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MCS Asks: 
Fully invest in the halving the carbon footprint of feed production, and 
associated emissions by 2030.

Promote and support the use of alternative feed ingredients such as insect 
protein, algal oil, processed animal proteins, fermentation/bacterial proteins 
to support aquaculture growth. 

Actively address and remove legislative barriers, and provide financial 
support for commercial trails and research to enable supply chain 
acceptance and increase the scale of production.  

Work with the supply industry to increase the use of use of by products & 
trimmings from 33% to 50% by 2030

Urgently review UK laws to enable the production of insect protein for use 
in aquaculture and support the development of low environmental impact 
production facilities in the UK. 

To work with certification bodies and feed producers to develop a UK 
industry standard, ensuring that alternative ingredients are safe to use and 
responsibly produced. 

The feasibility of alternative 
feed ingredients for 
aquaculture - potentials 
and barriers

Dawn Purchase
November 2021
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Executive summary
Globally aquaculture provides around 50% of the fish required for human consumption, amounting to 
around 82 million tonnes in 2018. It remains the fastest growing food sector, with an average annual growth 
rate of around 5%.
In the UK, total annual aquaculture production is around 250,000 tonnes, over 200,000 tonnes of which is 
Atlantic salmon farmed in Scotland. UK seafood consumption is declining, with consumers only eating just 
over half of the recommended amount of seafood each week. Despite this, farmed fish consumption has 
increased, with two of the top five seafood species eaten being farmed Atlantic salmon and warmwater 
prawns. 
By 2030, it is anticipated that Global aquaculture will have grown by 32%. Growth for fed species such as 
salmon and prawns will be slowed by the limited availability of fishmeal and fish oil to produce feeds. This is 
due to the finite supply available, with production being around 5 million tonnes for fishmeal and just under 
1 million tonnes for fish oil. Figures that have remained broadly constant, with no significant opportunities to 
increase in volume due to decline in wild fish captures. In 2018, 18 million tonnes of fish were caught for non-
human consumption, a figure unlikely to significantly increase under current fisheries management regimes, 
due to fish stocks being caught at or over Maximum Sustainable yield (MSY). 
Alternative feed ingredients such as insect protein, algal oil, processed animal proteins, fermentation/
bacterial proteins and GM crops are all potential solutions to support aquaculture growth. There are 
however, a number of barriers to their uptake and wide scale adoption. These barriers include, but are not 
limited to, cost, legislative barriers, financial support, supply chain acceptance and scale of production. 
MCS is asking the Governments of the UK, supply chains and industry to work towards removing these 
barriers to enable climate smart aquaculture development, within the boundaries of both circular economy 
and sustainable development goals. 
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Global aquaculture
Global fish production was estimated to be 179 million tonnes in 2018, of which 82 million tonnes came 
from aquaculture production. Of which, 156 million tonnes (87%) were used for human consumption. 
The remaining 22 million tonnes were destined for non-food uses, mainly to produce fishmeal and fish 
oil. Aquaculture accounted for 46 percent of the total production and 52 percent of fish for human 
consumption1. 
In 2018 total global aquaculture reached an all-time high of 114.5 million tonnes, of the 82.1 million tonnes of 
aquatic animals, 54.3 million tonnes was finfish, followed by molluscs (17.7MT) and crustaceans (9.4 MT), the 
remainder comprises invertebrates, turtles and frogs1. 
On average, global aquaculture growth was 5.3% per year from 2001-2018, making it the fastest growing 
food sector. The growth of fed aquaculture is exceeding that of non-fed aquaculture, with just over 30% of 
the global total (25MT) being non-fed species1.

The UK aquaculture sector
The UK aquaculture sector produces around 250,000 tonnes per annum, most of which is focused in 
Scotland with the farming of Atlantic salmon, which accounted for nearly 209,000 tonnes in 20192. Other 
finfish, such as Rainbow trout and Atlantic halibut are also produced but these are much smaller volumes, at 
around 7,000 tonnes and 500 tonnes respectively. UK aquaculture also produces shellfish, with blue mussels 
representing the highest volumes at over 15,000 tonnes; other shellfish species produced include oysters, 
clams and scallops in lower volumes. However, shellfish species have no feed requirements and are not 
considered further within this report. 

