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Abstract

Background. Exposure to sunlight, the main component of which is ultraviolet radiation, can cause various damage to the
skin, including sunburn, premature aging, and more serious conditions such as increased symptoms of autoimmune diseases
and skin cancer. Therefore, there is currently a growing interest in developing more effective photoprotective agents in
protecting the skin from UV exposure as well as antioxidants that can overcome the oxidative stress it causes. This study
aims to evaluate the potential photoprotective and antioxidant activities of various Ulva lactuca (U.lactuca) fractions and
determine the relationship between the parameters tested.

Methods. U. lactuca samples were extracted using 70% ethanol solvent, then fractionated in stages using n-hexane, ethyl
acetate, and water solvents. Analysis was carried out to determine the yield, total phenols, photoprotective activity, and
antioxidant activity using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay, 2,2'-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) assay, and ferric reducing antioxidant power (FRAP) methods on the extract
and each fraction of U. lactuca.

Results. The ethyl acetate fraction showed the highest photoprotective activity with an SPF value of 42.38 + 0.87, followed
by the ethanol extract (32.60 + 1.10), aqueous fraction (16.26 + 0.21), and hexane fraction (9.00 + 0.17). Consistently, the
ethyl acetate fraction also exhibited the strongest antioxidant activity in all assays, with ICso values of 17.23 £+ 0.27 pg/mL in
the DPPH assay, 4.15 + 0.02 pg/mL in the ABTS assay, and 2.15 + 0.02 pg/mL in the FRAP assay. The ethanol extract
showed moderate antioxidant activity with IC50 values of 19.38 + 0.23 pg/mL (DPPH), 6.31 £ 0.12 pg/mL (ABTS), and
6.88 = 0.75 ug/mL (FRAP), followed by the aqueous fraction with IC50 values of 27.79 + 0.88 ug/mL (DPPH), 9.13 £ 0.07
pg/mL (ABTS), and 6.83 + 0.07 pg/mL (FRAP). In contrast, the hexane fraction exhibited the lowest antioxidant activity,
with IC50 values of 38.91 + 0.43 png/mL (DPPH), 42.55 + 0.63 pg/mL (ABTS), and 32.33 + 0.14 pg/mL (FRAP).
Correlation analysis showed a positive relationship between yield, phenolic compound content, antioxidant activity, and SPF
value.

Conclusion. Bioactive compounds of U. lactuca as a potential source of natural photoprotective and antioxidant ingredients
for cosmetic formulations.

Keywords: Antioxidants, Marine bioactives; Sun protection factor; Ulva lactuca.

2024). Antioxidants play a vital role in maintaining human
health. These compounds work by neutralizing ROS
produced by both exogenous sources such as UV radiation

1. Introduction

Exposure of human skin to ultraviolet radiation can
trigger a variety of short-term and long-term biological
responses (Wu et al., 2024). Common short-term effects
include skin redness (erythema), pigmentation changes,
and decreased immune function. Meanwhile, prolonged
exposure can lead to photocarcinogenesis and premature
skin aging (Rubio et al., 2025). These mechanisms are
related to changes at the molecular and cellular levels,
including DNA damage, increased formation of reactive
oxygen species (ROS), release of inflammatory mediators,
activation of melanogenesis, and apoptosis (Menakh et al.,
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and endogenous cellular processes (Russo et al., 2008). In
recent years, increasing attention has been directed toward
natural photoprotective agents derived from biological
sources, as these compounds may provide both antioxidant
and UV-protective effects with fewer adverse reactions
compared to synthetic ingredients (Schneider et al., 2022).
As skin cancer cases increase globally each year,
dermatologists emphasize the importance of regular
sunscreen use to reduce the harmful effects of the sun's
ultraviolet radiation (Hanif et al., 2025). The level of
sunscreen protection against erythema or sunburn is
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measured using the Sun Protection Factor (SPF). The SPF
value represents the ratio of the minimum UVR dose
required to cause erythema on protected and unprotected
skin under artificial sunlight conditions.

Demand for sunscreen products continues to rise as
consumers become more aware of the importance of facial
skincare. However, one major issue is the use of synthetic
ingredients in many over-the-counter cosmetic products on
the market, which can potentially have detrimental effects
on skin health. An alternative to address the damage
caused by UV radiation is to look for molecules that have
antioxidant and photoprotective potential. Therefore, the
development of natural sunscreen ingredients is a
promising alternative, especially from Ulva lactuca which
is rich in Dbioactive compounds with natural
photoprotective abilities.

The green seaweed Ulva lactuca (Chlorophyta), widely
known as “sea lettuce.” These algae have a thin, wavy leaf
structure, reaching 20-30 cm in length, and are easily
recognized by their bright green color. U. lactuca grows in
coastal areas, especially in tidal zones, attached to rocks or
coral, and is often found in tropical and temperate
climates, thus playing an important role in maintaining the
balance of aquatic ecosystems. As a photosynthetic
organism, U. lactuca is an important part of the food chain
in marine ecosystems and is known to have various
biological activities (Kaur et al., 2025).

