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Abstract: Marine natural products are a good source of antioxidants due to the presence of a wide
range of bioactive compounds. Accumulating evidence proves the potential use of seaweed-derived
ingredients in skincare products. This study aims to evaluate the ultraviolet (UV) protective activity
of the ethanol and water extracts of Padina australis. As the preliminary attempt for this discovery,
the total phenolic content (TPC) and total flavonoid content (TFC) were measured, followed by the
in vitro antioxidant activity using 2,2-diphenyl-1-picrylhydrazyl (DPPH) and reducing the power to
shed light on its bioactivity. The UVB protective activity was examined on HaCaT human keratinocyte
cells. The findings of this study reveal that the P. australis ethanol extract serves as a promising source
of antioxidants, as it exhibits stronger antioxidant activities compared with the water extract in DPPH
and the reducing power assays. The P. australis ethanol extract also demonstrated a higher level of
total phenolic (76 mg GAE/g) and flavonoid contents (50 mg QE/g). Meanwhile, both the ethanol
(400 µg/mL) and water extracts (400 µg/mL) protected the HaCaT cells from UVB-induced cell
damage via promoting cell viability. Following that, LCMS analysis reveals that the P. australis ethanol
extract consists of sugar alcohol, polysaccharide, carotenoid, terpenoid and fatty acid, whereas the
water extract contains compounds from phenol, terpenoid, fatty acid, fatty alcohol and fatty acid
amide. In summary, biometabolites derived from P. australis have diverse functional properties, and
they could be applied to the developments of cosmeceutical and pharmaceutical products.

Keywords: marine algae; Padina australis; cosmeceutical; antioxidant; UV-protective

1. Introduction

Skin is one of the most complex and largest organs, serving as a protective barrier
against internal and external stress. Skin aging is one of the factors which bring concern to
humans, as they do not want to lose their youthful apperance. Skin aging can be catergo-
rized into intrinsic and extrinsic aging, where extrinsic aging is mostly caused by ultraviolet
(UV) radiation. Chronic exposure to ultraviolet (UV) radiation will cause damage to the
intracellular biomolecules (proteins, lipids, polysaccharides and nucleic acids) and result
in skin inflammation, photoaging, hyperpigmentation and skin cancer [1–3]. UV radiation,
a ubiquitous environmental carcinogen, can be categorized into UV-A (320–400 nm), UV-B
(280–320 nm) and UV-C (200–280 nm) [4]. Among these three types of UV rays, UVB radia-
tion causes a deleterious effect on human skin by inducing genomic lesions in the nuclear
and mitochondrial DNA or the production of reactive oxygen species (ROS) [5]. Thus, the
usage of antioxidants is known to be effective against UV-induced photobiologic damages.
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However, commonly used synthetic antioxidants such as butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT), propyl gallate and tert-Butylhydroquinone (TBHQ) are
suspected to cause liver damage and cancer [6–8]. This could be highly correlated with the
side effects of synthetic antioxidants. Therefore, efforts are being oriented toward focusing
on natural ingredients with potent antioxidant activity, such as marine algae.

Marine algae are a great resource for in-demand active compounds with a wide range
of cosmeceutical applications [9]. They are rich in bioactive compounds such as unsatu-
rated fatty acids, polysaccharides, vitamins and essential amino acids [10,11], which have
therapeutic effects including anti-cancer, anti-inflammation, antioxidant, anti-microbial,
antiaging, antiallergic and antiviral activities [12–15]. Marine algae such as Cladosiphon oka-
muranus, Sargassum fulvellum, Padina tetrastromatic (Ochrophyta, Phaeophyceae), Corallina
pilulifera (Rhodophyta), Bryopsis plumose (Chlorophyta) and the microalgae Dunaliella salina
(Chlorophyta), have been reported to possess antioxidant activity [16–20]. Notably, brown
seaweeds are rich in biometabolites such as fucoidan, fucoxanthin, sulphated polysaccha-
ride, polyphenol and fucosterol, which have been shown to possess anti-inflammatory [16],
antioxidant [2], anti-cancer [21], antibacterial [22] and antiaging properties [23]. Therefore,
tapping into algae as a source of the natural product may provide the impetus for the
development of novel cosmeceuticals.

Malaysia is blessed with a long coastline, which is has sites for the flourishing growth
of algae. The coastline is found to be an exceptionally harsh site for organisms to grow.
As of yet, with these challenging conditions, algae species are thriving surprisingly well.
It is postulated that the algae residing herein have developed several unique metabolic
pathways that would allow them to tolerate harsh environmental conditions, such as higher
levels of salinity and fluctuations in tidal gradients, temperature, pH, and UV exposure [8].