UK seafood consumption
Seafood consumption in the UK is in a decline with a steady fall since 2006. Unless this pattern changes, 
it will result in a record low of seafood consumed in the home by 20403. In 2018 seafood consumption per 
capita was just under 153 g/ per week, roughly half of that recommended by NHS Eat Well Campaign4. One 
of the trends noted since the decline began was the growth in farmed species consumption. The top two 
seafood species consumed in the UK are both farmed – Atlantic salmon and warm water prawns, jointly 
making up 38% of seafood sales3. 

World capture fisheries and aquaculture produc-
tion from FAO, The State of World Fisheries and 
Aquaculture (2020).
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Aquaculture growth
Fish production is expected to grow from 179 million tonnes (MT) in 2018 to 204 MT in 20301 with aquaculture 
accounting for a lot of that growth. It is anticipated that aquaculture will increase to 109 MT by 2030, 32% 
increase on 2018 figures. Asia will account for nearly 90% of this growth, with China remaining the world’s 
biggest aquaculture producing country, producing over half of total global production. This will be mainly for 
the domestic market to meet the increase in consumption, which has risen from 11.5 kg per person in 1990 to 
25.4 kg in 2004, and was expected to reach 35.9 kg in 20205.
In terms of species, carp will continue to dominate. Grass carp accounted for over 10% of global aquaculture 
production in 2018 with production exceeding 5.7 million tonnes. Carp species accounts for 4 out of the top 
5 species farmed. Other freshwater fish such a pangasius species as well as salmon, trout and warm water 
prawn will also continue to grow.  However, growth of those species requiring fishmeal and fish oil in their 
diets will be slow due to higher prices and limited availability of these key feed ingredients. 

Fishmeal and fish oil
In 2018, around 18 million tonnes of wild capture fish were used to produce fishmeal and fish oil; this is 
almost half of the all-time high of 30 million tonnes in 1994. The inclusion of fishmeal and fish oil in the diets 
of farmed fish has been reducing over time, driven by the availability of supply and price. Due to changes 
in abundance and supply of fishmeal, these feeds are now used more strategically at key life stages of the 
diet. It is projected that there will be a 7.6% growth in fishmeal production by 20306. This growth can only 
be considered sustainable if it is met by an increase in by-product utilisation. It is difficult to see how such 
growth could be met from primary wild capture fisheries given their limited supply.  

Certification
Marine Stewardship Council (MSC)

The MSC certifies fisheries that comply with their sustainability principles and criteria. Certified fisheries are 
not limited by location, gear type, size or species, and can include species that are destined to be used 
as fish feed. It is the only certification that takes into consideration the trophic level of the species under 
assessment; it is also the only current certification scheme that identifies sustainability at a fishery level. 
According to MSC 2020 data, 19.7% of small pelagic wild capture fisheries are certified by volume7.

(Source: FAO Sofia 2020)
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MarinTrust (formerly IFFO RS)

MarinTrust is a member organisation for fishmeal and fish oil producers. They certify fishmeal and fish oil 
producers, not fisheries, which comply with their responsible production and supply standard. This standard 
has criteria for the production stage of fishmeal and fish oil, this covers comprehensive aspects of factory 
level performance, the standard also covers responsible sourcing. 
The wild capture fisheries that provide the raw material for meal and oil production are assessed against 
the Responsible Supply Standard criteria; if compliant, they are approved for inclusion.
2020 figures indicate that over half of global fishmeal and fish oil production comes from MarinTrust certified 
producers. 

