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16Industrial Importance of Marine Algae
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Abstract

The biosphere is now a busy, thriving place due to the microbial occupants of the 
globe ocean. Additionally, marine microflora may have been the first lifeforms 
on earth and, therefore, the progenitors of all lifeforms, a distinction that places 
marine microorganisms in a central spot in the saga of evolution. This is due to 
the fact that existence on this biosphere most likely apparently started in water. 
The biosphere’s workhorses, marine bacteria, complete many of the processes in 
these biogeochemical cycles. Marine bacteria, which possess a wide range of 
potential activities, are responsible for the majority of the planet’s metabolic 
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processes that maintain the elemental cycle. Additionally, marine microbial pop-
ulations have high metabolic rates. Even while terrestrial species make up the 
great bulk of the planet’s biomass (3200 gigatons or more, or 1015 kg), marine 
plankton, which weigh around 0.4 gigatons, are responsible for 45% of the plan-
et’s overall oxygen respiration. Microalgae inhabit unique environments that 
compete for space and nutrients, and have excellent adaptation strategies to live 
under different physicochemical conditions. Therefore, they evolve with fantas-
tic defense strategies to generate new secondary metabolites (natural bioprod-
ucts). In general, the production of these bio-products varies between species and 
even within the same algae. The production of organic products depends on fac-
tors such as environmental conditions, season, geographic location, and life 
cycle stage. Biologically active compounds (bioproducts) are physiologically 
active substances that have functionality in the human body.
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16.1  Introduction

Microbial life in the waters altered the chemical equilibrium of the oceans and 
atmosphere over millions of years following the development of the earliest life 
forms and introduced gradients of oxidizing (electron-scavenging) and reducing 
agents (electron sources) (Adrian et al. 2009). Molecular oxygen was first intro-
duced to the atmosphere by early bacteria, which paved the way for the emergence 
of plants, creatures, and eventually humans. A new era of chemistry, based mostly 
on redox chemistry—the transfer of electrons from one molecule to another—was 
ushered in by these microbe-induced alterations. The stable biogeochemical and 
climatological oscillations that support life on this planet are now based on redox 
chemistry (Bahr et al. 1996).

Salinity, currents, terrestrial inputs, and climate are just a few of the many forces 
and factors that have an impact on the microbial ecosystems in the seas (World 
Health Organization (WHO) 2008). In the open ocean, salinity is generally con-
stant, although it is less consistent along the coast. Our knowledge of transport 
systems in the deep sea has been significantly affected by the discovery that ocean 
and seafloor currents operate differently than previously believed. Gradients of 
nutrients, contaminants, and other material are produced by terrestrial inputs, which 
have an impact on habitats. The highest scale of influence on microbial ecosystems 
comes from climate effects. Marine communities can be impacted by temperature, 
precipitation, and wind (especially windborne particulate matter) (Todar 2009; 
Scheutz and Strockbine 2005).

Importantly, marine microorganisms themselves have an impact on their envi-
ronments through the consumption, production, and sequestration of various 
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chemicals. As a result, microbe-controlled mechanisms frequently regulate gradi-
ents of materials crucial to both micro- and macroorganisms in the ocean 
(Wilson 2005).

Microbial environments change throughout many time scales—diel (day to day), 
occasional, decadal, and longer. A significant number of the progressions prompted 
by human exercises can affect marine microbial networks and, thus, can influence 
the ways by which those networks tweak the climate and environment (Biavati and 
Mattarelli 2003). Transient changes in marine microbial natural surroundings can 
be outlined by portraying three unique living spaces: the focal Pacific gyre, the 
Chesapeake Bay, and aqueous vents. The focal Pacific gyre is an untamed sea envi-
ronment that changes on a diel premise, yet it has likewise displayed changes over 
a long time as movements happen between local area mastery by diatoms and by 
picoplankton (Ishii et al. 2006; Carpenter et al. 2005). The Chesapeake Bay displays 
diel changes, checked occasional changes, and significant decadal changes over the 
recent hundreds of years as human exercises have caused significant damage. 
Aqueous vents display both short and significant stretches of variance, adjusting 
over the direction of minutes, hours, and many years. This fluctuation makes a fleet-
ing and erratic living space for microorganisms (Chaffron et al. 2010; Comté et al. 
2006; Eiler and Bertilsson 2004).