U. lactuca contains various commercially valuable
compounds that have potential applications in the
cosmetics, pharmaceutical, food, chemical and bioenergy
industries (Kusmiyati et al., 2020). The composition
consists of carbohydrates up to 60%, protein 10-47%, lipid
1-3%, and mineral ash 7-38% (Ambarsari et al., 2018).
The main bioactive compounds that have industrial value
include phenolics, pigments (chlorophyll and carotenoids),
and polysaccharides (Merdekawati et al., 2019). Recent
studies have shown that U. lactuca has antioxidant,
antimicrobial, and anticancer activities (Pradhan et al.,
2023). Therefore, U. lactuca is increasingly receiving
attention both from a health perspective and for its
industrial potential (Putra et al., 2024). Several studies
have reported the antioxidant potential of U. lactuca
extracts. Methanolic extracts were shown to exhibit strong
DPPH radical scavenging activity, with an ICso value of
0.45 mg/mL (Korkmaz, 2025). In addition, ethanol
extracts demonstrated antioxidant activity with ICso values
of 0.88 mg/mL in the DPPH assay and 1.12 mg/mL in the
ABTS assay, along with a total phenolic content of 20.5
mg GAE/g (Putu et al., 2024). However, most previous
investigations have primarily focused on single crude
extracts, with limited attention given to solvent-partitioned
fractions and their association with photoprotective
efficacy. Therefore, systematic evaluation of different
solvent fractions and their relationship with both
antioxidant capacity and photoprotective activity remains
limited. The aim of this study was to evaluate the potential
photoprotective and antioxidant activities of various
fractions of U. lactuca obtained from 70% ethanol extract,
and to determine the relationship between the parameters
tested to assess the potential of this alga as a source of
natural active ingredients for sunscreen formulations and
skin care products.

2. Methods

2.1. Material

U. lactuca L.samples were obtained from Teluk Kode,
West Pemenang Village, Pemenang District, North
Lombok Regency, Indonesia with coordinate points
8926°27.6”S116°6°7.2”E. The samples were then placed in
plastic containers filled with sterile seawater and stored in
a coolbox to maintain the freshness (Kusmita et al., 2021;
Nugraheni et al., 2010). Botanical determination was
performed to ensure the authenticity of the materials used
in this study. The determination process was carried out at
the Indonesian Institute of Sciences (LIPI), Marine
Bioindustry Center, North Lombok Regency, and the
results were stored as authentic specimens with collection
number B-164/111/DI1.02/9/2021.

After collection, the samples were washed with
seawater to remove epiphytes, sand, and dirt, then rinsed
with distilled water. The cleaned samples were air-dried in
a shaded area at room temperature, then dried in a
circulating air oven at 40°C for 72 hours. The dried
material was then ground into a fine powder and stored in
a tightly closed container for further extraction and
analysis.

The chemicals used were 100% ethanol (Merck), n-
hexane (Merck), ethyl acetate (Merck), 1,1-Diphenyl-2-
picrylhydrazyl (DPPH) (Sigma-Aldrich, USA), FeCls,
ammonium acetate; K2S20s, 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS); ascorbic
acid, trolox; dimethyl sulfoxide (Merck).

2.2. Extraction of U. lactuca

500 grams of dried U. lactuca powder was weighed and
extracted using 70% ethanol, each volume of 5 L. The
method used was maceration for 72 hours with occasional
stirring. The filtrate was filtered using Whatman No. 1
filter paper and evaporated with a rotary evaporator at 40—
50°C until a thick extract was obtained.

2.3. Preparation of U. lactuca Fraction

The dried resulting extract was then fractionated using
the liquid-liquid partitioning method with solvents of
increasing polarity (n-hexane, ethyl acetate, and water)
according to the protocol described by Mfopa (Mfopa et
al., 2017). In brief, 50 g of crude extract was dissolved in
100 mL of distilled water (water fraction) and placed in a
separating funnel. 100 mL of n-hexane was then added, the
mixture was shaken vigorously for 3 minutes, then left for
5 minutes until two layers were formed. The water fraction
(lower layer) and the n-hexane fraction (upper layer) were
separated and collected separately. The water fraction
obtained was then fractionated again with ethyl acetate
(1:1) to obtain the ethyl acetate fraction and the water
fraction.

2.4. Determination of Total Phenolic Content (TPC)

The total phenolic content in U. lactuca extract was
measured spectrophotometrically using the Folin-Ciocalteu
reagent, as described by Mutmainah et al. (2019)
Specifically, 7.9 mL of distilled water and 0.1 mL of
sample were placed in a glass vial and homogenized by
vortexing. 0.5 mL of Folin-Ciocalteu reagent was added
and homogenized again, followed by the addition of 1.5
mL of 20% (w/v) Na2COs solution. The final mixture was
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then incubated for 30 minutes in a water bath at 40 °C, and
the absorbance was measured at 765 nm using a UV-VIS
spectrophotometer (SHIMADZU), then compared with the
gallic acid calibration curve. Total phenol value was
expressed as gallic acid equivalents (mg/g dry weight).
Measurements were carried out three times (triplicate).

2.5. Photoprotection Activity Test

The Sun Protection Factor (SPF) value of U. lactuca
extract was determined using a Shimadzu UV-Vis
spectrophotometer (Aparicio-alvarez et al., 2023). The
extract and its fraction were dissolved separately in ethanol
at a concentration of 100 mg/mL and their absorbance was
measured at a UV-B wavelength (290-320 nm) at 5 nm
intervals. Ethanol p.a. (pro analysis grade) was used as a
blank solution. The SPF value was calculated using the
equation:

SPF = CF x B3 EEcAT = F (Mix Abs ¢y

where CF represents the correction factor, EE (L) denotes
the erythemal effectiveness of radiation at a specific
wavelength A, I(A) is the solar intensity spectrum

(considered constant), and Abs (L) corresponds to the
absorbance value of the sample at wavelength A.