Global
MarinTrust certified

Percentage of certified production in global production

Fishmeal Fish oil Total
5,072,689 1,201,720 6,274,409

2,455,356 (48%) 787,698 (66%) 3,193,054

51%

By-products
By-products or trimmings are the waste left over from processing fish for human consumption, in some 
cases this can be as much as 70% of the whole fish. The waste comprises - heads, frames, skin and viscera, 
all of which are a good protein source that were once discarded, but now are increasingly used to make 
fishmeal and fish oil. In 2018 an estimated 25-35% of fishmeal and fish oil was produced from fish waste. It is 
projected that by 2030, the total amount of fish oil produced from fish waste will increase from 40% to 45%, 
and fishmeal will increase from 22% to 28% in the same period1. Part of this could be met by the utilisation 
of discarded fish that have to be landed under the landing obligations. It is estimated that global fisheries 
discards between 2010 -2014 was on average 9.1 million tonnes8.

Food conversion ratios
On average, for every kg of farmed fish produced, 0.7 kg of wild fish is needed9. This figures varies greatly 
dependant on the species farmed, for omnivorous fish, such as tilapia and carp, who are able to grow on a 
range of feed ingredients, the range calculated by Boyd et al10 is between 0.2 to 1.41 kg of wild fish per 1.0 kg 
of farmed fish. However, for carnivorous farmed fish, which includes UK population species such as Atlantic 
salmon, the figure ranges from 1.35 to 5.16 kg to produce one kg of farmed fish. 
When the food conversion ratio of farmed fish is compared to other forms of farmed protein the efficiency is 
considerably greater. This can be attributed to the fact that fish are poikilotherms (their body temperatures 
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Alternative feed solutions
Microalgae are the source of long-chain omega-3 fatty acids EPA (eicosapentaenoic acid) and DHA 
(docosahexaenoic acid), both of which are important for human health. The human body cannot make 
long-chain omega 3’s and therefore need to ingest them. Following the NHS advice of eating two portions 
of fish a week, one of which should be oily, achieves this target. As aquaculture continues to grow, the 
delivery of EPA and DHA via fish oil in feeds will be a limiting factor, and alternative feeds will need to found to 
facilitate growth and deliver health benefits. EPA and DHA also play a critical role in ensuring optimal animal 
health, welfare, performance and product quality in farmed Atlantic salmon14.

vary along with that of the water in which they live) and therefore do not need to expend energy derived 
from food to maintain constant body temperature. They are also suspended in water and, as they do not 
need to lay down a supportive skeleton as terrestrial farm animals do, the feed ingested it used for body 
growth and development.
The feed production process, from capture to manufacture has been identified as one of the major 
contributory factors of greenhouse gas emissions (GHG), it makes sense that improving food conversion 
ratios (FCR) to their optimal levels is essential. In fact, it has been demonstrated that improving FCR to 
optimal levels would improve overall aquaculture GHG emissions by upwards of 20%11.
Studies into the GHG emissions of alternative feed ingredients mixes were reviewed12, but no conclusive 
evidence indicated that changing to alterative ingredients improved GHG emissions, in fact some studies 
showed an increase. The same review concluded:
“It is clear that a major driver of the performance of fish feeds is the fisheries from which meal and oil are 
sourced, and so selection of meal and oil species based on environmental performance may be a method 
to improve GHG emissions of many aquaculture-derived products; it would follow that the relative fuel use 
intensity of small pelagic fisheries would be an important indicator of the environmental performance of 
feeds which include them.”
A recent study concluded: “Fuel use and GHG emissions of global wild capture fisheries between 1990 to 2011 
were estimated to contribute an average of 2.2.kg of CO2 emissions per kilogram (live weight) of landed 
fish and shellfish. This makes up approximately 4% of the emissions produced by the global food production 
sector, which alone contributes to 25% of anthropogenic GHG emissions globally.”13
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Insects
The use of insects in aquafeed was authorised for use in 
Europe in July 2017, since then more than 5,000 tonnes of 
insects have been produced in the EU for this purpose. This 
figure is forecast to reach 3 million tonnes by 203015. Black 
soldier fly larvae, house fly larvae, mealworms and small 
mealworms are all sources of insect protein that can be 
used, with black solider fly being the most common, as they 
have a similar amino acid profile as fishmeal, with up to 82% 
defatted protein content.16

