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Introduction

Antioxidants could protect cells against damage
to lipids, proteins, cell membranes, and nucleic acids
caused by reactive oxygen species (ROS) and free
radicals (Jauffrais, 2021). Cell damage was one of the
factors causing non-communicable diseases (NCDs)
(Agregan et al., 2018). The World Health Organization
(WHO) states that worldwide, every year, around 73%
of deaths are caused by non-communicable diseases
(NCDs) (Allen et al., 2018). The four diseases that
cause the most deaths are cardiovascular disease
(17.9 million deaths annually), cancer (9.0 million),
respiratory disease (3.9 million), and diabetes (1.6
million) (Budreviciute et al., 2020). Synthetic
antioxidants have many side effects (Karima et al.,
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ABSTRACT

Raja Ampat (Southwest Papua Province) and Kepulauan Seribu (Jakarta
Raya Province) are part of Indonesia’s territory, which includes the mangrove
forest area. This habitat supports a diverse array of animals, plants, and
microalgae, including Aurantiochytrium sp. It has antioxidant activity related
to lipid content. This study aims to identify the lipid content and the antioxidant
effects of the microalgae Aurantiochytrium sp.’s extract isolated from the
mangrove forest areas of Raja Ampat and Kepulauan Seribu. The extraction
process was conducted using the Folch method, which involves a 2:1 (v/v)
chloroform-methanol solvent ratio. The microalgae Aurantiochytrium sp.
extract of Raja Ampat (MAERA) and microalgae Aurantiochytrium sp. extract
of Kepulauan Seribu (MAEKS) were analyzed using GC-MS, antioxidant
potential tested in silico by target proteins (5ZLG, 2A1X, 3VLN, and 1EEM)
using Autodock Tools, and in vitro by DPPH and ABTS radicals and the
carotenoid bleaching method. The results showed that total squalene and
fatty acids in MAERA and MAEKS were at different levels. Squalene as a
ligand had the lowest binding energy (-9.4, -6.6, -7.7, and -6.5) compared to
the native ligand (-5.6, -4.4, -5.2, and -5.2) and ascorbic acid (-5.6, -4.8, -5.3,
and -4.9) by in silico antioxidant activity. The in vitro antioxidant activities by
DPPH, ABTS, and R-caroteen bleaching were 103.00 + 3.75, 216.39 + 367,
214.62 + 7,07 (MAERA); and 131.85 + 23.48, 225.50 + 3.36, 251.69 + 5.39
(MAEKS) were not significantly different (p>0.05) by all methods. These
findings showed that the Aurantiochytrium sp. strains Raja Ampat and
Kepulauan Seribu contained diverse levels of fatty acids and squalene. In the
in silico study, squalene was evaluated and in vitro, the MAERA and MAEKS
extracts showed moderate antioxidant activity.
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2020). Therefore, exploration continues to be carried
out to find sources of natural antioxidants (Batubara
et al.,, 2020; Marino et al., 2020), including those
derived from the diversity of marine biota (Joshi et al.,
2018).

Marine ecosystems cover 70% of the Earth’s
surface and are the largest ecosystems in the
biosphere (Gupta et al., 2016). The marine mangrove
forest areas are home to microorganisms such as
Aurantiochytrium sp. (Morabito et al., 2019) which are
rich in polyunsaturated fatty acids (PUFASs) and have
antioxidant, acetylcholine esterase inhibitory, and
neuroprotective activities (Hoang et al., 2022).
Aurantiochytrium sp. is beneficial as an ingredient for
nutraceuticals containing docosahexaenoic acid
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(DHA) and squalene (Patel et al., 2019). The genus
Aurantiochytrium belongs to the order Labyrinthulales
and the family Thraustochytriaceae (Rodjaroen et al.,
2024), a unicellular, heterotrophic marine
protist, abundant in seawater, that can grow on various
carbon sources (Du et al., 2021; B. Liu et al., 2016)
explored from mangrove forest areas along the world’s
coasts and cultivated under certain conditions (Hoang
et al., 2022; Kalidasan et al., 2021; Lee Chang et al.,
2013; Nakazawa et al., 2012; Suhendra et al., 2019).
Exploration of Aurantiochytrium sp. had been carried
out in mangrove forest areas along the coast in Raja
Ampat Regency, Southwest Papua Province, and
Kepulauan Seribu Regency, Special Capital Region
of Jakarta Raya Province, Indonesia (Hutari et al.,
2022; Suhendra et al., 2022). Raja Ampat Regency is
an arearichin coral reefs because, itis located in the
heart of the world’s Coral Triangle (White et al., 2022).
Raja Ampat was a mangrove forest area along the
coast affected by pollution (Aji et al., 2023). The

marine biota ecosystem in Raja Ampat was a
protected and guarded area (Gustiarini et al., 2023,
Maas et al., 2020). This aquatic ecosystem and the
mangrove forest area were located opposite the
Kepulauan Seribu, approximately 30 km from the
Tanjung Priok Port in Jakarta. It was reported that the
mangrove forest in Kepulauan Seribu had decreased
by 31.46% over the past 7 years. Coastal ecosystems
and mangrove forest areas, which serve as the primary
habitat of Aurantiochytrium sp., have been destroyed
(Sirirak et al., 2020). Therefore, it was important to
research the effect of the chemical component
contained in the microalgae (Molino et al., 2020; Su
& Li, 2020; Hoang et al., 2022). This study aims to
identify the lipid content and the antioxidant effects of
the microalgae Aurantiochytrium sp.’s extract isolated
from the mangrove forest areas of Raja Ampat and
Kepulauan Seribu.

