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SUMMARY

The aqua feed industry is dependent on fish meal and fish oil as a major protein and lipid source. This
puts pressure on the fish meal industry which is already in a state of stagnation. Many aqua culturists have put
forth suggestions to overcome this problem by suggesting no fish in fish feed. However, this has certain practical
ramifications to be made. Fish meal is an excellent source of protein and lipid. This is undeniable, due to their
best amino acid and fatty acid profile which cannot be matched by any other single source of protein. With no
other alternative seen, aqua feed entrepreneurs have been prospecting for various alternate sources of proteins to
reduce the reliance on fish meal and fish oil. Several animal and plant sources have been identified as suitable for
replacement of Fish meal which has seen practical replacements possible up to 50% successfully. Amidst all this
myriad of research some scientists have found out the ultimate replacement for Fish meal and fish oil, in the form
of microalgae. Certain species of microalgae have oil which has been found to match the best characteristics of
fish meal and fish oil. Therefore 100% replacement of fish meal and fish oil can be achieved in aqua feed with
microalgae blend and oil.
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INTRODUCTION

World aquaculture production is the most efficient edible protein source, out growing all other major food
sectors (FAO 2016, 2018). The increase in global demand for fish is due to improvement in aqua feed sector. The
feed inputs represent nearly 75% of production cost and are presently the key driver in aquaculture. The projected
aqua feed for 2025 is 73.15 million tonne (mt) at an expected annual growth rate of 8-10% (Tacon et al. 2011,
Hasan, 2017).The implications of these projections is that it will exert more pressure on the already stagnant
marine capture fisheries. The anticipated rise in aqua feed production has raised concern over sustainability of
capture fisheries meeting this demand that could result in restraining aquaculture growth (Pauly and Zeller 2016).
To overcome the reliance on fish meal and fish oil, the aqua feed industry uses grain and oilseed meal, which have
low digestibility, anti-nutritional factors, and deficiencies in essential amino acids (lysine, methionine, threonine,
and tryptophan). Crop oils also lack long-chain omega-3s (n-3s), eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), important for human health. These, nutritional disadvantages lead to poor fillet
quality of farmed fishes and have prompted the need to investigate marine microalgae as potential alternate
sources of protein and lipids, due to their balanced essential amino acids, minerals, vitamins, and PUFA (Turchini
et al. 2009, Sarkar, 2018).

Fish meal Vs Other Protein Sources

Plant protein sources and animal protein sources are two major groups that are seen as alternate to Fish
meal. Ground nut oil cake, Soya bean meal, cotton seed meal, sunflower seed meal, corn gluten meal, wheat gluten
meal, rapeseed meal and canola meal are the major plant protein sources used in aqua feed industry. The animal
based protein sources are crustacean meal, insect meal, poultry by product meal, meat and bone meal and feather
meal. These ingredients are being used at various levels of replacement of fish meal. 100% replacement of fish
meal has always been restricted by the inherent limitations of each group. Plant protein sources have anti-
nutritional factors such as gossypol, trypsin inhibiters, haemoglutinins, glucosinolates and tannins. Further, plant
protein sources are also deficient in amino acids Viz., GNOC is poor in methionine and lysine, Soya bean meal is
deficient in methionine, while sunflower meal, corn gluten and wheat gluten meal are deficient in lysine content.
In animal based sources, the amino acid profile has always remained different and does not satisfy the complete
nutrient requirement of fish species. Thus these alternate sources, had only limited use in aquafeed and 100%
replacement of fish meal and fish oil was never possible. Hence, there was always a need to find suitable alternate
that could fully replace fish meal and oil in aqua feed.
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Fish oil Vs other oil sources

Studies (Bendison et al., 2011, Caballero et al., 2002, Crampton, et al., 2010) have shown that fish oil can
be replaced by vegetable oil without any impact on the growth, survival feed efficiency. However, fish fed with a
vegetable oil source have low concentration of PUFA such as docosahexaenoic acid and eicosapentaenoic acid.
These are essential for cardiovascular and cognitive properties of fish oil in their muscle (Turchini et al.
2009).Farmed Salmon fed on lipids of terrestrial origin have led to low levels of LC n-3 PUFA in their muscles
(Ytrestoyl et al., 2015, Sprague et al. 2016). Hence, in order to restore the desirable properties of fish muscle,
farmed fishes fed with vegetable oil should be fed with a higher levels n-3 LC-PUFA, following the growth period.
Microalgae such as Schizochytrium sp are one rich source of such oil(Am’elie B"elanger et al. 2018).