2.6. Antioxidant activity test using the DPPH method

Antioxidant activity test used the DPPH method
(Pramesti et al.,, 2025). The test was performed by
dissolving the sample in methanol, then making serial
dilutions. A 2 mL sample solution was reacted with 2 mL
of 0.1 mM DPPH solution and incubated for 30 minutes in
the dark. Absorbance was then measured using a UV-Vis
spectrophotometer at a wavelength of 517 nm.

2.7. Antioxidant activity test using the ABTS method

The radical scavenging potential of U. lactuca extracts
and fractions against ABTS radicals was determined using
a spectrophotometer (Untea et al., 2018). ABTS radicals
were produced by mixing two stock solutions, namely 7
mM ABTS and 2.4 mM potassium persulfate, in equal
proportions, then incubated in the dark for 12 hours at
room temperature. The ABTS" solution that had been
formed was then diluted with ethanol until the absorbance
value reached 0.70 at a wavelength of 734 nm. A total of 6
mL of ABTS* solution was reacted with 40 uL of sample,
then the absorbance was measured at a wavelength of 734
nm using a UV-Vis spectrophotometer with ethanol as a
blank. The ABTS radical scavenging activity of the sample
was stated based on the calibration curve.

2.8. Antioxidant activity test using the FRAP method

The ferric reducing antioxidant capacity (FRAP) of U.
lactuca extract was determined based on the method
described by Wijayanti et al. with some modifications
(Wijayanti et al., 2024). Fresh reaction solution was
prepared by mixing 10 mM TPTZ (2,4,6-Tripyridyl-s-

triazine) in 40 mM HCI and 20 mM ferric chloride in 300
mM acetate buffer (pH 3.6) at a ratio of 5:5:25 (v/v), then
stored at 37 °C for 0.5 h. A 0.15 g sample was mixed with
2850 pL of FRAP reagent. The mixture was incubated in
the dark for 0.5 h, then the absorbance was measured at a
wavelength of 539 nm. Trolox was used as a positive
control. The FRAP activity of each sample was determined
at different concentrations, and the ICso value (pg/mL) was
calculated from the concentration—response curve. All tests
were performed in triplicate.

2.9. Data analysis

Statistics were calculated using GraphPad Prism
version 9.0. Results are presented as mean + SD (standard
deviation).

3. Results

With the aim of evaluating the effect of the
fractionation process on the bioactive potential of U.
lactuca, this study focused on determining the antioxidant
and photoprotective activities of the ethanol extract and the
resulting solvent fractions. Furthermore, this study also
aimed to determine the relationship between the tested
parameters to understand the contribution of each fraction
to the overall biological activity of U. lactuca.

3.1. Yield

The use of solvents with different levels of polarity
aims to extract bioactive compounds from U. lactuca
based on their polarity properties. The yield of U. lactuca
extracts and fractions is presented in Table 1.

Table 1. Extraction and fractionation Results of U. lactuca

Sample Average extract Average extract
weight (g) + SD yield (%) + SD

Ethanol Extract 58.86+0.88 11.77+0.18

Hexane Fraction 5.43+0.69 10.85+1.38

Ethyl Acetate 28.28+0.53 56.55+1.07

Fraction

Aqueous Fraction  16.30+0.98 32.60+1.95

3.2. Total Phenolic Content (TPC)

Differences in solvent polarity produce extracts with
varying photoprotective and antioxidant activities
(Bagiana et al., 2025). This is due to the selective ability of
each solvent in extracting chemical compounds, especially
phenolic compounds that have high antioxidant capacity.
In this study, extracts and fractions of U. lactuca obtained
using three different types of solvents - n-hexane, ethyl
acetate, and water - were evaluated to assess their
effectiveness in extracting bioactive compounds that have
the potential to provide natural photoprotective and
antioxidant activities (Figure 1).
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Figure 1. Total amount of plant phenolic compound of extract and
fractions of U. lactuca.The data were mean + SD (n =3). The data
were analyzed using a one-way analysis of variance (ANOVA)
followed by Tukey's test (*p < 0.05; **p < 0.01; ***p < 0.001,
*HE%p <0.0001).

3.3. Photoprotection Activity Test

The crude extract, n-hexane, ethyl acetate, and water
fractions of U. lactuca. were tested for their Sun Protection
Factor (SPF) activity using UV-Vis spectrophotometry

(Figure 2).
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Figure 2. Spectrophotometric absorption spectra (290-320 nm) of
ethanol extract, hexane, ethyl acetate, and aqueous fractions of U.
lactuca (100 mg/mL)

The chemical ability of a compound to absorb UV
radiation is greatly influenced by the nature of the solvent
used. The photoprotective ability of U. lactuca extracts
and fractions is expressed in SPF values (Table 2).