Materials and Methods

Chemicals and Reagents

Ascorbic acid (CAS number: 50-81-7), glucose
anhydrous (CAS number: 50-99-7), chloroform (CAS
number: 67-66-3), methanol (CAS number: 67-56-1),
2,2-diphenyl-1-picrylhydrazyl (DPPH)(CAS number:
1898-66-4), 2,2'-azino-bis (3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS) (CAS number: 30931-67-0),

linoleic acid(CAS number: 60-33-3), yeast extract
(CAS number: 8013-01-2), and ethanol 96% (CAS
number: 64-17-5), were obtained from Sigma-Aldrich.

Microalgae Isolation

Asample of Aurantiochytrium sp. from Raja Ampat
as isolated from its natural habitat under mangrove
plants in Waisei District, Raja Ampat Regency,
Southwest Papua Province, Indonesia (coordinates:
0°25'52.8"S 130°48'30.2"E) in October 2023 (Figure
1). Direct plating isolation was performed using the
method described by Saengwong et al. (2018) and
Suhendra et al. (2022), following the same procedure
as previously outlined. The mangrove leaf samples
were brought to the laboratory in seawater. Each leaf
sample was directly plated on 15 g/L bacteriological
agar (Oxoid), 20 g/L glucose (Sigma-Aldrich), 5 g/L
yeast extract (Sigma-Aldrich), 50% distilled water, and
50% seawater. The plates were then covered with
Parafilm (M) and incubated at room temperature for 2
days. Afterward, a pure streaking method was used
to obtain pure isolates from each colony. Pure isolates
were obtained after single colonies from the pure
streaking stage of each sample were observed under
a microscope (Yazumi XSZ-107BN). The colonies
used for purifying the isolates were those whose
microscopic morphological observations were similar
to the image of Aurantiuchytrium sp. (Schizochytrium
sp.) reported by Honda et al. (1998). The results of
the microscope observations were saved to a computer
using a USB microscope camera. The microalgae
Aurantiochytrium sp. strain of the Kepulauan Seribu
was isolated from its original habitat in the mangrove
forest area of Pulau Harapan Village, Kepulauan Seribu
Regency, DKI Jakarta Province, Indonesia (coordinates
05° 39'10" S and 106° 34'41" E) in October 2023
(Figure 1). Both samples have the same isolation
method.

Single colonies of pure isolates of Aurantiochytrium
sp. strains of Raja Ampat and Kepulauan Seribu were
stored in sterile disposable dishes measuring 90x15
mm (Labware Charuzu) containing approximately 17
mL of agar medium (containing glucose, yeast extract,
and revsalt) and covered with Parafilm (Malawet et
al., 2019). The colonies of each pure isolate were
streaked onto a new agar medium approximately once
every two weeks to maintain the isolate. All processes
were conducted in the Laboratorium Biomedic Faculty
of Pharmacy, Universitas Ahmad Dahlan, Yogyakarta,
Indonesia, and the isolates were saved there.
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A: Raja Ampat Regency, Southwest Papua Province, Indonesia.
B: Kepulauan Seribu Regency, Special Capital Region of Jakarta Raya Province, Indonesia

Figure 1. The original habitat location of the microalgae Aurantiochytrium sp. Raja Ampat and Kepulauan

Seribu strain (Google map, 2025)

Cultivation of microalgae Aurantiochytrium
sp. and the extraction method of biomass

Microalgae isolates, specifically the
Aurantiochytrium strains Raja Ampat and Kepulauan
Seribu, were cultivated using modified methods based
on those described by Chandrasekaran et al. (2018).
The standard nutrient components for laboratory-scale
cultivation included 80 g of anhydrous glucose (Sigma-
Aldrich®), 18 g of yeast extract (Sigma-Aldrich®), 7.2
g of revsalt, and distilled water to a total volume of
1000 mL. Biomass production was conducted in a
1000 mL Erlenmeyer flask (Pyrex®), filled to a
maximum capacity of half. The flask was placed on a
shaker (Scilogex® SCI-033-Pro) operating at 200 rpm.
The cultivation process consisted of three stages: a
48-hour standing culture, a 48-hour pre-culture, and a
primary culture lasting 120 hours. All procedures were
conducted in a well-regulated, air-conditioned
environment at a comfortable 25°C. The lighting was
provided by fluorescent lamps (Philips 23W/220V, white
light), ensuring consistency during the process without
the need for specialized light or dark cycles. The
duration of the main culture was optimized for maximal
squalene concentration in the biomass. After
cultivation, the biomass of the Aurantiochytrium sp.
strains Raja Ampat and Kepulauan Seribu was
separated from the liquid and dried using a freeze-
dryer (Sihuandonggan® LGJ-12A) (Chandrasekaran
et al., 2018).

The extraction process was conducted using the
Folch method, whichinvolves a 2:1 (v/v) chloroform-
methanol solvent ratio. To optimize the extraction, the
dry biomass was carefully combined with the solvent
at a 1:5 ratio, and the extraction was facilitated with
the assistance of a sonicator (EImasonic® S 100 H)
for 15 minutes at a temperature of 25°C. Three
replications were performed (Maria Sefiorans, 2020;
Saini et al., 2021). After extraction, the solvent was

filtered to separate it from the precipitate and then
evaporated using a rotary evaporator (Heidolph®) at
60°C until it thickened. The microalgae
Aurantiochytrium sp. extracts from the Raja Ampat
(MAERA) and the microalgae Aurantiochytrium sp.
extracts from Kepulauan Seribu (MAEKS) were
weighed, and their lipid content was examined.

