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Abstract: 

Microalgae are a large diverse group of microorganisms comprising photoautotrophic protists and 

prokaryotic cyanobacteria—also called blue-green algae. These microalgae form the source of the food 

chain for more than 70% of the world's biomass. Photosynthetic prokaryotes called cyanobacteria have been 

used in enhancing human health. Due to solubility issues, only 10% of the microalgal bioactive components 

have made it to commercial platforms. A novel method for creating new cancer treatments may include 

using nanoformulations that contain a wide range of nanoparticles. Cyanobacteria and microalgae can be 

transformed into a variety of products of commercial significance, including biofuels, cosmetics, renewable 

chemicals, and other important molecules, as well as animal and human food, particularly as sources of 

proteins, lipids, and phytochemicals. The production of cyanobacteria in artificial and natural environments 

has been fully exploited. In this review the use of cyanobacteria and microalgae, production processes are 

discussed in it. 
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1. Introduction: 

Microalgae and cyanobacteria are typically found in water bodies, desert crusts, or even in symbiosis with 

other organisms. Cyanobacteria are prokaryotic green-blue algae. They can survive in various 

environmental circumstances, including low or high temperatures, intense or diffuse lighting, pH, and 

salinity [Barsanti L. et. al. 2008]. Growing consideration has been given in recent years to the possibility of 

producing these sorts of creatures for commercial use. The ability to be employed in both human and animal 

nutrition accounts for a portion of the added value of this form of biomass (i.e., fish feed in aquaculture 

facilities). Additionally, some microalgae extracts may be utilised to create medicinal compounds, 

cosmetics, and a wide range of other bioactive items [Apt KE et. al. 1999; Luiten EE et. al. 2003; 

Yamaguchi K. 1996]. Cyanobacteria and microalgae have an incredibly diverse range, with new species, 

genera, and even classes being identified every year (Martnez-Francés, E., et al. 2018). 

The unicellular photosynthetic microorganisms known as microalgae are found in both freshwater and 

marine habitats (Bhattacharya and Goswami 2020). When eukaryotic species such as chlorophylls (green 

algae), bacillaryiophytes (diatoms), dinophytes (dinoflagellates), euglenophytes, prymnesiophytes 

(coccolithophorids), and prokaryotes such as cyanophytes are included, the name "microalgae" has no 

phylogenetic connotations (Enzing et al. 2014). Microalgae are often employed in a variety of 

biotechnological applications, including the creation of biodiesel, the bioremediation of wastewater, and the 

manufacturing of food items (Barkia, Saari, and Manning 2019; Barros de Medeiros, et al. 2022). 

By 2030, there will be 21 million new instances of cancer and 13 million cancer-related deaths, predicts a 

World Health Organization (WHO) assessment. A 30% reduction in cancer-related mortality is thought to 
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be possible by reducing or eliminating the main risk factors, such as smoking, radiation exposure, drinking, 

and infections. Currently, cancer is the cause of 13% of all deaths globally. However, there is a sizable 

reservoir of marine organisms in the ocean that contain valuable natural medicinal ingredients. Since marine 

bioprospecting is a relatively new phenomenon, the study of aquatic life is still in its infancy [Grothaus, 

P.G. et. al. 2010; Demain, et. al. 2011; Cragg, G.M. 2012; Basmadjian, C. et. al. 2014]. The majority of 

naturally occurring substances with medicinal efficacy come from terrestrial life [Cragg, G.M. et. al. 2005]. 

Globe over, sea flora has long been used for its possible therapeutic benefits [ Wang, W. et. al. 2012]. 

Seaweed, sponges, actinobacteria, bacteria, and fungi are examples of marine species that have been 

successfully used to cure cancer. Natural ingredients are the most effective anti-cancer medications. 

However, the phases of invention and research for natural products are costly, laborious, and time-

consuming [Gerwick, W.H. et. al. 2012; Montaser, R. et. al. 2011]. 

About 70.8% of Earth is covered by the dynamic and very delicate global marine environment [Townsend, 

M. et. al. 2018]. A very diverse range of micro- and macro-organisms is included in this high biodiversity. 

Microorganisms that are both producers and decomposers, such as marine bacteria, fungi, and microalgae, 

play a crucial part in re-establishing the equilibrium in the aquatic environment [Snelgrove, P.V.R. 1999]. 

Since ancient times, people have used marine microalgae as food and medicine since they are crucial to 

ecosystem health. Marine microalgae are eukaryotic plants that aid in the development of new drugs 

because of their metabolic flexibility, which can cause the synthesis of several substances that could be used 

to treat a variety of ailments, including cancer [Lauritano, C. et. al. 2016]. (Mondal, A. et. al. 2020). 

The bulk of bioactive peptides used in formulations for health-promoting foods, dietary supplements, 

pharmaceuticals, and cosmetics are created chemically or by partially digesting animal proteins. Due to the 

dangers associated with solvent pollution or the usage of chemicals originating from animals, they are thus 

not usually well-regarded by the users. As an alternative, peptides produced by plants and microalgae are 

known to be selective, beneficial, nontoxic, and well-tolerated when taken. They have tremendous potential 

for usage in functional foods, medications, and cosmetics. In addition, research has focused on examining 

novel antibacterial chemicals obtained from various natural habitats due to the growing problem of 

antibiotic resistance against dangerous bacteria [Mundt, S. et. al. 2001; Safonova, E. et. al. 2005; Ghasemi, 

Y. et. al. 2007; Prakash, O. et. al. 2011]. 

As a nutritional resource for disease prevention, functional foods are becoming more prevalent. They can be 

characterised as substances created by technical means that explain certain effects on human health. 

Because they contain useful compounds, cyanobacteria and microalgae are attracting attention from all 

around the world as potential sources of functional meals and preventative medications. 

Both cyanobacteria and microalgae are prevalent in freshwater, marine, terrestrial, and a variety of severe 

settings, from hot springs to the bare rocks of deserts. As a result of their adaptability, they are the main 

producers of biomass under sustainable circumstances since they do not rob agriculture of resources, while 

also allowing water recycling and reducing damaging gas emissions [Camacho, F. et. al. 2019]. In addition, 

cyanobacteria and microalgae can be transformed into a variety of products of commercial significance, 

including biofuels, cosmetics, renewable chemicals, and other important molecules [Camacho, F. et. al. 

2019], as well as animal and human food, particularly as sources of proteins, lipids, and phytochemicals 

(Ferrazzano, G. F. et. Al. 2020). 

Microalgae have become one of the newest players in the food supplement market, emerging as 

nutraceutical components with positive health impacts. A broad class of predominantly autotrophic 

unicellular prokaryotic and eukaryotic organisms are microalgae. The biotechnology community has 

become increasingly interested in marine microalgae over the past ten years as a source of sustainable 

chemicals, proteins, and metabolites due to their high growth and productivity rates [Barra, et. al. 2014]. 

Some species, including Chlamydomonas reinhardtii, are already acknowledged as potential industrial 

biotechnological platforms for the manufacture of a variety of bioactive chemicals (Hippler, M. 2017). 

Due to their ability to produce beneficial bioactive substances like carotenoids, which are known to have 

health advantages [Galasso, C. et. al. 2017], as well as other antioxidant chemicals [Smerilli, A. et. al. 

2017], microalgae also provide exciting potential in the realm of functional foods. This trait adds value since 
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it strengthens the positive impact of several families of bioactive chemicals on human health through 

synergism (Hamed, I. et. al. 2015; Lordan, S. et. al. 2011). Due to their high quantity of polyunsaturated 

fatty acids (PUFAs), important amino acids (such as leucine, isoleucine, and valine), pigments (such as 

lutein and -carotene), and vitamins, marine microalgae are presently being used as functional foods (e.g., 

B12). The word "nutraceutical" is a combination of the words "nutrition" and "pharmaceutical," and it 

describes foods or other items that are connected to nutrition but have physiological advantages that can 

help prevent or guard against chronic illnesses. Nutraceuticals are combinations and isolated pure chemicals 

from herbs, as well as dietary derivatives, modified foods including cereals, spices, sauces, and drinks with 

positive health benefits. (Galasso C. et al., 2019). 

There are multiple examples of cyanobacteria and microalgae being consumed by humans in the past. The 

native community in Chad has been gathering and utilising Spirulina, or Arthrospira as it is officially 

named (Tomaselli et al., 1996), for everyday sustenance for decades (Ciferri 1983). Daily, Kanembu women 

gather the blue-green biomass from Lake Kossorom near the north-eastern edge of Lake Chad (Gantar, M., 

et. al. 2008). 

At least in Mexico and China, there is historical evidence of the usage of algae, microalgae, and 

cyanobacteria in animal and human diets. Despite several successes, the most common applications for algal 

biomass have occurred as higher-value health foods for animals or humans (Spirulina powder and b-

carotene derived from Dunaliella) and in chemical food chains, which utilise as an essential feedstock for 

the aquaculture husbandry of crustaceans, molluscs, and fish. Microalgae have thus far not been employed 

as a full biomass replacement option in the human diet or animal feedstock, save in aquaculture and during 

specific periods of animal development. This review goal is to examine the current level of technology and 

the knowledge gaps that must be filled to use microalgae biomass or its main protein and lipid components 

in livestock and human consumption (Koopman et. al. 2014).  

Since ancient times, people have routinely consumed some microalgal and cyanobacterial species as food or 

nutritional supplements. They have historically been consumed as human food in a variety of places, 

including Mexico, Chad, China, Japan, Mongolia, Myanmar, Thailand, Vietnam, India, and other South 

American nations. The cyanobacteria Spirulina (Arthrospira platensis, Arthrospira maxima), Nostoc (N. 

commune, N. flagelliforme, and N. punctiforme), Aphanotheca sacrum, Anabaenaflos-aquae, and 

Aphanizomenonflos-aquae, as well as the microalgal species Chlorella, Spirogyra, and Oedogonium 

(Garc´ıa, J. L. et. al 2017, Markou, G. et. al. 2021). 

