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Abstract 

One of the most underutilized biological resources in the world is the marine 
environment, which makes up nearly three-quarters of the Earth’s surface. A 
variety of organisms with unique biological systems and features can be found in 
the marine environment. They have evolved special characteristics that allow 
them to survive in a variety of hostile environments. By applying a wide variety 
of screening tools, extracts and purified compounds of these organisms can be 
studied for food processing, biological activities, and bioenergy production. 
Biomolecules derived from marine organisms have a wide range of applications 
in the food industry, including colorants, preservatives, and flavor enhancers. 
Some of the most useful marine-derived food ingredients are pigments, polyun-
saturated fatty acids, sterols, polysaccharides, proteins, and enzymes. Among the 
therapeutics, more than 60 % of the active pharmaceutical formulations come 
from natural products or their derivatives, which have been reported to possess 
biological activities (anticancer, anti-inflammatory, antioxidant, antimicrobial, 
etc.). Using marine resources to produce biodiesel is one of the hottest areas for 
renewable energy. International cooperation, novel biotechnological tools, mass 
production of marine organisms, integration of biotechnology with other sectors, 
etc., will be necessary to fully explore the potential of marine sources. 
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1.1 Introduction 

Despite covering around three-quarters of the Earth’s surface, the marine environ-
ment is one of the world’s least utilized biological resources. The marine environ-
ment is home to a wide variety of organisms (Fig. 1.1), each with its own set of 
biological systems and characteristics. For example, marine algae, sponges, corals, 
fish, and microbes have evolved specific characteristics that allow them to flourish in 
a variety of hostile environments such as salinity, pressure, temperature, and dark-
ness (Rasmussen and Morrissey 2007). 

Marine organisms hold useful industrial products. About 230,000 species have 
been estimated to be dwelling in the marine environment. However, many species

Fig. 1.1 Some of the marine invertebrates. (a) Sponge, (b) hard coral, (c) soft coral, (d) cushion 
star, (e) ascidian, (f) tunicate, (g) star fish, (h) feather star, (i) nudibranch



have yet to be discovered and characterized. Marine organisms produce a wide 
variety of metabolites (primary and secondary) which have remarkable biological 
applications. The integration of modern tools into marine research is unmasking the 
hidden potential and fast-tracking marine research for the discovery of novel 
products, characterization of marine resources, and exploitation of these resources 
for human welfare. According to the Dictionary of Marine Natural Products and 
MarinLit database (http://pubs.rsc.org/marinlit/), over 39,000 compounds have been 
identified so far in the marine environment, and approximately 38,700 articles have 
been published on marine products. According to the record of the PubMed data-
base, there has been a consistent and steady increase in the research work carried out 
on marine products and marine biotechnology (Fig. 1.2).
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To address the current and future challenges from the perspective of the marine 
environment, marine (blue) biotechnology has been developed to modernize the 
established tools and engineer new technologies for the efficient utilization of marine 
resources. Marine biotechnology thrives to discover, exploit, and utilize the potential 
of marine resources (including organisms and the environment) for the prosperity of 
humanity while maintaining the natural ecosystem of the marine environment. Not 
only for humanity’s benefit, but marine technologies are also innovating new ways 
and harnessing modern technological tools for the welfare of marine life. From a 
wider perspective, marine biotechnology involves the use of marine organisms or 
their components to produce goods or services and exploit marine resources for 
ubiquitous applications in the fields of medicine (particularly drug discovery), 
cosmetics, environmental remediation, food, feed supply and processing, and energy 
production (Freitas et al. 2012; Baerga-Ortiz 2009; Tramper et al. 2003). Like other 
types of biotechnology, marine biotechnology also utilizes and innovates the tools of 
molecular and cellular biology, genetics, chemistry, OMICS, and bioinformatics. 
Advances in these fields have facilitated the application of marine biotechnology, in 
which marine organisms and their compounds are explored and useful components 
are identified, obtained, and characterized for use in a variety of fields such as food 
and feed, pharmaceutical, and biomedical industries (Rotter et al. 2021). 