Analysis methods of MAERA and MAEKS

Each sample of MAERA and MAEKS was
analyzed to determine lipid content using Gas
Chromatography-Mass Spectrometry (GC-MS).
Additionally, antioxidant activity was assessed using
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical, 2,2-
azinobis-3-ethylbenzothiazoline-6-sulfonic acid
(ABTS) radical, and &-carotene bleaching analysis.

GC-MS instrument (Shimadzu-QP2010 SE) with
capillary column conditions (stationary phase) RTX-
5MS, injector temperature with the split method set
at 275°C, oven temperature 125°C for 3 minutes then
the temperature increased by 15°C/minute to reach
250°C for 10 minutes then the temperature increased
by 10°C/minute, a temperature of 300°C and
maintained for 7 minutes with a pressure of 61.5 kPa.
The carrier gas is helium with a flow rate of 0.78 mL/
min. MAERA and MAEKS samples of 0.2 iL each
were injected into the injector on the GC-MS
instrument (Abdel-Wahab et al., 2021).

Antioxidant activity was tested by inhibiting free
radicals 2,2-diphenyl-1-picrylhydrazyl (DPPH) (Matilda
et al., 2021). About DPPH 0.1 mM was made by
dissolving 9.858 mg of DPPH powder in 250 mL of
ethanol p.a. The 0.1 mM DPPH solution was stored
in a dark room. The sample in each concentration
was taken at as much as 1.0 mL, then added with
DPPH solution at as much as 1.0 mL, homogenized,
and incubated for 60 minutes in a dark and closed
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place. Absorbance was measured using a UV-Vis
spectrophotometer (Shimadzu® UV 1800) with a
wavelength of 517 nm. The results show the percentage
of inhibition of DPPH free radicals and are calculated

using the following formula:
Abs control DPPH—abs sample
Abs control DPPH

% Free radical scavenging = x100%

The experiment was replicated three times. The
concentration of the test compound was then
processed using linear regression analysis to obtain
aradical scavenging concentration of 50% (IC_ ). The
antioxidant test using the DPPH method is presented
inthe IC,, parameter.

Antioxidant activity was tested by inhibiting ABTS
free radicals according to previous research (Ma et
al., 2021) With modification. The ABTS solution was
prepared by mixing 5 ml of 7 mM ABTS stock solution
and 5 ml of 2.45 mM potassium persulfate solution,
and the mixture was incubated for 16 hours at room
temperature and in the dark. The ABTS solution was
added with phosphate buffer (pH 7.4) until an
absorbance value of 0.7 + 0.02 was obtained at a
wavelength of 734 nm. MAERA and MAEKS samples
and ascorbic acid standards were diluted using 96%
ethanol in a concentration series. About 0.1 mL of the
extract or standard solution was mixed with 9.9 mL of
ABTS solution. The mixture was incubated in the dark
for 6 minutes, then the absorbance was measured at
a wavelength of 734 nm with a spectrophotometer
(Shimadzu® UV 1800). The percentage value of free
radical scavenging is calculated using the following
formula:

Abs control ABTS—abs sample
Abs control ABTS

% Free radical scavenging = x100%

The concentration of the test compound was then
processed using linear regression analysis to obtain
aradical scavenging concentration of 50% (IC_ ). The
antioxidant test using the ABTS method is presented
inthe IC,, parameter.

Rouy et al. (2020) conducted &-carotene bleaching
using a modified method (Jianu et al., 2020). The stock

solution was obtained by dissolving 1 mg of &-carotene
(2 mg/mL in chloroform), 30 mg of linoleic acid, and
200 mg of Tween—80. The mixture was homogenized
to form an emulsion, then dissolved in 60 mL of
distilled water and vortexed with an ultrasonicator
(ElmaSonic® S 100 H) for 4 minutes. A total of 1.0
mL of sample solution (200 ppm) was added with 2.0
mL of &-carotene linoleic acid emulsion and 2.0 mL of
distilled water, then incubated at 50°C. The control
was made by mixing 5.0 mg of linoleic acid and 33.33
mg of Tween-80. The mixture was then homogenized
to form an emulsion and dissolved in 10 mL of distilled
water. Negative control was made by mixing 2.0 mL
of &-carotene linoleic acid emulsion, 2.0 mL of distilled
water, and 1.0 mL of 96% ethanol. Absorbance was
measured at & 459.13 nm with a spectrophotometer
(Shimadzu UV-1800). Absorbance was measured at
15-minute intervals until the &-carotene’s color faded
(120 minutes). The experiment was carried out three
times. The percentage value of antioxidant activity is
calculated using the following formula:

(Abs sample 0—Abs sample 120)
(Abs control 0—Abs control 120)

% Antioxidant Activity = (1 — ( ))x 100%

Abs sample 0: Absorbance sample at 0 minutes
Abs sample 120: Absorbance sample at 120 minutes
Abs control 0: Absorbance control at 0 minutes
Abs control 120: Absorbance control at 120 minutes

The % antioxidant activity was then processed
using linear regression analysis to obtain a %
antioxidant activity of 50% (IC_ ). The antioxidant test
using the 3-caroten bleaching method was presented
inthe IC,, parameter.

Molecular Docking of Bioactive Compounds
and In Silico Prediction of Bioactivity

The 3D crystal structure data for the receptor used
for molecular docking analysis were obtained from the
Protein Data Bank (PDB) at http://rcsb.org/pdb/
following the research of Matilda et al. (2021) and
presented in Table 1.

Table 1. Molecular Docking Parameters and Protein Targets.