Table 2. Sun protection factor values of extract and fractions of

U. lactuca

Sample Sun protection factor ~ Category

Ethanol Extract 32.60+1.10 High protection
Hexane Fraction ~ 9.00£0.17 Minimal protection
Ethyl Acetate High protection
Fraction 42.38+0.87

Aqueous Moderate protection
Fraction 16.26 +£0.21

3.4. Antioxidant test

The antioxidant activity of U. lactuca, including
ethanol extract and n-hexane, ethyl acetate, and water
fractions, was evaluated using three assay methods: DPPH
(Figure 3), ABTS (Figure 4), and FRAP (Figure 95).
Ascorbic acid was used as a positive control for the DPPH
method, while Trolox was used as a positive control for
the ABTS and FRAP methods.
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Figure 3. Free radical scavenging activity results of extract and
fractions of U. lactuca against DPPH. The data were mean + SD
(n =3). The data were analyzed using a one-way analysis of
variance (ANOVA) followed by Tukey's test (*p < 0.05; **p <
0.01; ***p < 0.001, ****p <0.0001).
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Figure 4. Free radical scavenging activity results of extract and
fractions of U. lactuca against ABTS. The data were mean + SD
(n =3). The data were analyzed using a one-way analysis of
variance (ANOVA) followed by Tukey's test (*p < 0.05; **p <
0.01; ***p < 0.001, ****p <0.0001).
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Figure 5. Free radical scavenging activity results of extract and
fractions of U. lactuca against FRAP. The data were mean + SD
(n =3). The data were analyzed using a one-way analysis of
variance (ANOVA) followed by Tukey's test (ns= not significant;
*p <0.05; **p < 0.01; ***p <0.001, ¥****p <0.0001).

3.5. Statistical study

To evaluate the strength and direction of the
relationship between the variables studied, a correlation
analysis was conducted using the Pearson linear
correlation coefficient test. This analysis produced the
correlation coefficient (R?) values presented in Table 3.

Table 3. Pearson correlation coefficients among yield, total
phenolic compound, SPF values and antioxidant capacities of
fractions of U. lactuca.

Parameters
Parameters
Yield TPC SPF DPPH ABTS FRAP

Yield 1.00 1.00 096 -1.00 -0.91 -0.93
TPC 1.00 1.00 098 -0.99 -0.86 -0.89
SPF 0.96 098 1.00 -0.95 -0.75 -0.79
DPPH -1.00 -0.99 -0.95 1.00 0.93 0.95
ABTS -091  -086 -0.75 0.93 1.00 1.00
FRAP -093  -0.89 -0.79 095 1.00 1.00

4. Discussion

In this study, U. lactuca was selected as a potential
source of natural compounds with photoprotective and
antioxidant activities that can be utilized in the field of
dermocosmetics, particularly as active ingredients in
sunscreen formulations. The yield of U. lactuca fractions
varied depending on the type of solvent used (Table 1).
Ethanol extraction produced a yield of 11.77 + 0.18%,
demonstrating the effectiveness of ethanol as a solvent
capable of extracting active compounds of various polarity
levels. The fractionation results showed that the ethyl
acetate fraction had the highest yield followed by the water
fraction and the n-hexane fraction. The high yield of the
ethyl acetate fraction indicates the dominance of semi-
polar compounds, such as flavonoids and phenolic
compounds, which have the potential to provide the main
biological activity (Zaatout et al., 2019). Conversely, the
low yield of the n-hexane fraction indicates that it contains
relatively few nonpolar compounds. Overall, this
distribution pattern reflects the diversity of secondary
metabolites based on the polarity of the solvent used.

The extraction procedure and the type of solvent used
play an important role in dissolving endogenous
compounds found in plants (Siddhuraju & Becker, 2003).
Plant components can be polar or non-polar. Phenolic
compounds are more soluble in polar organic solvents due
to the presence of hydroxyl groups (Alara et al., 2021).
Figure 2 shows the total phenol content (expressed in mg
GAE/g plant extract) of the ethanol extract and three
fractions of U. lactuca obtained using solvents with
different polarities, namely n-hexane, ethyl acetate, and
water. The analysis results showed a significant difference
(**** p < 0.0001) between all groups. The ethyl acetate
fraction had the highest total phenol content (~220 mg
GAE/g), followed by the ethanol extract (~175 mg
GAE/g), the water fraction (~125 mg GAE/g), and the n-
hexane fraction (~65 mg GAE/g). The ethanol extract also
showed high phenol content due to its amphiphilic nature,
capable of dissolving both polar and semi-polar
compounds. Ethanol extraction of natural products is
effective because it has a wide solubility range as a neutral
solvent, capable of extracting various compounds,
including water-soluble hydrophilic components and
lipophilic components such as fats (Lee et al., 2024).The
high phenol content in the ethyl acetate fraction indicates
that most of the phenolic compounds in U. lactuca are
semi-polar, making them more easily extracted with ethyl
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acetate. In contrast, the non-polar n-hexane fraction is only
able to dissolve a small amount of phenolic compounds.

The photoprotective activity of U. lactuca extracts and
fractions was evaluated by calculating the Sun Protection
Factor (SPF) value using a spectrophotometric method.
Figure 3 shows the spectrophotometric absorption profiles
of U. lactuca extracts and fractions. It was observed that
both the extracts and fractions displayed characteristic
absorption bands in the UVB region, indicating a potential
photoprotective effect. Measurements were made in the
UV-B region, which is the region with the highest intensity
during the day and the longest exposure to human skin
(Putri et al., 2025).

