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THE PROS  
AND CONS OF  
CELL-CULTURED 
SEAFOOD
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Seafood grown in bioreactors is being touted by its proponents as more 
sustainable, healthy and environmentally friendly than its wild or farmed 
equivalents. If – in the long term – companies can reach price parity with 
conventional seafood this could be genuinely revolutionary for food production, 
but the socio-economic impact on artisanal seafood producers could be severe. 

The concept of cell-cultured meat made global headlines in 2013 when two volunteers ate a beef 
burger that had been cultured by researchers at the University of Maastricht in the Netherlands. This 
demonstrated proof of the concept and opened the door for research into using protein scaffolding to 
achieve different textures in a range of cultured meats, including various seafoods. 

Some industry observers argue that this nascent sector has the greatest disruptive potential of any of the 
emerging seafood trends. Instead of offering consumers a seafood substitute, cell culture promises to 
produce high-quality fish and shellfish tissue that is biologically identical to its farmed and wild counterparts, 
but which has been produced in a laboratory. 

In a biological sense, aquatic animals are better suited to the technology than terrestrial mammals or 
birds. Fish and shellfish can tolerate hypoxic conditions1 better than land-based species and can withstand 
cooler temperatures during the culture period. They slash the energy inputs needed to keep the cells 
viable (Rubio et al., 2019).

The tissues of aquatic species also tend to have a higher buffering capacity than their avian and mammalian 
equivalents, meaning that fish and shellfish cells can maintain a stable pH as they generate in vitro.2  This 
stability makes it easier for companies to maintain product quality as the cells proliferate, facilitating the 
day-to-day business of biomass production. Tissue engineers are also confident that they can mimic the 
structure of fish cells more readily than proteins like beef. The layered muscle structure of a fish fillet is 
less complex – and therefore easier to create – than the marbled structure of a beef steak. 

Thousands of fish and shellfish species can theoretically grow in vitro, but there is still limited knowledge 
of fish cell culture in the public domain. The early research into cell culture tended to focus on mammalian 
cells instead of aquatic ones and so the original start-ups did not know which aquatic animal species 
would grow best in laboratory conditions – they could only be discovered through trial and error.   

1   A deficiency in the amount of oxygen reaching tissues. 
2    A process performed or taking place in a test tube, culture dish or elsewhere outside of a living organism.
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Cell-cultured yellowtail amberjack was prepared for fish tacos.

Following these criteria has led cell-cultured start-ups to concentrate on species like bluefin tuna (Thunnus spp.), 
common dolphin fish or mahi-mahi (Coryphaena hippurus), lobster (Panulirus spp.), grouper (Epinephelus spp.), 
snapper (Lutjanus spp.), halibut (Hippoglossus spp.) and Atlantic salmon (Salmo salar).  

Can it be farmed?Does it have pre-existing 
consumer demand?

Can it deliver high 
enough economic returns 
for companies to recover 

their costs?

Is it threatened by 
overfishing?

Broadly speaking, start-ups had four key considerations before choosing a species for cell culture:
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The central principle of cell culture has been adapted from regenerative medicine. It 
involves taking a tissue biopsy from a donor specimen and feeding the cells a growth 
medium – a solution of salts, sugars, lipids and amino acids – to make them proliferate 
in a Petri dish. From there, the biopsy forms a stable cell line that can grow indefinitely 
given the right conditions.

The growth medium is meant to act like blood, delivering nutrients to the cells and helping 
to remove wastes. Commercial companies are reluctant to divulge the exact make-up of 
their media, but the primary challenge is creating a nutrient-dense formula that is geared 
towards aquatic species instead of mammals, as fish blood may be chemically different 
from mammalian blood and might have components that make it easier to replicate with 
soy and algae. That is purely theoretical, but – either way – many producers are keen 
to keep their media free from animal components, like foetal calf or horse serum, both 
from an ethical and economic perspective, as these are very expensive. 