Protein PDB ID Grid Box Center Coordinates Grid Box Size
Oxidoreductase 5ZLG center_x = 18.2822 size_x = 41.8897
center_y = 35.2926 size_y =65.1072
center_z = 9.6867 size_z = 30.6890
Oxidoreductase 2A1X center_x = 16.2936 size_x = 45.2936
center_y =17.3690 size_y =43.6957
center_z = 35.7062 size_z =52.0517
Glutathione Transferase 3VLN center_x = 22.6713 size_x = 33.4684
center_y =-10498 size_y =54.2071
center_z = 20.0052 size_z =56.9128
Glutathione Transferase 1EEM center_x = 20.3402 size_x =53.3341

center_y = 14.4748
center_z = 43.4856

size_y =35.1311
size_z =56.9648

PDB: Protein Data Bank
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The receptor was characterized as a vitamin C
transporter coupled with phosphorylation. The docked
protein was isolated from other molecules, including
water and its native ligand. Preparation of the native
ligand involved separating it from the surrounding
molecules—such as water, cofactors, and the
receptor—using Biovia Discovery Studio software in
PDB file format. Molecular docking of the native and
test ligand was carried out using AutoDock 4 software.
The docking results, specifically the best pose, were
determined by selecting the ligand conformation with
the lowest binding energy. Visualization of the docking
results, including the best pose and the bond
interactions, was performed in 2D format using Biovia
Discovery Studio software (Dassault Systems Biovia,
San Diego, CA, USA). The parameters analyzed
included binding energy (AG), inhibition constant (IC),
amino acid residues, and the number of binding
interactions formed. Additionally, PyMOL software was
utilized to visualize the test ligand’s surface area within
the protein in 3D format.

Data Analysis

The independent tests, including triplicate analysis,
were performed for each sample, and the means and
standard deviations were determined using IBM SPSS
25.0 software (SPSS Inc., Wacker Drive, Chicago,
IL, USA). The antioxidant activity assessments (at
the 5% level) and significant values were obtained
using the post-hoc test (Tukey).

Result and Discussion

The microalgae Aurantiochytrium sp. isolated from
the Raja Ampat strain and the Kepulauan Seribu,
exhibit similar cell shapes when compared to
Aurantiochytrium sp. (SY-03), which was isolated from
the Syhat mangroves in the Arabian Gulf, Saudi Arabia
(Abdel-Wahab et al., 2021), and another
Aurantiochytrium sp. SC145 strain from Sand Cay
(Son Ca) Island, Vietnam (Hien et al., 2022). Figure
2 shows the cell shapes of these two strains.

(A)

(B)

A) Aurantiochytrium sp. strain Raja Ampat

B) Aurantiochytrium sp. strain Kepulauan Seribu

Figure 2. The shape of Microalgae Aurantiochytrium sp. strain Raja Ampat and Kepulauan Seribu

The extraction of microalgae, specifically
Aurantiochytrium sp., was conducted using the Folch
method. The yield from MAERA indicated a lipid
content of 42.96% derived from the dry biomass of
the Aurantiochytrium sp. strain from Raja Ampat. In
comparison, the yield from MAEKS showed a higher
lipid content of 56.80% from the dry biomass of the
Aurantiochytrium sp. strain isolated from the
Kepulauan Seribu. Analysis of chemical compounds
using GC-MS was chosen because this method can

selectively analyze nonpolar compounds, such as fatty
acids and terpenoids (X. Lu et al., 2018), and has
high sensitivity because it can analyze and separate
mixtures of compounds in small concentrations and
volumes (Surani et al., 2023). The chromatogram was
translated based on the Similarity Index (SI) between
the mass spectrum pattern of the sample compared
to the mass spectrum in the Wiley?9 library contained
in the GC-MS program, and are shown in Figures 3
and 4.
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Figure 3. Microalgae Aurantiochytrium sp. Extract strain Raja Ampat (MAERA) gas chromatography spectra
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Figure 4. Microalgae Aurantiochytrium sp. Extract strain Kepulauan Seribu (MAEKS) gas chromatography
spectra

The top 10 areas detected by GC-MS analysisof compound and the mass spectrum of the compound
MAERA and MAEKS are shown in Tables 3 and 4. in the library. Furthermore, Sl results < 89% had a
The result of SI > 89% indicates a very high similarity  low similarity between the sample and the library, so
between the mass spectrum of the analyzed they could not be considered (Tahya et al., 2021).
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Table 2. The Chemical Compounds of Microalgae Aurantiochytrium sp. Extract strain Raja Ampat (MAERA)

R.Time Compound S| (%) Area (%)
8.955 Tetradecanoic acid 74* 0.47
9.045 Pentadecanoic acid, methyl ester 80* 0.56
9.645 9-Octadecenoic acid 82* 0.57
9.744 Hexadecanoic acid, methyl ester (methyl palmitate) 90 0.78

10.145 Hexadecanoic acid (palmitic acid) 94 31.10?

10.927 9-Octadecenoic acid (Z)-, methyl ester 92 3.73*

11.065 Octadecanoic acid, methyl ester 93 0.75

11.328 Octadec-9-enoic acid (oleic acid) 94 46.26*

19.121  2,6,10,14,18,22-Tetracosahexaene, 2,6,10,15,19,23-hexamethy|- 94 14.57°

(Squalene)
25.505 Cholest-5-en-3-ol (3.beta.)- (Cholesterol) 87* 1.21
Total 100

RTime: Retention Time;
SI; Similarity Index;