Based on the SPF value classification, the SPF range of
2-12 is included in the minimal protection category, SPF
12-30 is included in moderate protection, and SPF >30 is
categorized as high protection (Mansur et al., 1986). The
results in Figure 3 show that the ethyl acetate fraction has
the highest SPF value (42.38 + 0.87), followed by the
ethanol extract (32.60 + 1.10), both of which are included
in the category of high protection against UV radiation.
These values indicate that both samples have the potential
as candidates for natural sunscreen active ingredients.
Meanwhile, the water fraction shows an SPF value of
16.26 = 0.21 which is included in the category of moderate
protection, while the n-hexane fraction has the lowest SPF
value (9.00 £+ 0.17) and is included in the category of
minimal protection. This difference in SPF values is likely
caused by variations in the content of active compounds
that play an important role in photoprotective activity
through their ability to absorb UV radiation and neutralize
free radicals.

Antioxidants are compounds that help the body fight
oxidative stress associated with tissue damage and the
activity of highly reactive free radicals (Abu-Lubad et al.,
2024). Exogenous antioxidant intake from food can
effectively enhance the body's natural antioxidant system
by stimulating the production of antioxidant enzymes and
playing a role in protecting the body from excessive free
radical accumulation (Anam et al., 2023). Antioxidant
activity strength is generally categorized as very strong
(<50 ppm), strong (50-100 ppm), moderate (101-150
ppm), and weak (>150 ppm). Based on this classification,
MKE's antioxidant activity is included in the very strong
category because it has an ICso value of <50 mg/L (Flieger
et al., 2021). In this study, extracts and fractions of U.
lactuca were used as research subjects whose antioxidant
activity will be determined through in vitro free radical
scavenging methods using several tests, namely DPPH,
ABTS and FRAP.

The antioxidant activity of U. lactuca extracts,
including ethanol extract, n-hexane fraction, ethyl acetate,
and water, was tested using the DPPH free radical
scavenging method. Ascorbic acid was used as a positive
control. The DPPH method is based on the ability of
antioxidant compounds to donate hydrogen atoms or
electrons to stabilize DPPH free radicals (Nuraini et al.,
2025). This reaction causes a decrease in the absorbance
value accompanied by a change in the color of the solution
from dark purple to light yellow or pale purple, which can
then be measured quantitatively using a spectrophotometer
(Tue et al., 2024).

The results of the antioxidant activity test of U. lactuca
extracts and fractions using the DPPH method showed

variations in potential influenced by the type of solvent
used (Figure 4). Ascorbic acid as a positive control showed
very strong antioxidant activity with an ICso value of 4.34
+ 0.05 pg/mL. Among the test samples, the ethyl acetate
fraction showed the highest antioxidant activity with an
1Cso value of 17.23 + 0.27 pg/mL, followed by the ethanol
extract (19.38 + 0.23 pg/mL), the water fraction (27.79 +
0.88 pg/mL), and the n-hexane fraction (38.91 + 0.43
pg/mL). Statistical analysis showed that all extracts and
fractions had significant differences in ICso values
compared to ascorbic acid. In addition, significant
differences were also observed between fractions (Figure
4), which indicates that solvent variations affect the
antioxidant capacity of U. lactuca fractions.

The results of the antioxidant activity test of U. lactuca
extracts and fractions using the ABTS method showed
varying abilities in neutralizing ABTS* radicals (Figure 5).
Trolox was used as a positive control and showed the
highest activity with an ICso value of 2.94 + 0.02 pg/mL.
Among the test samples, the ethyl acetate fraction had the
strongest antioxidant activity (ICso = 4.15 + 0.02 pg/mL),
followed by the ethanol extract (6.31 + 0.12 pg/mL), the
water fraction (9.13 + 0.07 pg/mL), and the n-hexane
fraction (42.55 + 0.63 pg/mL). Based on the classification
of antioxidant potential, all extracts and fractions except
the n-hexane fraction are classified as having very strong
antioxidant activity (ICso < 50 pg/mL). The ethyl acetate
fraction showed an ability close to the positive control,
indicating that the active compounds contained therein
have high effectiveness in neutralizing ABTS* radicals.
Statistical analysis using one-way ANOVA followed by
Tukey's test showed a significant difference between
samples (****p < 0.0001). The strong ABTS radical
scavenging activity in the ethyl acetate fraction indicates
that compounds with medium polarity play a dominant
role in the antioxidant activity of U. lactuca.

The antioxidant activity test of U. lactuca using the
FRAP method showed variations in the Fe** ion reduction
ability between fractions (Figure 5). Trolox as a positive
control had the highest activity (ICso = 0.23 + 0.02 pg/mL).
Among the samples, the ethyl acetate fraction showed the
strongest activity (ICso = 2.15 £ 0.02 pg/mL), followed by
the water fraction (6.83 £ 0.07 pg/mL) and the ethanol
extract (6.88 + 0.75 pg/mL). The n-hexane fraction had the
lowest activity (ICso = 32.33 + 0.14 pg/mL), but was still
considered strong. These results indicate that the dominant
active compounds in U. lactuca are polar to semi-polar,
such as flavonoids and phenolics, which play a major role
in the electron transfer mechanism. Statistical analysis
using one-way ANOVA followed by Tukey's test showed
significant differences (****p < 0.0001) between most
samples, except between the ethanol extract and the water
fraction (ns) which showed similar activity. The
antioxidant activity of the ethyl acetate fraction and Trolox
as a positive control was also not significantly different,
indicating comparable radical scavenging abilities. The
high FRAP reduction activity in the ethyl acetate fraction
indicates that U. lactuca contains compounds with
moderate polarity that contribute predominantly to its
antioxidant capacity. The photoprotective and antioxidant
effects of U. lactuca can be attributed to the presence of
specific phenolic acids such as gallic acid and vanillic
acid, which act through electron and hydrogen donation
mechanisms to neutralize free radicals, as well as through
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UV absorption. Total phenolics, flavonoids, and saponins
extracted by subcritical water hydrolysis have been shown
to enhance radical scavenging and reducing power, which
supports the observed high SPF and antioxidant activities.
Additionally, sulfated polysaccharides such as ulvan may
contribute synergistically to protection against UV-
induced oxidative damage (Pangestuti et al., 2021).