Padina australis Hauck is a brown alga (Ochrophyta, Phaeophyceae) which is dis-
tributed from the intertidal zone to the open ocean in Malaysian waters. P. australis has
been reported to exhibit biological activities, including anti-angiogenic [24], antioxidant,
anti-neuroinflammation [25,26], antimicrobial [27,28] antidiabetic, antihypertensive, an-
tibacterial and anti-inflammatory activities [29]. The present study aims to evaluate the
in vitro antioxidant and UVB protective potential of P. australis extracts in HaCaT hu-
man keratinocytes. Liquid chromatography–mass spectrometry (LC-MS) analysis was
performed to profile the possible chemical constituents present in the P. australis extracts.

2. Materials and Methods
2.1. Cell Culture

The HaCaT human keratinocytes were cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM) GlutaMAX without HEPES (Gibco, Thermo Fisher, Waltham, MA, USA),
supplemented with 1.0% of 100× antibiotic-antimycotic (100 U/mL penicillin, 100 µg/mL
streptomycin and 25 µg/mL amphotericin B) (Gibco, Thermo Fisher, Waltham, MA, USA)
and 10.0% fetal bovine serum (Gibco, Thermo Fisher, Waltham, MA, USA) [30].

2.2. Collection of P. australis and Preparation of Extracts

The fresh specimens were collected along the coast of Port Dickson, Negeri Sembilan,
Malaysia, between March and May 2019. The specimens were identified based on morphol-
ogy, and they were washed using saltwater to remove debris and then rinse with distilled
water to be stored at −20 ◦C. The frozen samples were freeze dried (Labogene, Bjarkesvej,
Germany) and grinded into powder using a grinder and stored at −20 ◦C. Seaweed pow-
der was dissolved in two solvents—water or ethanol—at a ratio of 1:50 (w/v). We added
250 mL of the appropriate solvent to 5 g of seaweed powder, mixed in a shaker at 200 rpm
for 48 h and then centrifuged at 4000 rpm at 4 ◦C for 20 min. The supernatant was sent
for rotary evaporation (Fisher Scientific EYELA N-1200A Rotary Evaporator, Koishikawa
Bunkyo, Tokyo) and further concentrated using a vacuum concentrator (ScanSpeed 40,
Bio-Medical Science, Seoul, Korea) at 1000 rpm for 18–20 h. For the UVB irradiation assay,
the ethanol extract was dissolved in DMSO, whereas the water extract was dissolved in
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distilled water. However, the final concentration of DMSO was maintained at 0.5% to
prevent the toxic effect of the solvent.

2.3. In Vitro Antioxidant Activity
2.3.1. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) Scavenging Activity Assay

The 2,2-Diphenyl-1-picrylhydrazyl (DPPH) scavenging activity was determined as
described by Pang et al. [31]. A DPPH solution was used to determine the free radical
scavenging activity, where 50 µL of each sample was dissolved in 1 mL of 0.1 mM DPPH
and a negative control consisting of 50 µL of distilled water, whereas the positive control
consisted of 50 µL of ascorbic acid (Sigma Aldrich, Tokyo, Japan). Both the controls and
samples were incubated in the dark for 30 min at room temperature. The results were
analyzed using a microplate reader at 518 nm using a UV-Vis spectrophotometer microplate
reader (Infinite 200 Pro, Tecan, Männedorf, Switzerland).

The percentage of DPPH radical scavenging activity was calculated using the follow-
ing formula (1):

DPPH radical scavenging activity =

(
1−Absorbance of sample

Absorbance of blank

)
× 100% (1)

2.3.2. Reducing Power Assay

The reducing power was determined according to the method of Pang et al. [31] with
slight modifications. Ascorbic acid (Sigma-Aldrich, Darmstadt, Germany ) was the positive
control, and 100 µL of algae extracts with different initial concentrations (0.05, 0.1, 0.2,
0.4, 0.8, 1.6 and 3.2 mg/mL) were utilized. The negative control consisted of 100 µL of
distilled water for the water extract and 100 µL of ethanol for the ethanol extract, whereas
the positive control consisted of 100 µL of ascorbic acid (Sigma-Aldrich, Tokyo, Japan)
with different initial concentrations (4.625, 9.25, 18.75, 37.5, 75, 150 and 300 µg/mL). All
the samples were dissolved with 250 µL of a 0.2 M phosphate buffer and 250 µL of 1%
potassium ferricyanide and then incubated at 50 ◦C for 20 min. Then, 250 µL of 10%
trichloroacetic acid was added into each mixture, and the mixture was centrifuged at
300× g for 10 min. Next, 250 µL of supernatant aliquots were mixed with 250 µL of 0.1%
iron(III) chloride and 250 µL of distilled water. The absorbance was analyzed using a UV-
Vis spectrophotometer microplate reader (Infinite 200 Pro, Tecan, Männedorf, Switzerland)
at 700 nm.