The issue of either sea microbial variety are either wordlywise, or are limited and 
restricted to sure terrestrial regions, was produced decades in the past. Current evi-
dence displays that most coastal bacteria are not wordlywise, but, alternatively, are 
limited to distinguishing resistance types or terrestrial parts (Lindeman 1942; 
Lindström et al. 2005; Liu et al. 2009). However, skilled are any instances of really 
worldly-wise structures, containing the open ocean-ocean sea group I archaea. 
Many sea surface waters claim constant sales of nearly 106 microorganisms and 
107 viruses per milliliter, a condition that concede possibility be contingent on min-
eral disadvantages and predatoriness controls required by protists and viruses. In 
few cases, microbial society numbers are retained at about an order of size beneath 
the giving competency of the habitat—presumably by predatoriness (Logares et al. 
2009; Newton et  al. 2006). Viruses grant permission synchronize accompanying 
their hosts, serving to makeup societies and variety, but few studies have proves that 
there placement of viruses from a method has no effect on bacterial affluence and 
society form. Protists, play a more opposing, less critical part in stable state support 
of bacterial container abundances by absorbing many various types of bacterial 
dupe (Nold and Zwart 1998; Rheinheimer 1980).

Marine microorganisms seize any of metabolic wherewithal that cannot reside 
earthly microorganisms. As in added environments, the geochemical residence 
drives the progress of various metabolic proficiencies in the sea atmosphere. For 
example, cold surroundings familiar the cool drive various reworking than extreme 
heat, press residences forthcoming hydrothermal vents. Methane seeps are another 
model of a particularly sea surroundings that has instigated novel metabolic where-
withal. In poison gas seeps, extreme sulfate concentrations integrate accompanying 
extreme poison gas concentration to favor the anaerobic corrosion of poison gas, an 
absorption raise only in the oceans. The light compelled protons send 
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proteorhodopsin, that is established only in sea microorganisms, giving an under-
standing to play a main act in the strength balance of the residence by way of allure 
strength to capably produce strength from light. The use of sodium weak transport-
ers is more restricted to sea microorganisms. Marine symbioses, containing the 
symbioses betwixt macroorganisms and bioluminescent microorganisms and mid-
dle from two points shipworms and nitrogen repairing cellulolytic microorganisms, 
have likely encourage in activity many singular metabolic actions.

16.2  Natural Algal Products and Biological Significance

Microalgae are microscopic organisms commonly found in freshwater, estuarine, 
and marine environments (Mobin and Alam 2017, 2018). These are usually single- 
celled microorganisms that exist individually, in chains, or in groups. Sizes vary 
from a few microns to hundreds of microns depending on the species (Mobin and 
Alam 2018; Alam et  al. 2014; Suganya et  al. 2016). They are photoautotrophic 
organisms that can make complex compounds using simple substances normally 
available in the environment. It is estimated that there are between 200,000 and 
800,000 species of microalgae, of which about 50,000 have been described (Mobin 
and Alam 2018; Richmond 2004). Because they live under a variety of environmen-
tal conditions, they have evolved many defense mechanisms to survive under 
adverse climatic conditions (varying salinity, temperature, nutrients, ultraviolet 
radiation, etc.) and eventually new structures. They create a wide range of attractive 
compounds with a wide range of bioactivity (Herrero et al. 2013). Microalgae there-
fore provide a commercial source for a variety of high-value bioproducts.

16.3  High-Quality Commercial Bioactive Natural Products

Microalgae have been described as true natural reactors for the production of bioac-
tive natural products and are an excellent alternative to chemical synthesis of certain 
bioactive natural products of commercial interest (Plaza et  al. 2009). We have a 
great interest in developing and manufacturing various bioactive compounds that 
may be used as functional ingredients such as carotenoids, phycocyanins, polyphe-
nols, fatty acids, and polyunsaturated compounds. Microalgae-derived bioactive 
compounds such as proteins, fatty acids, vitamins, and pigments are obtained 
directly from primary metabolism or synthesized from secondary metabolism (de 
Morais et al. 2015). In most microalgae, bioactive compounds are rich in biomass. 
However, in some cases, these metabolites are seccreted into the medium (de Morais 
et al. 2015).
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16.3.1  Antioxidants

Microalgal biomass is a rich natural source of antioxidants with potential applica-
tions in human food and aquatic feeds, cosmetics, and pharmaceuticals (de Morais 
et al. 2015). The use of antioxidants for health has been stimulated by the observa-
tion that free radicals and oxidation are involved in many physiological functions 
that lead to disease states. In the process of evolution, they have adapted uniquely to 
extreme habitats. A photosynthetic lifestyle leads to high oxygen levels and severe 
stress. This leads to the development of numerous effective defense systems in the 
body to prevent the accumulation of free radicals and reactive oxygen species, and 
this mechanism protects microalgae from cell-damaging effects.