Pearson correlation analysis showed a very strong
relationship between the parameters tested in the U.
lactuca fraction. The correlation matrix between the
extract yield, total phenols (TPC), SPF wvalue, and
antioxidant parameters (DPPH, ABTS, and FRAP) showed
a strong relationship between these variables (Table 3).
The Pearson correlation coefficient (r), which ranges from
—1 to +1, was used to evaluate the strength and direction of
these relationships, where positive values indicate direct
correlations and negative values indicate inverse
correlations. A significant positive correlation was found
between the yield, TPC, and SPF (r = 0.96-1.00),
indicating that the higher the extract yield and the
concentration of phenolic compounds, the higher the
photoprotective activity was. This relationship indicates
that phenolic compounds play an important role in
absorbing UV rays and providing a protective effect, thus
contributing to the SPF value of the U. lactuca extract.

In contrast, a strong negative correlation was recorded
between TPC and antioxidant parameters (DPPH, ABTS,
and FRAP) with r values ranging from —0.75 to —1.00.
This inverse relationship reflects the fact that antioxidant
capacity is expressed as ICso values, where lower ICso
values correspond to stronger radical scavenging activity.
This inverse relationship arises because lower ICso values
in antioxidant assays indicate stronger radical scavenging
activity. Thus, extracts rich in phenolic compounds exhibit
higher antioxidant capacity. Among the three antioxidant
assays, the DPPH assay showed the strongest negative
correlation with TPC (r = —0.99) and yield (r = —1.00),
confirming the sensitivity of this method in detecting
phenolic-based antioxidant potential. In addition, high
positive correlations were also found between antioxidant
methods (DPPH vs. ABTS = 0.93; DPPH vs. FRAP =
0.95; ABTS vs. FRAP = 1.00), indicating that all three
assays consistently measure the redox capacity of phenolic
compounds in U. lactuca. The consistency of the
correlation between these tests strengthens the reliability
of the research results and confirms the dominant
contribution of phenolic compounds to antioxidant and
photoprotective activities.

The evaluation of the photoprotective and antioxidant
activities of U. lactuca in this study provides strong
evidence for its potential as a potential UV filter and
natural antioxidant source. The results showed that the
polarity of the extraction solvent significantly influenced
the photoprotective activity and antioxidant effectiveness.
The results of the activity test showed a consistent pattern,
where the ethyl acetate fraction of U. lactuca had the
highest activity, followed by the ethanol extract and the
water fraction, while the n-hexane fraction showed the
lowest activity. This solvent-dependent pattern is in line
with the basic principles of phytochemistry, where
solvents with medium polarity are able to optimally extract
various secondary metabolites, such as phenolic acids,
flavonoids, and their derivatives in the form of glycosides
(Hidayati et al., 2020).

5. Conclusion

Fractionation using solvents with increasing polarity
demonstrated a clear linear trend toward higher extract
yield, antioxidant activity, and SPF values. Among the
tested solvents, ethyl acetate was identified as the most
effective in enhancing both antioxidant capacity and
photoprotective activity of U. lactuca, indicating the
predominance of semi-polar bioactive compounds. These
findings highlight the significance of solvent polarity in
maximizing the biological potential of U. lactuca and
support its promising application as a natural source of
photoprotective and antioxidant agents in the health and
cosmetic industries. The results provide practical
implications for the selection of optimal fractionation
strategies as a foundation for the isolation and further
development of active compounds. However, this study is
limited to in vitro evaluations; therefore, further studies
involving  compound identification,  formulation
development, and in vivo or clinical assessments are
required to confirm efficacy and safety.

Conflict of Interest

The authors have no conflict of interests regarding this
investigation.

Acknowledgments

The authors would like to acknowledge the Postdoc
World Class University Program, Universitas Diponegoro
2025.

References

Abu-Lubad M, Al Qaisi YT, Alsarayreh AZ, Abu Murad MA and
Alshraideh H. 2024. Evaluation of liver antioxidants in an induced
oxidative stress in albino rat model. Jordan J Biol Sci., 17(3):
481-486. https://doi.org/10.54319/jjbs/170310.

Alara OR, Abdurahman NH and Ukaegbu CI. 2021. Extraction of
phenolic compounds: A review. Curr Res Food Sci., 4: 200-214.
https://doi.org/10.1016/j.crfs.2021.03.011.

Ambarsari ND, Rushanti IRPA, Setyaji A, Ningsih TR, Nurhana
N, Subekhi I and Dewi EN. 2018. The influence of Lactobacillus
plantarum starter addition and the length of time of fermentation
process on the activity of seaweed antioxidant Ulva lactuca from
Krakal Beach, Yogyakarta. IOP Conf Ser Earth Environ Sci.,
116(1): 012074. https://doi.org/10.1088/1755-1315/116/1/012074.