Microalgae/cyanobacteria are powerful producers of a range of nutritional components, including necessary 

amino acids, essential fatty acids, vitamins, and minerals (particularly Fe), and they also exhibit antioxidant, 

anti-inflammatory, anti-cancerous, or anti-microbial action (Nethravathy, Mehar, Mudliar, & Shekh, 2019). 

(Markou, G. et. al. 2021). 

2. Fundamental properties of microalgae and cyanobacteria: 

2.1 Classification and morphology: 

Microalgae are oxygen-evolving, eukaryotic, unicellular, photosynthetic microorganisms with cells that are 

generally several micrometres in size. Although they lack a cell wall like a plant, they can undertake 

photosynthesis. They are primarily found in watery situations. Since cyanobacteria are photosynthesizing 

prokaryotes without membrane-bound organelles, they are not categorised as microalgae but rather as the 

Eubacteria division of cyanophytes. Their existence dates back around 3,465 million years, and now they 

are highly diversified. The estimated number of algal species in existence range from 30,000 to more than 1 

million (Guiry 2012). A recent thorough estimate identifies around 72,500 distinct species of algae, 44,000 

of which have been identified and 28,500 of which have yet to be classified. Microalgae and cyanobacteria 

have cell walls that confine and restrict them. Algal cell walls are extremely varied, ranging from multi-

shaped scales to crystalline glycoprotein coatings. Many of them include microfibrillar networks that are 

integrated into matrices of various polysaccharides and proteins (Domozych 2016) (Grossmann, L. et. al 

2019). 
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2.2 Phototrophic versus heterotrophic growth: 

All microalgae and cyanobacteria use photosynthesis to transform light energy into chemical energy, 

however not all of them can survive entirely on this form of energy. Heterotrophic growth uses an external 

supply of reduced carbon to produce energy, whereas phototrophic growth uses the energy from photons for 

metabolic activities. 

3. Microalgal diversity: 

Microalgae have a huge variety and are an untapped resource. According to Norton T. A. et al. (1996), 

microalgae are typically unicellular and tiny (generally 5–50 µm) in size. Algal farming is feasible along 

coasts between 45 and 30°N. (Singh J. et al. 2010). The most effective and appropriate pond system for 

growing algae would likely be an open or closed system. There are plenty of marginal lands in Libya, 

Cyprus, and Turkey as well for harvesting algae. These nations use recycled brackish or salt water, therefore 

their limited water supply is not a problem. Blue-green algae (Cyanobacteria), green algae (Chlorophyta and 

Streptophyta), and diatoms (Bacillariophyceae, Ochrophyta) are the three main evolutionary pedigrees that 

terrestrial microalgae belong to (Fritsch F. 1907).  Phylogenetically and economically, the group of green 

algae has been the focus of most research. The spatial distribution of terrestrial algae is, however, not well 

understood (Lewis L.A., et al. 2004). 

4. Nutritional composition of microalgae: 

Some microalgae groupings (mainly green microalgae) have nutrient profiles that are comparable to those of 

higher plants. These secondary metabolites include vitamins, pigments, antioxidants, trace metals, and the 

main metabolites (lipids, protein, and carbs). Temperature, light, pH, as well as the amount of minerals in 

the growth media all, have a significant impact on the ratio of these micronutrients of microalgae (Ho et al. 

2012; Pancha et al. 2015). Microalgae under nitrogen constraint accumulated a lot of fat and carbohydrates; 

however, their protein composition was degraded (Chen et al. 2013; Pancha et al. 2015; Singh et al. 2015). 

With balanced essential amino acid profiles, microalgal biomass with high protein content competes 

effectively with traditional protein sources (eggs, soybean, etc). (Becker 2007; Sarker et al. 2018; Carneiro 

et al. 2020). Spirulina sp. contains 50–70% protein (depending on the strain), whereas Dunaliella sp. may 

generate 50–100% more protein per unit area than typical plants and animals (Ejike et al. 2017). Animals, 

including fish, are unable to produce the 10 necessary amino acids. Therefore, it is necessary to provide 

these important amino acids through meals. The entirety of the essential amino acids has also been 

somewhat finally found as algal amino acid compositions. All microalgal genera have a comparable profile 

of amino acids, according to research that has been done by Brown et al. in 1997 on 40 different types of 

microalgae. Table 1 displays the LEA content of various algal as well as the essential amino acid 

composition in overall microalgae. As a feedstock for aquaculture companies, microalgal protein has a lot of 

promise. Future research must identify appropriate microalgae species that are simple to grow commercially 

and generate large amounts of protein with balanced necessary amino acids. In heterotrophic microalgae, 

cellulose on the inner cell walls and starch in the chloroplast make up the majority of the carbohydrates. 

Lignin and cellulose together are absent from the algal cell (Ho et al. 2012). Glucose, which accounts for 

28–86% of the total carbohydrate in polysaccharides of various algae species, is the most prevalent sugar. 

To locate acceptable microalgal species with desirable characteristics, such as rich carbohydrates and a 

rapid growth rate while growing on affordable media for large-scale culture, further study is still needed. 

The development and feed consumption of aquafeed can be enhanced by the addition of heterotrophically 

grown algal meal (Kupchinsky et al. 2015). 
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Table 1: Composition of essential amino acids in whole and lipid-extracted microalgae 

Microalgae  Whol

e/ 

LEA 

Essential amino acid Reference 

Unit  His Ile Le

u 

Lys Met Phe Thr Trp Val Arg  

N. granulata Whole mg/

g 

7.5 17.

4 

32.

4 

24.1 8.7 19.1 16.

5 

0.4 21.5 25.4 Tibbetts et 

al. 2015a 

N. granulata LEA mg/

g 

7.6 18 33.

1 

21.2 9 19.3 18.

1 

0.4 22.7 26.3 Tibbetts et 

al. 2015a 

Nannochlorops

is sp.  

Whole mg/

g 

26.

26 

47.

22 

94.

04 

68.3

1 

23.6 55.2

6 

48.

56 

- 60.2

4 

60.8

2 

Kent et al. 

2015 

Nannochlorops

is sp. 

Whole %W

/W 

2.6  0.2 0.1 2.2 0.2 - 0.2 - 1.2 2.6 Subhash et 

al. 2020 

Nannochlorops

is sp. 

Whole %W

/W 

2.5  0.3 0.7 1.8 0.2 - 0.3 - 1.5 2.5 Subhash et 

al. 2020 

Tetraselmis Whole g/10

0g 

prot-

ein 

2.0

1 

4.0

6 

9.4

5 

6.52 2.78 5.62 5.1

7 

1.6

1 

5.72 5.01 Schwenzfe

ier et al. 

2011 

S. pacifica Whole g.16 

g/N 

2.0

3 

5.7

9 

8.7

4 

4.72 3.52 4.94 5.4

1 

0.8

3 

6.3 8.05 Misurcova 

et al. 2014 

S. platensis  Whole g/10

0 g 

pro-

tein 

1.6

9 

6.3

4 

9.8 4.49 2.4 5.16 4.8

5 

1.4

2 

6.91 6.72 Parimi et 

al. 2015 

Scenedesmus 

sp.  

Whole  mg/

g 

26.

06 

44.

1 

91.

89 

66.6

1 

24.4 55.7

2 

56.

27 

- 61.7

6 

64.1

3 

Kent et al. 

2015 

Dunaliella sp.  Whole mg/

g 

25.

03 

45.

08 

93.

22 

62 25.3 59.5

9 

50.

53  

- 59.8

3 

65.9

2 

Kent et al. 

2015 

Scenedesmus 

sp 

Whole Mg/

g 

DW 

4.7 13.

7 

27 18 7 19.4 17.

2 

7 18.4 19.2 Tibbetts et 

al. 2016 

Scenedesmus 

sp 

LEA Mg/

g 

DW 

7.2 18.

3 

36.

3 

20.7 8.7 22.3 23.

7 

6.5 26 25.4 Tibbetts et 

al. 2016 

Chlorella sp.  Whole  1.2 0.2 - 1.5 1.2 - 0.2 - 1.9 3 Subhash et 

al. 2020 

Tetradesmus 

obliquus  

Whole g/10

0g 

1.8

6-

2.9 

4.1

–

4.9

7 

5.4

4–

8.5 

4.27

–7.4 

1.2–

2.2 

3.12

–6.5 

2.9

5–

3.2 

- 3.2– 

3.91 

- Oliveira et 

al. 2021 

Pavlova sp. 

459 

Whole % 

Of 

DW 

0.5

1 

1.5

8 

3.3

2 

1.46 1.01 1.80 1.7

2 

0.0

3 

2.39 2.7 Tibbetts et 

al. 2020 

Picochlorum 

sp.  