2.4. Estimation of Total Phenolic Content (TPC) and Total Flavonoid Content (TFC)
2.4.1. Total Phenolic Content

The total phenolic content was determined as described in [32] using the Folin–
Ciocalteu reagent. We dissolved 5 µL of each crude extract (6.4 mg/mL) in 25 µL of
the Folin–Ciocalteu reagent (R & M Chemicals, Selangor, Malaysia) and 350 µL of distilled
water. After 5 min, 75 µL of 20% of sodium carbonate was added to the mixture, and the
volume was increased up to 500 µL with distilled water. The samples were incubated for
1 h at room temperature. The phenolic content was calculated as gallic acid equivalents
(GAE/g) of a dry sample based on a standard curve of gallic acid (50, 100, 250, 500 and
1000µg/mL). The concentration of the total phenolic content in the test samples was cal-
culated from the calibration plot. All determinations were carried out in triplicate, and
the results were analyzed at 750 nm with a UV-Vis spectrophotometric microplate reader
(Infinite 200 Pro, Tecan, Männedorf, Switzerland).

2.4.2. Total Flavonoid Content

The total flavonoid content was determined according to the method of Pękal and
Pyrzynska [33] with slight modification. The aluminum chloride colorimetric method
was used for the determination of the total flavonoid content of the sample. For the total
flavonoid determination, quercetin (Sigma-Aldrich, Bangalore, India) was used to make
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the standard calibration curve. The stock quercetin solution was prepared by dissolving
2.0 mg quercetin in 1.0 mL methanol, and then the standard solutions of quercetin were
prepared by serial dilutions using distilled water (62.5–1000µg/mL). An amount of 0.01 mL
of diluted standard quercetin solutions or extracts (6.4 mg/mL) was separately mixed with
0.25 mL of 2% aluminum chloride (Sigma-Aldrich, Darmstadt, Germany), 0.25 mL of 1 M
sodium acetate and 0.49 mL of distilled water. After mixing, the solution was incubated
for 15 min at room temperature. The absorbance of the reaction mixtures was measured
against a blank at 425 nm using a UV-Vis spectrophotometer microplate reader (Infinite
200 Pro, Tecan, Männedorf, Switzerland). The concentration of the total flavonoid content
in the tested samples was calculated from the calibration plot and expressed as mg of
quercetin equivalent ((QE)/g) of the dried sample. All the determinations were carried out
in triplicate.

2.5. UVB Irradiation Assay

To determine the UVB protective properties of the algae extracts, the HaCaT cells
were seeded at a cell density of 1 × 105 cells/mL before incubating for 24 h at 37 ◦C in
a 5% CO2 atmosphere to allow adherence. The solvent extracts were diluted with 0.5%
DMSO and PBS to test at the range of concentrations of 25–400 µg/mL for the ethanol and
water extracts. Both the negative control and the unexposed control cells (covered with
aluminum foil) were treated with only 0.5% DMSO and PBS. Rosmarinic acid was used as a
positive control. After 24 h, the cells were treated with 50 µL of different concentrations of
the extracts concurrently with UVB irradiation (50 mJ/cm2) [34]. The cells were irradiated
with a Philip UVB Broadband TL 20 W/12 phototherapy lamp (Philip, Amsterdam, The
Netherlands) with wavelength ranges of 290 and 315 nm, and the intensity was measured
using a UV-340A UV light meter (Lutron, Taipei, Taiwan). After UVB irradiation, the
PBS was discarded, and the cells were mounted with fresh growth medium (200 µL) and
incubated in 5% CO2 at 37 ◦C for 24 h before proceeding with the MTT viability assay.
Then, 20 µL of the MTT solution (5 mg/mL) was added to each well and incubated at 37 ◦C
with 5% CO2 for 2 h [34]. The medium was discarded by gentle aspiration, and 100 µL
of DMSO was added to dissolve the formazan crystals. The absorbance of each well was
measured using a UV-Vis spectrophotometric microplate reader (Infinite 200 Pro, Tecan,
Männedorf, Switzerland) at 570 nm (with 650 nm as a reference wavelength).