Anam K, Munandar R, Wulandari ON, Lestari AB, Farada RE,
Hudiyanti D and Aminin ALN. 2023. Chemical composition,
antioxidant activities, and total phenolic content of combination of
mangosteen (Garcinia mangostana L.) peel-kodavan (Centella
asiatica L. Urban) fractions. Trop J Nat Prod Res., 7(1): 2222—
2228. https://doi.org/10.26538/tjnpr/v7il.20.

Aparicio-Alvarez CM, Espinoza-Salazar CE and Carpio-Jiménez
CD. 2023. In vitro antioxidant activity and in vivo photoprotective
effect of Theobroma grandiflorum butter emulgels on skin of mice
exposed to UVB irradiation. Front Sustain., 3: 682178.

Bagiana IK, Franyoto YD, Mutmainah and Kusmita L. 2025.
Optimization of solvent type on antioxidant activity of Spirulina
platensis extract and its pharmaceutical tablet formulation. J Jamu
Indonesia., 10(3): 132-137. https://doi.org/10.29244/jji.v10i3.414.

Flieger J, Flieger W, Baj J and Maciejewski R. 2021.
Antioxidants: classification, natural sources, activity/capacity
measurements, and usefulness for the synthesis of nanoparticles.
Materials, 14: 4135. https://doi.org/10.3390/mal4154135.

Hanif MI, Pringgenies D and Setyati WA. 2025. Pigmented
gastropods-associated  bacteria: an innovation in natural



436 © 2026 Jordan Journal of Biological Sciences. All rights reserved - Volume 19, Number 3

antioxidants, antibacterials, and sun protection. LIFE J Biosci.,
32(6): 1453—1465. https://doi.org/10.4308/hjb.32.6.1453-1465.

Hidayati JR, Yudiati E, Pringgenies D, Oktaviyanti DT and
Kusuma AP. 2020. Comparative study on antioxidant activities,
total phenolic compound and pigment contents of tropical
Spirulina platensis, Gracilaria arcuata and Ulva lactuca extracted
in different solvents polarity. E3S Web Conf., 147: 03012.
https://doi.org/10.1051/e3sconf/202014703012.

Kaur M, Shitanaka T, Surendra KC and Khanal SK. 2025.
Macroalgae-derived bioactive compounds for functional food and
pharmaceutical applications — a critical review. Crit Rev Food Sci
Nutr., 65(21): 4172-4194.
https://doi.org/10.1080/10408398.2024.2384643.

Kusmita L, Nuryadi H, Widyananto PA, Muchlissin S, Sabdono
A, Trianto A and Radjasa OK. 2021. Bioactivity of carotenoid
produced by soft coral symbiotic microorganisms from Panjang
and Karimunjawa Island, Central Java, Indonesia. Biodiversitas,
22:732-740. https://doi.org/10.13057/biodiv/d220226.

Kusmiyati K, Heratri A, Kubikazari S, Hidayat A and Hadiyanto
H. 2020. Hydrolysis of micro and macroalgae for biofuel. Int
Energy J., 20: 611-620.

Lee, J.-E., Jayakody, J. T. M., Kim, J.-1., Jeong, J.-W., Choi, K.-
M., Kim, T.-S., Seo, C., Azimi, 1., Hyun, J., & Ryu, B.. 2024. The
influence of solvent choice on the extraction of bioactive
compounds from Asteraceae: a comparative review. Foods,
13(19): 3151. https://doi.org/10.3390/foods13193151.

Mansur JDS, Breder MNR, Mansur MCDA and Azulay RD.
1986. Determinagdo do factor de protegdo solar por
espectrofotometria. An Bras Dermatol., 61: 121-124.

Menakh M, Boutellaa S, Zellagui A, Ceylan O, Oztiirk M and
Bensouici C. 2024. Antimicrobial, antibiofilm and antioxidant
properties of Algerian Satureja graeca L. against human
pathogens. Jordan J Biol Sci., 17(3): 463-470.
https://doi.org/10.54319/jjbs/170308.

Merdekawati W, Susanto AB, Raharjo TJ, Triyana K and
Moeljopawiro S. 2019. Characteristics of pigment extract of green
seaweed (Ulva lactuca Linn) encapsulated by electrospun
poly(vinyl) alcohol nanofiber. IOP Conf Ser Earth Environ Sci.,
306(1): 012011. https://doi.org/10.1088/1755-1315/306/1/012011.

Mfopa AN, Mbouna CDJ, Yamthe TLR, Tchuente MAT,
Kouipou RMT, Fokou PVT, Kemgne EAM, Kamkumo RG and
Boyom FF. 2017. In vitro and in vivo antiplasmodial activity of
extracts from Polyalthia suaveolens, Uvaria angolensis and
Monodora tenuifolia (Annonaceae). Int J Biol Chem Sci., 11(1):
118. https://doi.org/10.4314/ijbes.v11il.10.

Mutmainah, Kusmita L, Martono Y, Franyoto YD, Wulandari RP
and Kusumaningrum TD. 2019. Antioxidant activity, phenol and
flavonoid content, and formulation of cream of Stevia rebaudiana
Bert. J Phys Conf Ser., 1217: 012152,
https://doi.org/10.1088/1742-6596/1217/1/012152.

Nugraheni SA, Khoeri MM, Sabdono A and Radjasa OK. 2010.
Antibacterial activity of bacterial symbionts of soft coral Sinularia
sp. against pathogenic resistant bacteria. J Coast Dev., 13(2): 113—
118.