Whole %W

/W 

1.2 0.2 0.3 2.2 0.3 - 1.3 - 2.2 2.9 Subhash et 

al. 2020 

 

The omega-3 fatty acids EPA, ALA, and DHA are among the necessary fatty acids found in microalgal 

lipids (Table 2). (Guedes and Malcata, 2012; Ratledge 2010). Lipid contents of microalgae vary from strain 

to strain, according to the method of growth, and also depending on the stage of harvesting. Fatty acid 

content is also influenced by the microalgal strain and growth conditions. Microalgae can collect up to 70% 

of lipid (DCW) as a result of stressful situations (Stephenson et al. 2011). According to D'Alessandro and 

Filho (2016), Botryococcus braunii has a lipid yield that ranges from 14 to 75% and Chlorella vulgaris from 

12 to 26%. Numerous methods, including stress-induced lipid accumulation (varying nutrient 

concentrations, such as N, P, K, EDTA, and Fe), high salinity, temperature, light intensity, and various 

carbon sources, can increase lipid accumulation (Singh et al. 2015). Different from freshwater species, some 
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marine microalgae have a large amount of DHA. Higher DHA concentrations may be seen in 

heterotrophically grown algae, such as Amphidiumcaryerea (17%), Schizochytrium mangrove (33–39%), 

and Thrautocytrium (16.1%). 30–50% of the DHA in the overall components was generated by 

Crypthecodinium cohnii (Yaakob et al. 2014). The addition of ALA, DHA, and EPA in aquaculture feed 

must be prioritised since these nutrients are necessary for healthy growth and development. Table 2 displays 

the PUFA content in several microalgae. Due to its high EPA concentration, Nannochloropsis sp. is mostly 

used as a supplement in aquaculture. EPA production rates for Chaeotoceros mulleri and Isochrysis galbana 

are 3.5% and 4.8%, respectively (DCW) (Yaakob et al. 2014). C. vulgaris (7.5%), Micractinium reisseri 

(6.2%), N. bacillris (9.5%), and Tetracystis sp. (9.5%) are high in ALA, another important PUFA (Tibbetts 

et al. 2015a). The use of microalgal lipids in aquaculture calls for additional, in-depth research on the 

physiological effects of nutrients and stress mechanisms on the microalgae in order to promote lipid 

accumulation and find appropriate microalgae with high PUFA content. 

 

Table 2: Composition of polyunsaturated fatty acids in various microalgal sp. (Ansari, F. A. et. al. 2021). 

Microalgae ALA 

(C18:3) % 

(n-3) 

AA (20:4) 

% 

(n-6) 

EPA 

(C20:5) % 

(n-3) 

DHA 

(C22:6) % 

(n-3) 

Reference 

C. muelleri 0.9 3.0 20.3 0.6 Chen et al. 2015 

C. vulgaris 34.02 0.22 - - Gladyshev et al. 2016 

C. vulgaris 0.53 - - - Viegas et al. 2021 

S. obliquus 1.18 - - - Viegas et al. 2021 

Chlorella sp. 0.36 - 8.9 3.24 Sahu et al. 2013 

Chlorella sp. 12.8 - - - Malibari et al. 2018 

C. protothecoides 7.12 - 0.03 - Solana et al. 2014 

C. calcitrans - 2.0 17.8 1.3 Delaporte 2003 

C. affinis 3.1  13.2 18.6 Suh et al. 2015 

C. didymus 3.7 3.9 8.8 24.1 Suh et al. 2015 

C. zofingiensis 23 - - - Zhou et al. 2018 

Cryptomonas sp. 16.27 0.34 13.95 3.53 Gladyshev et al. 2016 

Chatoceros sp. 0.2 - 19.9 2.9 Suh et al. 2015 

Nannochloropsis sp. - - 24.8 - Malibari et al. 2018 

N. salina 0.3 - 1.5 - Solana et al. 2014 

N. gaditana 0.8 - 12.2 - Matos et al. 2015 

N.gaditana 0.3 mg/g - 175 mg/g - Ryckebosch et al. 2014 

N. oculata 0.7 mg/g - 193 mg/g - Ryckebosch et al. 2014 

N. gaditana 2.1 2.4 16.9 - Carrero et al. 2015 

Dunaliella sp. 8 - 4.8 - Malibari et al. 2018 

I. galbana 2.7 Trace Trace 9.5 Chen et al. 2015 

Tetraselmis sp. 16.2 - 10 <0.01 Tsai et al. 2016 

T. suecica 10.5 0.5 5.4 0.1 Delaporte 2003 

T. chui 13.6 6.3 4.2 Trace Chen et al. 2015 

T. suecica 68 mg/g - 16.3 mg/g 0.8 mg/g Ryckebosch et al. 2014 

T. suecica 1.9 mg/g - 81 mg/g 0.9 mg/g Ryckebosch et al. 2014 

T. weissflogii 1.4 - 10.1 9.6 Suh et al. 2015 

Isochrysis sp. 5.7 0.1 0.4 7.8 Delaporte 2003 

P. lutheri 10 mg/g - 92 mg/g 40.9 mg/g Ryckebosch et al. 2014 

P. tricornutum 0.8 mg/g - 111 mg/g 8.3 mg/g Ryckebosch et al. 2014 

P. cruentum 1.42 mg/g - 35.6 mg/g - Ryckebosch et al. 2014 

P. tricornutum 0.22 - 30.26 0.98 Qiao et al. 2016 

S. menzelii 0.62 0.17 11.42 3.6 Jiang et al. 2016 

Hindakia sp. 20.08 - - - Daroch et al. 2013 

Isochrysis T-iso 29 mg/g - 2.8 mg/g 46 mg/g Ryckebosch et al. 2014 

R. salina 92mg/g - 18 mg/g 11.1 mg/g Ryckebosch et al. 2014 

Microalgae ALA AA EPA DHA Reference 
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(C18:3) % (C20:4) %  

(n-6) 
(C20:5) % (C22:6) % 

A. sanguinea 0.6 5.5 20.1 23.8 Suh et al. 2015 

Alexandrium sp. 0.2 0.2 22.3 5.8 Suh et al. 2015 

P. minimum 1.3 13.8 14 28.1 Suh et al. 2015 

P. micans 3.9 6.1 13.1 22.8 Suh et al. 2015 

P. dentatum 17.3 7.6 11.2 21 Suh et al. 2015 

P. tricornutum - 2.6 52.6 5.5 Suh et al. 2015 

H. triqutra 5.5 10.8 12.7 25.4 Suh et al. 2015 

S. trochoidea 13.2 8.1 12.8 22.4 Suh et al. 2015 

S.costatum 2.3 4.6 27.8 7.3 Suh et al. 2015 

Scenedesmus sp. 18.3 - - - Tibbetts et al. 2016 

 

4.1 Microalgae as a source of polyunsaturated fatty acids:  

Long-chain polyunsaturated fatty acids generated from microalgae are major products that are currently 

employed in the food and feed industries (Pulz and Gross 2004). Since neither humans nor animals are 

capable of producing these fatty acids, they must be consumed regularly. Because they help produce 

prostaglandins, thromboxanes, and other substances crucial for lowering blood triglycerides and cholesterol, 

it is well-recognised that these acids are beneficial for both human and animal health (Simopoulos 2002, 

Gouveia et al. 2008). Microalgae oil has a greater energy yield per hectare than terrestrial oil seeds, such as 

sunflower and rapeseed, making it a viable option for the production of biofuels (Brennan and Owend e 

2010). Furthermore, because microalgae eat ambient CO2, they generate ecologically benign biodiesel. 

Compared to petroleum-based fuels, this biodiesel emits less carbon dioxide (Gouveia and Oliveira 2009) 

(Christaki, E.et al. 2011). 

4.2 Microalgae as a source of protein: 

Microalgae provide critical amino acids that cannot be produced in human or animal bodies (Gouveia et al. 

2008). The amino acid concentration of certain microalgae is equivalent to that of egg or soybean. 

Microalgae are being grown as an alternative ingredient to help hungry people in impoverished nations 

(Becker 1994; Becker 2007; Christaki, E.et al. 2011). 

4.3 Microalgae in the human diet: 

Spirulina, Chlorella, Dunaliella, and Aphanizomenon are the only microalgae species currently consumed 

by humans (Soeder 1986; Halama 1990). Throughout the nutritional food industry, they have mostly utilised 

primarily nutritional supplements in the form of powder, capsules, pastilles, or tablets (Pulz and Gross 2004; 

Christaki et al. 2010). They may be used in dishes including pasta, bread, biscuits, candy, beverages, and 

soft drinks (Christaki, E.et al. 2011). 

5. Cyanobacterial Diversity: 

Nitrogen-fixing, photoautotrophic prokaryotes called cyanobacteria live in a variety of aquatic and 

terrestrial habitats. They emerged on Earth during the Precambrian period (about 2.6–3.5 billion years ago), 

and they appear to have been crucial in the atmospheric change from a reductive to an oxidative state 

(Hedges et al., 2001). 

According to Häder et al. (2007), cyanobacteria are among the most significant biomass producers on Earth. 

They have similar biochemical and structural structures to eukaryotic plants (Whitton and Potts, 2000). 

They are a great source of bioactive substances, biofuel, biopolymers, pharmaceuticals, dietary supplements, 

and biofertilizers (Namikoshi and Rinehart, 1996; Welker and von Döhren, 2006). Cyanobacteria may live 

in practically any environment, from seas to fresh water, deserts to ice shelves, hot springs to Arctic and 

Antarctic lakes, including as endosymbionts in plants, lichens, and also many protists (Carr and Whitton, 

1982; Vincent and Quesada, 1994; Quesada and Vincent, 1997; Baracaldo et al., 2005; Thajuddin and 
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Subramanian, 2005). In the fossil record, stromatolites & oncolites are the most prevalent cyanobacterial 

structures (Herrero and Flores, 2008). 

Photoautotrophic microorganisms such as cyanobacteria have significantly influenced the ecosystem of the 

Earth. The capacity of cyanobacteria to transform carbon dioxide and sunlight into oxygen and bioproducts 

like nutrients and biofuels makes them crucial for many biotechnological applications. In significant 

industrial settings, they are employed more frequently to produce food and nourishment. Prokaryotic 

organisms called cyanobacteria employ pigment-protein antenna complexes to capture light energy and 

transport it to reaction centres. Numerous inclusion bodies and compartments, such as the carboxysome, are 

also present in these bacterial cells, aiding the carbon-concentrating mechanism (CCM) that is crucial for 

effective carbon fixation. Their metabolic diversity lends these organisms to bioengineering applications for 

the sustainable production of a wide range of goods (Liu, D. et. al. 2021). 