*) S1<89
Table 3. Chemical Compounds of Microalgae Aurantiochytrium sp. Extract strain Kepulauan Seribu (MAEKS)
R.Time Compound S| (%) Area (%)
9.669 9-Octadecenoic acid (Oleic acid) 94 0.56
9.759 Hexadecanoic acid, methyl ester (methyl palmitate) 92 1.55
10.156 Hexadecanoic acid (palmitic acid) 92 35.94?
10.932  9-Octadecenoic acid, methyl ester (methyl oleic) 93 7.043
11.350 9-Hexadecanoic acid (palmitoleic acid) 94 46.86"
11.995 Octadecanoic acid (stearic acid) 94 1.94°
12.165 Cyclohexanol 65* 1.24
12.305 Cyclohexanepropanoic acid, 3,4-dihydroxy- 55* 0.60
19.185 2,6,10,15,19,23-hexamethyltetracosa-2,6,10,14,18,22-hexaene (Squalene) 94 4.014
29.439 Oxirane, tetradecyl- 69* 0.26
Total 100

RT: Retention Time;
SI; Similarity Index;
*) SI<89

The dominant compounds (SI1>89%) in MAERA
were oleic acid (40.26%), palmitic acid (30.10%),
squalene (14.57%), 9-Octadecenoic acid (Z)-, methyl
ester (3.73%), and Cholesterol (1.21%) however in
MAEKS were palmitoleic acid (46.86%), palmitic acid
(35.94%), methyl oleate (7.04%), squalene (4.01%),
and stearic acid (1.94%). Meanwhile, the same
cultivation and extraction methods of Aurantiochytrium
sp. strain Raja Ampat and Kepulauan Seribu, MAERA
and MAEKS showed varying results. MAERA and
MAEKS samples had different quantities of fatty acids
and squalene (Tables 1 and 2).

The lipid content detected by the GC-MS
instrumentin MAERA and MAEKS includes saturated
and unsaturated fatty acids. In MAERA, the highest
lipid content was oleic acid, which constitutes 40.26%
of the total, and is an unsaturated fatty acid. This
was followed by palmitic acid, which comprised
30.10% of the total, and was a saturated fatty acid. In
contrast, MAEKS had a different profile, with
palmitoleic acid being the predominant fatty acid at
46.86%, also an unsaturated fatty acid, followed by
palmitic acid at 35.94%, a saturated fatty acid. Several
studies have investigated the factors influencing fatty
acid production, such as the nitrogen content in the

media and the supply of oxygen. However, further
research was necessary to understand the molecular
mechanisms that link nitrogen deficiency to the
accumulation of intracellular fatty acids in
Aurantiochytrium sp.

The other difference was that MAERA contains
steroids in the form of cholesterol, while in MAEKS,
no sterol compounds were detected. Differences were
also shown by microalgae Aurantiochytrium sp
cultivated from its natural habitat in the coastal area
of Sagar Vihar (19.0762a% N, 72.98812% E), Vashi,
Navi, Mumbai, with a dominance of steroid compounds
because squalene and fatty acids were only in small
amounts (Bagul & Annapure, 2021). The sterol was
synthesized from squalene in the metabolic pathway;
as aresult, the amount of squalene was reduced (Hanif
et al., 2019; L. Liu et al., 2020; Vyas et al., 2022).

The lipid content of MAERA is primarily composed
of oleic acid (C:18-9), an unsaturated fatty acid.
Numerous studies have explored the benefits of oleic
acid. While the most commonly known source is olive
oil, oleic acid plays a significant role in developing
and progressing chronic diseases. In the
cardiovascular system, oleic acid is advantageous as
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it reduces the incidence of myocardial infarction,
decreases platelet aggregation, and helps reduce
systolic blood pressure. Additionally, oleic acid intake
is associated with lower LDL cholesterol levels.
Furthermore, research has shown that oleic acid can
inhibit the action of the HER-2/neu oncogene, which
is linked to breast cancer. Consequently, the oleic
acid contentin MAERA can be utilized as an ingredient
in health foods, nutraceuticals, pharmaceuticals, and
cosmetic products (Karacor & Cam, 2015).

The predominant fatty acid in MAEKS was
palmitoleic, a monounsaturated fatty acid. Palmitoleic
acid was secreted by human adipose tissue and was
linked to decreased insulin resistance in peripheral
tissues. Research indicated that palmitoleic acid also
lowers the expression of pro-inflammatory cytokines
in cultured macrophages. Additionally, it showed
promise as an anti-inflammatory agent by promoting
a suppressive effect on lymphocyte proliferation
(Passos et al., 2016).

Lipids accumulated by Aurantiochytrium sp. were
made of palmitic acid (C16:0) and DHA (C22:6)
(Morabito et al., 2019), with the total amount of lipids
and their profiles varying (Marchan et al., 2018). In
this study, MAERA and MAEKS had a main content
of fatty acids with several C atoms between 14-18
and not a long chain above 22, like DHA (Table 1 and
Table 2). This was in line with previous studies with
Aurantiochytrium sp. isolated from several selected
areas of Paknakhon, Pakphanang, and Thasala
mangrove forests (Malawet et al., 2019) that long-chain
PUFAs (>18:3), including DPA and DHA, were absent
in total lipids, which may be due to insufficient
amounts of desaturase and elongase at low substrate
levels (Patel et al., 2020). There were two distinct
pathways for PUFA synthesis, namely the oxygen-
dependent aerobic fatty acid synthase (FAS) pathway,
also known as the elongase—desaturase pathway, and
the oxygen-independent anaerobic polyketide
synthase (PKS) pathway, also referred to as the PUFA
synthase pathway (Qiu et al., 2020). The starting point
for PUFA synthesis (FAS pathway) is C18:3-9,12,15,
which is converted to C18:4-6,9,12,15 by desaturase
D6 and to C20:4-8,11,14,17 by elongase. The
subsequent process by desaturase D5 is converted
to C20:5-5,8,11,14,17, followed by elongation to 22:5—
7,10,13,16,19, and, finally, by desaturase D4 is
converted to DHA (22:6-4,7,10,13,16,19) (Sun et al.,
2024). Therefore, in the FAS pathway, an adequate
supply of C18:3 substrate dramatically affects the

success of PUFA synthesis. Deficiency of C18:3 leads
to failure or low DHA production (Qiu et al., 2020; Xie
et al., 2020). This probably occurred in the MAERA
and MAEKS biomass. A deficiency of C18:3 results
in reduced or absent DHA production, which leads to
the identification of lipid content primarily within the
C14-C18range.