By the year 2025, it is predicted that the global market for marine biotechnology 
will reach $6.4 billion, covering a wide range of commercial objectives for the 
pharmaceutical, chemical, and biofuel industries (Hurst et al. 2016; Vierros et al. 
2016). Another report has recently projected the marine biotechnology market value 
at $7.3 billion by 2026 (IndustryARC 2020). Due to the potential of blue growth, 
marine biotechnology is progressively making its way into economic-driven 
policies. Biotechnology holds the potential to play at the forefront and apply the 
capabilities of marine organisms in the economic, food, and therapeutic sectors. 
Marine organisms are a major source of a variety of molecules (of biomedical and 
industrial value) as they have evolved to dwell in the extreme conditions of chemis-
try, pressure, temperature, and darkness (Poli et al. 2010). One of the many ways to 
get exclusive benefits from these resources is through the “marine genetic resources” 
(MGRs) which offer genetic materials of potential value and economic benefits 
(United Nations 1992). We presume that strong cooperation between academics 
could enhance the utilization of marine resources in the form of detecting, isolating,

http://pubs.rsc.org/marinlit/


and classifying marine organisms (such as bacteria, marine invertebrates, fungi, and 
microalgae) and characterizing them for bringing their products to industries. 
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Fig. 1.2 Number of documents published on marine products (a) and marine biotechnology (b). 
The PubMed database was accessed for this information on the 15th of July 2022 

By applying a wide variety of screening tools, extracts and purified compounds of 
these organisms can be studied for food processing, therapeutically, and industrially 
significant biological activities, including anticancer, anti-inflammatory, antiviral, 
antibacterial, and anticoagulant activities, as well as for ion channel/receptor



modulation and plant growth regulation (Shah et al. 2022; Kijjoa and Sawangwong 
2004; Abdelnasser et al. 2017; Pech-Puch et al. 2020). 
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Fig. 1.3 Marine biotechnology’s role in food, energy, and nutraceutical production 

Marine biotechnology’s important role in food, nutraceuticals, and energy pro-
duction has been discussed below in Fig. 1.3. 

1.2 Food 

Biomolecules derived from marine organisms have a wide range of applications in 
the food industry, including food production at high temperatures and pressures, 
coloring agents, preservatives, and flavor enhancers. Some of the most useful 
marine-derived food ingredients include photosynthetic pigments, polyunsaturated 
fatty acids (PUFAs), sterols, polysaccharides, proteins, and enzymes (Rasmussen 
and Morrissey 2007). 

Marine-based food ingredients obtained from marine algae (macroalgae and 
microalgae) (Figs. 1.4 and 1.5) are an important source of nutrients. Algae are 
inhibited all over the world, a rich source of bioactive compounds and nutritional 
compounds including calcium, sodium, magnesium, iodine, phosphorus, potassium, 
iron, and zinc (Ścieszka and Klewicka 2019). The usage of algae in the biotechnol-
ogy industry has extensively grown since the chemical composition and bioactive 
substances identified in algae are suitable to be used in various fields, especially in 
the food industry. Polysaccharides originating from algae, such as algins, 
carrageenans, and agar, are widely utilized in a range of foods for their capacity to 
form gels and function as thickeners and stabilizers (Rasmussen and Morrissey 
2007). Algae have largely been used in meat and bakery products to improve their 
quality and safety. The presence of Porphyra umbilicalis, Undaria pinnatifida, 
Enteromorpha, and Himanthalia elongata algae altered the antioxidative capacity 
of meat and cereal-based products (Gupta and Abu-Ghannam 2011). 

Macroalgae, according to their color are divided into three groups: brown algae 
from the family Phaeophyceae (which gets its brown or yellow-brown color from 
fucoxanthin), red algae from the family Rhodophyceae (which contains phycoery-
thrin and phycocyanin), and green algae from the family Chlorophyceae (dominating



chlorophyll a and chlorophyll b) (Shah et al. 2022; Domínguez 2013). Macroalgae 
are predominant producers in the sea and coastal areas. A major amount of their 
biomass is driven away to the deep sea and sediment (Ortega et al. 2019). 
Macroalgae is added to dairy products such as milk desserts, cheese, ice cream, 
yoghurt, cottage cheese, and processed cheese to improve their nutritional values. 
Brown algae, for example, Laminaria, is added to dairy products to make them 
iodine-rich. Green algae Chlorella and brown algae Undaria pinnatifida are added to
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Fig. 1.4 Macroalgae, (a) Pyrodinium bahamense, (b) Akashiwo sanguinea 

Fig. 1.5 Microalgae, (a) Pyrodinium bahamense,  (b) Akashiwo sanguinea



increase the quality of the cheese during storage. Fermented foods with a high 
concentration of lactic acid bacteria incorporated with algae, which have biologically 
active metabolites of natural origin, improve product quality and develop a 
completely new category of fermented foods. For instance, calcium is trapped in 
casein in cheese, which prevents those without the necessary enzymes from absorb-
ing calcium from those products. As a result, the inclusion of calcium-rich algae 
might boost the amount of the element in dairy products and aid in the treatment of 
hypocalcemia (Ścieszka and Klewicka 2019).
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Fig. 1.6 Sea cucumber Pearsonothuria graeffei 