6. Food, Feed, and Value-Added Products: 

Because they are loaded with nutrients including protein, carbs, vitamins, & minerals and are simple to 

digest, cyanobacteria are a great choice for dietary supplements. Large-scale cultivation of Anabaena, 

Nostoc, Spirulina, Aphanizomenon, and Phormidium species is done in ponds or commercial 

photobioreactors. They are offered for sale in the Philippines, China, Japan, Korea, Chile, Mexico, and other 

nations (Abed et al., 2009; Priyadarshani and Rath, 2012). In addition to being one of the richest sources of 

vitamin B12, Spirulina is also high in proteins, carbs, sterols, thiamine, beta-carotene, and riboflavin 

(Watanabe et al., 1999). Healthy cultures of Spirulina typically contain 54% protein, 23% carbs, and 8.6% 

lipids in addition to vitamins, enzymes, minerals, and glyconutrients. Additionally, some marine 

cyanobacteria could be used to produce significant amounts of vitamins B and E. (Abed et al., 2009). 

The primary family of water-soluble proteins, phycobiliproteins, is used as a significant source of blue 

colour in the food industry (Jespersen et al., 2005). Compared to spinach, Spirulina is 100 times more 

nutritious and contains a high amount of gamma-linolenic acid (GLA). Within the human body, GLA is 

transformed into prostaglandin E2, which controls lipid metabolism by bringing blood pressure down. 

Spirulina is the primary source of nutrition for NASA (CELSS) and the European Space Agency 

(MELISSA) long-term space missions (Sies, 1996). Nostoc commune has more proteins and fibre, which 

may play a vital nutritional function in the human diet (Abed et al., 2009). Aphanizomenon sp. from Lake 

Klamath in Oregon, USA, is a great source of food supplements (Carmichael and Gorham, 1980). P. 

valderianum, a marine nitrogen-fixing cyanobacterium, has been exploited as an aquaculture food 

supplement in India. 

Exopolysaccharides (EPSs), enzymes, hormones, vitamins, and medicines are just a few of the useful 

compounds that may be found in cyanobacteria. Microalgal EPSs have received a lot of interest recently due 

to their biotechnological uses. These EPSs, or extracellular polymeric substances, are more desirable for 

commercial use because they possess important biological features (Kumar, J. et. al 2009). Enzymes from 

cyanobacteria may be obtained by commercial means and have a wide range of uses. Amylase, alkaline 

phosphatase, protease, -lactamase, lipase, chitinase, l-glutaminase, urease, cellulose, superoxide dismutase, 

and chitinase are just a few of the industrially useful enzymes that have been identified from cyanobacteria 

(Prabhakaran et al., 1994; Wikstrom et al., 1997; Sato et al., 2007). Modular nonribosomal peptide 

synthetase (NRPS) and polyphosphate synthase (PKS) pathways are only found in cyanobacteria (Kumar, J. 

et. al 2009). High amounts of protein and other nutrient-rich elements can be found in cyanobacterial 

biomass. Arthrospira (commercially known as Spirulina) is a well-known cyanobacterium that was ingested 

long ago near Chad Lake in Africa and by the Aztecs in Central Mexico. Strategies of cultivation and 

processing optimization to increase biomass output have been included in several research and reviews. We 

are concentrating on applying synthetic biology to increase biomass production and productivity (Liu, D. et. 

al. 2021). 
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7. Future prospective: 

The lack of information, the possibility of adverse consequences on the environment, human welfare, 

security, and maintainability are still issues [Santos, C. et. al., 2014]. Concerns exist over the potential 

danger of the nanoparticles themselves. Many of the nanomaterials and nanotechnologies showed here are 

not usable in industrial settings. The application of nanotechnology in current water treatment has the 

potential to change many of these cycles by lowering treatment costs and enabling the treatment of 

previously untreatable contaminants. It includes nanoparticle-reinforced plastics and metals, enhanced fuel 

cell technology and hydrogen storage, catalytic nanoparticles as a fuel additive, and other innovations 

(Subhan, M. et. al, 2021). 

8. Conclusion:  

Typically, water bodies, desert crusts, or even in association with other creatures are where one may find 

microalgae and cyanobacteria. They can endure a variety of environmental conditions, such as those with 

high or low temperatures, harsh or gentle illumination, pH, and salt. It is believed that lowering or 

eliminating the major risk factors, such as smoking, radiation exposure, drinking, and infections, will result 

in a 30% decrease in cancer-related mortality. Several marine organisms, including seaweed, sponges, 

actinobacteria, bacteria, and fungi, have been utilised to successfully treat cancer. In the food sector, the 

main family of water-soluble proteins, phycobiliproteins, is a substantial source of blue colour. Spirulina has 

a high concentration of gamma linolenic acid and is 100 times more nutrient-dense than spinach (GLA). 

Prostaglandin E2, which regulates lipid metabolism, is produced from GLA. 

References  

 

1. Abed, R. M., Dobretsov, S., & Sudesh, K. (2009). Applications of cyanobacteria in biotechnology. 

Journal of applied microbiology, 106(1), 1–12. https://doi.org/10.1111/j.1365-2672.2008.03918.x.  

2. Ansari, F. A., Guldhe, A., Gupta, S. K., Rawat, I., &Bux, F. (2021). Improving the feasibility of 

aquaculture feed by using microalgae. Environmental science and pollution research international, 

28(32), 43234–43257. https://doi.org/10.1007/s11356-021-14989-x.  

3. Apt, K. E., & Behrens, P. W. (1999). Commercial developments in microalgal biotechnology. 

Journal of Phycology, 35(2), 215-226. https://doi.org/10.1046/j.1529-8817.1999.3520215.x.  

4. Bajpayi V.K., Shukla S., Kang S. M., Hwang S. K., Song X., Huh Y. S.&Han  Y. K., 2018 

Developments of Cyanobacteria for Nano-MarineDrugs: Relevance of Nanoformulations inCancer 

Therapies. 16, 179; https://doi.org/10.3390/md16060179.  

5. Barkia, I., N. Saari, and S. R. Manning. 2019. Microalgae for high-value products towards human 

health and nutrition. Marine Drugs 17 (5): 304. https://doi.org/10.3390/md17050304.  

6. Barra, L., Chandrasekaran, R., Corato, F., & Brunet, C. (2014). The Challenge of Ecophysiological 

Biodiversity for Biotechnological Applications of Marine Microalgae. Marine Drugs, 12(3), 1641-

1675. https://doi.org/10.3390/md12031641.  [CrossRef]. 

7. Barros de Medeiros, V. P., da Costa, W., da Silva, R. T., Pimentel, T. C., & Magnani, M. (2022). 

Microalgae as source of functional ingredients in new-generation foods: challenges, technological 

effects, biological activity, and regulatory issues. Critical reviews in food science and nutrition, 

62(18), 4929–4950. https://doi.org/10.1080/10408398.2021.1879729.  

8. Barsanti, L., Coltelli, P., Evangelista, V., Frassanito, A. M., Passarelli, V., Vesentini, N., & 

Gualtieri, P. (2008). Oddities and Curiosities in the Algal World. Algal Toxins: Nature, Occurrence, 

Effect and Detection, 353-391. https://doi.org/10.1007/978-1-4020-8480-5_17.  

9. Basmadjian, C., Zhao, Q., Bentouhami, E., Djehal, A., Nebigil, C. G., Johnson, R. A., Serova, M., 

De Gramont, A., Faivre, S., Raymond, E., &DÃ©saubryL. G. (2014). Cancer wars: Natural products 

strike back. Frontiers in Chemistry, 2. https://doi.org/10.3389/fchem.2014.00020.  [CrossRef]. 

10. Becker EW. 1994. Microalgae: biotechnology and microbiology. Cambridge, UK: Cambridge 

University Presshttps://doi.org/10.1017/s0014479700025126.  

11. Becker, E. (2007). Micro-algae as a source of protein. Biotechnology Advances, 25(2), 207-210. 

https://doi.org/10.1016/j.biotechadv.2006.11.002.  

http://www.jetir.org/
https://doi.org/10.1111/j.1365-2672.2008.03918.x
https://doi.org/10.1007/s11356-021-14989-x
https://doi.org/10.1046/j.1529-8817.1999.3520215.x
https://doi.org/10.3390/md16060179
https://doi.org/10.3390/md17050304
https://doi.org/10.3390/md12031641
https://doi.org/10.1080/10408398.2021.1879729
https://doi.org/10.1007/978-1-4020-8480-5_17
https://doi.org/10.3389/fchem.2014.00020
https://doi.org/10.1017/s0014479700025126
https://doi.org/10.1016/j.biotechadv.2006.11.002


© 2022 JETIR December 2022, Volume 9, Issue 12                                                 www.jetir.org (ISSN-2349-5162) 

JETIR2212380 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org d601 
 

12. Bhattacharya, M., and S. Goswami. 2020. Microalgae – A green multiproduct biorefinery for future 

industrial prospects. Biocatalysis and Agricultural Biotechnology 25:101580. 

https://doi.org/10.1016/j.bcab.2020.  101580.  

13. Brennan, L., &Owende, P. (2010). Biofuels from microalgae—A review of technologies for 

production, processing, and extractions of biofuels and co-products. Renewable and Sustainable 

Energy Reviews, 14(2), 557-577. https://doi.org/10.1016/j.rser.2009.10.009.  

