by donating hydrogen atoms or through electron transfer
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mechanisms. Polyphenols can be extracted from aquatic plants, such as water lettuce (Pistia
stratiotes) (Herpandi et al., 2021; Sudirman et al., 2022), Limnocharis flava (Sudirman,
Herpandi, et al., 2024), and Nypa fruticans husk (Sudirman, Wardana, et al., 2024). Seaweed
Is a varied group of marine macroalgae that has become a valuable source of bioactive
compounds, including phenolic compounds, and is widely known as a potential source of
natural antioxidants (Ismail et al., 2023; Kumar et al., 2021; Sadeghi et al., 2024).

Sargassum sp. is a species of seaweed belonging to the Phaeophyceae (brown seaweed) class.
Sargassum species usually possess a highly branched thallus with hollow, berry-like floats
(pneumatocysts), and their numerous fronds are typically small, leaf-shaped, and have toothed
edges (Jin et al., 2014; Widyartini et al., 2017). Sargassum spp. has been reported to contain
bioactive compounds, including polyphenols, and to exhibit antioxidant activity (Catarino et
al., 2023). A previous study has reported the polyphenol content (6.81+1.07 mg GAE/g) and
antioxidant activity (ICsp 73.48+0.57 ppm) of brown seaweed S. crassifolium that were
harvested from Madura Island, East Java (Indonesia) (Bambang et al., 2013). Also, Sargassum
oligocystum from the Persian Gulf (Iran) reported that it is a source of polyphenols (0.02 mg/g)
and exhibits antioxidant activity (ICso 0.61+0.04 mg/mL) (Mehdinezhad et al., 2016).
Additionally, seaweed species from northern coasts of the Persian Gulf contain content total
phenolic content ranged from 1.25 to 5.08 mg GAE/g (Farasat et al., 2014). According to these
previous studies, different species and harvested locations also show different polyphenol
content and antioxidant activity. The polyphenol content from natural resources may vary
depending on some factors, such as species, location, climate, maturity stage, cultivar, cultural
practice, and other factors (Gao et al., 2023; Uddin et al., 2022). Due to the lack of information
related to utilization of the Sargassum sp. from Tanjung Tinggi Beach, Belitung Island
(Indonesia), in this present study, Sargassum sp. was used as a source of polyphenol compounds
and natural antioxidants.

Polyphenol compounds can be extracted from seaweed by using organic solvents, water, or a
mixture of these solvents with water, such as methanol, ethanol, acetone, water, 70% methanol,
70% ethanol, and 50% ethanol (Ismail et al., 2020; Mehdinezhad et al., 2016; Wu et al., 2022).
A previous study reported that acetone is the best solvent for extracted polyphenol compounds
from Turbinaria decurrens, whereas ethanol for S. muticum and water for Padina pavonica
(Ismail et al., 2020). Seventy percent (70%) methanol, 50% ethanol, and 70% acetone have
been used to extract polyphenol compounds of S. polycystum from Fengjiawan Bay, Hainan
Province (China) (Wu et al., 2022). Additionally, 70% ethanol was used to extract the
polyphenol compounds of Porphyra tenera seaweed from Wando, Jeonnam (Korea) (Hwang
& Thi, 2014)According to these previous studies, different solvents have been used to extract
polyphenol compounds from seaweed species and also affected their bioactivity, including
antioxidant activity. Thus, we hypothesized that different solvents also have a significant effect
on the polyphenol content of Sargassum sp. extract from Tanjung Tinggi Beach (Belitung
Island, Indonesia), and antioxidant activity. Therefore, this study aimed to determine the effects
of different extraction solvents (70% ethanol, 70% acetone, and Aquadest) on the polyphenol
contents of Sargassum sp. that were harvested from Tanjung Tinggi Beach (Belitung Island,
Indonesia) and determined its antioxidant activity.

2. MATERIAL and METHODS
2.1. Sample Collection and Preparation

The fresh Sargassum sp. was collected in January 2024 from Tanjung Tinggi Beach, Belitung
Island, Indonesia (2.5519° S, 107.7138° E). The sample was collected directly by hand from
the substrate, washed, and placed in plastic bags for identification and further experiments. It
was then transported to the laboratory, where it was identified at the Fisheries Microbiology
and Biotechnology Laboratory of Fisheries Product Technology, Universitas Sriwijaya
(FPT0020012024). Small pieces of the seaweed were dried in a dehydrator at 45°C for 24 hours
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and ground into dried seaweed powder using a grinding machine (Microphyte Disintegrator B-
One DM-120M).