Microalgae can carry out photosynthesis and they are classified according to their 
cytological and morphological characteristics, pigments, type of reserve metabolites, 
and components of the cell wall. Marine diatoms are golden-brown due to xantho-
phyll pigments, and blue-green algae possess chlorophyll a, and blue phycocyanins 
(Domínguez 2013). Microalgae are fast-growing algae species that can double their 
biomass more than once in 24 h. It is estimated that the microalgae can yield 
20 kg/m2 /year (Varshney et al. 2015). Microalgal biomass (defatted) holds applica-
tion in the feed industry for carnivorous fish. It is reported that defatted 
Nannochloropsis oceania biomass could be used as a replacement for fishmeal as 
it has shown a positive impact on the growth, feed intake, and health of Atlantic 
salmon (Sørensen et al. 2017). Further, the addition of Nannochloropsis spp. 
biomass as a feed additive to the diet of Pacific white shrimp enhanced its resilience 
toward temperature change and improved its level of reactive oxygen species 
(Guimarães et al. 2021). 

Sea cucumbers (Fig. 1.6) are marine invertebrates and are characterized by 
leathery skin, a soft body, and a single-branched gonad. So far, about 1716 species 
have been identified and classified. These organisms live in a hostile marine envi-
ronment (Pangestuti and Arifin 2018). Sea cucumbers have been traditionally used



as food and medicine in Asia. They could be used in soups, pickled food items, or 
stir-fried foods. In Indonesia, sea cucumbers are known as “teripang” or “trepang” 
and “beche-de-mer” in France. According to the Ming dynasty literature, sea 
cucumbers possessed similar therapeutic abilities as herbal ginseng and they are 
known as “haishen”, which means “ocean ginseng” (Bahrami et al. 2014). Sea 
cucumbers are an ideal tonic food, as these organisms are rich in protein and 
interestingly, the lipid level is lower. They are collagen-rich and contain an elevated 
level of gelatin content (Pangestuti and Arifin 2018). Holothuria poli is a type of sea 
cucumber and is ubiquitous in the Mediterranean Sea, Canary Islands Sea, and the 
northern Red Sea. Holothuria poli has been extensively examined for the presence of 
secondary metabolites (Ismail et al. 2008). Pearsonothuria graeffei is another sea 
cucumber with a good source of triterpene glycosides, which can act as a functional 
food (Zhao et al. 2012). 
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Fig. 1.7 Seagrass Halophila ovalis 

Seagrasses are types of plants (also known as angiosperms) that live in marine 
environments and contribute to the sustainability of coastal ecosystems (Fig. 1.7) 
(Grignon-Dubois and Rezzonico 2013). In addition to being a source of animal feed, 
seagrasses have been utilized for centuries as food, medicine, and fertilizer. 
Seagrasses may be used as a functional food since it is an important source of 
protein, carbohydrate, lipids, fiber, phenol, flavonoids, and tannin. Seagrasses also 
contain essential elements (carbon, hydrogen, and nitrogen) as well as photosyn-
thetic pigments (chlorophyll a, chlorophyll b, total chlorophyll, and carotenoid) 
(Rengasamy et al. 2013). 

Fish is a vital source of protein and most people on earth still largely catch fish 
from the wild, with significant negative effects (Fig. 1.8). Aquaculture development 
is one of the most significant biotechnology applications in marine research. Pro-
ducing fish species that have a faster growth rate, higher adaptability and



survivability, and better fish yield has always been the major goal of the aquaculture 
sector (Uddin and Islam 2019). 
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Fig. 1.8 Aquaculture facilities 

The ocean’s fisheries are becoming more stressed due to heavy expenditures on 
fishing fleets and technology as well as constantly rising yields. Numerous fishing 
areas are currently so overfished that their further viability is in jeopardy (Shakouri 
et al. 2010). Food security can be greatly aided by using biotechnology in sustainable 
aquaculture and fisheries. In this regard, fish that have been genetically modified 
(GM) have the potential to significantly boost fish farm yields, but they have also 
raised significant environmental concerns in the US and Europe over potential 
effects on wild species. To allay these worries and address public resistance to 
biotechnology, it is crucial to establish a solid, trustworthy, and widely recognized 
technique for calculating the potential for harm caused by GM fish escaping into the 
wild. To explore the impact of the transgenic itself on wild populations, a novel 
technique based on population genetics has just been devised; however, it has 
limitations (Muir 2004). Gene transfer technology was employed to promote fish 
growth. In China, a developed gene containing the promoter gene of antifreeze 
protein and salmon growth hormone cDNA was introduced into the red sea bream 
fish genome by the technique of electroporation and significant results were obtained 
in terms of cold tolerance and an increment in body weight (Zhang et al. 1998). In 
Malaysia, a new type of grouper known as the hybrid grouper (TGGG) has been 
produced by researchers by crossing sperm of Epinephelus lanceolatus with eggs of 
the Epinephelus fuscoguttaus grouper species (Fig. 1.9). Epinephelus lanceolatus, 
also known as Giant grouper, lives in marine, brackish, and reef-associated 
environments, whereas E. fuscoguttaus, also known as Tiger grouper, is an Indo-
specific species that live primarily on coral reefs and lagoon pinnacles (Ching and 
Senoo 2008; Pears et al. 2006; Othman et al. 2015; Shapawi et al. 2019). Hybrid