Microalgae

Microalgae are microscopic algae found in freshwater and marine environment, unicellular species
existing individually, or in chains or groups. Microalgae have a simple cell structure, photosynthetically, they can
utilize light, carbon dioxide, water, and nutrients to produce energy and grow. They grow 5-10 times faster than
normal food crops and have 15-300 times more oil production capacity than oil crops (Zullaikah et al. 2019).
Microalgae have become one interesting source for biofuels and several other value added chemicals (Yen et al.
2013). Culture of microalgae has several advantages as no need for large land, neither does it need pesticides and
chemicals (Sing and Gu, 2010, Hariskos and Posten, 2014). Microalgae are considered an interesting candidate
for the sustainable production of edible oils. Because microalgae contains abundant polyunsaturated fatty acids
(PUFA) and have high photosynthetic rates and high oil productivity. Microalgae cells typically contain 30-80%
lipids (Japar et al., 2017; Deshmukh et al., 2019). Microalga oil contains PUFAs inclusive of ®-3 PUFAs and o-
6 PUFAs, which are, essential for human health (Jang and Park, 2019). Lipid productivity rather than lipid content
is generally accepted as an indicator for evaluating the oil-producing performance of microalgae. Lipid content is
the concentration of lipids in microalgae cells, regardless of the production of biomass; and lipid productivity
depends on the production of biomass, and refers to the accumulation of lipids in cells in the total biomass
produced (Zhaohui et al. 2020). Microalgae with low lipid content have higher lipid productivity e.g., Chlorella
sp. with only about 30% lipid content have a lipid productivity exceeding 100 mg/L/day (Kiran et al., 2014). On
account of the high lipid productivity of microalgae, the oil production of microalgae is able to achieve 6,000
15,0g0 gal oil/acre, far over that EI vegetable oil (Sajjadi
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Microalgae production

Raceway pond or a photo-bioreactor is desirable for cultivation of microalgae. Raceway pond is less
capital intensive, but can contaminated easily and evaporative loss of water is also high. Further, efficiency in
utilization of carbon dioxide as a carbon source is less. A photo-bioreactor is capital intensive, at the same time it
requires minimal space and controlled conditions make it contamination free with higher production capacity.
Microalgae can be heterotrophic, phototrophic or mixotrophic culture. Heterotrophic culture is possible by use of
organic carbon such as glucose as the carbon source and energy in developing biomass. Phototrophic cultures use
carbon dioxide and light as the carbon source and energy, resulting in desired growth and production (Zhu et al.
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2017). Mixotropic culture, is a combination of heterotrophic and phototrophic culture. This can increase the rate
of cell production and result in higher lipid productivity than the phototrophic culture. Microalgal biomass
production involves 80% of cost in provision of suitable organic substrate (Tan et al. 2018).

Important microalgal species for biomass and lipid production

important microalgae suitable for oil production are Crypthecodinium cohnii, Schizochytrium sp.,
Ulkenia sp and Nannochloropsis oculata. These are being commercially exploited by companies viz.,
DSM/Martek of USA, Lonza of Switzerland, Kingdomway of China, Source-Omega of USA and Qualitas Health
of Israel. All these companies have obtained certain patent rights for a particular strain of microalgae and some
even certify that their omega — 3 fatty acids are purely vegetarian, which has seen wide acceptance in the
worldwide increasing vegan population.

Crypthecodinium cohnii

The phylum Dinophyta contains members that are unicellular and mainly marine, with some freshwater
species.Crypthecodinium cohnii is a unique, heterotrophic,colorless marine dinoflagellate species of the family
Crypthecodiniaceae. Members of these genera are widely dispersed in the oceans of the world. As the name of its
phylum implies it is characterized by dinokont flagellation, vegetative cells swim by the action of two flagella,
one radial flagella for steering and another posterior flagella for propulsion. (Heimann, K., & Huerlimann, R.
(2015).C. cohnii is the only commercially grown dinoflagellate species to date and exhibits a high DHA content
used for the production of infant formulas. Up to 20% of the dry weight of C. cohnii can consist of fatty acids, of
which up to 30% can be DHA. The Crypthecodinium cohnii oil can also be directly used as animal feed ingredients
to produce eggs, chicken, and fish meat enriched in DHA.DSM Nutritional Products use the microalgae C. cohnii
to make their DHASCO™ oil for the infant formula market. This oil has a DHA content of 40-45% w/w, and
virtually no EPA (Lopes da Silva et al., 2019).