16.3.2  Cosmetics

Cosmetics refers to substances applied to the human body for cleansing, healing, 
antisun, antibacterial, antiaging, anticellulite, moisturizing, beautifying, perfuming, 
altering appearance, and other purposes. No more harm to human health than soap 
(Saraf 2012). Numerous formulas have been developed to smooth, revitalize, and 
beautify skin, hair, and more (Novak et al. 2014). Microalgae extracts are already 
used as raw materials in cosmetics containing biologically active ingredients 
claimed to have medicinal or drug-like benefits (Borowitzka 2013). These extracts 
are commonly found in cosmetic packaging, especially as ingredients for face, hand 
and body creams or lotions (Anbuchezhian et al. 2015). The microalgae and cyano-
bacteria like Arthrospira, Donaliella, Haematococcus, and Chlorella are mainly 
used in cosmetics (Borowitzka 2013). Extracts from these microalgae are added to 
regenerating creams and lotions. It is also used in sunscreens, shampoos, and hair 
masks. Chlorella vulgaris extract has been reported to stimulate collagen synthesis 
in the skin. It also contributes to fiber regeneration and reduces wrinkles on the skin 
surface (Codif, France). Protein-rich Arthrospira extract slows skin aging (Exsymol, 
Monaco).

16.3.3  Antifungal Properties

Cyanobacteria (cyanobacteria) are a highly diverse group of Gram-negative pro-
karyotes and the oldest photosynthetic organisms: 2000 different strains of freshwa-
ter and marine cyanobacteria have been found worldwide, demonstrating remarkable 
ecological diversity. Its ability to grow under adverse conditions and its autotrophic 
properties make it suitable for cultivation in nutrient-poor lakes, ponds, and seas 
that pose a serious threat to water and cause eutrophication (Chorus and Bartram 
1999; Duy et al. 2000). This can lead to unpleasant tastes and odors in water due to 
the release of volatile compounds (Jones and Korth 1995). According to Hunter, 
several genera of cyanobacteria have been reported to produce toxic aquatic flowers 
and various toxins (Hunter 1995). Known for their diverse antibacterial activity, 
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microalgae are used worldwide to manufacture a variety of value-added products. 
Pharmaceutical companies, especially drug discovery departments, have continued 
this 40-year research to extract new compounds and drugs from cyanobacteria. 
Development without the addition of organic substrates has practical advantages 
over microorganisms. Lesser availability and high cost of next-generation antibiot-
ics led to the search for new agents with antibacterial activity. The medicinal and 
nutritional properties of cyanobacteria were first recognized in 1500  BC when 
Nostoc species were used to treat gout, fistula, and some cancers. Cyanobacterias 
are also antibiotic resistant. Cyanobacteria are a source of antifungal compounds: 
Flavanoid-type compounds, fisherelin A, phytoalexin, tritoxin, laxaphycin, ambi-
gin, calophycin, scutophytin, and laxaphycin are found in Oscillatoria, 
Cytonemapseudohoffmani, and Anabaena laxa. It is isolated from another species 
of cyanobacteria that is thought to have antifungal properties. It is isolated from 
another species of cyanobacteria that is thought to have antifungal activity (Chauhan 
et al. 2020).