The results of GC-MS identification showed in the
library (SI > 89%) as squalene compound (C, H,) with
retentiontime 19.121 (MAERA) and 19.185 (MAEKS).
Squalene is an unsaturated fatty acid consisting of
six isoprene units (Popa et al., 2015) which were
included in the terpenoid group of compounds,
consisting of six unconjugated double bonds. The
squalene content in MAERA was higher than
MAEKS's (Tables 2 and 3). Squalene production from
Aurantiochytrium sp. showed varying results (Gao &
Ma, 2022), influenced by genetic aspects, nutritional,
and environmental conditions (Du et al., 2021; Liu et
al., 2020; Liu et al., 2022).

Squalene (triterpene) is an intermediate for the
biosynthesis of phytosterol or cholesterol in plants,
animals, and humans (Malawet et al., 2019; Popa et
al., 2015) and works in various biological processes
(Herrera-Marcos et al., 2023). Squalene was used in
the pharmaceutical, cosmetic, and food industries due
to its emollient, antioxidant, antitumor, and nutritional
properties (Kim & Karadeniz, 2012; Lou-Bonafonte et
al., 2018). Squalene is mainly isolated from shark liver
and olive oil for commercial use (Popa et al., 2015;
Ghimiand et al., 2016). Nowadays, marine resources
that can be utilized as a source of squalene have been
discovered, including Aurantiochytrium (Lu et al., 2003;
Saengwong et al., 2018; Gohil et al., 2019; Vyas et
al., 2022; Koopmann et al., 2023).

The potential chemical components of MAERA and
MAEKS could be predicted using molecular docking
analysis. Advanced computational techniques could
predict possible biological effects with increasing
predictive capacity (Andrei et al., 2021; Tao et al.,
2019). These computational methods have been
widely used in various stages of modern drug discovery
research, helping scientists in their ongoing quest to
develop potent, therapeutically active compounds
(Andrei et al., 2021). The protein target was
determined from the antioxidant receptor obtained from
the PDB (Figure 5). A native ligand was chosen as
the standard for the bond between the target protein
and the ligand. The target protein-native ligand binding
was visualized in Figure 5.
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A) Native ligand (ASC405)-target protein (5ZLG)
(B) Native ligand (ASC 904)- target protein (3VLN)
© Native ligand (AKG451)- target protein (2A1X)
(D) Native ligand (GSH999)- target protein (LEEM)

Figure 5. Native ligand and target protein binding in 2D visualization

Molecular docking was a valuable technique that
could help further understand the plausible
mechanisms of action exhibited by biologically active
molecules in vitro (Nayab et al., 2020). The ligands
were obtained from the PubChem National Library of
Medicine (https://pubchem.ncbi.nim.nih.gov/) to

Table 4. Binding Free Energy (kcal/mol)

identify the compounds contained in MAERA and
MAEKS. Furthermore, molecular docking was
performed against the selected target proteins from
the PDB, as presented in Table 1. The results of the
binding activity of protein targets and ligands are
shown in Table 4.

Protein PDB ID

Ligand 57LG 2A1X 3VLN 1EEM
Hexadecanoic acid, methyl ester (methyl palmitate) -6.5 -4.2 -5.9 -4.9
Hexadecanoic acid (palmitic acid) -5.7 -4.7 -5.6 -4.6
9-Hexadecanoic acid (palmitoleic acid) -5.6 -4.4 -6.4 -5.0
9-Octadecenoic acid (2)-, methyl ester (methyl oleic) -5.8 -4.7 -6.0 -5.6
Octadec-9-enoic acid (oleic acid) -6.3 -5.1 -6.1 -5.9
Octadecanoic acid (stearic acid) -5.7 -4.0 -5.3 -5.1
Squalene -9.4% -6.6%* -7.7' -6.5"
Ascorbic acid -5.6 -4.8 -5.3 -4.9
Native Ligan -5.6 -4.4 -5.2 -5.2

PDB: Protein Data Bank

*) lowest binding energy of receptor oxidoreductase (5ZLG)

**) Jowest binding energy of receptor oxidoreductase (2A1X)

1) lowest binding energy of receptor Glutathione transferase (3VLN)
°) lowest binding energy of receptor Glutathione transferase (1IEEM)
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The binding energy of the protein targets and ligand
is compared to that of the receptor and native ligand.
The fatty acids were ligands with binding energy higher
than the native ligand by all protein targets. It means
binding the antioxidant receptor oxidoreductase
protein (5ZLG, 2A1X) and Glutathione transferase
(3VLN, 1EEM) against fatty acids was weaker than
the native ligand. Some fatty acids had binding
energies equivalent to ascorbic acid, which had
become the standard for antioxidants. Table 5 shows

that squalene as a ligand had the lowest binding
energy, which means it was the most potent candidate
compound and better than the standard (ascorbic acid)
and native ligands.