2.6. Liquid Chromatography–Mass Spectrometry Analysis

The P. australis ethanol and water extracts were analyzed using an LCMS on an Agilent
1290 infinity liquid chromatograph (Agilent Technologies, Wilmington, DE, USA) coupled
with an Agilent 6520 Accurate-Mass Q-ToF mass spectrometer with a dual ESI source.
Separation of the compound was achieved using an Agilent Zorbax Eclipse XDB-C18
column, Narrow-Bore 2.1 × 150 mm of a 3.5 µm particle size at 25 ◦C equilibrated with
solvent A (0.1% formic acid in water) and solvent B (0.1% formic acid in acetonitrile). The
flow rate was set at 0.5 mL per min. The total run time was 30 min, including a 25 min run
time, and a 5 min post-run time. The ESI-TOF/MS conditions were optimized as follows:
drying gas temperature, 300 ◦C; drying gas flow, 10 L/min; nebulizer gas pressure, 45 psi;
capillary voltage, 4000 V for the positive ion mass spectra and 3500 V for the negative ion
mass spectra; fragmentation voltage, 125 V; and skimmer, 65 V. The mass spectrum was
scanned from m/z 100 to m/z 3200 in both the positive and negative ionization modes. The
calibration reference solutions obtained from the Agilent were used to calibrate the mass
spectrometer daily. The reference solution was used, and the two ions with m/z of 121.0508
and 922.0097 for the positive ion mass spectra and m/z of 119.03632 and 966.0097 for the
negative ion mass spectra were selected for mass calibration to eliminate systematic errors.

2.7. Statistical Analysis

Statistical analysis was performed with the Statistical Package for Social Sciences (IBM
SPSS Statistics 26, Chicago, IL, USA). All the tests were expressed as the means ± standard
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deviation (SD) of the three independent replicates. The significant difference between the
treated and untreated groups was determined by one-way analysis of variance (ANOVA). A
difference was considered statistically significant when p ≤ 0.05. The relationship between
the phytochemical analysis and the antioxidant capacity of the extract was evaluated using
Pearson’s correlation analysis.

3. Results
3.1. In Vitro Antioxidant Activity and Phytochemical Contents of the P. australis Extracts

The DPPH scavenging activity was evaluated using the one electron reduction prin-
ciple method, which determined the free radical reducing capacity of the antioxidants
present in each sample. There were many antioxidants assays available; however, the
DPPH approach seemed to be rapid and accurate for evaluating the antioxidant property in
algae. According to Gil-Izquierdo et al. [35], the results of the DPPH are highly reproducible
compared with other assays, such as ABTS. Ascorbic acid was used as positive control. In
the current study, the results showed a strong DPPH radical scavenging activity increase
for the P. australis ethanol and water extracts in a dose-dependent manner (Figure 1). The
highest DPPH radical scavenging activity was observed in the ethanol extract of P. australis
(96.79 ± 4.63%) and the water extract of P. australis (81.09 ± 2.92%) when achieving the
highest concentration at 152.38 µg/mL.

Figure 1. DPPH radical scavenging activity of the ethanol and water extracts of P. australis. Data
are expressed as the mean ± SD (n > 3). * p < 0.05 represents significant differences from the
negative control.

The free radical reducing ability of the algae extracts was measured by the trans-
formation of Fe3+ to Fe2+ in the presence of the extract. A high absorbance reading in
the mixture indicated high reducing power activity. In our experimentation, the results
showed the reducing power activity of both the ethanol and water extract, reporting that
the absorbance reading increased in a dose-dependent manner, with the highest absorbance
reading observed at the concentration of 66.67 µg/mL, which produced an absorbance
reading of 0.60 and 0.37 for the ethanol and water, respectively (Figure 2).
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Chemical characterization analysis was carried out to determine the total phenolic
and total flavonoid content in the crude extract. In the present study, the ethanol extracts of
P. australis had a higher total phenolic content of 76.04 mg gallic acid equivalent ((GAE)/g),
followed by the water extract with a total phenolic content of 27.01 mg GAE/g (Table 1).
Flavonoids are secondary metabolites that are abundant in algae and belong to a large
family of over 5000 hydroxylated polyphenolic compounds. The present study revealed
that the ethanol extract of P. australis (50.07 mg QE/g) had a higher flavonoid content than
the water extract (7.53 mg QE/g).

Table 1. Phytochemical analysis of P. australis extracts.