16.3.4  Anti-Inflammatory and Analgesic Agents

A significant portion of pharmaceutical waste in 4444 wastewater consists of anti- 
inflammatory (AI) and analgesic (AN) agents, which are used as analgesics and 
anti-inflammatory agents, respectively (Fent et al. 2006). Both groups of chemicals 
are in widespread nonprescription use, with estimated annual consumption in devel-
oped countries of several hundred tons (Daughton and Ternes 1999). Because they 
contribute significantly to the total amount of pharmaceutical contamination in 
water, this study explores the most common and commercially available AN and AI 
chemicals, their occurrence and fate in the aquatic environment, and their therapeu-
tic potential. We aim to provide a thorough and critical review of sewage and drink-
ing water treatment plants. Occurrence and Fate of AN and AI in the Aquatic 
Environment Individual concentrations in surface waters are shown to be within the 
GLA 1 range, indicating a high proportion of municipal wastewater (Heberer 2002; 
Mompelat et al. 2009; Boyd et al. 2003; Quintana et al. 2005; Buser et al. 1999). 
Therefore, most of the AI/AN agents and metabolites used are ultimately discharged 
into water bodies regardless of the wastewater treatment efficiency of wastewater 
FAH. The much lower volume of surface water than sewage treatment plant effluent 
is due to dilution effects and the potential for removal by natural pathways such as 
hydrolysis, sorption, biodegradation and photolysis. However, some PhAC residues 
(such as ANs/AIs) can enter aquifers under recharge conditions and have been 
detected in groundwater samples from water supplies behind urban sewage treat-
ment plants (Heberer 2002). Studies on the fate of anti-inflammatory and analgesic 
PhACs in received water indicate that many of them and their metabolites are 
metabolized by a combination of abiotic and biotic processes and direct or indirect 
phototransformation (Tixier et  al. 2003; Miège et  al. 2009; Sedlak and Pinkston 
2001). Mechanism-determined: In surface waters throughout the food chain, some 
of the residues may undergo biotransformation, but the extent of transformation by 
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abiotic reactions is much greater (Rahman and Lowe 2006). In the literature we 
reviewed, we found that hydrolysis is a minor elimination pathway for environmen-
tally relevant human drugs, most of which are transformed by photolytic and bio-
degradative processes. We also found that human drugs that cannot absorb solar 
radiation (nonphotolabile) are relatively biodegradable, and poorly biodegradable 
or partially biodegradable drugs are photoreactive.. IBP was the only human drug 
(among those examined in this study) characterized by a high sorption coefficient. 
Therefore, they migrate into sediments as an additional removal pathway (Tixier 
et al. 2003; Ziylan and Ince 2011).

16.4  Biotransformation of Arsenic in Algal Cells

Polysaccharides, proteins, chitin, lipids, and vitamins. In the food web, the main 
producers are edible macroalgae, commonly known as algae. As a medicine and 
food source, algae are mainly used to produce nutritious products. Algae are also 
called sea vegetables (Zhao et al. 2018). In the Hawaiian Islands, seaweed is used 
by humans as a seasoning instead of pepper, oregano, or mustard (McDermid and 
Stuercke 2003). A myriad of bioactive molecules, including proteins, amino acids, 
lipids, fatty acids, carbohydrates, sterols, vitamins, and bioactive pigments, is 
derived from microalgae and is useful in the production of a wide range of nutritious 
foods and industrial-scale pharmacological applications. (Zhao et al. 2018). Iodine 
is abundant in freshwater algae. Although food is obtained from terrestrial plants, 
the iodine content is low and seaweed is a cheaper food option because of the human 
iodine need (Rajapakse and Kim 2011). The use of freshwater algae is valuable 
because of its potential applications in industries such as the pharmaceutical, nutra-
ceutical, and cosmetic industries (Gopeechund et al. 2020; Sansone et al. 2020). 
Many algae antioxidants, such as peptides, polyphenols, polysaccharides, and carot-
enoids, have been found to be antibacterial, anticancer, antidiabetic, anti- 
Alzheimer’s, Antifibrotic, and neuroprotective (Hosseini et  al. 2020). Freshwater 
organisms and their metabolites produce successive extracts in the form of antioxi-
dants, pure substances, and biomass (El-Shafei et al. 2021). A rich source of natural 
antioxidants such as sponges, sea squirts, bryophytes, lichens, bacteria, fungi, algae 
and microalgae. Freshwater algae are the best source of natural antioxidants. The 
main purpose of antioxidant production in freshwater microalgae and the cleaning 
ability of such antioxidants is to produce microalgal compounds such as vitamins, 
sterols and phenolic compounds (Widowati et al. 2017). The potential value and 
market demand of freshwater microalgae related to carotenoid accumulation is high 
due to their rapid growth, active metabolism, balanced biochemical precursors and 
bioproducts (Batista et al. 2013).
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16.5  Classification of Algae

