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ABSTRACT

Marine microalgae have been isolated from four different locations of the Arabian Sea coast at Kozhikode (Cali-
cut), Kerala, India. A Magnus MLXi plus light microscope has been used to isolate and morphologically identify
ten different microalgal species. XRD and FTIR have been used to describe four pure isolates (Agl to Ag4) of
two Chlorophyceae and two Cynobacteria species (Halochlorococcum marinum, Qocystis borgei, Chroococcop-
sis chroococcoides, and Desmodesmus abundans). Proteins, carbohydrates, and lipids with a variety of functional
groups have been identified in the FTIR spectrum. Traces of quartz/siliceous material at 29-30°, which are com-
monly identified as calcite when present as biomineral or as precipitated carbonate from the growth media, are
represented by the XRD peak at 26.6°. To determine the optimal growth for future use, the culture conditions for
the selected microalgae have been optimized using a variety of culture media, including Walne’s medium and
Bold’s Basal Medium (BBM), by varying salinity concentration. The Agl (Halochlorococcum marinum) and Ag2
(Oocystis borgei) strains grow in BBM at 35 ppt salinity having 8.54 x 107 cells/ml and 10.2 x 107¢ cells/ml. Ag3
(Chroococcopsis chroococcoides) and Agd (Desmodesmus abundans) grew 0.83 x 1076 cells/ml and 0.86 x 107
cells/ml in Walne medium, despite the salinity of 30 ppt. This suggests that the strains are extremely halotolerant,
means they can thrive in conditions with higher salinity. The results reveal that these microalgal strains are a viable
choice for large-scale production in salinity conditions ranging from brackish to marine. Ag4 may be a more robust
and biotechnologically advantageous strain for applications requiring steady pigment production since it is enriched
in both accessory pigments (Chl b) and protective carotenoids, but Ag3 is superior in primary photosynthetic pig-
ment (Chl a) accumulation. Due to their ability to survive in a variety of climatic conditions, the microalgal strains
that have been separated during the succession stage may be mass-produced outdoors for industrial uses.
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INTRODUCTION

Phytoplankton (derived from the Greek words
phyton meaning “plant” and planktos meaning
“wandering”) comprises plant-like components
of plankton, microscopic in size, photosynthetic
organisms that float freely and passively in water
column. As a fundamental biological component
of aquatic ecosystems, phytoplankton forms the
primary base of food webs, supporting higher
trophic levels. These are unable to actively swim
and can only survive as filaments, colonies, or
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free cells. Rather, their movements depend on
the aquatic environment’s dynamics. As an al-
ternative, these might be mobile, like ciliates or
flagellates, but their range of movement is limited
and impacted by the aquatic environment around
them (Riouchi et al., 2024; Gravdahl et al., 2025).

The euphotic zone, where phytoplankton is
most frequently found, is the uppermost illumi-
nated layer of water bodies and whose lower limit
is depth that receives 1% of incident light. While
it makes up only 1% to 2% of the world’s plant
biomass and is at the base of all aquatic trophic
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systems, it ironically fixes between 30% and
60% of the world’s inorganic carbon each year.
A significant portion of atmospheric oxygen is
produced by phytoplankton, which also acts as a
carbon dioxide pump (Papachristou et al., 2023).
As photosynthetic microorganisms, microalgae
are thought to have produced oxygen first, which
is necessary for the majority of living beings to
respire (Naselli et al., 2023).

Naturally found in freshwater and marine
environments, microalgae are microscopic pho-
tosynthetic organisms that produce a variety of
valuable biomolecules, including vitamins, lipids,
proteins, polysaccharides, carbohydrates, and pig-
ments. Microalgae are photosynthetic microorgan-
isms that fall into the eukaryotic and prokaryotic
categories. These can be unicellular, multicellular,
filamentous, or siphonaceous (Lithi et al., 2024).
Approximately 200,000 species of microalgae
are the greatest primary producers in the world
(Balasubramaniam et al., 2020). Algal biomass
provides unique nutrient content as well as bio-
active substances that have a wide range of eco-
nomic applications in diverse industries. These are
mostly used in cosmetics, aquaculture, medicine,
and as a food or feed supplement for living beings
(Srimongkol et al., 2022). Moreover, the biomass
of microalgae can be transformed into biofuel as
bioethanol, biodiesel, biogas, biohydrogen, etc.,
using a variety of techniques, such as thermal
(transesterification) or biochemical (anaerobic di-
gestion) processes, and provide microalgae an ex-
cellent source of renewable energy (Balasubrama-
niam et al., 2020; Arunachalam et al., 2022). The
growth and development of bioactive compounds
are affected by various environmental parameters
such as light intensity, temperature, pH, presence
of other microorganisms like bacteria, viruses,
and fungi and nutrients (P, N, and K) in cultiva-
tion medium (Amit et al., 2021; Rani et al., 2022).