2.2. Extraction Process

The dried seaweed powder was extracted using maceration method with three different
extraction solvents (70% ethanol, 70% acetone, Aquadest). The extraction was carried out by
following the previous method (Sudirman, Wardana, et al., 2024). Briefly, 20 g of dried
seaweed powder was placed into an Erlenmeyer flask containing 200 mL of extraction solvent.
After 2 hours of maceration, the filtrate and residue were separated using filter paper (Whatman
No. 42). The filtrate was transferred to a new collection tube, and the residue was re-extracted
with fresh solvent under the same conditions as the first extraction, for a total of five extractions.
Once the extraction process was complete, the filtrates were combined in a new collection tube,
and the solvent was evaporated using a rotary vacuum evaporator at 40°C to yield a paste. The
paste was then completely dried using a freeze dryer.

2.3. Quantitative Bioactive Contents Analysis

The total phenol content was determined using Folin-Ciocalteu’s method, following the
procedure outlined in a previous study (Chandra et al., 2014). Briefly, 0.2 mL of a 10 mg/mL
extract was mixed with Folin-Ciocalteu’s phenol reagent in a reaction tube and allowed to react
for 5 minutes. Afterward, 8% sodium carbonate (Na.COs) was added, and the volume was
adjusted to 3 mL with distilled water. The mixture was incubated in the dark for 30 minutes.
The supernatant was then separated by centrifugation at 3,000 rpm for 5 minutes. The
absorbance of the supernatant was measured at 765 nm using a spectrophotometer (Genesys
150 ThermoScientific, Massachusetts, USA). Gallic acid was used as a standard to calculate
the total phenol content, expressed as mg gallic acid equivalent (GAE) per gram of dried sample
(mg GAE/g sample).

The total flavonoid content was determined using the aluminum chloride colorimetric method,
as described in a previous study (Chandra et al., 2014). In brief, 1.0 mL of a 10 mg/mL extract
solution was mixed with 2% aluminum chloride (1:1 ratio) and incubated at room temperature
for 60 minutes. After the reaction, 1 mL of the mixture was transferred to a new reaction tube
and diluted to 5 mL. The solution was allowed to stand for 5 minutes, after which the absorbance
was measured at 420 nm using a spectrophotometer (Genesys 150 ThermoScientific,
Massachusetts, USA). Quercetin was used as a standard to calculate the total flavonoid content,
expressed as mg quercetin equivalent (QE) per gram of dried sample (mg QE/g sample).

Total tannin content analysis was measured using the Folin-Ciocalteu's method (Balaky et al.,
2021). Meanwhile tannic acid is used as a standard. Tannic acid stock solution was prepared at
a concentration of 100 pg/mL and diluted to several concentrations to obtain a standard curve
for tannic acid. A total of 0.1 mL of sample solution (1 mg/mL) was pipetted into a 10 mL
measuring flask containing 7.5 mL of distilled water, 0.5 mL of Folin-Ciocalteu's reagent and
1 mL of 35% sodium carbonate and added distilled water until the volume reached 10 mL. The
mixture was then stirred and incubated at room temperature for 30 minutes. Absorbance was
measured at a wavelength of 700 nm using a spectrophotometer. Whereas, total tannin was
expressed as mg tannic acid equivalent (TAE) per g of dried weight of sample (mg TAE/g
sample).

2.4. Functional Group Analysis

The FT-IR analysis was used to detect the functional group of polyphenols. 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 previous methods (Bhateja et al., 2020).
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2.5. Antioxidant Activity Assay

The antioxidant activity of the seaweed extract was evaluated using the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) method (Sudirman et al., 2022). In brief, the extract was dissolved in
ethanol to achieve a concentration of 1.25 mg/mL. Then, 1 mL of each sample (0 mg/mL and
1.25 mg/mL) was mixed with an equal volume (1:1, v/v) of 0.2 mM DPPH solution and
incubated at 37°C for 30 minutes. The absorbance was immediately measured at 517 nm using
a UV-Vis spectrophotometer (Genesys 150 ThermoScientific). The antioxidant activity was
calculated as the inhibition of the extract on the DPPH radical according to this formula:

. Abs,, - AbSampie
Percentage (%) inhibition = S’”“X’;S Sampie) 3 100%
blank

Whereas: Absbiank, the absorbance at 517 nm without sample; AbSsampie, the absorbance at 517
nm with sample.

