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Abstract

Interest in studying marine-biota-derived, biologically active chemicals as potential antibiotic,
antiaging, antiviral, and anticancer substitutes has been sparked by their well-known but
understudied antioxidant activity. In order to generate some suggestions for next industrial
applications, the current review aims to provide an overview of the most recent developments
in the field of antioxidants produced from marine biota. Techniques: The various varieties
of antioxidant compounds, contemporary derivation biotechnologies, and marine sources of
natural antioxidants have all been reviewed and updated throughout the past five years.
Findings: In addition to new antioxidant molecules and derivation techniques, new marine
sources of antioxidants, such as wastes and byproducts, are examined. Conclusions: There is
still a need for valuable antioxidants from marine biota. Because microorganisms are
becoming more resistant to antibiotics, natural substances with both antioxidant and
antimicrobial properties are of interest. In addition to antioxidant chemicals isolated from
marine life that have been previously identified, new ones are discovered. Waste and
byproducts are excellent places to find antioxidant chemicals for identification.
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1. INTRODUCTION

Marine organisms and their metabolites are the focus of international efforts to discover novel, physiologically
active compounds that are recognized as the cornerstone of the future bioeconomy, particularly of possible
pharmaceuticals. Rare, structurally diverse compounds produced by marine organisms can occasionally exhibit
higher levels of biological activity compared to those originating from terrestrial sources [1]. The marine biota
produces secondary metabolites and macromolecules with well-known antioxidant qualities as a result of defense
mechanisms it develops in response to environmental stressors and variations[2]. The need for compounds with
both antibacterial and antioxidant properties in a single molecule is increased by the growth of chronic disorders,
which are frequently connected to the colonization of drug-resistant organisms[10].

Although numerous studies have documented the antioxidant activity of extracts, fractions, synergistic mixtures,
and individual compounds in vitro and in vivo, the search for marine sources, broad-spectrum agents with
antioxidant activity, and novel properties that are relevant to a range of industries remains ongoing[4]. Non-
traditional optimum derivation is expected to yield sustainable alternative methods for preserving the potency of
derived antioxidant compounds, in addition to numerous other advantages. This review aims to present current
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natural marine antioxidant products as promising candidates for future industrial applications by updating the
literature spanning the last five years on marine sources of natural antioxidant compounds, different classes of
antioxidant compounds, current derivation biotechnologies, and characterization methodologies[6].

Free radicals cause nucleic acid disruption, cellular function disintegration, and enzyme denaturation and
peroxidation of lipids in cellular membranes[8]. Oxidative stress has been used to describe all of these problems
[3]. The equilibrium between the production of reactive oxygen species (ROS) and antioxidant defense activity
is upset by oxidative stress. Overproduction of ROS can damage various cell components, resulting in aging-
related tissue damage and a host of chronic illnesses, such as diabetes, cancer, heart disease, neurological
disorders, and many more. The generation of ROS can be significantly reduced by natural antioxidants[9].

2. REVIEW OF LITERATURE

Any material that inhibits a free radical reaction to stop oxidation is an antioxidant. By balancing out the excess
of these chemicals in the body, antioxidants in biological systems reduce the negative consequences of metabolic
processes, including highly reactive free radicals[11]. The two main categories of antioxidant defense systems
are enzymatic and non-enzymatic. =~ Ascorbate peroxidase, glutathione reductase, catalase, and superoxide
dismutase are examples of enzymatic antioxidants[12].  Organic compounds such vitamins, polysaccharides,
polyphenols, peptides, and others make up non-enzymic antioxidants. Marine antioxidants that are biodegradable
and non-toxic may be used to prevent cancer, autoimmune illnesses, aging, and some degenerative diseases, as
well as to lessen oxidative stress brought on by free radicals in food storage and cosmetics. [15].