Temperature, light intensity, pH, carbon diox-
ide, and nutrients in growth media are some of the
variables that might affect microalgae cultivation.
Light and temperature are two major environmen-
tal parameters affecting algal development and
biomass production; the optimized temperature
and light requirements differ for each algal spe-
cies. A reduction in biomass output and growth
rate is noted when these are grown under stressful
conditions, such as insufficient nutrients in culture
medium and extremely high or low light intensi-
ties and temperature (Zhu et al., 2015). Variations
in environment as well as cultural conditions,

like light intensity, temperature, pH, and the nu-
tritional composition of culture medium, have an
impact on the macronutrient composition of the
microalgae biomass generated, as lipids, proteins,
and carbs (Metsoviti et al., 2019).

The present study aims to isolate and char-
acterize microalgal strains from the Arabian Sea
coast at Kozhikode (Calicut), Kerala, India. A de-
tailed morphological study has been performed
to document and validate the taxonomic identi-
fication of collected marine microalgae. Further-
more, the study assesses the influence of seasonal
environmental variation on species composition,
with particular emphasis on comparative analyses
of growth period, biomass yield, and nutrient pro-
files of identified algal strains.

MATERIAL AND METHODOLOGY

Study area and sampling site

Algal samples have collected from the Arabian
Sea coast at Kozhikode (Calicut), Kerala, India
(Figure 1). Four different locations have been sam-
pled in order to ensure a representative collection
of the local algal diversity. Each site’s geographic
coordinates, as determined by a GPS, device are
as follows: Beypore: 75.80177°E, 11.16313°N;
Kappad: 75.12060°E, 11.38028°N; Kozhikode:
75.76567°E, 11.26177°N; Kadakundi: 75.82798°E,
11.1846°N. These locations have been chosen to
represent a range of coastal habitats, such as rocky
shorelines that are exposed, intertidal zones, and
regions that may have been impacted by different
human activities (Praseetha et al., 2024).

Samples collection and preservation

During low tide, samples of algae from the
subtidal and intertidal zones have been collected.
To maintain the integrity of the thallus, specimens
have been meticulously collected by hand for big-
ger macroalgae and with a sterile scalpel for scrap-
ing epilithic forms. At the same time, water sam-
ples have been taken for additional physicochemi-
cal examination from every location. Every algal
sample has been promptly put into sterile plastic
bottles and sampling bags that has already been
labeled. Samples have kept in a refrigerated cooler
box with ice packs after collection in order to keep
the temperature down while being transported to
the lab. Algal material meant for morphological
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Figure 1. Study area Arabian Sea coast at Kozhikode (Calicut), Kerala, India

examination has been preserved by treating it with
Lugol’s iodine solution, which fixed the speci-
mens and prevented them from degrading. After
that, the samples have been kept at 4 °C in a refrig-
erator until they could be processed further. Stan-
dard procedures have been followed to preserve
the water samples for further examination.

Sample enrichment, isolation, and
identification of algal strains

Sterile Blue-Green Medium (BG-11) has been
added to 150 mL of each freshwater sample in in-
dividual transparent glass bottles as soon as the
samples arrived at the lab. The cultures have been
kept in a controlled culture chamber with white flu-
orescent lighting at 26 + 2 °C for 14 days through-
out sample enrichment. The cultural enrichment
phase also included a 14-hour light-dark cycle.
Following initial enrichment, repeated dilutions
and streak plating were used to isolate the samples.
The quickest, easiest, and most economical way
to isolate algae is through serial dilutions (Duong
2016). In this study, certain filamentous microal-
gae that did not grow well on solidified material
were isolated using repeated dilutions (Figure 2).

Several serial dilutions have been performed
in order to isolate non-filamentous microalgae,
and then microscopic inspections have been
performed using a Magnus MLXi plus. The
samples have been streak-plated on appropriate
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enrichment medium solidified using bacterio-
logical agar (Hi Media, India) following several
serial dilutions. Until separate unial]|gal colonies
have been seen, streaking was done repeatedly.
After that, the individual colonies have been se-
lected and injected into several 250 mL Schott
bottles that had the appropriate liquid media. A
phase contrast microscope has been then used
to identify the isolated unialgal species. Algal
strain analysis has been also conducted using
FTIR, FESEM and XRD.