Extract Total Phenolic Content
(mg GAE/g)

Total Flavonoid Content
(mg QE/g)

Ethanol 76.04 ± 7.35 50.07 ± 1.71

Water 27.01 ± 1.77 7.53 ± 0.38

Correlation analysis was carried out to investigate the relationship between the an-
tioxidant assay, such as DPPH, and the reducing power activity and their phenolic and
flavonoid contents. Table 2 shows that a strong and statistically significant correlation was
observed when the analysis was being made between TPC and DPPH (r = 0.912), as well
as reducing power activity (r = 0.994). Furthermore, the TFC was also found to exhibit a
strong, statistically significant correlation with DPPH (r = 0.883) and the reducing power
activity (r = 0.988). Previous studies have reported that the main contributor to the potential
antioxidant activity in marine algae is the presence of phenolic compounds. Our data
obtained from the study implied a similar positive correlation between the phytochemical
analysis and antioxidant activity. Hence, based on the current findings, we could report that
P. australis acts as a free radical scavenger. However, it should be noted that the structural
diversity of the polyphenol, synergistic and antagonistic effects of this compound could
also cause an effect on the antioxidant assay. Hence, there is a need to conduct chemical
analysis to shed more light on this aspect.

Table 2. Pearson’s correlation coefficients between the antioxidant assay and phytochemical analysis
assay of P. australis extracts.

Antioxidant Activities Phenolic Content Flavonoid Content

DPPH radical scavenging activity r = 0.912 * r = 0.883 *

Reducing power activity r = 0.994 * r = 0.988 *
* Correlation is significant at the 0.05 level.

3.2. Effect of P. australis Extracts on the UVB-Induced Keratinocyte Death

The effect on favoring cell survival was evaluated in HaCaT keratinocytes to deter-
mine the potential of the extract as a photoprotective agent in the cosmetic field. HaCaT
keratinocytes were exposed to UVB (50 mJ/cm2) in the presence of various concentrations
of the ethanol extract and water extract, ranging between 25 µg/mL and 400 µg/mL,
prior to the MTT assay. Based on the results, it was concluded that the ethanol extract
showed a significant (p < 0.05) increase in cell viability at a concentration of 400 µg/mL
(64%) (Figure 3a) and the water extract showed a significant increase in cell viability at the
concentration of 400 µg/mL (60%) (Figure 3b). This suggests that both the ethanol and
water extracts may have UVB protective properties.
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Figure 3. Protective effect of P. australis ethanol (a) and water (b) extracts against UVB-induced
cytotoxicity in HaCaT keratinocytes. The HaCaT cells were exposed to UVB (50 mJ/cm2) in the
presence of algae extracts with various concentrations. The negative (0/+) and unexposed (0/−)
controls were treated with 0.5% DMSO. Cell death was evaluated by an MTT test at 24 h in the
HaCaT keratinocytes after UVB irradiation at a dose of 50 mJ/cm2 except for the unexposed cells,
which were covered with aluminum foil. The results are expressed as a percentage of cell survival
with respect to 0/− (untreated and unexposed). Data are expressed as the mean ± SD (n > 3).
* p < 0.05 (samples) and # p < 0.05 (unexposed control) represent significant differences from the
group exposed to UVB alone.

3.3. Chemical Profiling of P. australis Extracts

Using LCMS analysis, around 11 predicted compounds were present from the P. aus-
tralis ethanol extract. These compounds were classified into polysaccharides, sugar alcohols,
carotenoids, fatty acids and terpenoids. L-rhamnulose, a sulphated heteropolysaccharide
compound, was detected at m/z 165.08. Dulcitol, a sugar alcohol compound, was de-
tected at m/z 183.09. Fucoxanthin, (3S,4S,3′R)-4-hydroxyalloxanthin and 3,6-epoxy-5,5′,6,6′-
tetrahydro-b,b-carotene-3′,5,5′,6′-tetrol were classified as carotenoids and detected at 681.41,
581.40, and 641.42, respectively. Fatty acid molecules such as 9Z,12Z,15E-octadecatrienoic
acid, 2-hydroxyhexadecanoic acid, 9-keto palmitic acid, 9,16-dihydroxy-palmitic acid and
9,10-epoxy-18-hydroxystearate were detected at m/z of 279.23, 271.23, 269.21, 287.22 and
313.24, respectively, while 3α,12α-dihydroxy-5β-chol-8(14)-en-24-oic acid, a terpenoid
compound, was detected at an m/z of 413.27 (Table 3).

For the P. australis water extract, five predicted compounds were determined through
LCMS analysis, and these compounds were classified as fatty alcohols, fatty acids, fatty
acid amides, terpenoids and phenol. In the experiments, 2,6-nonadien-1-ol, a fatty alcohol
compound, was detected at an m/z of 158.15. Palmitic amide, a fatty acid amide compound,
was detected at an m/z of 256.26. Emmotin A, a terpenoid, was detected at an m/z of 279.16.
Docosanedioic acid is a fatty acid compound which was detected at an m/z of 393.30, and
gingerol, a phenol compound, was detected at an m/z of 293.18 (Table 4).