2.6. Data Analysis

All data are presented as mean + standard deviation (SD). Statistical analysis was analyzed
using one-way analysis of variance (one-way ANOVA), followed by Duncan's Multiple Range
test (DMRT) in SPSS v22.0 (IBM Corporation, Armonk, NY, USA). Graphics were generated
using GraphPad Prism v5.0 software (GraphPad Software, Inc., San Diego, CA, USA).

3. RESULTS
3.1. Total Phenolic, Flavonoid, and Tannin Contents

The total phenolic content (TPC) of Sargassum sp. extract is shown in Figure 1. TPC of distilled
water (aquadest, 7.32 mg GAE/qg) significantly (p<0.05) higher than 70% ethanol (2.29 mg
GAE/g) and 70% acetone (1.75 mg GAE/g). Whereas, there is no significant difference
(p>0.05) of 70% ethanol and 70% acetone solvents. The total flavonoid content (TFC) of
Sargassum sp. extracts is shown in Figure 2. TFC of 70% ethanol (6.40 mg QE/qg) significantly
(p<0.05) higher than other solvents (70% acetone, 2.71 mg QE/qg; aquadest, 2.06 mg QE/q).
Whereas, there is no significant difference (p>0.05) of 70% acetone and aquadest solvents.
Total tannin content (TTC) of Sargassum sp. extracts is shown in Figure 3. TTC of aquadest
solvent (10.47 mg TAE/g) was significantly (p<0.05) higher than other solvents (70% ethanol,
5.25 mg TAE/g; 70% acetone, 3.06 mg TAE/qQ).
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Figure 1. (A) Gallic acid standard curve and (B) total phenolic content of Sargassum sp. extracts. Data
is shown as mean + standard deviation (n=3). Different superscript letters indicate significant differences
at p<0.05.
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Figure 2. (A) Quercetin standard curve and (B) total flavonoid content of Sargassum sp. extracts. Data
is shown as mean + standard deviation (n=3). Different superscript letters indicate significant differences

at p<0.05.
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Figure 3. (A) Tannic acid standard curve and (B) total tannin content of Sargassum sp. extracts. Data is
shown as mean + standard deviation (n=3). Different superscript letters indicate significant differences
at p<0.05.

3.2. Fourier Transform Infrared (FTIR) Spectra

The functional groups in the Sargassum sp. extract are shown in Figure 4. According to Figure
4, the spectra peaks of polyphenol compounds in the Sargassum extract were observed at
3840.30 cm, 3743.90 cm, 3295.58 cm™, 2341.56 cm™!, 1565.84 cm™', 1420.40 cm™, and
1095.13 cm™, as analyzed by Fourier Transform Infrared (FTIR) spectroscopy.
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Figure 4. Fourier Transform Infrared (FTIR) spectra peaks of Sargassum sp. extract at an extraction
solvent of aquadest.

3.3. Antioxidant Activity

The antioxidant activity of Sargassum sp. extract is shown in Figure 5. The antioxidant activity
represented as percent of free radical scavenging activity (% of inhibition), whereas aquadest
(43.65%) is significantly (p<0.05) higher inhibition when compared to 70% acetone (17.36%)
and 70% ethanol (15.53%). Whereas, there is no significant difference (p>0.05) between 70%
ethanol and 70% acetone solvents.
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Figure 5. Antioxidant activity of Sargassum sp. extracts as determined by DPPH method. Data is shown
as mean * standard deviation (n=3). Different superscript letters indicate significant differences at

p<0.05.
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4. DISCUSSION and CONCLUSION