The lowest binding energy of each protein target
is the antioxidant receptor oxidoreductase (5ZLG,
2A1X) and Glutathione transferase (3VLN, 1EEM) with
the ligand squalene. Figure 6 exhibits the binding of
the target protein (3VLN) and squalene as a ligand.

A) The binding of target protein (3VLN)-native ligand (ASC 904)
(B) The binding of target protein (3VLN)-squalene as ligand (C,H,)

Figure 6. The target protein-squalene as a ligand binding in 2D visualization

Low binding energy means that the bond between
the protein and the ligand is strong (Nayab et al., 2020).
Squalene (C,H,)) was a long-chain molecule with
conjugated C atoms that had the potential to capture
reactive electrons so that it could be a potent
antioxidant candidate (Vyas et al., 2022). Squalene
has been used in pharmaceuticals, cosmetics,
nutraceuticals, and even today as a vaccine adjuvant
(Rani etal., 2018; Tran et al., 2020). The most widely
used source of squalene was shark liver oil, whose
exploration had caused environmental conflict
(Venugopal et al., 2016). The squalene content in
MAERA and MAEKS can be developed as an
environmentally friendly source of squalene (Ghimire
at al., 2016).

Oxidoreductase enzymes are redox enzymes that
selectively donate electrons. These enzymes include
cytochrome P450 (CYP), which controls the
metabolism of drugs, steroids, and xenobiotics in
humans and the biosynthesis of natural products in
plants (Jensen et al., 2021). Nevertheless, glutathione
transferase (GST) is an enzyme that has the same
ability to catalyze conjugation reactions, which occur
spontaneously to protect cells against damage caused
by harmful molecules (Nicolai et al., 2022).
Glutathione transferase (GST) forms a group of

multifunctional enzymesinvolved in phase Il of cellular
detoxification mechanisms. It is associated with
increased susceptibility to cancer development and
resistance to anticancer drugs (Bodourian et al., 2022).
As a fundamental activity in the body, antioxidants
have numerous uses, as they can inhibit or delay
undesired oxidation reactions, thereby preventing
oxidative stress. Furthermore, the effects of
antioxidants were studied in vitro.

The results were the mean SD of triplicate assays
in Table 5. In the DPPH assay, the ability of MAERA
and MAEKS to act as donors for hydrogen atoms or
electrons in the transformation of DPPH into its
reduced form DPPH-H was measured
spectrophotometrically. MAERA and MAEKS could
reduce DPPH radicals into stable yellow DPPH-H,
achieving a 50% reduction with IC50 values of
103.00+3.75 and 131.85+23.48 pg/mL. In contrast,
the ability to capture free radicals by ascorbic acid
(14.88+2.42 pg/mL) was significantly (p < 0.05)
smaller than that of MAERA and MAEKS. The ABTS
staining method was excellent for determining the
antioxidant activity of various substances, such as
hydrogen donor antioxidants or water-phase radical
scavengers, chain-breaking antioxidants, or lipid
peroxyl radical scavengers (Matilda et al., 2021). In
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the ABTS radical scavenging method, MAERA and
MAEKS exhibited less potent antioxidant activity, with
IC50 values of 216.39+3.67 ug/mL and 225.50+3.36
pg/mL, respectively (Table 5). This difference was

significant (p < 0.05) compared to that of ascorbic
acid, which had an IC_ value of 2.90+0.32 ug/mL. This
means that MAERA and MAEKS had weak
antioxidant activity.

Table 5. Antioxidant activities of Microalgae Aurantiochytrium sp. Extractstrain Raja Ampat and strain Kepulauan

Seribu
Parameter
Sample DPPH, ABTS, Carotene/Linoleic Acid,
ICso0 (ng/mL) ICs0 (ng/mL) ICso(pg/mL)
MAERA 103.00 £ 3,75 216.39 £ 3,67 214.62 + 7,07
MAEKS 131.85 + 23,48 225.50 + 3,36 251.69 + 5,39
Ascorbic Acid 14.88+ 2,42 2.90+0,32 13.39+ 0,08

MAERA: Microalgae Aurantiochytrium sp. Extract strain Raja Ampat
MAEKS: Microalgae Aurantiochytrium sp. Extract strain Kepulauan Seribu

The capacity of extract to scavenge free radicals
such as DPPH or ABTS reflects its capacity to act
essentially in the presence of ROS at the cellular level.
(Thiyagarasaiyar et al., 2020; Martinello et al., 2021,
Sami etal., 2021). DPPH or ABTS methods are widely
used in research and have shown a clear correlation
between the ability of natural products to scavenge
free radicals, as assessed by these methods, and
the ability of the same products to reduce ROS
production in vitro (Santos et al., 2020; Ma et al., 2021,
Munteanu et al., 2021). However, this correlation may
be challenging to consider due to the very complex
content of active compounds in the extract. This
correlation has also been reported in cases where
the antioxidant activity of a single chemical compound
has been determined. Considering the results, we can
conclude that MAERA and MAEKS have weak in vitro
antioxidant potential. Generally, the results are
exceptionally heterogeneous, depending on the
microalgae species considered and the measure
utilized to assess the antioxidant action. Measure
conventions shift from consider to consider, counting
the extraction strategy, the dissolvable utilized, the
response time, and the concentration tested (Jauffrais,
2021).