However, with our best efforts, a total of 51 detections from the ethanol extract and
16 detections in the water extract still fell under unknown compounds, even though the
MFG scores achieved were above 90% and the DIFF MFG ppm value was between ±5.
These findings were indicated as there was no matched identity of the compound when
cross-checking through the available databases. This could mainly be due to the presence
of a large family of novel or unusual biomolecules from the ethanol or water extracts that
are yet to be uncovered in the routine studies conducted.
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Table 3. Predicted compounds in the P. australis ethanol extract identified through LC-MS analysis.

No Compound Name Formula m/z Mass Polarity Activity

1 L-rhamnulose C6H12O5 165.08 164.07 Positive

L-rhamnulose is a breakdown product of
L-rhamnose, which is classified as a sulphated
heteropolysaccharide. L-rhamnose is found in
Padina tetrastromatica [36] and has antioxidant
[37], anti-inflammation and anti-aging
properties [38].

2 Dulcitol C6H14O6 183.09 182.08 Positive

Galactitol or dulcitol is a sugar alcohol that is a
metabolic breakdown product of galactose. The
compound is found in Padina tetrastromatica [39].
Raffia palm wine sample contains dulcitol and
exhibits antioxidant and antidiabetic
properties [40].

3 Fucoxanthin C42H58O6 681.41 658.42 Positive/Negative

This compound is found in Padina minor [41],
Padina tetrastromatica [42], Padina boryana
(formerly Padina tenuis) [43], Padina boergesenii
[44] and P. australis [45]. The compound exhibits
anti-cancer [46], anti-diabetic, anti-oxidative [47],
neuroprotective and antimelanogenic
activities [44].

4 9Z,12Z,15E-octadecatrienoic acid C18H30O2 279.23 278.23 Positive 9Z,12Z,15E-octadecatrienoic acid is a fatty acid
found in Caulerpa racemosa [48].

5 3α,12α-dihydroxy-5β-chol-8(14)-en-24-oic acid C24H38O4 413.27 390.28 Positive

This compound is classified as terpenoid and
found in Chaetoceros calcitrans, a marine diatom
[49]. This compound is also found in Indigofera
argentea Burm. f., and the methanol crude extract
exhibits antibacterial activity [50].

6 (3S,4S,3′R)-4-hydroxyalloxanthin C40H52O3 581.40 580.39 Positive This compound is found in Chaetoceros calcitrans
and is classified as a carotenoid [51].

7 3,6-epoxy-5,5′,6,6′-tetrahydro-b,b-carotene-
3′,5,5′,6′-tetrol C40H58O5 641.42 618.43 Positive This compound is found in Chaetoceros calcitrans

and is classified as a tetraterpenoid [49].

8 2-hydroxyhexadecanoic acid C16H32O3 271.23 272.24 Negative
The compound is categorized as a fatty acid and
is found in Dictyota dichotoma. The compound
has anti-fouling [52] and anti-viral activities [53].
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Table 3. Cont.

No Compound Name Formula m/z Mass Polarity Activity

9 9-keto palmitic acid C16H30O3 269.21 270.22 Negative

9-keto palmitic acid is also known as 9-oxo
palmitic acid. A study reported that 2-oxo
palmitic acid is found in Ulva australis (formerly
Ulva pertusa) [54].

10 9,16-dihydroxy-palmitic acid C16H32O4 287.22 288.23 Negative The compound is presented in Vicia faba
(vascular plant) [55].

11 9,10-epoxy-18-hydroxystearate C18H34O4 313.24 314.25 Negative
The compound is found in Heliotropium crispum
(vascular plant) [56], and the methanol extract
has antioxidant activity.

Table 4. Predicted compounds in the P. australis water extract identified through LC-MS analysis.

No Compound Name Formula m/z Mass Polarity Activity

1 2,6-nonadien-1-ol C9H16O 158.15 140.12 Positive This compound is found in Phallus indusiatus (formerly Dictyophora indusiate)
(Fungi) n-hexane extract and exhibits the highest antioxidant activity [57].

2 Palmitic amide C16H33NO 256.26 255.26 Positive

This compound belongs to fatty acid amides and is found in Padina gymnospora
[58]. Epimedium (vascular plant) contains palmitic amide and exhibits anti-aging
related to lipid metabolism [59]. This compound is found in Carica papaya (vascular
plant), and the extract exhibits antioxidant and wound-healing properties [60].

3 Emmotin A C16H22O4 279.16 278.15 Positive

Emmotin A is a terpenoid. Emmotin A is found in Padina tetrastromatica, and the
extract has immunomodulatory activity [61]. Alhagi maurorum (vascular plant)
roots contain emmotin A, and the extract has binding interaction with AChE
followed by BChE, α-glucosidase, α-amylase and tyrosinase [62].