The marine species, extraction and purification techniques, and operating circumstances all affect antioxidant
capacity. Because this also depends on the climate conditions that support marine biota, antioxidant agents of the
same species have varying compositions around the world.The second stage is to isolate, purify, and identify
naturally occurring chemicals that have antioxidant action[14]. In some cases, the replication of natural
antioxidant molecules by chemical synthesis is the next step. Most marine creatures that produce antioxidants
have already been identified, and many more are still to be found[16]. Recently, there has been a noticeable
increase in the conversion of marine biota trash and byproducts into resources[18].

Seaweeds have been the focus of the most research since they are believed to be the most prevalent source of
strong antioxidants in the marine environment. The nutritional value, aesthetic appeal, and therapeutic potential
of marine macroalgae are covered in a large number of review and research papers. Improved marine algae
production techniques are anticipated as a result of multidisciplinary scientific approaches, including
physiological, molecular, chemical, technical, and technological ones. Chains of short or long amino acids with
different molecular weights and structures make up peptides[5]. Usually made up of residues between amino
acids, bioactive peptides show activity as soon as they are released from the parent protein.  Their industrial
manufacture is hampered by a number of issues, including low-yield bioactivity and high production costs. New
technologies like microwaves, high pressure, pulsed electric fields, and others are said to solve issues with
traditional hydrolysis techniques like chemical, enzymatic, and fermentation procedures.

3. MATERIALS AND METHOD

According to chemical analysis and the MS spectra of the fractionated and purified crude methanol extract made
by freeze-thawing, the antioxidant fraction from the marine bacteria K. marina CDMP is made up of short-chain
peptides. Human cells may be shielded from chemically induced oxidative stress by these small, non-cytotoxic
peptide compounds.  Given its demonstrated capacity for scavenging free radicals against hepatocellular
carcinoma cell lines, Ser—Ser—Gln peptide may be a promising pharmaceutical option with antioxidant action. Up
to 60% of the soluble cellular proteins in microalgae are made up of the three water-soluble phycobilin proteins:
phycoerythrin, phycocyanin, and allophycocyanin. Their strong antioxidant and free radical scavenging
properties are well known. Research into improved extraction methods is still ongoing because of their substantial
commercial potential as natural pigments in nutraceutical, cosmetic, and medical uses[13].

Fucoidans and carrageenan are brown, green, and red algal sulfated polysaccharides that are believed qualities
variances. Compared to food-grade antioxidants like butylated alcohol, sulfated polysaccharides, which are
present in macroalgal cell walls, are more effective at scavenging nitric oxide. The source of the algae from which
the sulfated polysaccharides are extracted, as well as their molecular weight, degree of sulfation, chemical
structure, primary sugar content, and glycosidic branching, all affect their antioxidant efficacy.Low-molecular-
weight sulfated polysaccharides are known to be more powerful antioxidants than high-molecular-weight sulfated
polysaccharides because they can enter cells and contribute protons more efficiently. As potential substitutes for
the synthetic compounds and antioxidants already in use, a range of marine pigments are currently being
investigated.
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The most prevalent class of natural pigments that give marine life its stunning hues and antioxidant qualities are
called carotenoids. Carotenoids, being tetraterpenes, are classified into two chemical classes: Lycopene, a-, and
B-carotene are examples of carotenes, which are composed of hydrogen and carbon, whereas lutein, astaxanthin,
and fucoxanthin are examples of xanthophylls, which are composed of hydrogen, carbon, and oxygen. All
autotrophic marine species, including bacteria, fungi, algae, and archaea, as well as certain other organisms, create
carotenoids, which are lipophilic compounds. According to their mode and extent of action, the carotenoids: (i)
quench singlet molecular oxygen; (ii) break down hydroperoxides by forming more stable derivatives; (iii) stop
auto-oxidation chain reactions and free radical oxidation reactions to prevent the production of free radicals; and
(iv) chelate (convert into non-toxic molecules). Derivatives of iron and copper. Apart from their use in
pigmentation, they also hold great medical potential for immune system stimulation and the prevention of
neurological diseases.Due to several advantages over chemical or terrestrial plant alternatives, such as cost, time,
and yield, biotechnological production of natural marine carotenoids has increased significantly [7]. By shielding
the bilayer lipid structure from peroxidation, exogenously supplied antioxidants lutein, astaxanthin, and a- and -
carotene scavenge free radicals and prevent oxidative damage. Because of its unique chemical structure, which
combines polar ionic rings and apolar conjugated carbon—carbon bonds, astaxanthin has an antioxidant potential
that is roughly 10 times higher than that of other carotenoids (lutein, canthaxanthin, and [-carotene).
Nanoencapsulation is being explored as a means to enhance the physiochemical characteristics and health-
promoting advantages of carotenoids while maintaining their natural attributes during processing and storage.