groupers reach maturity more quickly and consume feed more efficiently, implying a 
decrease in the cost of feed for commercial farming compared to nonhybrid parents. 
It can also survive a wide range of climatic conditions due to its genetic improve-
ment (Ching and Senoo 2008; Shapawi et al. 2019). 
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Fig. 1.9 Hybrid grouper (Epinephelus lanceolatus x Epinephelus fuscoguttaus) 

1.3 Nutraceuticals 

Many potently active compounds worthy of therapeutic use have been found via 
research into the pharmacological characteristics of marine natural materials. The 
marine environment is a remarkable source of bioactive natural products, many of 
which have chemical and structural characteristics that are not present in terrestrial 
natural products (Kong et al. 2010). Among the therapeutics, more than 60 % of 
active pharmaceutical formulations come from natural products or their derivatives 
(Cragg and Newman 2013). Secondary metabolites from marine resources have vast 
and profound applications in the pharmaceutical industry. These compounds have 
evolved from millions of years of natural selection. Due to the intrinsic abilities of 
marine natural products, these molecules can identify and attach to macromolecules, 
disturb their function, and affect their biological activities (Mayer et al. 2010). 

The horizon of marine bioactive compound discovery has exponentially 
expanded. For instance, in the 1960s, researchers could access and study shallow-
water subtidal creatures down to a depth of around 40 m. Whereas scientists have 
recently gained access to an array of undiscovered marine settings and habitats 
through the acquisition of advanced tools, such as manned submersibles and 
remotely operated vehicles, which are currently making it possible to visit depths 
of 5000 m and deeper (Miyake et al. 2011). 

For functions like communication, reproduction, and defense against predation, 
competition, and infection, marine species have evolved biochemical and physio-
logical systems that involve the creation of bioactive compounds. According to a



comparison study by Kong et al. (2010), marine natural products have a higher level 
of chemical novelty than terrestrial natural products. Nearly every class of marine 
organisms shows a diversity of molecules with distinctive structural characteristics 
because of the physical and chemical circumstances in the marine environment. But 
in addition to its incredible chemical diversity, marine water also offers a remarkable 
variety of life. About 32 of the 34 basic phyla of life are found in marine waters, 
whereas 17 are found on land (with some overlap). The ocean is far more diversified 
from a basic point of view, making it the ideal area to start the development of a 
natural pharmacy (Kijjoa and Sawangwong 2004). Moreover, the utilization of 
modern computational tools could also help to find effective synergies of two or 
more compounds for enhanced therapeutic properties (Harakeh et al. 2015). In some 
cases, the immobilization of medicinal products (such as lactoperoxidase) into silver 
nanoparticles could enhance their medicinal efficacy (Sheikh et al. 2018). 
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Many marine-derived compounds are important to the nutraceutical industry. 
Nutraceuticals are bioactive chemicals having medical properties or additional 
health advantages, such as anticancer, anti-inflammatory, antioxidant, and antimi-
crobial activity, and many marine-based food components come under this category 
(Rasmussen and Morrissey 2007; Hamed et al. 2015; Kijjoa and Sawangwong 
2004). Nutraceutical fortification of foods has become a popular means of offering 
nutritious food products to health-conscious customers. Consumer awareness of 
marine-based nutraceuticals has grown as a result of publications on their numerous 
health advantages, such as increased antioxidant activity and immunity (Ohr 2005). 
Currently marketed marine nutraceuticals include omega-3-rich fish and algal oils, 
chitin and chitosan, shark liver oil, marine enzymes and chondroitin from shark 
cartilage, sea cucumbers, and mussels (Rasmussen and Morrissey 2007). Chondroi-
tin (a component of cartilage) has been shown to possess anti-inflammatory and 
anticancer properties, whereas omega-3 fatty acids are well-known for their wide 
range of health benefits, such as a reduced risk of cardiovascular disease and 
enhanced brain development in babies (Rasmussen and Morrissey 2007). Marine-
based dietary components and nutraceuticals can be derived from a variety of 
sources, such as marine plants, microorganisms, and sponges, each of which has 
its own set of biomolecules that allow it to survive in its particular habitat 
(Rasmussen and Morrissey 2007) (Fig. 1.10). 