14. Brown, M., Jeffrey, S., Volkman, J., & Dunstan, G. (1997). Nutritional properties of microalgae for 

mariculture. Aquaculture, 151(1), 315-331. https://doi.org/10.1016/s0044-8486(96)01501-3.  

15. Camacho, F., Macedo, A., &Malcata, F. (2019). Potential Industrial Applications and 

Commercialization of Microalgae in the Functional Food and Feed Industries: A Short Review. 

Marine Drugs, 17(6), 312. https://doi.org/10.3390/md17060312.  [CrossRef]. 

16. Carmichael, W.W., Gorham, P.R., 1980. Freshwater Cyanophyte Toxins. Algae Biomass. Elsevier, 

New York, pp. 437–448. 

17. Carneiro, W. F., Castro, T. F. D., Orlando, T. M., Meurer, F., Paula, D. A. de J., Virote, B. do C. R., 

Vianna, A. R. da C. B., & Murgas, L. D. S. (2020). Replacing fish meal by Chlorella sp. meal. 

Effects on zebrafish growth, reproductive performance, biochemical parameters and digestive 

enzymes. Aquaculture, 528, 735612. https://doi.org/10.1016/j.aquaculture.2020.735612.  

18. Carr NG, Whitton BA. The biology of blue–green algae. Oxford: Blackwell Scientific Publications; 

1982. 

19. Carrero, A., Vicente, G., Rodríguez, R., Peso, G. L. del, & Santos, C. (2015). Synthesis of fatty acids 

methyl esters (FAMEs) from Nannochloropsisgaditana microalga using heterogeneous acid 

catalysts. Biochemical Engineering Journal, 97, 119-124. https://doi.org/10.1016/j.bej.2015.02.003.  

20. Chen, C.-Y., Zhao, X.-Q., Yen, H.-W., Ho, S.-H., Cheng, C.-L., Lee, D.-J., Bai, F.-W., & Chang, J.-

S. (2013). Microalgae-based carbohydrates for biofuel production. Biochemical Engineering Journal, 

78, 1-10. https://doi.org/10.1016/j.bej.2013.03.006.  

21. Chen, S.-M., Tseng, K.-Y., & Huang, C.-H. (2015). Fatty acid composition, sarcoplasmic reticular 

lipid oxidation, and immunity of hard clam (Meretrix lusoria) fed different dietary microalgae. Fish 

& Shellfish Immunology, 45(1), 141-145. https://doi.org/10.1016/j.fsi.2015.02.025.  

22. Christaki E, Karatzia M, Florou-Paneri P. 2010. The use of algae in animal nutrition. J Hellenic Vet 

Med Soc 61(3):267–276. 
23. Christaki, E., Florou-Paneri, P., & Bonos, E. (2011). Microalgae: a novel ingredient in nutrition. 

International journal of food sciences and nutrition, 62(8), 794–799. 

https://doi.org/10.3109/09637486.2011.582460.  

24. Cragg, G. M., & Newman, D. J. (2005). Plants as a source of anti-cancer agents. Journal of 

Ethnopharmacology, 100(1), 72-79. https://doi.org/10.1016/j.jep.2005.05.011.  [CrossRef]. 

25. Cragg, G.M.; Kingston, D.G.I.; Newman, D.J. Anticancer Agents from Natural Products, 2nd ed.; 

CRC/Taylor & Francis: Boca Raton, FL, USA, 2012. 

26. Daroch, M., Shao, C., Liu, Y., Geng, S., & Cheng, J. J. (2013). Induction of lipids and resultant 

FAME profiles of microalgae from coastal waters of Pearl River Delta. Bioresource Technology, 

146, 192-199. https://doi.org/10.1016/j.biortech.2013.07.048.  

27. Delaporte, M., Soudant, P., Moal, J., Lambert, C., QuéréC., Miner, P., Choquet, G., Paillard, C., 

&Samain, J.-F. (2003). Effect of a mono-specific algal diet on immune functions in two bivalve 

species - Crassostrea gigas and Ruditapesphilippinarum. Journal of Experimental Biology, 206(17), 

3053-3064. https://doi.org/10.1242/jeb.00518.  

28. Demain, A., & Vaishnav, P. (2011). Production of Recombinant Proteins by Microbes and Higher 

Organisms. Comprehensive Biotechnology, 374-386. https://doi.org/10.1016/b978-0-444-64046-

8.00170-1.  [CrossRef]. 

29. Domozych, D. S. (2016). Biosynthesis of the Cell Walls of the Algae. The Physiology of 

Microalgae, 47-63. https://doi.org/10.1007/978-3-319-24945-2_2.  
30. Ejike, C. E., Collins, S. A., Balasuriya, N., Swanson, A. K., Mason, B., &Udenigwe, C. C. (2017). 

Prospects of microalgae proteins in producing peptide-based functional foods for promoting 

cardiovascular health. Trends in Food Science & Technology, 59, 30-36. 

https://doi.org/10.1016/j.tifs.2016.10.026.  

http://www.jetir.org/
https://doi.org/10.1016/j.bcab.2020
https://doi.org/10.1016/j.rser.2009.10.009
https://doi.org/10.1016/s0044-8486(96)01501-3
https://doi.org/10.3390/md17060312
https://doi.org/10.1016/j.aquaculture.2020.735612
https://doi.org/10.1016/j.bej.2015.02.003
https://doi.org/10.1016/j.bej.2013.03.006
https://doi.org/10.1016/j.fsi.2015.02.025
https://doi.org/10.3109/09637486.2011.582460
https://doi.org/10.1016/j.jep.2005.05.011
https://doi.org/10.1016/j.biortech.2013.07.048
https://doi.org/10.1242/jeb.00518
https://doi.org/10.1016/b978-0-444-64046-8.00170-1
https://doi.org/10.1016/b978-0-444-64046-8.00170-1
https://doi.org/10.1007/978-3-319-24945-2_2
https://doi.org/10.1016/j.tifs.2016.10.026


© 2022 JETIR December 2022, Volume 9, Issue 12                                                 www.jetir.org (ISSN-2349-5162) 

JETIR2212380 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org d602 
 

31. Enzing, C., M. Ploeg, M. Barbosa, and L. Sijtsma. 2014. Microalgaebased products for the food and 

feed sector: An outlook for Europe. In JRC scientific and policy reports. Luxembourg: European 

Comission. https://doi.org/10.2791/3339.   

32. Ferrazzano, G. F., Papa, C., Pollio, A., Ingenito, A., Sangianantoni, G., &Cantile, T. (2020). 

Cyanobacteria and Microalgae as Sources of Functional Foods to Improve Human General and Oral 

Health. Molecules (Basel, Switzerland), 25(21), 5164. https://doi.org/10.3390/molecules25215164.  

33. Fritsch F. The subaerial andfreshwater algal flora of the tropics. Aphyto-geographical and 

ecologicalstudy. Annals of Botany. 1907;21:235-275 

34. Functional Foods Research in ARS. Available online: 

https://www.ars.usda.gov/ARSUserFiles/00000000/NPS/FinalFunctionalFoodsPDFReadVersion6-

25-10.pdf (accessed on 6 March 2019). 

35. Galasso, C., Corinaldesi, C., & Sansone, C. (2017). Carotenoids from Marine Organisms: Biological 

Functions and Industrial Applications. Antioxidants, 6(4), 96. 

https://doi.org/10.3390/antiox6040096. [CrossRef] [PubMed]. 

36. Galasso, C., Gentile, A., Orefice, I., Ianora, A., Bruno, A., Noonan, D. M., Sansone, C., Albini, A., 

& Brunet, C. (2019). Microalgal Derivatives as Potential Nutraceutical and Food Supplements for 

Human Health: A Focus on Cancer Prevention and Interception. Nutrients, 11(6), 1226. 

https://doi.org/10.3390/nu11061226.  

37. Gantar, M., &Svirčev, Z. (2008). MICROALGAE AND CYANOBACTERIA: FOOD FOR 

THOUGHT(1). Journal of phycology, 44(2), 260–268. https://doi.org/10.1111/j.1529-

8817.2008.00469.x. 

38. Garc´ıa, J. L., De Vicente, M., &Gal´an, B. (2017). Microalgae, old sustainable food and 

fashionnutraceuticals. Microbial Biotechnology, 10, 1017_1024. 

39. Gerwick, W., & Moore, B. (2012). Lessons from the Past and Charting the Future of Marine Natural 

Products Drug Discovery and Chemical Biology. Chemistry & Biology, 19(1), 85-98. 

https://doi.org/10.1016/j.chembiol.2011.12.014.  [CrossRef] [PubMed]. 

40. Ghasemi, Y.,,. A. M., ., A. M., ., S. S., & ., M. H. M. (2007). Antifungal and Antibacterial Activity 

of the Microalgae Collected from Paddy Fields of Iran: Characterization of Antimicrobial Activity of 

Chroococcusdispersus. Journal of Biological Sciences, 7(6), 904-910. 

https://doi.org/10.3923/jbs.2007.904.910.  

41. Gladyshev, M. I., Makhutova, O. N., Kravchuk, E. S., Anishchenko, O. V., &Sushchik, N. N. 

(2016). Stable isotope fractionation of fatty acids of Daphnia fed laboratory cultures of microalgae. 

Limnologica, 56, 23-29. https://doi.org/10.1016/j.limno.2015.12.001.  

42. Gouveia L, Batista AP, Sousa I, Raymundo A, Bandarra NM. 2008. Microalgae in novel food 

products. In: Papadopoulos KN, editor. Food chemistry research developments. Nova Science 

Publishers, Inc., Hauppauge NY, USA. 

43. Gouveia L, Oliveira AC. 2009. Microalgae as a raw material for biofuels production. J Ind 

MicrobiolBiotechnol 36:269–274 https://doi.org/10.1007/s10295-008-0495-6.  