4 Docosanedioic acid C22H42O4 393.30 370.31 Positive
This is a fatty acid molecule. Methanol extract of Origanum majorana (vascular
plant) contains docosanedioic acid compound, and this extract exhibits significant
antioxidant activity [63].

5 Gingerol C17H26O4 293.18 294.18 Negative

This compound is found in Sargassum pallidum, Ecklonia cava subsp. kurome
(formerly Ecklonia kurome) and Sargassum fusiforme (formerly Hizikia fusiforme) [64].
It exhibits antioxidant, anti-inflammation [65] and antibacterial activities against
Porphyromonas gingivalis, Porphyromonas endodontalis and Prevotella intermedia [66]
and possesses a UV protection effect [67].
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4. Discussion

UVB radiation in particular induces oxidative stress, and studies reported that the
presence of natural products are effective against UV-induced skin damages [68]. The
continuous search for natural products for cosmeceutical development is required due to
the side effects of synthetic products such as benzoyl peroxide (antiseptic), which leads to
skin irritation, and alpha hydroxy acid (exofoliant), which causes a burning sensation on
the skin [69–71]. Great interest has been raised in the exploitation of marine algae-derived
natural products, owing to their diversity and high abundance of secondary metabolites.
In addition, they have been acknowledged to possess a wide range of biological activities
which are well-suited for the development of natural cosmetic products with pharmaceu-
tical and cosmeceutical benefits. Thus, cosmeceutical companies are focusing on marine
algae and numerous algae species, as could be seen with the substantial number of innova-
tive products that have been marketed as cosmetic products [72]. One of the best-selling
products includes Elemis Pro-Collagen Marine Cream, using marine Padina pavonica extract,
which was clinically proven to reduce the appearance of fine lines in the year 2015 [73].
To the best of our knowledge, the present study is the first to decipher the UVB radiation
protective potential of Malaysian P. australis.

Human skin is vulnerable to free radical and oxidative damage, which are caused by
overexposure to UV radiation. The exposure leads to the high generation of ROS, which is
known to result in oxidative stress, a pathophysiological condition due to an imbalance
between the oxidant and antioxidant levels. High production of ROS or a lack of an antiox-
idant defense system causes oxidative damage to be exerted on biomolecules, thus causing
detrimental effects on the natural characteristics of biomolecules. These effects eventually
cause an alteration in cellular functions [74]. The detrimental effects would then cascade
through a series of events which ultimately lead to skin inflammation and eventually skin
aging. Hence, antioxidants are crucial to neutralize ROS and mitigate oxidative damage. In
this study, the antioxidant capacity of P. australis extract was analyzed through DPPH and
reducing power activity, which are based on electron transfer reaction [75,76]. Our study
revealed that the ethanol extract of P. australis demonstrated a higher antioxidant effect
than the water extract, in accordance with the findings from Subermaniam et al. [77] and
Akbary et al. [78]. Another Malaysian red alga, Gracilaria manilaensis, also demonstrated
higher antioxidant activity in the ethanol extract compared with the hot water extract [31].
Hence, ethanol could be an ideal solvent for extracting antioxidant metabolites from algae.

Phenolic compounds consist of aromatic rings with one or more hydroxyl groups,
whereas flavonoids have two benzene rings separated by a propane unit, and flavones and
flavonols are the largest groups of phenolic compounds [79]. Polyphenolic compounds
are able to scavenge free radicals such as superoxide and hydroxyl radicals, which can
prevent oxidative disease. They can donate electrons [80] and stimulate the production of
endogenous antioxidant molecules, which contribute to antioxidant activity. According to
Singleton et al. [32], different phenolic compounds in algae extracts have different responses
in the Folin–Ciocalteu method, depending on the number of phenolic groups they consist
of. Our study showed that the ethanol extract had a higher total phenol content and
flavonoid content compared with the water extract. Our findings are in accordance with a
study described by Gunji et al. [81], which stated that the P.australis ethanol extract had a
high phenolic content of 45 mg GAE/g and it had a significantly higher phenolic content
compared with other seaweeds (Caulerpa sertularioides, Halimeda macroloba, Ulva reticulata,
Sargassum polycystum and Turbinaria conoides). In addition, our results showed positive
correlation between the phytochemical analysis and antioxidant activity, which suggest
that the phenolic and flavonoid groups are highly responsible for antioxidant activity.