Optimization of growth conditions

For the pure isolates of algal species, the
growth conditions, including salinity and culture
medium, have been optimized in order to inves-
tigate the impact of physical characteristics. To
assess the growth requirement of pure isolate,
two growth media- BBM medium and Walne
medium, along with five salinity conditions 20,
25, 30, 35, and 40 ppt, were individually opti-
mized. First, 15ml test tubes containing vari-
ous growth media have been injected with 1ml
of isolated strains of Agl, Ag2, Ag3, and Ag4
(Halochlorococcum marinum, Oocystis borgei,
Chroococcopsis chroococcoides, and Desmodes-
mus abundans) at an initial concentration of 0.5%
10° cells/ml. Every experiment has been carried
out using fluorescent light bulbs with a light level
of 3000 lux at 26 + 1 °C in the phycology lab.
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Figure 2. Visual methodology from field sample collection to isolation

Using a hemocytometer under a light microscope,
biomass of microalgae from each treatment has
been assessed every other day during the 15-day
experiment. Each microalga’s growth curve has
been plotted against the quantity of cells per mil-
liliter and the number of days. Using the usual
formula, cell density of cultivated strain has been
determined:

Cell density = Average number of cells %
x number of squares (16) x 10.000 =
= million cells/ml (1)

To determine the differences between the
groups, a one-way ANOVA is used, followed by
a post hoc multiple comparison test using SPSS,
version 22.0. After being separated and placed in
100% acetone, the weighted samples have been
homogenized for one minute at 1000 rpm. After
passing through two layers of cheesecloths, the
homogenate has been centrifuged for 10 minutes
at 2500 rpm. After the supernatant has been re-
moved, the Shimadzu UV-260 spectrophotometer
is used to measure the absorbances between 400
and 700 nm. Total carotene has been found to
have the highest absorbance at 470 nm, lycopene
at 505 nm, chlorophyll a at 663 nm, and chloro-
phyll b at 645 nm. The amounts of these pigments
have been determined using the following formu-
las (Rinawati et al., 2020):

Chlorophyll a (Chla) = 11.75 A, -

-2350A )
Chlorophyll b (Chl b) = 18.61 A ; -
-3960 A, 3)
Total carotene = 1000 A, -
-2.270 Chl a - 81.4 Chl b/227 4

Lycopene (ng/ml) = (Asos x 31.2) / 1.76 ~ (5)

RESULTS AND DISCUSSION

A total of 10 species of marine microalgae
have been identified and isolated from samples
taken from various locations on the Arabian Sea
coast at Kozhikode (Calicut), Kerala, India. Isola-
tion of algal strains using BG-11 media and every
week fresh plating and the serial dilution of sam-
ples are performed. The resultant samples of mi-
croalgae have been studied under a microscope af-
ter isolation for their identification. A total of four
Chlorophyceae and six Cyanobacteria, identified
as Desmodesmus abundans (Kirchner); Cyano-
bium bacillare (Butcher), Leptolyngbya africana
(Lemmermann); Chroococcopsis chroococcoides
(F.E.Fritsch); Planktolyngbya minor (Geitler &
Ruttner),; Desmodesmus armatus (Chodat); Pleu-
rocapsa fuliginosa,; Qocystis borgei; Myxosarcina
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salina; Halochlorococcum marinum have been
confirmed by morphological characterization.
Figures 3a—3j show the microscopic pictures of a
pure strain of microalgal species.

The initial phase of this study involved isolat-
ing and purifying ten algae species. A compara-
tive growth study has been conducted in order to
identify which species are most suitable for further
research. According to the findings, four of the ten
species had noticeably better growth and are more
productive. As a result, the research’s focus has
been pointed to these four elite species as shown in
Figure 4a—4d. The use of these particular isolates
provides the foundation for all subsequent work on
morphological and biochemical characterization,
as well as growth condition optimization.