44. Grossmann, Lutz; Hinrichs, Jörg; Weiss, Jochen (2019). Cultivation and downstream processing of 

microalgae and cyanobacteria to generate protein-based technofunctional food ingredients. Critical 

Reviews in Food Science and Nutrition, (), 1–29. https://doi.org/10.1080/10408398.2019.1672137.  
45. Grothaus, P.G.; Cragg, G.M.; Newman, D.J. Plant natural products in anticancer drug discovery. 

Curr. Org. Chem. 2010, 14, 1781–1791. [CrossRef]. 

46. Guiry, M. D. 2012. How many species of algae are there? Journal of Phycology 48 (5):1057–63. 

https://doi.org/10.1111/j.1529-8817.2012.01222.x.  
47. Häder, D. P., Kumar, H. D., Smith, R. C., &Worrest, R. C. (2007). Effects of solar UV radiation on 

aquatic ecosystems and interactions with climate change. Photochemical & Photobiological 

Sciences, 6(3), 267-285. https://doi.org/10.1039/b700020k. 

48. Halama D. 1990. Single cell protein. In: Kolman B, editor. Nonconventional feeds stuffs in the 

nutrition of farm animals. New York: Elsevier Science Publishing Company. p 34–49. 

49. Hamed, I., Özogul, F., Özogul, Y., & Regenstein, J. M. (2015). Marine Bioactive Compounds and 

Their Health Benefits: A Review. Comprehensive Reviews in Food Science and Food Safety, 14(4), 

446-465. https://doi.org/10.1111/1541-4337.12136.  [CrossRef]. 

http://www.jetir.org/
https://doi.org/10.2791/3339
https://doi.org/10.3390/molecules25215164
https://doi.org/10.3390/antiox6040096
https://doi.org/10.3390/nu11061226
https://doi.org/10.1111/j.1529-8817.2008.00469.x
https://doi.org/10.1111/j.1529-8817.2008.00469.x
https://doi.org/10.1016/j.chembiol.2011.12.014
https://doi.org/10.3923/jbs.2007.904.910
https://doi.org/10.1016/j.limno.2015.12.001
https://doi.org/10.1007/s10295-008-0495-6
https://doi.org/10.1080/10408398.2019.1672137
https://doi.org/10.1111/j.1529-8817.2012.01222.x
https://doi.org/10.1039/b700020k
https://doi.org/10.1111/1541-4337.12136


© 2022 JETIR December 2022, Volume 9, Issue 12                                                 www.jetir.org (ISSN-2349-5162) 

JETIR2212380 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org d603 
 

50. Hedges, S.B., Chen, H., Kumar, S., Wang, D.Y., Thompson, A.S., Watanabe, H., 2001. A genomic 

timescale for the origin of eukaryotes. BMC Evol. Biol. 1, 4. 

51. Herrero A, Flores E. The cyanobacteria: molecular biology, genomics and evolution. 1sted. Norfolk 

(UK): Caister Academic Press; 2008https://doi.org/10.2216/0031-

8884(2008)47[236:tcmbga]2.0.co;2.  

52. Hippler, M. Chlamydomonas: Molecular Genetics and Physiology; Springer International 

Publishing: Cham, Switzerland, 2017. 

53. Ho, S.-H., Chen, C.-Y., & Chang, J.-S. (2012). Effect of light intensity and nitrogen starvation on 

CO2 fixation and lipid/carbohydrate production of an indigenous microalga Scenedesmus obliquus 

CNW-N. Bioresource Technology, 113, 244-252. https://doi.org/10.1016/j.biortech.2011.11.133.  

54. Jespersen, L., Strmdahl L. D., Olsen, K., &Skibsted, L. H. (2004). Heat and light stability of three 

natural blue colorants for use in confectionery and beverages. European Food Research and 

Technology, 220(3), 261-266. https://doi.org/10.1007/s00217-004-1062-7.  

55. Jiang, X., Han, Q., Gao, X., & Gao, G. (2016). Conditions optimising on the yield of biomass, total 

lipid, and valuable fatty acids in two strains of Skeletonemamenzelii. Food Chemistry, 194, 723-732. 

https://doi.org/10.1016/j.foodchem.2015.08.073.  

56. Kent, M., Welladsen, H. M., Mangott, A., & Li, Y. (2015). Nutritional Evaluation of Australian 

Microalgae as Potential Human Health Supplements. PLOS ONE, 10(2). 

https://doi.org/10.1371/journal.pone.0118985.  

57. Kumar, J., Singh, D., Tyagi, M. B., & Kumar, A. (2019). Cyanobacteria: Applications in 

Biotechnology. Cyanobacteria, 327–346. https://doi.org/10.1016/b978-0-12-814667-5.00016-7. 

58. Kupchinsky, Z. A., Coyle, S. D., Bright, L. A., & Tidwell, J. H. (2015). Evaluation of Heterotrophic 

Algae Meal as a Diet Ingredient for Channel Catfish, Ictalurus punctatus. Journal of the World 

Aquaculture Society, 46(4), 445-452. https://doi.org/10.1111/jwas.12200.  

59. Lauritano, C., Andersen, J. H., Hansen, E., Albrigtsen, M., Escalera, L., Esposito, F., Helland, K., 

Hanssen, K. Ø., Romano, G., &Ianora, A. (2016). Bioactivity Screening of Microalgae for 

Antioxidant, Anti-Inflammatory, Anticancer, Anti-Diabetes, and Antibacterial Activities. Frontiers 

in Marine Science, 3. https://doi.org/10.3389/fmars.2016.00068.  [CrossRef]. 

60. Lewis, L. A., & McCourt, R. M. (2004). Green algae and the origin of land plants. American Journal 

of Botany, 91(10), 1535-1556. https://doi.org/10.3732/ajb.91.10.1535.  

61. Liu, D., Liberton, M., Hendry, J. I., Aminian-Dehkordi, J., Maranas, C. D., &Pakrasi, H. B. 

(2021). Engineering biology approaches for food and nutrient production by cyanobacteria. Current 

Opinion in Biotechnology, 67, 1–6. https://doi.org/10.1016/j.copbio.2020.09.011.  

62. Lordan, S., Ross, R. P., & Stanton, C. (2011). Marine Bioactives as Functional Food Ingredients: 

Potential to Reduce the Incidence of Chronic Diseases. Marine Drugs, 9(6), 1056-1100. 

https://doi.org/10.3390/md9061056.  [CrossRef] [PubMed]. 

63. Luiten, E. E., Akkerman, I., Koulman, A., Kamermans, P., Reith, H., Barbosa, M. J., Sipkema, D., 

&Wijffels, R. H. (2003). Realizing the promises of marine biotechnology. Biomolecular 

Engineering, 20(4), 429-439. https://doi.org/10.1016/s1389-0344(03)00074-1.  

64. M. Tibbetts, S., J. Melanson, R., C. Park, K., H. Banskota, A., Stefanova, R., & J. McGinn, P. 

(2016). Nutritional Evaluation of Whole and Lipid-Extracted Biomass of the Microalga 

Scenedesmus sp. AMDD Isolated in Saskatchewan, Canada for Animal Feeds: Proximate, Amino 

Acid, Fatty Acid, Carotenoid and Elemental Composition. Current Biotechnology, 4(4), 530-546. 

https://doi.org/10.2174/2211550104666150827201854.  

65. Malibari, R., Sayegh, F., Elazzazy, A. M., Baeshen, M. N., Dourou, M., &Aggelis, G. (2018). Reuse 

of shrimp farm wastewater as growth medium for marine microalgae isolated from Red Sea – 

Jeddah. Journal of Cleaner Production, 198, 160-169. https://doi.org/10.1016/j.jclepro.2018.07.037.  

66. Markou, G., Chentir, I., &Tzovenis, I. (2021). Microalgae and cyanobacteria as food: Legislative 

and safety aspects. Cultured Microalgae for the Food Industry, 249–264. 

https://doi.org/10.1016/b978-0-12-821080-2.00003-4.  

67. Martínez-Francés, E., & Escudero-Oñate, C. (2018). Cyanobacteria and Microalgae in the 

Production of Valuable Bioactive Compounds. In E. Jacob-Lopes, L. Q. Zepka, & M. I. Queiroz 

(Eds.), Microalgal Biotechnology. IntechOpen. https://doi.org/10.5772/intechopen.74043. 

68. Matos, Ângelo P., Feller, R., Moecke, E. H. S., &Sant’Anna, E. S. (2015). Biomass, lipid 

productivities and fatty acids composition of marine Nannochloropsisgaditana cultured in 

http://www.jetir.org/
https://doi.org/10.2216/0031-8884(2008)47%5b236:tcmbga%5d2.0.co;2
https://doi.org/10.2216/0031-8884(2008)47%5b236:tcmbga%5d2.0.co;2
https://doi.org/10.1016/j.biortech.2011.11.133
https://doi.org/10.1007/s00217-004-1062-7
https://doi.org/10.1016/j.foodchem.2015.08.073
https://doi.org/10.1371/journal.pone.0118985
https://doi.org/10.1016/b978-0-12-814667-5.00016-7
https://doi.org/10.1111/jwas.12200
https://doi.org/10.3389/fmars.2016.00068
https://doi.org/10.3732/ajb.91.10.1535
https://doi.org/10.1016/j.copbio.2020.09.011
https://doi.org/10.3390/md9061056
https://doi.org/10.1016/s1389-0344(03)00074-1
https://doi.org/10.2174/2211550104666150827201854
https://doi.org/10.1016/j.jclepro.2018.07.037
https://doi.org/10.1016/b978-0-12-821080-2.00003-4
https://doi.org/10.5772/intechopen.74043


© 2022 JETIR December 2022, Volume 9, Issue 12                                                 www.jetir.org (ISSN-2349-5162) 

JETIR2212380 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org d604 
 

desalination concentrate. Bioresource Technology, 197, 48-55. 

https://doi.org/10.1016/j.biortech.2015.08.041.  