Nuraini V, Legowo AM, Mulyani S and Adiwinarti R. 2025.
Exploration of antioxidant properties of Indonesian local single-
bulb garlic extract (var. Temanggung) in a mixed solvent. J Food
Sci Technol (Iran)., 22(160): 35-49.
https://doi.org/10.22034/FSCT.22.160.35.

Pangestuti R, Haq M, Rahmadi P and Chun BS. 2021. Nutritional
value and biofunctionalities of two edible green seaweeds (Ulva
lactuca and Caulerpa racemosa) from Indonesia by subcritical
water hydrolysis. Mar Drugs, 19(10): 578.
https://doi.org/10.3390/md19100578.

Pradhan B, Bhuyan PP and Ki JS. 2023. Immunomodulatory,
antioxidant, anticancer, and pharmacokinetic activity of ulvan, a
seaweed-derived  sulfated  polysaccharide: an  updated
comprehensive review. Mar Drugs, 21(5): 300.
https://doi.org/10.3390/md21050300.

Pramesti R, Setyati WA, Soenardjo N and Ariyanto D. 2025.
Antioxidant, antibacterial, and antifungal characteristics on crude
collagen extracts of sea cucumber (Stichopus hermanii). Int J

Design Nat Ecodyn., 20(3):
https://doi.org/10.18280/ijdne.200307.

Putra, N. R., Fajriah, S., Qomariyah, L., Dewi, A. S., Rizkiyah, D.
N., Irianto, I., Rusmin, D., Melati, M., Trisnawati, N. W.,
Darwati, I., & Arya, N. N.. 2024. Exploring the potential of Ulva
lactuca: emerging extraction methods, bioactive compounds, and
health applications — a perspective review. S Afr J Chem Eng., 47:
233-245. https://doi.org/10.1016/j.sajce.2023.11.017.

Putri DB, Pringgenies D and Trianto A. 2025. Antibacterial,
antifungal, antioxidant, and photoprotective analysis of mangrove
extracts as additive ingredients in a cosmetic cream. HAYATI J
Biosci., 32(3): 571-580. https://doi.org/10.4308/hjb.32.3.571-580.

Rubio C, Ramirez J, Rojas JL, Valencia-Islas NA, Campos C and
Quifiones N. 2025. Antioxidant and photoprotective capacity of
secondary metabolites isolated from Pseudocyphellaria berberina.
Molecules, 30(18): 3833.
https://doi.org/10.3390/molecules30183833.

Russo A, Piovano M, Lombardo L, Garbarino J and Cardile V.
2008. Lichen metabolites prevent UV light- and nitric oxide-
mediated plasmid DNA damage and induce apoptosis in human
melanoma cells. Life Sci., 83(13): 468-474.
https://doi.org/10.1016/j.1£5.2008.07.012.

Schneider G, Figueroa FL, Vega J, Avilés A, Horta PA, Korbee N
and Bonomi-Barufi J. 2022. Effects of UV-visible radiation on
growth, photosynthesis, pigment accumulation and UV-absorbing
compounds in the red macroalga Gracilaria cornea (Gracilariales,
Rhodophyta). Algal Res., 64: 102702.
https://doi.org/10.1016/j.algal.2022.102702.

Siddhuraju P and Becker K. 2003. Antioxidant properties of
various solvent extracts of total phenolic constituents from three
different agroclimatic origins of drumstick tree (Moringa oleifera
Lam.) leaves. J Agric Food Chem., 51(8): 2144-2155.
https://doi.org/10.1021/j020444+.

Tue NM, Quan NT, Chi HT and Ly BTK. 2024. An in vitro study
into antioxidant, antibacterial, and toxicity impacts of Artocarpus
altilis leaf extract. Jordan J Biol Sci., 17(4): 637-643.
https://doi.org/10.54319/jjbs/170407.

Untea A, Lupu A, Saracila M and Tatiana P. 2018. Comparison of
ABTS, DPPH, and phosphomolybdenum assays for estimating
antioxidant activity and phenolic compounds in five different
plant extracts. Bull Univ Agric Sci Vet Med Cluj-Napoca Anim Sci
Biotechnol.,  75:  110.  https://doi.org/10.15835/buasvmen-
asb:2018.0009.

Wijayanti I, Agustini TW and Benjakul S. 2024. Color
characteristics, phenolic content and antioxidant activity of
Spirulina platensis soaked in basil (Ocimum basilicum) leaves
extract. Int J Food Sci Technol, 59(3): 1490-1501.
https://doi.org/10.1111/ijfs.16897.

Wu YP, Woodside LA, Kaphingst KA, Jensen JD, Hamilton JG,
Kohlmann W, Haaland B, Brintz BJ, Phillips SM, Hay JL. 2024.
The risk information and skin-cancer education for undergraduate
prevention (RISE-UP) study: protocol for a student trial of
personalized sun protection interventions for skin cancer
prevention among undergraduates. Contemp Clin Trials, 147:
107728. https://doi.org/10.1016/j.cct.2024.107728.

Zaatout H, Ghareeb D, Abd-Elgwad A and Ismael A. 2019.
Phytochemical, antioxidant, and anti-inflammatory screening of
the Egyptian Ulva lactuca methanolic extract. Rec Pharm Biomed
Sci., 3: 33-38. https://doi.org/10.21608/rpbs.2019.12251.1032.

523-528.