As previously stated, several marine-derived compounds have been shown to 
have nutraceutical benefits. It is also commonly believed that marine resources 
provide the chance to uncover unique chemical diversity with exciting pharmaco-
logically active molecules that could be utilized to treat bacterial, inflammation, 
cancer, parasitic infections, and several other ailments (Fajarningsih 2013). 

Sponge extracts have bioactive compounds that are antiviral, anti-inflammatory, 
antibiotic, antifouling, antimalarial, anticancer, immunosuppressive or 
neurosuppressive (Sipkema et al. 2005). About 5000 therapeutically important 
compounds have been detected in sponges and about 15,000 or more marine 
organisms have been documented as possessing bioactive compounds (Sipkema 
et al. 2005). In addition to sponges, ascidians and gorgonian marine creatures have 
been also shown to exhibit antiviral and antiproliferative properties. In research, a



total of 65 marine species were collected off the coast of Mexico’s Yucatan Penin-
sula, including 51 sponges from the phylum Porifera, 13 ascidians from the phylum 
Chordata, and one gorgonian from the phylum Cnidaria. They were chosen based on 
chemotaxonomical parameters. Each extract was tested in vitro for antiviral and 
antiproliferative activities against human adenovirus and five human tumor cell 
lines, including hepatocyte carcinoma, breast cancer adenocarcinoma, human lung 
carcinoma, pancreatic carcinoma, and human skin melanoma. In plaque tests, they 
were removed using organic solvents. Antiviral activity was found in 11 extracts 
from ten sponges, including Ircinia felix, Ectyoplasia sp., Chondrilla sp., 
Myrmekioderma gyroderma, Agelas citrina, Monanchora arbuscula, Dysidea sp., 
Cinachyrella kuekenthali, Aaptos sp., and Spongia tubulifera, and Spongia 
tubulifera, Dysidea sp., Agelas citrina, Chondrilla sp., and Monanchora arbuscula 
extracts demonstrated the strongest antiviral activity. The extract’s IC50 values were 
lower than those reported for cidofovir (a drug used to treat human adenovirus 
infections) (Pech-Puch et al. 2020). 
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Fig. 1.10 Some marine invertebrates: (a) crown-of-thorns starfish, (b) bubble algae, (c) hard coral, 
(d) feather star 

To date, antiproliferative activity has been demonstrated by four ascidians 
(Trididemnum solidum, Polysyncraton sp., Clavelina sp., and Eudistoma amanitum) 
and 21 sponges (Tethya sp., Agelas citrina, Leucetta floridana, Forma hermatypica, 
Chondrilla caribensis, Dysidea sp., Myrmekioderma gyroderma, Clathria 
(Clathria) gomezae, Amphimedon compressa, Cinachyrella kuekenthali, Cliona 
varians, Monanchora arbuscula, Mycale laevis, Spongia tubulifera, Plakinastrella 
onkodes, Aaptos sp., Haliclona (Rhizoniera) curacaoensis, Aiolochroia crassa, and 
Scopalina ruetzleri). The ascidian Eudistoma amanitum and the sponge Haliclona 
(Rhizoniera) curacaoensis had the most potent antiproliferative activity. In addition,



greater than 50% of the extracts exhibited antiproliferative activity against the 
hepatocyte cancer cell line (Pech-Puch et al. 2020). 
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In addition to marine invertebrates and sponges, algae, sea cucumber, seagrasses, 
etc., also contribute as the source of drug production. Macroalgae including Sargas-
sum polycystum, Halymenia durvillaei, Caulerpa lentillifera, Caulerpa racemosa, 
Dictyota dichotoma, Kappaphycus alvarezii, etc. have been shown to have anti-
inflammatory, antioxidant, antibacterial, and anticancer properties. Several different 
nutraceutical compounds have been reported in these seaweeds. For instance, 
S. polycystum contains lutein, neophytadiene, and cis-vaccenic acid. H. durvillaei 
contains eucalyptol, oleic acid, and pentadecane. C. lentillifera contains canthaxan-
thin, oleic acid, and eicosane, C. racemose has monocaprin pseudoephedrine, and 
palmitic acid, D. dichotoma has squalene, saringosterol, and fucosterol, while 
K. alvarezii contains phthalic anhydride, 2-pentylthiophene, and furoic acid (Shah 
et al. 2022). The marine dinoflagellate Gambierdiscus toxicus has produced a series 
of new polyether antibiotics, gambieric acids, which are the most effective antifungal 
drugs yet to be discovered. For example, Gambieric acid A is 2000 times more active 
than amphotericin B, a therapeutically relevant antifungal drug with very mild 
toxicity in mice and cultured human cells (Nagai et al. 1992). 