The antioxidant activities of MAERA and MAEKS
were evaluated by three in vitro assays: DPPH, ABTS,
and &-carotene bleaching assays. The most common
measures to examine antioxidant movement were the
DPPH and ABTS tests, which are based on and
appropriately named after an electron-deficient radical.
As a free steady radical, DPPH did not have to be
arranged crisply like the ABTS radical cation. Be that
asit may, the ABTS test was less prone to interference
from colored tests due to the higher wavelength
utilized. Both were manufactured and
nonphysiologically significant radicals; only direct
reactions of the radical with the antioxidant compound
under investigation were measured. Both assays were

based on the ability of bioactive compounds to stabilize
free radicals by donating protons (Rumpf & Schulze,
2023). At the same time, the &-carotene test allows
both lipophilic and hydrophilic samples to be analyzed
with high reproducibility (Garcia-Nicolas et al., 2023).

Antioxidant activity testing, which significantly
inhibits or delays lipid oxidation, can be carried out
by scavenging a-carotene/linoleic acid (Olszowy et
al., 2016). This assay uses a model lipid substrate,
which is recognized as a good model for membrane-
based lipid peroxidation. In the &-carotene-linoleic acid
assay, the antioxidant activity of MAERA and MAEKS
was significantly (p<0.05) less potent than ascorbic
acid. The current study demonstrated that the
antioxidant activity of natural extracts derived from
plants was often assessed using established methods.
The results indicate that MAERA and MAEKS had
minimal effectiveness in donating protons to detain
free radicals, as measured by the DPPH and ABTS
tests. Additionally, MAERA and MAEKS showed
limited ability to slow down lipid oxidation. Similarly,
minimal antioxidant effects were observed in the
antioxidant activity test of Aurantiochytrium sp. SC145
isolated from its native habitat on Son Ca Island,
Vietnam (Hien et al., 2022).

According to molecular docking, chemical
compounds in MAERA and MAEKS have potential
antioxidant properties. The binding energy of the target
protein, the receptor, and ligand of the compounds
contained in MAERA and MAEK was lower than that
of the standard antioxidant compounds, ascorbic acid
and its native ligand. Molecular docking and
antioxidant activity measurements, including DPPH,
ABTS, and &-carotene bleaching, were inconsistent.
These were because, first, MAERA and MAEKS
contain crude extracts that had not been purified, so
many impurity compounds may not have antioxidant
effects. This could be overcome by purifying the target
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compound according to the molecular docking study;,
through the isolation of squalene. Second, the
extraction method was not precise enough for
squalene-masly. Third, the squalene levelsin MAERA
and MAEKS were too low, making the results of in
silico and in vitro studies less accurate.

In this study, the squalene content of MAERA was
significantly higher than that of MAEKS, with values
of 14.57% and 4.01%, respectively. Additionally, the
antioxidant activity (IC ) of MAERA was higher, while
MAEKS showed no significant differences. As detailed
in Table 5, squalene was identified as the compound
responsible for this antioxidant activity, as confirmed
by previous research (Yarkent & Oncel, 2022; P. Zhang
et al., 2023). Despite the higher squalene content in
MAERA compared to MAEKS, it remains significantly
lower than the levels reported in other studies. This
discrepancy can be attributed to the fact that biomass
production in this study was conducted without the
squalene-increasing modifications implemented in
other research (Chen et al., 2010; Nakazawa et al.,
2012; A. Zhang et al., 2019).

The Aurantiocytrium sp. cultivation was carried out
under controlled conditions in the Laboratory.
Continuous research is carried out to modify nutrition,
treatment, and the environment to produce secondary
metabolites from the biosynthesis of Aurantiochytrium
sp. The strain of microalgae and these factors can
influence which are high in PUFAs, DHA, squalene,
or other secondary metabolites. A few Aurantiochytrium
strains can produce high quantities of squalene in
cultivation (Lu et al., 2003; Nakazawa et al., 2012).
The Aurantiochytrium sp. 18W-13a strain can produce
a maximum yield of approximately 171 mg/g of dry
weight and 0.9 g/L, which was higher than others..
These optimal conditions are achieved at a
temperature of 25 °C, a seawater concentration of 25%
to 50%, and a glucose concentration of 2% to 6%.
The experimental design suggested that glucose
concentration, yeast extract, peptone, and shaking
speed were significant factorsi influencing squalene
production (Saengwong et al., 2018; Zhang et al.,
2019). Another experiment found that monosodium
glutamate, yeast extract, and tryptone were required
nitrogen sources by Aurantiochytrium sp., and were
at their optimal levels for cell growth, then the
production of squalene was significantly enhanced
(Chenetal., 2010; Auma et al, 2018). Optimum results
were obtained when monosodium glutamate was 6.61
g/L, yeast extract was 6.13 g/L, and tryptone was
4.50 g/L. Adding these ingredients to the original
media significantly increased the yield and squalene
content by 10.1% and 26.3%, respectively (Chen et
al., 2010). Jasmonic acid (growth hormone) and
terbinafine (sterol formation inhibitor) increase

squalene production by a specifically described
mechanism (Wai et al, 2010; Elmataeeshy et al.,
2018; Paliwal & Kaur, 2019).

Conclusion

The microalgae Aurantiochytrium sp. extract Raja
Ampat strain (MAERA) and the microalgae
Aurantiochytrium sp. extract Kepulauan Seribu strain
(MAEKS) did not show significantly different lipid
content. In an in silico study, squalene was identified
as the ligand with the lowest binding energy among
all target molecules, suggesting a strong bond and
indicating significant potential for antioxidant activity.
However, in vitro studies revealed that neither MAERA
nor MAEKS demonstrated high antioxidant activity.
This was primarily due to the squalene level. MAERA
contained 14.57 % squalene, while MAEKS contained
only 4.01 % of the total lipid content. Therefore, further
research is recommended to modify the cultivation
process to enhance the production of squalene-rich
biomass.
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