69. Mišurcová, L., Buňka, F., VávraAmbrožová, J., Machů, L., Samek, D., &Kráčmar, S. (2014). Amino 

acid composition of algal products and its contribution to RDI. Food Chemistry, 151, 120-125. 

https://doi.org/10.1016/j.foodchem.2013.11.040.  

70. Mondal, A., Bose, S., Banerjee, S., Patra, J. K., Malik, J., Mandal, S. K., Kilpatrick, K. L., Das, G., 

Kerry, R. G., Fimognari, C., &Bishayee, A. (2020). Marine Cyanobacteria and Microalgae 

Metabolites-A Rich Source of Potential Anticancer Drugs. Marine drugs, 18(9), 476. 

https://doi.org/10.3390/md18090476.  

71. Montaser, R., &Luesch, H. (2011). Marine natural products: A new wave of drugs? Future 

Medicinal Chemistry, 3(12), 1475-1489. https://doi.org/10.4155/fmc.11.118. [CrossRef] [PubMed]. 

72. Mundt, S., Kreitlow, S., Nowotny, A., &Effmert, U. (2001). Biochemical and pharmacological 

investigations of selected cyanobacteria. International Journal of Hygiene and Environmental Health, 

203(4), 327-334. https://doi.org/10.1078/1438-4639-00045. [CrossRef] [PubMed]. 

73. Namikoshi, M., & Rinehart, K. (1996). Bioactive compounds produced by cyanobacteria. Journal of 

Industrial Microbiology & Biotechnology, 17(5), 373-384. https://doi.org/10.1007/bf01574768.  

74. Nethravathy, M. U., Mehar, J. G., Mudliar, S. N., &Shekh, A. Y. (2019). Recent advances in 

microalgal bioactives for food, feed, and healthcare products: Commercial potential, market space, 

and sustainability. Comprehensive Reviews in Food Science and Food Safety, 18, 1882_1897. 

75. Norton, T. A., Melkonian, M., & Andersen, R. A. (1996). Algal biodiversity. Phycologia, 35(4), 

308-326. https://doi.org/10.2216/i0031-8884-35-4-308.1.  

76. Oliveira, C. Y. B., Oliveira, C. D. L., Prasad, R., Ong, H. C., Araujo, E. S., Shabnam, N., &Gálvez, 

A. O. (2021). A multidisciplinary review of Tetradesmus obliquus : a microalga suitable for 

large‐scale biomass production and emerging environmental applications. Reviews in Aquaculture, 

13(3), 1594-1618. https://doi.org/10.1111/raq.12536.  

77. Pancha, I., Chokshi, K., Ghosh, T., Paliwal, C., Maurya, R., & Mishra, S. (2015). Bicarbonate 

supplementation enhanced biofuel production potential as well as nutritional stress mitigation in the 

microalgae Scenedesmus sp. CCNM 1077. Bioresource Technology, 193, 315-323. 

https://doi.org/10.1016/j.biortech.2015.06.107.  

78. Parimi, N. S., Singh, M., Kastner, J. R., Das, K. C., Forsberg, L. S., & Azadi, P. (2015). 

Optimization of Protein Extraction from Spirulina platensis to Generate a Potential Co-Product and a 

Biofuel Feedstock with Reduced Nitrogen Content. Frontiers in Energy Research, 3. 

https://doi.org/10.3389/fenrg.2015.00030.  

79. Prabaharan, D., Sumathi, M., & Subramanian, G. (1994). Ability to use ampicillin as a nitrogen 

source by the marine cyanobacteriumPhormidiumvalderianum BDU 30501. Current Microbiology, 

28(6), 315-320. https://doi.org/10.1007/bf01570194.  

80. Prakash, O., Aneja, K., Hussain, K., & Sharma, C. (2011). Synthesis and antimicrobial activity of 

some new 2-(3-(4-Aryl)-1-phenyl-1H-pyrazol-4-yl) chroman-4-ones. Indian Journal of 

Pharmaceutical Sciences, 73(5), 586. https://doi.org/10.4103/0250-474x.99023.  [CrossRef] 

[PubMed]. 

81. Pulz, O., & Gross, W. (2004). Valuable products from biotechnology of microalgae. Applied 

Microbiology and Biotechnology, 65(6), 635-648. https://doi.org/10.1007/s00253-004-1647-x.  

82. Qiao, H., Cong, C., Sun, C., Li, B., Wang, J., & Zhang, L. (2016). Effect of culture conditions on 

growth, fatty acid composition and DHA/EPA ratio of Phaeodactylumtricornutum. Aquaculture, 

452, 311-317. https://doi.org/10.1016/j.aquaculture.2015.11.011.  

83. Quesada, A., & Vincent, W. F. (1997). Strategies of adaptation by Antarctic cyanobacteria to 

ultraviolet radiation. European Journal of Phycology, 32(4), 335-342. 

https://doi.org/10.1080/09670269710001737269.  

84. Rastogi, R. P., & Sinha, R. P. (2009). Biotechnological and industrial significance of cyanobacterial 

secondary metabolites. Biotechnology advances, 27(4), 521–539. 

https://doi.org/10.1016/j.biotechadv.2009.04.009.  

85. Roy, S. S., & Pal, R. (2014). Microalgae in Aquaculture: A Review with Special References to 

Nutritional Value and Fish Dietetics. Proceedings of the Zoological Society, 68(1), 1-8. 

https://doi.org/10.1007/s12595-013-0089-9.  

http://www.jetir.org/
https://doi.org/10.1016/j.biortech.2015.08.041
https://doi.org/10.1016/j.foodchem.2013.11.040
https://doi.org/10.3390/md18090476
https://doi.org/10.4155/fmc.11.118
https://doi.org/10.1078/1438-4639-00045
https://doi.org/10.1007/bf01574768
https://doi.org/10.2216/i0031-8884-35-4-308.1
https://doi.org/10.1111/raq.12536
https://doi.org/10.1016/j.biortech.2015.06.107
https://doi.org/10.3389/fenrg.2015.00030
https://doi.org/10.1007/bf01570194
https://doi.org/10.4103/0250-474x.99023
https://doi.org/10.1007/s00253-004-1647-x
https://doi.org/10.1016/j.aquaculture.2015.11.011
https://doi.org/10.1080/09670269710001737269
https://doi.org/10.1016/j.biotechadv.2009.04.009
https://doi.org/10.1007/s12595-013-0089-9


© 2022 JETIR December 2022, Volume 9, Issue 12                                                 www.jetir.org (ISSN-2349-5162) 

JETIR2212380 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org d605 
 

86. Ryckebosch, E., Bruneel, C., Termote-Verhalle, R., Goiris, K., Muylaert, K., &Foubert, I. (2014). 

Nutritional evaluation of microalgae oils rich in omega-3 long chain polyunsaturated fatty acids as 

an alternative for fish oil. Food Chemistry, 160, 393-400. 

https://doi.org/10.1016/j.foodchem.2014.03.087.  

87. Safonova, E., Kvitko, K., Kuschk, P., Möder, M., &Reisser, W. (2005). Biodegradation of 

Phenanthrene by the Green AlgaScenedesmus obliquus ES-55. Engineering in Life Sciences, 5(3), 

234-239. https://doi.org/10.1002/elsc.200520077. [CrossRef]. 

88. Sahu, A., Pancha, I., Jain, D., Paliwal, C., Ghosh, T., Patidar, S., Bhattacharya, S., & Mishra, S. 

(2013). Fatty acids as biomarkers of microalgae. Phytochemistry, 89, 53-58. 

https://doi.org/10.1016/j.phytochem.2013.02.001.  

89. SANCHEZ-BARACALDO, P., HAYES, P. K., & BLANK, C. E. (2005). Morphological and habitat 

evolution in the Cyanobacteria using a compartmentalization approach. Geobiology, 3(3), 145-165. 

https://doi.org/10.1111/j.1472-4669.2005.00050.x.  

90. Santos, C. S., Gabriel, B., Blanchy, M., Menes, O., García, D., Blanco, M., Arconada, N., & Neto, 

V. (2015). Industrial Applications of Nanoparticles – A Prospective Overview. Materials Today: 

Proceedings, 2(1), 456-465. https://doi.org/10.1016/j.matpr.2015.04.056.  
91. Sarker, P. K., Kapuscinski, A. R., Bae, A. Y., Donaldson, E., Sitek, A. J., Fitzgerald, D. S., & 

Edelson, O. F. (2018). Towards sustainable aquafeeds: Evaluating substitution of fishmeal with 

lipid-extracted microalgal co-product (Nannochloropsisoculata) in diets of juvenile Nile tilapia 

(Oreochromis niloticus). PLOS ONE, 13(7). https://doi.org/10.1371/journal.pone.0201315.  

92. Sato, M., Masuda, Y., Kirimura, K., & Kino, K. (2007). Thermostable ATP regeneration system 

using polyphosphate kinase from Thermosynechococcus elongatus BP-1 for d-amino acid dipeptide 

synthesis. Journal of Bioscience and Bioengineering, 103(2), 179-184. 

https://doi.org/10.1263/jbb.103.179.  

93. Schwenzfeier, A., Wierenga, P. A., & Gruppen, H. (2011). Isolation and characterization of soluble 

protein from the green microalgae Tetraselmis sp. Bioresource Technology, 102(19), 9121-9127. 

https://doi.org/10.1016/j.biortech.2011.07.046.  