Several functional groups linked to macro-
molecules like proteins, carbohydrates, and lipids
were detected in the Halochlorococcum mari-
num, Qocystis borgei, Chroococcopsis chroococ-
coides, and Desmodesmus abundans algal sam-
ples FTIR spectra (Figure 5). The O-H and N-H
stretching vibrations are represented by a large
absorption band seen at about 3400-3300 cm™,
which suggests the presence of hydroxyl groups
and amide bonds from proteins and polysaccha-
rides. The C—H stretching vibrations of aliphatic
groups, which are typical of lipid and fatty acid

chains, are represented by the peaks located be-
tween 2920 and 2850 cm™. The band at about
1540 cm™* belongs to amide II (N-H bending and
C—N stretching), but the strong absorption band
found near 1650-1630 cm™ is attributed to am-
ide I (C=O0 stretching of proteins). The contribu-
tion of organic acids is confirmed by peaks in the
1400-1380 cm™* range, which show the existence
of carboxylate groups (—-COO"). Furthermore,
absorption bands corresponding to C-O-C and
C—O stretching vibrations, which are linked to
polysaccharides and nucleic acids, are located be-
tween 1240 and 1030 cm™'. The presence of phe-
nolic compounds may be indicated by the band
at 875-800 cm™, which could be the result of
aromatic C—H bonds bending out of plane. The
FTIR study validates the algal biomass’s complex
biochemical composition, which includes the co-
existence of proteins, lipids, carbohydrates, and
trace amounts of secondary metabolites.

The algal samples Halochlorococcum mari-
num, Qocystis borgei, Chroococcopsis chroococ-
coides, and Desmodesmus abundans (Agl—Ag4)
XRD spectra show a mostly amorphous organic
matrix with trace amounts of sample-dependent
crystalline contributions (Figure 6). The low-
angle region (10-30° 20) of all four traces has a
broad, low-intensity hump, which is characteristic
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Figure 5. FTIR spectra of Agl-Ag4 microalgal strains

of non-crystalline organic matter (proteins, poly- reflections that differ in strength between samples
saccharides, lipids, and other cellular ingredi- are superimposed on the amorphous background.
ents) and suggests that the majority of the bio- These are especially noticeable at 22°, 26.6°, and
mass is amorphous (Waqif et al., 2024; Abbas et 29-30°. The following are tentative assignments:
al., 2025). A few weaker but repeatable, sharper  a peak at 26.6° (d = 3.35 A) consistent with traces
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of quartz/siliceous material (possible if diatom
frustules or silica contamination are present); a
reflection near 22° (d =~ 4.04 A) that can be linked
to partially ordered cellulose/biopolymer do-
mains or organized polysaccharide regions in the
cell wall; and a signal around 29-30° (d = 3.04
A) that is frequently attributed to calcite (CaCO:s)
when present as biomineral or as precipitated car-
bonate from the growth medium. Secondary min-
eral phases or small crystalline salts originating
from media residues or sample drying/processing
are indicated by additional, weaker reflections at
higher angles (Yu et al., 2025).

This study examined the optimal growth of
isolated strains at different salinity levels (20.0,
25.0, 30.0, 35.0, and 40.0 ppt) using two types
of culture media, BBM and Walne’s medium. At
35.0 ppt salinity, Agl (Halochlorococcum mari-
num) strain grew more readily in BBM (8.54 x
10°¢ cell/ml) than in Walne’s medium (8.13 X
107 cell/ml). From the first day of inoculation to
the thirteenth day of the growth phase, the cells
growth was observed to increase progressively.
Later, on the fifteenth day, the cells transitioned
into the lysis phase. On thirteenth day of culture
in BBM, followed by Walne’s medium, the great-
est growth was noted. Salinity and culture me-
dia had a substantial impact (p < 0.05) starting
on the third day, according to statistical analysis.
In BBM medium, Agl grew the fastest at 35 ppt
salinity, suggesting that it prefers moderately sali-
nized environments that are nutrient-rich. On the
thirteenth day of culture, the growth was observed
at BBM (7.5 to 8.54 x 107 cell/ml) and Walne’s
medium (7.5 to 8.13 x 107 cell/ml). In terms of
salinity, growth was found to be lowest at lower
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salinity 20 ppt and 25 ppt, greatest at 30 and 35
ppt in all growth media, and gradually declining
at 40 ppt, as illustrated in Figure 7 (Hashem et al.,
2023; Hotos et al., 2023).