Phaeophyte Brown algae (Phaeophytes): There are approximately 1780 species of 
brown algae and are currently classified in the family Fucoidaceae (or Pheophyta) 
of the phylum Zooxanthora (De Reviers et al. 2007); this class includes 17 orders 
Brown algae are notaclose relative of red and green algae, although they are macro-
scopically similar and intermingled on rocky shores. They belong to another king-
dom (Chromista) and their closest relatives are microscopic algae (diatoms, 
chrysophytes, zooxanthellae) that live in marine and lake plankton. Brown algae are 
found in all these as of the world, but are more diverse and abundant in coldwaters; 
especially their largest and most spectacular representatives (Laminariares and 
Desmareschares species) wholly confined to cold polar and temperate waters. The 
morphological diversity of brown algae is not inferior to that of green algae and red 
algae. Filamentous species is composed of finely branched rows, such as Ectocarpus 
and Pylaiella, grow on intertidal rocks or larger algae in many parts of the world. 
However, most brown algae are larger and look like branching ribbons, shrubs, or 
small trees. Members of Fucales are algae of particular ecological importance, as 
they form dense areas in the intertidal zone of many rocky coasts of temperate seas. 
For this reason, they generate habitat that supports enormous biodiversity and are 
considered keystone species; the Fucus Belt in the North Atlantic and Cystoseira in 
the Mediterranean are well-known examples. The order also includes the only 
example of macro algae that float permanently and never clings to the bottom of a 
rock: the Sargasso Sea in the middle of the North Atlantic Ocean is an area bounded 
by ocean currents where large amounts of Sargassum are constantly floating around.

TBrown seaweed is largest known seaweed. It belongs to the order of seaweeds 
represented by the word kombu Ecklonia, Eisenia, Laminaria and Lessonia species 
produce similar underwater forests in other parts of the world. Anatomically and 
morphologically, seaweeds are also the most complex algae. Their tissues contain a 
large number of cells and structures, and their complexity is comparable to that of 
vascular plants. Based on information about their DNA sequences, their classifica-
tion has recently changed. Green algae are currently defined as not forming homo-
geneous, cohesive entities. Instead, they belong to a larger group called Viridiplantae, 
which also includes terrestrial plants (Lewis and McCourt 2004). Alga is the name 
of a class that includes all marine green algae. About 920 species inhabit the algae 
family, which is widely distributed in the world’s oceans. The algal bodies of green 
algae have a wide variety of morphologies, but most of them are very simple. 
Cladophora and Chaetomorpha are two common taxa, both containing branched or 
unbranched thin filaments. The sea lettuce species is sometimes called sea lettuce 
because of its appearance, which is a leaf composed of two layers of cells. These 
algae grow quickly and are well known for their ability to absorb nutrients from 
seawater. The growth of sea lettuce is a typical phenomenon in eutrophic waters. If 
this development is left unchecked, huge masses of sea lettuce accumulate, causing 
the so-called green tide, which requires mechanical removal of the algal biomass. A 
specific type of body tissue that exists. Two orders of siphonic green algae—
Bryopsidales and Dasycladales—are among the most ecologically effective algae. 
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These algae consist of a single giant cell with multiple nuclei that serve as its body. 
Caulerpa is the best known genus of siphonal algae. Tropical and warm temperate 
waters are home to a wide variety of Caulerpa species. They are widely used in 
tropical aquariums and are very popular with aquarium enthusiasts due to their 
beautiful habits (Stam et al. 2006). Unfortunately, this type of algae tends to grow 
uncontrollably and rapidly. The spread of Caulerpa taxfolia in the Mediterranean 
Sea after its accidental release from the Maritime Museum of Monaco was one of 
the most notable instances of land invasion by marine organisms. In the years that 
followed, Caulerpa racemosa var. Cylindracea, introduced from Australia by an 
unidentified route, has also actively overgrown the Mediterranean Sea (Verlaque 
et al. 2003; Piazzi et al. 2005).