The sea cucumber is an abundant source of compounds with therapeutic 
properties, including amino acids, minerals, carotenoids, triterpene glycosides, 
chondroitin sulfates, bioactive peptides, vitamins, collagen, fatty acids, and gelatin. 
These compounds have exhibited therapeutic activities such as anticancer, antimi-
crobial, wound healing, anticoagulant, neuroprotective, and antioxidant. The most 
commonly known and used sea cucumber species include Holothuria fuccogilva, 
Stichopus hermanni, Actinopyga mauritiana, Thelenota ananas, and Thelenota anax 
(Pangestuti and Arifin 2018). 

Seagrasses may contain bioactive compounds with industrial applications 
(Grignon-Dubois and Rezzonico 2013). Seagrasses, for example, have a high con-
centration of secondary metabolites (flavonoids, polyphenols, and fatty acids) that 
act as a defense mechanism against abiotic stresses (Custódio et al. 2016). Benito-
González et al. (2019) report that Halodule unnerves and Posidonia oceanica 
extracts exhibit antifungal, antioxidant, and antiviral properties. In seagrass tissues, 
agents such as luteolin, chrysoeriol, and diosmetin are frequently found (Guan et al. 
2017). Zosteric acid, which is found in the genus Zostera and has antifouling 
properties, is another agent (Vilas-Boas et al. 2017). However, a comprehensive 
evaluation of the biological roles of these metabolites is required due to the presence 
of hazardous chemicals. For instance, pyrrolizidine alkaloids are present in the grass 
subfamily Pooideae (Poaceae), which has been used for a variety of biological 
purposes; nevertheless, it was recently discovered that this substance might cause 
hepatotoxicity in rats (Li et al. 2018). 

Several aquatic vertebrates are also employed as model species in biomedical 
research. One such example is Zebrafish, which have been employed in more than 
40,000 biomedical research investigations. Genetics, toxicology, drug development, 
pathobiology of human diseases, and cellular and developmental biology have all 
been transformed using transgenic fluorescent zebrafish lines. Due to the synthesis of



fluorescent proteins in intracellular organelles, cells, and molecules of interest, these 
structures can be viewed and monitored instantaneously and in vivo. (Choe et al. 
2021). 
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Despite the abundance of great biological activity and high potential of marine 
natural products, their advancement as medicinal agents has been slowed down as a 
result of several circumstances, such as the availability of low active molecules, a 
high level of chemical complexity and in certain situations, their high toxicity at 
therapeutic doses. To overcome some of the aforementioned challenges and advance 
some of the more promising compounds closer to the clinic and the market, many 
commercial companies have been established specifically to apply the ethos of 
biotechnology to the production of marine drugs. (Baerga-Ortiz 2009). Many potent 
new compounds derived from marine natural products are candidates for clinical 
trials. For example, aplidine is a cyclic depsipeptide which is isolated from the 
marine tunicate Aplidium albicans. The bioactive compound is in the trial against a 
patient with a solid tumor (Maroun et al. 2006). Bryostatins are produced by the 
marine invertebrate Bugula neritina, with several types being isolated from various 
populations of the same species, over 13 structurally related compounds have been 
obtained. The tumor-promoting phorbol esters are negatively impacted by 
bryostatin-1, a protein kinase C (PKC) activator. Additionally, bryostatin-1 
modulates the immune system, causes myeloid and lymphoid cell lines to differenti-
ate, produces platelet aggregation, and encourages hematopoiesis. It has shown 
considerable anticancer action in preclinical models against a variety of cell types 
and has also been proven to increase the antitumor effects of different chemothera-
peutic drugs, including, vincristine, cytosine arabinoside, paclitaxel, etc. (Amador 
et al. 2003). The Phase II study of Bryostatin 1 in combination with the chemother-
apy medication Vincristine in select patients for aggressive non-Hodgkin’s lym-
phoma has been effective (Barr et al. 2009). Kahalalide F, cyclic depsipeptides, is 
isolated from a sacoglossan mollusc, Elysia rufescens. It is also obtained from a 
green alga, Bryopsis sp. Indeed, E. rufescens consumes Bryopsis sp. which shows 
that Kahalalide F is a part of the green alga it was consuming. Clinical studies for the 
potent anticancer agent have progressed to phase II for a variety of cancer types. The 
bioactive compound modifies the lysosomal and mitochondrial membranes and 
causes oncosis, which results in cell death (Piel 2010). 