At 35 ppt and 30 ppt salinity, Ag2 (OQocystis
borgei) recorded a high density of 9.9 x 10 cell/
ml in Walne’s medium and 10.2 x 107 cell/ml
in BBM. On the eleventh day of culture in both
media, the highest cell density was noted. Ag2 in-
creased steadily until the eleventh day, at which
point it began to slightly decrease on days 13 and
15. After the third day of culture, the effects of me-
dium and salinity were determined to be signifi-
cant (p < 0.05). As shown in Figure §, maximum
cell density was noted in BBM medium at 30 ppt
salinity, indicating that Ag2 prefers comparatively
lower saline conditions and benefits from the nu-
tritional content of BBM (Hasnain et al., 2023).

The Ag3 (Chroococcopsis chroococcoides)
cells gradually improved in both growth me-
dia, although at a salinity of 30 ppt, growth was
greatest in the Walne medium (0.83 x 107 cell/
ml) and BBM (0.79 x 107 cell/ml). In both me-
dia, cell growth entered stationary phase on the
ninth day of culture. On the eleventh, thirteenth,
and fifteenth day of culture, cell transitioned
into lysis phase. At 30 ppt, both media displayed
their maximal growth. Figure 9 depicted that
there was no discernible difference (p < 0.05)
in Ag3 sp. growth between the various growth
media and salinities. Ag3 sp. grows more ef-
fectively in both media at salinity levels of 30
and 35 ppt, while growth was slower in other
conditions. This implies that the strain is highly
halotolerant, enabling it to flourish in high salin-
ity environments (Li et al., 2023; Sharma et al.,
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2024). The results reveal that Ag3 is a promis-
ing option for large-scale production in brackish
to marine salinity environments (Gharaei et al.,
2022; Derafshi et al., 2024).

Figure 10 demonstrates, Ag4 (Desmodes-
mus abundans) grows in response to variations
in salinity and growth media. At 25-35 ppt sa-
linity, high in Ag4 cell density (0.86 x 107¢ cell/
ml) was observed in Walne’s medium, which was
followed by BBM (0.83 x 107 cell/ml). After day
3, a two-way ANOVA depicted substantial vari-
ance (p<0.05) in both culture medium and salin-
ity. Ag4’s extraordinary resilience to an extreme
saline environment was confirmed by its optimal
development at 35 ppt salinity in Walne media.
These results show that Ag4 is quite halophilic
and works best in saline, nutrient-rich conditions.
However, lysis phase of cell growth was suggest-
ed by a marked decrease in cell density after the
eleventh day. At 30 and 35 ppt, highest cell den-
sity was noted in both growth media (Saaad et al.,
2023; Alzahmi et al., 2024).

Chlorophyll content

Depending on the type of microalgae growth,
several techniques are used for harvesting them.
In present study, microalgae were harvested using
a centrifuge. The Centrifuge is used for the cen-
trifuge procedure, which involves adding culture
to a 50 mL Corning bottle and using this process,
microalgae cultures are harvested. For the analysis
of chlorophyll, 100 mL of each volume of culture
of microalgae has been isolated, and the remain-
ing volume has been used for carotenoid and
lycopene analysis. The technique of extracting
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chlorophyll has been carried out utilizing Becker’s
method (1982). Using an appropriate solvent to
separate the substance from the mixture is known
as extraction. To obtain biomass, each sample is
placed into a bottle for subsequent 50 mL Corn-
ing centrifuge and filtered. Acetone is the solvent
used in the chlorophyll extraction procedure. Ac-
etone (CH,COCH,) has a dielectric constant of 21,
making it a semi-polar solvent. Chlorophyll is a
non-polar pigment that requires extraction using
organic solvents with a specific polarity (polarity
index 5.2), such as acetone. Compared to chloro-
phyll b, chlorophyll a is more polar. As a result,
acetone is employed as a solvent to extract chloro-
phyll (Rinawati et al., 2020).

The absorbance of each microalgae sample
was then measured at 645 and 663 nm. The great-
est wavelength at which chlorophyll can absorb
light is this one. Next, the highest absorption
spectra of chlorophyll with a wavelength ranging
between 300 and 700 nm are characterized. The
results have been depicted as a spectrum of chlo-
rophyll absorption. The following Table 1 pro-
vides a description of microalgae’s chlorophyll
content for the studied algal species.