4. RESULT AND DISCUSSION

Ovothiols are histidine thiol derivatives that, depending on where the thiol group is located on the imidazole ring
of the histidine, have unique anti-proliferative, anti-fibrotic, and antioxidant properties.  Sulfoxide synthase
OvoA and sulfoxide lyase OvoB are the enzymes that create ovothiols. Marine pathogenic protozoa, microalgae,
invertebrates, and mollusks were shown to have three different ovothiol types with different levels of methylation
in their ovaries, eggs, and biological fluids. Natural polyphenolic antioxidants are better in this regard because
synthetic phenolic antioxidants (SPAs) are commonly used in many commercial and industrial products to prolong
product lifespans and slow down oxidative processes[17].
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Figure 1: Graphical representation

Among the different components, solvents play a significant part in the extraction's effectiveness. Safe, high-
quality components can be extracted while maintaining the biological activity of the extracted molecules using
the right solvent. Because it can be recycled and used again, it doesn't harm the environment. The target family
of chemicals can be extracted selectively thanks to the wide range of solvents with different polarities. The
polarity and chemical structure of the materials to be extracted determine which solvent is best; compounds with
different chemical structures require different polarity solvents. Carotenoids, for example, are lipid-soluble
antioxidants that are extracted using organic solvent systems such as ethyl acetate with acetone, ethanol, or
methanol blends or hexane with acetone, ethanol, or methanol blends. Most of the antioxidant chemicals found
in phenols are hydro-soluble.
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Figure 2: DPPH assay

Pulsed electric fields (PEF) and moderate electric fields (MEF), which target the cellular permeabilization of
microalgae and the subsequent release of valuable components, are expected to become standard techniques that
could soon be used on an industrial scale for microalgae exploitation, according to recent studies in the basic field.
Because of their high energy efficiency and minimal use of non-renewable resources, electrotechnologies—which
depend on the direct application of an external electric field through a semi-conductive medium—are one of the
numerous biotechnological processes that are both cost-effective and environmentally friendly. When compared
to traditional techniques, the new technologies are distinguished by shorter extraction times and lower solvent
requirements.
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Figure 3: FRAP assay
Information regarding the pharmacological properties and biological effects of recently created antioxidant
compounds would be useful for treating infections, cancer, antibiotic resistance, and other human diseases. For
future industrial production, the ability to obtain safe products with significant added value is especially crucial.

S. CONCLUSION

Over the past few years, there has been a continued need for beneficial antioxidant chemicals that come from
marine sources. Natural compounds that possess both antioxidant and antibacterial activity in a single molecule
are currently of great interest due to the growing prevalence of microbial antibiotic and multidrug resistance. New
natural marine antioxidant sources, antioxidant metabolites, antioxidant characteristics, and medicinal and other
applications have been discovered. Trash and leftovers provide a wealth of compounds with antioxidant qualities
in addition to a wide variety of marine life. The quality of the necessary components can be improved and
production intensified thanks to new derivation techniques and enhanced extraction procedures. Non-traditional
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derivation technologies, including subcritical water extraction, microwave, or ultrasound, are better than
conventional extraction methods because of their effectiveness, the activity of the active ingredient, and
environmental preservation. Evaluation of the possible problems and their implementation in real-world
applications should thus be the main goals of future study. Identifying the most promising organisms, extracts, or
compounds is challenging because their significance extends beyond their contents to include a complicated set
of attributes that are important for a variety of applications, the function of the derived biotechnology, and the
operating conditions.
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