Crypthecodinium cohnii sp

Ulkenia sp

Ulkenia belongs to the order Thraustochytriales. Thraustochytrids are heterotrophs with an high oil content
(typically 50-77% on a dry weight basis). The oil is>90% triacylglyceride, rich in DHA (38-50%), and has a low
cholesterol content(Lopes da Silva et al., 2019).0One of the most remarkable features of the Ulkenia algal oil is
seen in its purity and simplicity when compared to a conventional fish oil. Basically, only three Fatty Acid
(Palmitic Acid (16:0), Docosapentaenoic Acid (22:5, n-6), DHA (22:6, n-3)) represent more than 85% of all FA.
The oil consists mainly of neutral lipids; typically over 98% are triacylgycerols, and only minor amounts of
common phytosterols can be found in the unsaponifable fraction (Kiy, 2005).
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Nannochloropsis

Nannochloropsis is a group of marine microalgae that can produce lipids mainly in the form of
triacylglycerols and ®-3 long-chain polyunsaturated fatty acids such as eicosapentaenoicacid (EPA).
Nannochloropsis has a vast biotechnological potential for mass culture due to its greater lipid production. The
group comprises of six known species: Nannochloropsis gaditana, Nannochloropsis granulata, Nannochloropsis
limnetica, Nannochloropsis oceanica, Nannochloropsis oculata and Nannochloropsis salina.
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The lipid production varies between species and depends on the culture conditions (Ma et al. 2014).
Nannochloropsis is also amongst the highest producer of Eicosapentaenoic acid and most promising microalgae
for culture (Hoffmann et. a. 2010). Nannochloropsis is already a popular life feed for the culture of rotifers and
marine fin fish hatcheries as live feed. The technology exists and the biomass culture has been standardized, hence
its application as a suitable lipid source for aquafeed is not far.

Schizochytrium sp in oil production

Schizochytrium sp. is a heterotrophic microalga under the order Thraustochytriales and phylum
Heterokonta, which can yield about 40% (w/w) of DHA. The mass cultivation technology for Schizochytrium is
already well developed and it is anticipated that large quantities of oil can be produced as a fish oil replacer for
aquafeeds. Strains of Schizochytrium have been used for commercial production of DHA since the
1990s.Schizochytriumcontains <24% w/w docosahexaenoic acid (DHA) and <12% w/w eicosapentaenoic acid
(EPA).
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Microalgae in fish diets

Combination of the protein-rich (50%) defatted marine microalga co-products the under-utilized left-over
biomass of Nannochloropsis oculata after EPA oil extraction and DHA-rich marine microalga (Schizochytrium
sp.), available at commercial scale, has been used successfully to replace fish meal and fish oil in tilapia aqua
feeds (Sarkar et al, 2020).Several studies have categorically demonstrated that shrimp, and many other fish
species, can be cultivated without fish meal and fish oil. Another prominent issue related to food safety, is
possibility of utilizing forage fish that are contaminated with toxins such as dioxins and furans, heavy metals and
other pollutants for production of fish meal and fish oil. These contaminants can bio accumulate in farmed fishes
and have the potential for negative impacts on a variety of physiological processes in end users. Technologies
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developed can reduce and remove some of these contaminants during manufacture; it could also lead to increase
on cost of production. Algal oil due to its controlled production environment provides is a contaminant free
ingredient. World’s leading aquafeed company Skretting, announced an interest in using algal oil containing EPA
and DHA supplied by DSM and the German company, Evonik, for inclusion in their products (Jane 2016). Cargill
another major player in the aqua feed sector has also shown interest in utilizing microalgal protein and oil in their
feeds.

CONCLUSION

Given the proliferation of alternative feed ingredients by global industry leaders and stakeholders
(aquafeed company, innovators, aquafarmers, investors, and aquaculture supply chain), market opportunities
appear to be growing and evolving for using microalgal protein and oil for fish-free feed. The microalgal
ingredients in fish-free feed, thus, show potential to supply the expanding aquaculture industry with a stable and
affordable supply of healthy protein and oil for fish-free feed, doing so without causing harm to oceans or food
security of resource-poor people.
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