Chlorophyll and carotenoid accumulation
pattern varies significantly during the culture pe-
riod, as per the pigment analysis of the four algal
species (Agl-Ag4). Ag3 had the highest concen-
tration of chlorophyll a (Chl a) among them on
fifteenth day, representing that this species main-
tained an active electron transport chain and a
more effective photosynthetic apparatus under the
conditions of the culture (Khan et al., 2025). On
the other hand, while the Chl a level of the other
three species (Agl, Ag2, and Ag4) are similar,
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Figure 10. Salinity effect on Ag4 (Desmodesmus abundans) cell growth using Walne media and BBM media

Ag4’s values are slightly higher, suggesting that
this strain maintained efficient light harvesting ac-
tivity in comparison to Agl and Ag2 algal strains.

The highest concentration of Chl b, an acces-
sory pigment that improves light absorption in
blue portion of the spectrum and transfers energy
to chlorophyll a, has been found in Ag4 on the
fifteenth day. This implies that Ag4 might have
a more varied antenna pigment system, which
would provide more flexibility in a range of light
levels. A potential increase in light harvesting
complex II (LHCII) density, which enhances pho-
tosynthetic efficiency by increasing the absorp-
tion spectrum, is also suggested by the compara-
tively higher Chl b levels in Ag4.

Species-specific differences have been fur-
ther highlighted by the analysis of carotenoid pig-
ments (total carotene and lycopene). Carotenoids
play two roles in algae: they participate in light
capture and act as photoprotective agents against
reactive oxygen species produced under high
light or stress conditions (Kumari et al., 2021).
Ag4 has the highest concentrations of both caro-
tene and lycopene among the isolates under study,
followed by Ag3, Ag2, and Agl. This gradient
suggests that Ag4 has a better non-enzymatic an-
tioxidant defense, which may increase its toler-
ance to oxidative stress and extend its metabolic
potential. The simultaneous measurement of
chlorophylls and carotenoids not only highlights
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Table 1. Chlorophylls, carotenoid and lycopene content in different algal species

ChlA
Algal sp. Day5 Day10 Day15 Day20 Day25
Halochlorococcum marinum 0.836 1.823 2.868 2.791 2.534
Oocystis borgei 8.191 13.525 20.548 19.928 19.013
Chroococcopsis chroococcoides 16.883 25.982 38.824 38.314 35.084
Desmodesmus abundans 16.283 26.109 35.424 36.617 33.642
Chi B
Algal sp. Day5 Day10 Day15 Day20 Day25
Halochlorococcum marinum 0.218 0.538 0.911 0.891 0.831
Oocystis borgei 3.025 4.817 7.295 7.023 6.335
Chroococcopsis chroococcoides 2121 4.186 8.014 5.909 5.482
Desmodesmus abundans 2.077 3.944 4.931 5.931 5.483
Cartenoid
Algal sp. Day5 Day10 Day15 Day20 Day25
Halochlorococcum marinum 0.416 0.669 0.966 0.961 0.841
Oocystis borgei 2.451 3.424 4.887 4.794 4.367
Chroococcopsis chroococcoides 3.584 4.847 6.209 6.661 6.053
Desmodesmus abundans 4.0974 5.373 5.555 7.282 8.362
Lycopene
Algal sp. Day5 Day10 Day15 Day20 Day25
Halochlorococcum marinum 0.985 1.882 2.735 2.572 2.338
Oocystis borgei 8.113 12.430 18.686 18.213 16.514
Chroococcopsis chroococcoides 8.429 12.854 20.919 18.696 17.061
Desmodesmus abundans 9.3972 14.931 21.467 20.845 18.828

interspecific differences in photosynthetic pig-
ment composition, but also highlights each spe-
cies ecological strategy in striking a balance be-
tween energy capture and photoprotection (Jiang
et al., 2024; Shi et al., 2025).

CONCLUSIONS

In this study, native microalgae have been
isolated from the Arabian Sea Coast at Kozhikode
(Calicut), Kerala, India. Ten different microalgae
strains have been characterized and show initially
higher levels of growth in BG11 media. Among
ten, only four different algae strains produced
significantly higher biomass and were optimized
by varying salinity and culture media concentra-
tion. This research contributes valuable insights
into the potential of native marine water microal-
gae for sustainable cosmeceutical production as
well as renewable energy production. It is recom-
mended that for improving prediction and accu-
racy, the incorporation of machine learning yield-
ed practical insights for environment parameter
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optimization. Future studies on the combined
effects of genetic and environmental factors, im-
proved photobioreactor designs, and resource-
efficient growing methods are made possible by
the findings. A sustainable bioeconomy and the
advancement of algae biotechnology are made
possible by this revolutionary strategy.
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