Interestingly, our findings showed that the P. australis ethanol and water extracts have
the ability to attenuate the UVB-induced cytotoxicity in HaCaT cells. This is the first study
to report that Malaysian P. australis has a promising UVB protectivity effect. Both the ethanol
and water extracts of P. australis exhibit a UV protection effect, and a significant effect was
observed at 400 µg/mL. The UV protective effect of the P. australis extract could be due
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to the presence of fucoxanthin, a carotenoid. A study by Matsui et al. [82] demonstrated
that UV irradiation promotes sunburn and filaggrin downregulation. Fucoxanthin has
played roles in exerting its protective effect against the damage caused by UV radiation
through activation of the Cdx1-Flg axis. Another study by Heo and Jeon [83] revealed
that fucoxanthin derived from Sargassum siliquastrum elevates the cell survival rate of
human fibroblast cells when exposed to UVB radiation, and it significantly decreases the
intracellular ROS production.

The gathered data demonstrated that the ethanol extract of P. australis could be a potent
antioxidant agent for mitigating the oxidative damage caused by UVB radiation. The LCMS
data revealed 11 compounds which belong to the chemical classes of carotenoids, sugar alco-
hols, polysaccharides, fatty acids and terpenoids. Carotenoids include fucoxanthin, which
was present in both the positive and negative ion modes and has been reported to have
antioxidant [47] and UVB protection activity [83]. The other carotenoids are (3S,4S,3′R)-
4-hydroxyalloxanthin and 3,6-epoxy-5,5′,6,6′-tetrahydro-b,b-carotene-3′,5,5′,6′-tetrol. In
addition, both dulcitol [40] and L-rhamnulose exhibited antioxidant activity. The LCMS
results showed the presence of fatty acid molecules such as 9Z,12Z,15E-octadecatrienoic
acid, 2-hydroxyhexadecanoic acid, 9-keto palmitic acid and 9,16-dihydroxy palmitic acid.
However, studies showing the antioxidant activities of these compounds have not been
found yet. Previous studies have revealed that fatty acids and lipids do exhibit antioxi-
dant properties [84,85], and based on our LCMS results, 9,10 epoxy-18-hydroxystearate
exhibits antioxidant activity. The LCMS showed that terpenoid compound such as 3α,12α-
Dihydroxy-5β-chol-8(14)-en-24-oic acid was present in the ethanol extract. According to
the study by Zhang et al. [19], terpenoids derived from algae exhibit antioxidant prop-
erties. Notably, the LCMS results did not reveal compounds belonging to the phenol
classification. However, our results reported that the ethanol extract was rich in the phe-
nolic and flavonoid contents; thus, most of the unknown compounds could belong to
phenolic compounds and might have led to antioxidant and UVB protection activities, as
was observed.

The water extract of P. australis was analyzed through LCMS, as per our effort to reveal
the chemical constituents that might have contributed to their observed protective effect
in the UVB-irradiated HaCaT keratinocyte experiment. The analysis revealed that the P.
australis water extract consisted of compounds such as 2,6-nonadien-1-ol, palmitic amide,
emmotin A, docosanedioic acid and gingerol. Out of the five proposed compounds, a
study by Soib et al. [60] showed that the antioxidant property of Carica papaya extract could
be due to palmitic amide. Additionally, 2,6-nonadien-1-ol [57], docosanedioic acid [63]
and gingerol have been shown to have antioxidant activity [65]. Interestingly, gingerol is
also reported to have a UVB protection effect [67]. One of the compounds belonged to the
terpenoid classification, and studies have reported that algae species rich in terpenoids do
possess antioxidant [86] and UV protection activities [87]. Notably, unknown compounds
in the water extract could also be the reason for UVB protection activity.

5. Conclusions

Taken together, the present study revealed that Malaysian Padina australis ethanol
and water extracts exhibited protective effects against UVB-induced cytotoxicity in HaCaT
human keratinocytes. At the same time, the ethanol extract showed a higher antioxidant
capacity and total phenolic and flavonoid contents compared with the water extract. The
strong correlation between the antioxidant capacity and phytochemical contents suggests
that the phenolic or flavonoid compounds could have contributed to the antioxidant
activities observed in our experiments. The higher antioxidant effect of the ethanol extracts
was further revealed by the LCMS results, which showed the presence of antioxidant
molecules. The presence of bioactive constituents including fucoxanthin may have been
responsible for the antioxidant and UVB-protective activities of the P. australis extracts.
To summarize, this study demonstrated that P. australis possesses great antioxidative and
UVB-protective effects. Nevertheless, P. australis may be a novel source of antioxidant
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and UVB protection compounds which has the potential to be used in cosmeceutical
applications. However, further studies are required to identify the specific compounds
which are responsible for these activities, namely by continuing with a deep study on their
mechanism of action.
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