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Aquaculture keeps growing to keep up with the world's appetite for seafood, but there's a
catch, most farmed fish are still fed on wild-caught fishmeal and fish oil. Swapping in
plant proteins helps a little, but plants simply can't supply the long-chain omega-3 fats (EPA
and DHA) that both fish and the people who eat them need, that's where algae come in.
Neither microalgae nor seaweed need farmland or fresh water to grow, yet they can deliver
protein, essential fats, natural pigments, and even compounds with health benefits. Already,
algae biomass and algae oils are showing up in hatchery tanks and in grow-out feeds for
shrimp and salmon alike. The road isn't free of bumps such as production costs, tough cell
walls, and a lack of standardisation are all real hurdles, but better bioprocessing and smarter
blended formulations are closing the gap faster than most people expected. If aquaculture is
ever going to stop leaning on the ocean's forage fisheries, algae-based feed looks like the
place to start.
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Introduction

Aquaculture has quietly overtaken wild capture fisheries as the world's main source of
seafood and that shift has exposed an awkward contradiction. The industry that was supposed
to take pressure off the oceans is, in large part, still being fed by them. Fishmeal and fish oil,
both made from wild-caught forage fish, remain the backbone of most commercial aquafeeds.
Plant proteins have taken some of the strain off, but they fall short in one important respect:
they simply don't contain the long-chain omega-3 fatty acids, EPA and DHA, that farmed fish
and the people eating them both rely on. To close that gap without going back to the ocean,
researchers have turned to the very organisms that make those fatty acids in the first place of
algae. Both microalgae and macroalgae can be grown without competing for farmland or
fresh water, and between them they offer protein, essential fats, and a range of compounds
that support immune health. What started as a research curiosity a decade or so ago is quickly
becoming one of the more credible answers to aquaculture's feed problem.

Needs an Alternative to Fishmeal in Aquaculture

It's easy to see why fishmeal and fish oil became the industry standard in the first place in
their amino acid profiles are excellent, and they're packed with the long-chain omega-3s that
fish need to grow well. The trouble is that the fish stocks used to make them aren't limitless.
Overfishing, an increasingly unpredictable climate, and steadily rising demand have made
fishmeal both an ecological gamble and a genuinely expensive ingredient, and that volatility
works its way through the entire aquaculture supply chain (Ahani et al., 2024). Soybean meal
and other plant-based substitutes have taken some of the pressure off, but they bring their
own baggage: carnivorous species don't digest them particularly well, they often carry anti-
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nutritional compounds, and this is the big one: they contain essentially none of the long-chain
omega-3s that make seafood worth eating in the first place. That missing piece is what sent
researchers looking back toward algae, the source of these fatty acids in the marine food
chain.

Algae as an Aquafeed Ingredient

Algae used in feed generally fall into two camps. Microalgae are the microscopic, single-
celled kind are think Spirulina, Chlorella, Schizochytrium, and Nannochloropsis, which are
grown either in photobioreactors or open ponds. Macroalgae, or seaweeds, are the larger
species such as kelp and Ulva, farmed along coastlines or further out at sea. Neither fish nor
shrimp can make their own omega-3 fatty acids; they get them by eating algae, or by eating
something further up the food chain that already has. Both groups of algae are simply doing
what they've always done in nature, it's just happening in a farm setting now.

Spirulina platensis Isochrysis galbana | Chlorella stigmatophora

Schizochytrium sp. in particular is loaded with DHA and is already being used as a direct
fish-oil substitute in some feeds, while Spirulina platensis is prized more for its protein
content and its pigments. A number of recent structured reviews of feeding trials have found
that including these microalgae in feed can hold growth performance steady or even improve
it while also boosting immune response and general fish health across several species (Ahani
et al., 2024; Vijayaram et al., 2024).

Nutritional and Health Benefits

e A protein profile with an amino acid balance that stacks up well against conventional
fishmeal.

e A genuine source of the long-chain omega-3 fatty acids (EPA and DHA) that both fish
and human diets depend on.

e Natural pigments and antioxidants such as astaxanthin and phycocyanin, that support
immune function and give species like salmon and shrimp their characteristic colour.

e Bioactive compounds with documented anti-inflammatory and immune-boosting effects,
which can help farmed animals fend off disease (Ma et al., 2024).