In this study, polyphenol compounds were successfully extracted from the brown seaweed
Sargassum sp. using different solvents. The polyphenols in the Sargassum extract are
characterized by the presence of phenolic acids, flavonoids, and tannins. According to Figure
1, the total phenolic acid content ranges from 1.75 mg GAE/g to 7.32 mg GAE/g. The highest
phenolic acid content was observed when Sargassum was extracted using distilled water
(aquadest). A previous study reported that the total phenolic acid content of the seaweed Padina
pavonica from Abou Qir Bay, Alexandria, ranged from 1.8 mg GAE/g to 3.4 mg GAE/g. The
study also noted that the highest phenolic acid content was obtained when distilled (aquadest)
was used as the extraction solvent (Ismail et al., 2020). The total flavonoid content of
Sargassum sp. extracts ranged from 2.06 mg QE/g to 6.40 mg QE/g (Figure 2). The highest
flavonoid content was observed when Sargassum was extracted using 70% ethanol. A previous
study reported that total flavonoid content of Sargassum sp. from Queenscliff Harbour,
Victoria, Australia when extracted using 70% ethanol (0.96 mg QE/g) also higher when
compared to 70% acetone (0.34 mg QE/g) (Subbiah et al., 2023). The total tannin content of
the Sargassum extract ranged from 3.06 mg TAE/g to 10.47 mg TAE/g, with the highest content
observed when the Sargassum was extracted using distilled water (aquadest) as shown in Figure
3. A previous study reported that total tannin content of Sargassum ethanol extract from Takalar
District, South Sulawesi, Indonesia, was approximately 0.51+0.09% (Fauzi et al., 2018).
Additionally, tannin content of distilled water extract of seaweed Kappaphycus alvarezii about
2.94+0.41 CAE/g (Das et al., 2023).

This study reported that different extraction solvents produced varying total polyphenol
contents. A previous study indicated that polyphenol compounds, such as total phenolic,
flavonoid, and tannin content, in seaweed depend on the species, origin, and solvent used
(Sadowska et al., 2024). Additionally, the polyphenol content from natural resources may vary
depending on factors such as species, location, climate, maturity stage, cultivar, cultural
practices, and other variables (Gao et al., 2023; Uddin et al., 2022). Another study also found
that the polyphenol content in Echinacea plant extracts depended on the growth region, growth
period, and species (Vergun et al., 2024). On the other hand, the type of solvent used for
extracting polyphenols from plants plays a crucial role in determining the yield of these
compounds. The polarity of the solvent affects the solubility of phenolic compounds, directly
influencing extraction efficiency. The appropriate solvent for polyphenol extraction depends on
the specific plant material and the composition of its polyphenolic content (Baron et al., 2021;
Mohammed et al., 2022).

According to the FT-IR analysis (Figure 4), O-H stretching and H-bonding were observed at
3804.30 cm ™, 3743.90 cm ™', and 3295.58 cm™'; C=C stretching vibrations at 1565.84 cm™*; C-
H bending at 1420.40 cm™'; and C-O stretching vibrations at 1095.13 cm™* (Nandiyanto et al.,
2019). These peaks indicate the presence of phenolic hydroxyl groups in the Sargassum extract.
A previous study reported that an O-H stretching band at 3211.88 cm™ also indicates the
presence of phenolic hydroxyl groups (Prajapati & Parmar, 2024). Another study noted that the
region between 3400 and 3200 cm ™ is associated with asymmetric and symmetric stretching of
hydrogen bonds and polymeric hydroxyl groups, a characteristic feature of polyphenolic
compounds (Wongsa et al., 2022).

Figure 5 illustrates the antioxidant activity of the polyphenol extract from Sargassum sp.,
expressed as the inhibition of DPPH free radicals by the polyphenols. The greater the
percentage of inhibition, the more effective the antioxidant activity. The highest inhibition was
observed with the aqueous solvent (aquadest), which is attributed to the higher concentration
of polyphenolic compounds, such as phenolic acid and tannins, in the aquadest extract. Previous
studies have highlighted that the effectiveness of bioactive compounds is influenced by factors
such as the extraction method, the grinding of the raw material, and the properties of the solvent
used (Zhang et al., 2018). Polyphenol compounds are recognized for their antioxidant
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properties, as they inhibit free radical formation by acting as radical scavengers, either through
hydrogen donation or electron transfer mechanisms (Andrés et al., 2023). As shown in Figure
5, the percentage of inhibition ranged from 15.53% to 43.65% at a concentration of 1.25
mg/mL. For comparison, a previous study found the radical scavenging activity of laver (red
seaweed extract) to be 23.05% at 1.0 mg/mL (Hwang & Thi, 2014).

Overall, the polyphenol compounds were successfully extracted from Sargassum sp., with
different extraction solvents resulting in varying quantities of polyphenols, including phenolic
acids, flavonoids, and tannins. Among the solvents tested, the distilled water solvent (aquadest)
yielded the highest amount of polyphenols, which also corresponded to the highest antioxidant
activity, as indicated by the highest percentage of free radical inhibition. These findings suggest
that Sargassum extract could serve as a valuable source of natural antioxidants and potentially
be used in pharmaceutical applications.
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