Additionally, several pharmaceutical firms, including Nereus Pharmaceuticals 
(San Diego, USA) and PharmaMar (Madrid, Spain) have developed strategies to 
locate cultivable marine microbes to maximize their growth, boost the production of 
bioactive compounds, and enhance chemical diversity through synthetic modifica-
tion to produce marine drugs, Currently, Nereus Pharmaceuticals, a biotech firm 
focused on the development of marine drugs, is presently undertaking Phase I 
clinical studies for the proteasome inhibitor salinosporamide A (isolated directly 
from the fermentation of the marine actinomycete Salinispora tropica) for the 
treatment of solid tumors, lymphomas, and multiple myeloma (Baerga-Ortiz 2009; 
Fenical et al. 2009). PharmaMar, another biotech firm, manufactures and markets 
trabectedin (Yondelis® ), a natural anticancer agent, which is developed through a 
semi-synthetic process that involves chemically modifying a naturally occurring



fermentation product from Pseudomonas fluorescens to create the finished product 
(Baerga-Ortiz 2009; Cuevas and Francesch 2009). These advancements proved the 
crucial role of marine biotechnology in the production of drugs. 

1 Marine Biotechnology: A Frontier for the Discovery of Nutraceuticals,. . . 15

1.4 Bioenergy 

Since the dawn of human civilization, carbon-based fuel has been the main source of 
energy. Due to expanding commercial businesses and the global population, there is 
a rising need for energy, which is squeezing fossil fuel resources and also adversely 
affecting our environment and posing dangerous consequences in the form of rising 
sea levels, harmful gases, rising temperatures, and declining biodiversity. Searching 
for and developing alternative energy sources that are also environmentally friendly 
is required to meet increasing energy demands. 

One of the hot sectors for renewable energy is the manufacturing of biofuel from 
renewable biomass sources as a substitute strategy. Compared to fossil fuels, biofuel 
is affordable, environmentally beneficial, and holds the potential to substitute fossil 
fuels (Hossain and Jahan 2021). The development of cutting-edge technologies is 
expected to provide human civilization with renewable energy, particularly biofuels, 
on an affordable and sustainable scale (Hossain and Jahan 2021). Biofuels like 
biodiesel, bioalcohol, bio-oil, biogas, and syngas are produced from the biomass 
of living or dead organisms. Biomass contains carbon, which is used for biofuel 
production. Microalgae and macroalgae are marine resources that are used for 
biofuel production. Marine biomaterials are considered a good source of energy 
production. Marine biomaterials that are used for fuel production should be com-
posed of a high level of lipids (ranging from simple polymers to complex 
polysaccharides) (Ali et al. 2020). 

Fortunately, macro and microalgae have high lipid levels, which can produce a 
high amount of energy, and they have a fast growth rate that makes them suitable for 
biofuel production (Gosch et al. 2012; Ali et al. 2020). For example, water hyacinth 
can accumulate great biomass in a short time due to its fast growth rate, which makes 
it a potential renewable energy source that may substitute conventional fossil fuels. 
Besides, the research found that dried water hyacinth biomass can be manufactured 
into briquettes that can replace coal as the co-firing agent in power plants (Rezania 
et al. 2015). Marine resources, particularly algae, can be a potential and stable 
biomass source because the ocean contains a massive untapped algal resource that 
could reduce land costs and efficiently synthesize organic carbon through photosyn-
thesis (Pogson et al. 2013; Hossain and Jahan 2021). 

As well as being an energy source, algae can also contribute to the fixation of 
greenhouse gases (CO2) by consuming them during the process of photosynthesis 
(Chen et al. 2015). The typical photosynthetic efficiency for algae is 6–8% which is 
significantly higher than the 1.8–2.2% of terrestrial plants (Chen et al. 2015; Aresta 
et al. 2005). Algal biomass can be converted into biofuels such as biogas, bioethanol, 
biodiesel, and bio-oils through anaerobic digestion, fermentation, transesterification, 
liquefaction, and pyrolysis (Chen et al. 2015). Microalgae appear to be the only



biodiesel source with the ability to replace fossil fuels. Microalgae, unlike other oil 
crops, develop extraordinarily quickly and constitute rich oil content. Within 24 h, 
microalgae often quadruple their biomass. During exponential growth, biomass 
doubling durations can be as quick as 3.5 h. Microalgae can have an oil concentra-
tion of up to 80% by weight of dry biomass (Chisti 2007). In this context, marine 
algae might be a feasible and dependable source of biomass, as the ocean holds an 
untapped enormous algal resource that could reduce land expenses while simulta-
neously successfully synthesizing organic carbon via photosynthesis. (Chen et al. 
2015). Biofuels from marine resources are cost-effective and reduce greenhouse 
gases, sulfur oxide, and hazardous matter emissions from the shipping industry (Tan 
et al. 2021). 
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1.5 Cultivation and Sustainable Collection Methods 