Different types of eatables like pasta, vegetable soups breads and snacks (Nunes 
et al. 2020) have contributed to huge growth in industries. The algal industrial revo-
lution has marked an impressive step toward achieving the Sustainable Development 
Goals (SDGs) and increasing energy demand. Algae production uses closed, lighted 
culture vessels to process biomass. It can be defined as a photobioreactor (PBR) that 
seals a nonenvironmental structure without actively transporting gases or contami-
nants. PBR allows control of pH, temperature, light intensity, and carbon dioxide 
rate. Low carbon dioxide content and minimal water evaporation enable high con-
centration production of complex biopharmaceuticals. Many types of this PBR have 
been developed to culture algae for bioenergy and bioproducts production (Ugwu 
et al. 2008). PBR plays a valuable role in algae production, producing large amounts 
of microalgae for universal cultivation of many species. The PBR architecture 
ensures uniform illumination of the culture surface and rapid mass distribution of 
carbon dioxide and oxygen. Microalgae cells are highly adherent and can exchange 
light on the reactor surface. The reactor architecture aids in algal production, reach-
ing rapid levels of mass transfer by not damaging or inhibiting the cultured cells. 
Products made from seaweed are available in large quantities in the global market. 
Microalgae are photosynthetic eukaryotes that grow in both freshwater and seawa-
ter. The bioactive components of microalgae consist of lipids (12–48%), proteins 
(18–46%), carbohydrates (18–46%), and carotenoids (10–14%) (Khoo et al. 2020; 
Koyande et al. 2019; Tang and Ying 2020; Tibbetts and Injaian 2014). In the bio-
polymer industry, algae are a potential starting material due to their rapid biomass 
productivity, five to ten times faster than conventional food crops (Makareviciene 
et al. 2013). Algae are useful not only as an excellent food source, but also because 
the biodegradability of algae-based bioplastics is beneficial for a variety of purposes 
in industries such as packaging of polymers in the food industry, agriculture, and 
horticultural polymers. (Zeller et al. 2013). In the circular economy, algae-based 
bioplastics are being investigated as a sustainable solution. This is because it can be 
converted into a natural material by composting using plastic bags, making it a use-
ful alternative to peat to end the life cycle of bioplastics (Khoo and Tan 2010). From 
indoor photobioreactors, microalgae cultures can be easily grown and do not require 
cultivated land (Karan et al. 2019). For microalgae, the culture medium is saved 
with the help of wastewater resources compared to chemical-based culture medium 
(Karan et  al. 2019; Leong et  al. 2019; Gómez-López et  al. 2019). Algae-based 
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biopolymers offer key advantages for green production and help improve waste 
management (Rendon et al. 2016). In algae production, the biorefinery has revealed 
that early development stages do not cause damage or pollution to the atmosphere. 
In nature, algae absorb CO2 and release oxygen into the environment (Khan et al. 
2018). To produce algal biopolymers, this process can operate with less mainte-
nance and energy consumption compared to other polymer manufacturing indus-
tries (Ortelli et  al. 2019). The production of microalgae culture consists of two 
types: indoor photobioreactor and outdoor open pond cultivation. Davis et  al. 
(2011). Scale-up systems and indoor PBR manufacturing require proper design to 
support construction and cleaning-in-place (CIP) systems (Zhu et al. 2017). In bio-
pharmaceuticals, algae have valuable properties such as low production costs, 
absence of toxic compounds in many species, high biosynthetic capacity, and poten-
tial use as oral delivery vehicles. They are important hosts. Microalgae are single- 
celled microorganisms that can be easily grown on very inexpensive media. 
Photosynthetic algae require minimal nutrients in the system for sunlight to drive 
biomass production. Photosynthetic algae are very useful in sewage treatment. The 
primary energy source for this algae is light, and it absorbs carbon dioxide and 
nutrients for metabolism.

16.6  Conclusion

Thus, the production of algal species is a major source of food ingredients that do 
not require rigorous purification, and these species do not produce toxic compounds. 
Algae lack harmful endogenous compounds for this unique property of using algae 
as hosts to facilitate biopharmaceutical production. In the global market, genetically 
engineered algae for the production of biopharmaceuticals for the production of 
algae-based biopharmaceuticals are firstly genetic coding and to generate working 
vectors that aid in the development of transformed algae clones. Develop cloning. 
Algae production rates are increasing worldwide as algae are used as biostimulants, 
increasing crop yields and reducing the need for fossil-based fertilizers (Mona et al. 
2021). Therefore, marine algae are a source of great natural products for the 
human need.
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