The Environmental Case for Algae

The nutritional argument is only half the story; the environmental case for algae is just as
strong, if not stronger. Microalgae can be grown on land that's no good for crops, using saline
water or even treated wastewater, so they're not competing with agriculture for fresh water or
farmland. Because they don't require catching a single wild fish, they take real pressure off
marine ecosystems that are already under stress. And since microalgae can be grown in
closed bioreactors, production isn't tied to a fishing season or a particular stretch of ocean the
way conventional ingredients are.

One well-known feeding trial found that a microalgae blend could replace fishmeal
and fish oil entirely in tilapia diets and still deliver better growth, at a cost that held its own
against conventional feed (Sarker et al., 2020). Results like this are exactly what have pushed
algae from being a research novelty to being taken seriously as a commercial ingredient.

The FAQO's most recent report on global fisheries and aquaculture makes the point
plainly: aquaculture is now the world's leading source of aquatic animal protein, and if that
growth is going to continue responsibly, feed ingredients need to keep pace (FAO, 2024).
Algae-based feed comes up again and again as part of that answer.
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Applications Across Species

Algae's job in aquaculture doesn't stop at replacing fishmeal in a formulated pellet.
Microalgae have been used as live feed for the larval stages of bivalves, shrimp, and finfish
for years, and hatcheries would struggle without them. Species like Tetraselmis suecica,
Isochrysis galbana, and Chlorella stigmatophora are grown specifically to feed rotifers,
Artemia, and copepods which then become food for fish and shrimp larvae themselves (Ma et
al., 2024). Further along in the grow-out stage, dried algae biomass and algae oils are
increasingly finding their way into pelleted feed. Salmon farmers use algae-derived
astaxanthin and DHA-rich oils in place of fish oil, partly to maintain the pink flesh colour
consumers expect from quality salmon. Shrimp farmers have been experimenting with
Spirulina and Schizochytrium inclusion too, hoping to build up immune resilience against the
disease outbreaks that remain one of the biggest headaches in intensive shrimp farming.

Challenges on the Path to Scale

None of this comes easy, though. Cost is still the biggest obstacle standing between algae-

based feed and widespread adoption are growing microalgae in a controlled bioreactor costs a

good deal more than sourcing conventional fishmeal, even with fishmeal's price swings

factored in. Some microalgae species also have rigid cell walls that limit how much of their

nutrition the fish can actually digest, unless the biomass is processed or the cell wall broken

down before it goes into the feed (Siddik et al., 2024).

e The high capital and running costs of large-scale cultivation facilities.

e Digestibility that varies depending on a species' cell wall structure.

e The risk of toxin production in some algal groups if cultivation isn't carefully managed.

e Thin regulatory frameworks and a lack of consistent certification standards in many
producing countries.

Researchers are chipping away at these problems from several angles at once, using
leftover biomass from lipid-extracted microalgae to bring costs down, applying mechanical or
enzymatic pre-treatment to make the biomass easier to digest, and exploring heterotrophic
cultivation methods that don't need sunlight at all. As these approaches mature and
production ramps up, the cost gap with conventional ingredients is expected to close
considerably (Siddik et al., 2024).

The Road Ahead

Realistically, algae probably won't replace fishmeal outright any time soon; the more likely
future is a hybrid one. Feed formulators will probably keep blending modest, carefully
targeted amounts of algae biomass and oil with plant proteins and smaller portions of
fishmeal, picking up the nutritional and environmental upside without taking on the full cost
of a complete swap. Better strain selection, smarter photobioreactor designs, and circular
systems that use nutrient-rich wastewater as a growth medium should all help bring costs
down further over the next decade. For students and early-career researchers in fisheries
science, this is genuinely one of the more interesting frontiers around; it pulls together
phycology, nutrition, feed technology, and environmental policy in a way few other topics
do. As aquaculture keeps expanding, ingredients that can be grown without depending on the
ocean's forage fish stocks are likely to move from a footnote in feed formulation to something
much closer to the centre of it.

Conclusion

Algae-based aquafeeds have transitioned from an experimental concept into a practical
reality, actively making their way into hatchery diets, commercial salmon feeds, and
experimental shrimp formulations worldwide. They provide an exceptional solution to
modern aquaculture’s greatest dilemma: delivering the essential long-chain omega-3 fatty
acids, amino acids, and pigments required for optimal aquatic and human health without
harvesting wild marine fish stocks. While hurdles such as production costs and cell wall
digestibility remain, ongoing advancements in bioprocessing, strain selection, and hybrid
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feed strategies continue to close the economic gap. Ultimately, as commercial cultivation
scales up and production efficiencies improve, algae are poised to shift from being merely an
eco-friendly substitute to the definitive, standard ingredient powering the future of
sustainable aquaculture.
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