Following years of trial and error, several companies have now generated stable fish 
and crustacean cell lines. The next step involves transferring these cells to a bioreactor 
– a large stainless-steel container – and facilitating them to multiply. The initial result 
has a paste-like texture, so producers then need to establish the right proportion of 
animal cells and tissue scaffolding – biological macromolecules, which have repeating 
chemical sub-units that let the generated cells attach in multiple locations to form the 
finished seafood item with the desired texture (Chan and Leong, 2008). This varies, 
depending on the end product that is being marketed – be it the firm flakiness of a 
tuna fillet or the high density and springiness of a lobster tail.

TECHNIQUE AND 
APPROACH USED
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The craft behind the cell-cultured seafood production process
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In terms of who is likely to produce cell-cultured seafood, the technique, technology 
and knowledge required means that it will remain the domain of specialist  
state-of-the art companies for the foreseeable future. The start-ups currently involved 
in cell-cultured seafood are based in the world’s technology hubs – from Silicon Valley 
to Singapore. Should they scale up, it is likely that they will open culture centres close 
to their relevant markets, potentially providing local jobs at a range of levels, but the 
companies are likely to evolve into large, hierarchical corporations.

In terms of the accessibility of the products, they are currently far too expensive to 
produce for commercial consumption. According to one producer, production costs 
have fallen exponentially – to one-ten-thousandth of the original cost, in the eight years 
since the concept took root. But, even in the medium term, cell-cultured seafood 
is likely to be the preserve of the wealthy and not a global commodity. And some 
sceptics question whether it will ever be cost effective to produce.

ACCESSIBILITY

Given that the cells of a wide range of aquatic species can be cultured in these conditions, 
there is likely to be a proliferation of different cuts, of different species, emerging in 
the coming years. Currently cell-based producers are focusing on high-value species. 
Others are looking at specialized, high-value cuts such as fish swim bladders, known 
as fish maw, which are extremely popular in Asia. 

Currently the scope of the application is limited by the high production costs. While 
these costs are decreasing exponentially, they are still too high for cell-culture firms to 
compete price-wise with conventional seafood products. 

The other main barrier is legislative – most countries have yet to pass regulations 
regarding the consumption of cell-cultured products. However, Singapore’s landmark 
decision to give regulatory approval for the sale of cell-cultured chicken at the end 
of 2020 is seen by many in the sector as paving the way for widespread regulatory 
approval of a range of laboratory-grown meats, including seafoods, when they become 
commercially available. 

SCOPE AND 
SCALE OF 
APPLICATION
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If the concept proves feasible and scalable, it could dramatically disrupt the existing 
seafood industry. Should cell-based seafood be produced on an industrial scale and at 
a reasonable cost, then it could help to take the pressure off wild fish stocks that are 
already being exploited at – or above – their maximum sustainable yields. Compared 
to aquaculture – much of which relies on feeds that include arable crops and marine 
ingredients – cell culture makes it theoretically possible to create tonnes of animal 
protein with minimal land use. 

Producing seafood in bioreactors close to the main markets could also dramatically 
reduce the high costs and considerable carbon footprint that are currently incurred by the 
global seafood trade when aquatic products are shipped and flown across continents. 

Culturing animal proteins in laboratories instead of growing and slaughtering entire 
animals would also reduce organic waste products. Cellular technology can exclusively 
yield fillets without the inefficiency of requiring feed to produce elements such as skin, 
bones and internal organs that are otherwise discarded or require further processing. 

As the cells are produced in laboratory-controlled conditions, the finished products 
should be free of the environmental pollutants and medical residues that can 
accompany wild-caught or farmed seafood. The biopsies required to start cell-based 
cultures do not need to harm the donor animal either, so the sector can produce meat 
with minimal animal welfare concerns. 

However, should cell-cultured seafood take off to the extent that its 
proponents envisage, it could have devastating impacts on the millions of 
people who rely on fisheries and aquaculture for their livelihoods – especially  
small-scale producers. Thankfully for the current seafood workforce, such a prospect 
is not imminent. 

Whether cell-cultured seafood grows sufficiently to replace any of the existing seafood 
sectors or if it will offer an alternative choice for high-income, environmentally-minded 
consumers remains to be seen. 

OUTCOME  
AND BENEFITS
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