94. Sies, H., 1996. Antioxidants in Disease, Mechanisms and Therapy. Academic Press, New York. 

95. Simopoulos, A. (2002). The importance of the ratio of omega-6/omega-3 essential fatty acids. 

Biomedicine & Pharmacotherapy, 56(8), 365-379. https://doi.org/10.1016/s0753-3322(02)00253-6. 

96. Singh, J., & Gu, S. (2010). Commercialization potential of microalgae for biofuels 

production. Renewable and Sustainable Energy Reviews, 14(9), 2596-2610. 

https://doi.org/10.1016/j.rser.2010.06.014.  

97. Singh, P., Guldhe, A., Kumari, S., Rawat, I., &Bux, F. (2015). Investigation of combined effect of 

nitrogen, phosphorus and iron on lipid productivity of microalgae AnkistrodesmusfalcatusKJ671624 

using response surface methodology. Biochemical Engineering Journal, 94, 22-29. 

https://doi.org/10.1016/j.bej.2014.10.019.  

98. Smerilli, A.; Orefice, I.; Corato, F.; Ruban, A.; Brunet, C. Photoprotective and antioxidant responses 

to light spectrum and intensity variations on a coastal diatom. Environ. Microbiol. 2017, 19, 611–

627. [CrossRef] [PubMed]. 

99. Snelgrove, P. V. R. (1999). Getting to the Bottom of Marine Biodiversity: Sedimentary Habitats. 

BioScience, 49(2), 129. https://doi.org/10.2307/1313538.  [CrossRef]. 

100. Soeder CJ. 1986. An historical outline of applied algology. In: Richmond A, editor. Hand-

book of microalgal mass cultures. Boca Raton, FL: CRC Press. 

101. Solana, M., Rizza, C., &Bertucco, A. (2014). Exploiting microalgae as a source of essential 

fatty acids by supercritical fluid extraction of lipids: Comparison between Scenedesmus obliquus, 

Chlorella protothecoides and Nannochloropsis salina. The Journal of Supercritical Fluids, 92, 311-

318. https://doi.org/10.1016/j.supflu.2014.06.013.  

102. Subhan, M., Choudhury, K., & Neogi, N. (2021). Advances with Molecular Nanomaterials in 

Industrial Manufacturing Applications. Nanomanufacturing, 1(2), 75-97. 

https://doi.org/10.3390/nanomanufacturing1020008.  

103. Suh, S.-S., Kim, S. J., Hwang, J., Park, M., Lee, T.-K., Kil, E.-J., & Lee, S. (2015). Fatty acid 

methyl ester profiles and nutritive values of 20 marine microalgae in Korea. Asian Pacific Journal of 

Tropical Medicine, 8(3), 191-196. https://doi.org/10.1016/s1995-7645(14)60313-8.  

http://www.jetir.org/
https://doi.org/10.1016/j.foodchem.2014.03.087
https://doi.org/10.1002/elsc.200520077
https://doi.org/10.1016/j.phytochem.2013.02.001
https://doi.org/10.1111/j.1472-4669.2005.00050.x
https://doi.org/10.1016/j.matpr.2015.04.056
https://doi.org/10.1371/journal.pone.0201315
https://doi.org/10.1263/jbb.103.179
https://doi.org/10.1016/j.biortech.2011.07.046
https://doi.org/10.1016/s0753-3322(02)00253-6
https://doi.org/10.1016/j.rser.2010.06.014
https://doi.org/10.1016/j.bej.2014.10.019
https://doi.org/10.2307/1313538
https://doi.org/10.1016/j.supflu.2014.06.013
https://doi.org/10.3390/nanomanufacturing1020008
https://doi.org/10.1016/s1995-7645(14)60313-8


© 2022 JETIR December 2022, Volume 9, Issue 12                                                 www.jetir.org (ISSN-2349-5162) 

JETIR2212380 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org d606 
 

104. Thajuddin N, Subramanian G. Cyanobacterial biodiversity and potential applications in 

biotechnology. Curr Sci 2005; 89:47–57. 

105. Tibbetts, S. M., Bjornsson, W. J., & McGinn, P. J. (2015). Biochemical composition and 

amino acid profiles of Nannochloropsisgranulata algal biomass before and after supercritical fluid 

CO2extraction at two processing temperatures. Animal Feed Science and Technology, 204, 62-71. 

https://doi.org/10.1016/j.anifeedsci.2015.04.006.  

106. Tibbetts, S. M., Patelakis, S. J. J., Whitney-Lalonde, C. G., Garrison, L. L., Wall, C. L., & 

MacQuarrie, S. P. (2019). Nutrient composition and protein quality of microalgae meals produced 

from the marine prymnesiophyte Pavlova sp. 459 mass-cultivated in enclosed photobioreactors for 

potential use in salmonid aquafeeds. Journal of Applied Phycology, 32(1), 299-318. 

https://doi.org/10.1007/s10811-019-01942-2.  

 

107. Tomaselli, L., Palandri, M. R. &Tredici, M. R. 1996. On the correct use of the Spirulina 

designation. Algological Stud. 83:539–48. 

108. Townsend, M., Davies, K., Hanley, N., Hewitt, J. E., Lundquist, C. J., & Lohrer, A. M. 

(2018). The Challenge of Implementing the Marine Ecosystem Service Concept. Frontiers in Marine 

Science, 5. https://doi.org/10.3389/fmars.2018.00359.  [CrossRef]. 

109. Vanthoor-Koopmans, M., Cordoba-Matson, M. V., Arredondo-Vega, B. O., Lozano-

Ramírez, C., Garcia-Trejo, J. F., & Rodriguez-Palacio, M. C. (2014). Microalgae and Cyanobacteria 

Production for Feed and Food Supplements. Biosystems Engineering: Biofactories for Food 

Production in the Century XXI, 253–275. https://doi.org/10.1007/978-3-319-03880-3_8.  

110. Venkata Subhash, G., Chugh, N., Iyer, S., Waghmare, A., Musale, A. S., Nandru, R., Dixit, 

R. B., Gaikwad, M. S., Menon, D., Thorat, R., Kumar, G. K., Nagle, V., Sagaram, U. S., & 

Dasgupta, S. (2020). Application of in vitro protein solubility for selection of microalgae biomass as 

protein ingredient in animal and aquafeed. Journal of Applied Phycology, 32(6), 3955-3970. 

https://doi.org/10.1007/s10811-020-02235-9.  

111. Viegas, C., Gouveia, L., & Gonçalves, M. (2021). Aquaculture wastewater treatment through 

microalgal. Biomass potential applications on animal feed, agriculture, and energy. Journal of 

Environmental Management, 286, 112187. https://doi.org/10.1016/j.jenvman.2021.112187.  

112. Vincent WF, Quesada A. Ultraviolet radiation in Antarctica: measurements and biological 

effects. In: Weiler CS, Penhale PA, editors. Antarctic research series, vol. 63. Washington, DC: 

American Geophysical Union; 1994. p. 111. 

113. Wang, W., Wang, S.-X., & Guan, H.-S. (2012). The Antiviral Activities and Mechanisms of 

Marine Polysaccharides: An Overview. Marine Drugs, 10(12), 2795-2816. 

https://doi.org/10.3390/md10122795.  [CrossRef]. 

114. Wang, Y., Guo, W.-Q., Lo, Y.-C., Chang, J.-S., & Ren, N.-Q. (2014). Characterization and 

kinetics of bio-butanol production with Clostridium acetobutylicum ATCC824 using mixed sugar 

medium simulating microalgae-based carbohydrates. Biochemical Engineering Journal, 91, 220-230. 

https://doi.org/10.1016/j.bej.2014.08.007.  

115. Welker, M., & Von Döhren, H. (2006). Cyanobacterial peptides — Nature. FEMS 

Microbiology Reviews, 30(4), 530-563. https://doi.org/10.1111/j.1574-6976.2006.00022.x.  

116. Whitton, B.A., Potts, M., 2000. The Ecology of Cyanobacteria; Their Diversity in Time and 

Space. Kluwer Academic Publisher, Dordrecht. 

117. Yamaguchi, K. (1996). Recent advances in microalgal bioscience in Japan, with special 

reference to utilization of biomass and metabolites: A review. Journal of Applied Phycology, 8(6), 

487-502. https://doi.org/10.1007/bf02186327.  

118. Zhao, G., Chen, X., Wang, L., Zhou, S., Feng, H., Chen, W. N., & Lau, R. (2013). 

Ultrasound assisted extraction of carbohydrates from microalgae as feedstock for yeast fermentation. 

Bioresource Technology, 128, 337-344. https://doi.org/10.1016/j.biortech.2012.10.038. 

119. Zhou, W., Wang, Z., Xu, J., & Ma, L. (2018). Cultivation of microalgae Chlorella 

zofingiensis on municipal wastewater and biogas slurry towards bioenergy. Journal of Bioscience 

and Bioengineering, 126(5), 644-648. https://doi.org/10.1016/j.jbiosc.2018.05.006.  
 

http://www.jetir.org/
https://doi.org/10.1016/j.anifeedsci.2015.04.006
https://doi.org/10.1007/s10811-019-01942-2
https://doi.org/10.3389/fmars.2018.00359
https://doi.org/10.1007/978-3-319-03880-3_8
https://doi.org/10.1007/s10811-020-02235-9
https://doi.org/10.1016/j.jenvman.2021.112187
https://doi.org/10.3390/md10122795
https://doi.org/10.1016/j.bej.2014.08.007
https://doi.org/10.1111/j.1574-6976.2006.00022.x
https://doi.org/10.1007/bf02186327
https://doi.org/10.1016/j.biortech.2012.10.038
https://doi.org/10.1016/j.jbiosc.2018.05.006