The increasing number of species being introduced into in-vitro culture are directly 
related to the productive exploration of bioactive marine compounds. A well-
regulated and controlled maintenance system for marine organisms is in high 
demand to ensure sustainable exploitation for industrial applications. Several photo-
synthetic marine organisms are heterotrophic. The bioactive compounds produced 
by marine organisms are markedly influenced by the type of growth nutrients and 
abundance of the organisms in the culture. Therefore, a sophisticated system is 
required to ensure the production of desired bioactive compounds in a cost-effective 
manner (Eriksen 2008). 

To understand and harness the potential of marine organisms, it is crucial to 
develop and maintain pure cultures using preservation methods for biotechnological 
applications. To do so, it is vital to comprehend and replicate the naturally occurring 
environmental conditions for a particular organism (Joint et al. 2010; Khan et al. 
2019; Ullah et al. 2017). After obtaining a pure culture, genetic screening and 
contaminant elimination are important to avoid biases in the result and the growth 
of a competitor organism in the same culture. For instance, the algal samples 
obtained from nature are often accompanied by zooplankton that could feed and 
eventually kill algae. One more thing that needs to be taken into consideration is 
timing. Some species die quickly and therefore, an adequate medium should be 
supplied so that the organism can multiply and lead to a sustainable pure culture. 

One of the revolutionary techniques that have been recently developed is the 
Laser-Induced Forward Transfer Technique (LIFT). This system has allowed 
researchers to isolate single cells from a complex system, such as the ocean, to 
study the biodiversity of the environment and evaluate the physiology, genome, gene 
expression, and functions of an organism (Fig. 1.11). Interestingly, the system can be 
coupled with other microscopic approaches (e.g., fluorescent and Raman micros-
copy) to examine single microorganisms with particular functions, unmasking their 
activities in the natural reservoir. More details about the system have been explained 
elsewhere (Peng et al. 2022).
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Fig. 1.11 Graphical illustration of the laser-induced forward transfer (LIFT) system. (a) This plot 
shows the mechanistic inner side of the system for sorting single cells out of the complex samples. 
(b) A three-layer structure is used for the isolation of a cell. (c) An example of the cells sorted and 
isolated by the LIFT system to the growth media 

1.6 Recommendations 

1. International partners are needed for joint expeditions to explore marine 
resources. 

2. Novel culturing tools should be designed to bring uncultivable marine organisms 
into lab conditions. 

3. Marine organisms’ in-vitro cultivation for the mass production of industrially 
important products. 

4. Since intraspecific changes cause variation in compounds and their 
concentrations in different marine environments, we recommended a wider 
exploration of marine organisms in different geological sites. This will help in 
cataloging the marine organisms at various sites and will help with their future 
characterization. 

5. More investment and education should be brought to marine potential to promote 
and harvest the potential of marine biotechnology, which is a better tool for the 
holistic management of complex marine social-ecological systems.
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6. Marine biotechnology should be integrated with other disciplines for a better 
understanding of the ocean system complexity, generate enough data for com-
prehension of the ocean capacity, and design pragmatic approaches that are 
solution-oriented, realistic, and practical. 

7. Efficient biotechnological tools are required for bioactive compound identifica-
tion, characterization, and isolation. Maintainable cultivation is required to bring 
promising organisms into the lab and manipulate their potential for selected 
compounds. In addition, sensitive biosensors are demanded to monitor the pro-
duction of target compounds in the culture. 

1.7 Conclusion 

The marine environment is home to marine organisms that can be harvested and used 
in the medicinal, nutraceutical, and cosmeceutical industries due to their variety of 
primary and secondary metabolites due to their adaptability in harsh marine 
conditions. Current and future concerns, such as the exploitation of marine 
resources, climate change, and IUU fishing, among others, can be addressed while 
simultaneously improving humanity’s quality of life by applying marine biotechnol-
ogy to advance the discovery and characterization of novel marine pharmaceuticals. 
Doing so may reduce the pressure on the exploitation of marine resources while at 
the same time offering economic opportunities within the industries. 
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