The rules regulating the use of insects in animal feed are 
part of retained EU law, therefore continue to apply in the 
UK market. EU regulation 178/202 (The General Food Law) 
covers food and feed safety. Insects are now covered in 
the scope of animal by-products and processed animal 
proteins. Currently insects are not permitted to be fed to pigs, 
poultry and cattle, although it is anticipated that this will be 
amended at EU level to approve inclusion on pigs and poultry 
diets. The UK would need to make similar amendments in 
regulation to mirror this.
Insects, as well as other processed animal proteins are 
permitted for use in aquaculture diets.
Under EU legislation insects are classed as farmed animals, 
and can therefore only be fed feed authorised for farmed 
animals – plant materials, including cereals, processing 
waste and bakery by-products, eggs and diary. This prevents 
insects being fed on processed food waste, due the potential 
of the waste containing ingredients of animal origin. 

Barriers
The cost of insect protein is not yet competitive, due to scale 
of production. Scalability is reliant on mechanisation and 
automation of what is currently a labour intensive production 
process. Aquaculture producers only represent a small 
percentage of the sector using feed, in comparison to pig 
and poultry farms, it is unlikely that production will be scaled 
up until the pig and poultry sectors adopt its use. WWF16 
calculated that by 2050 the total demand for insect meal 
could reach 540,000 tonnes, if it could be fed to salmon, pigs 
and poultry. Funding/investment is required for construction 
of facilities that will increase production capacity and, in turn, 
decrease production costs.
Further research is required to quantify the environmental 
impact of different production systems; however, WWF16 
compared the environmental impact of insect farming relative to soybean meal and fishmeal and found it 
outperforms both in every impact category, based upon limited available data. 
Digestible protein content may also be a limiting factor, with anecdotal information suggesting that the 
percentage of digestible protein is less in insects than other alternatives.

Processed animal proteins (PAPs) 

PAPs are the by-products of processing animals, such as poultry and pigs for human consumption. Most 
common by-products are poultry fat, feather meal, meat, bonemeal, and porcine (pig) bloodmeal, all of 
which have been/are used in aquafeeds outside of the UK. 
Research indicates that meat and bone meal can replace up to 50% of fishmeal in species such a grouper, 
flounder and carp without compromising growth or performance17 Bloodmeal has been used to replace 
100% of the fishmeal in Nile tilapia with success18.
Poultry by-products – feather meal, poultry offal meal and fat have been used successfully to replace 
fishmeal, including Chinook salmon in Canada, with poultry offal meal replacing 50% and feather meal 
replacing 15%.13

Image source: https://www.sciencemag.
org/news/2015/10/feature-why-insects-
could-be-ideal-animal-feed
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Barriers
Although porcine bloodmeal and feather meal have been permitted for use since 2013 in the UK under 
adopted EU legislation, they are not used. Because of the Bovine Spongiform Encephalopathy (BSE) crisis 
in 1987, the use of all forms of PAP’s was banned in 2000, since then retailers have been reluctant to permit 
its inclusion in aquafeeds. Concerned about the possibility of a negative consumer reaction if the switch in 
proteins fed to their fish was not described carefully, the retail stores generally have taken the safe line of 
ruling feather meal and bloodmeal out and fishmeal in.

Algae
Microalgae has the potential to be a significant replacement for fish oil to complement alternative proteins. 
Efforts to increase production of algae-based ingredients are currently focused on competing industries like 
biofuels, nutraceuticals, and human food. However, algae’s attractive fatty acid composition and algal oil 
production developments seen by Veramaris19 and AlgaPrime20 highlight opportunities within aquaculture 
feed.
There are two broad types of algae to consider: macroalgae and microalgae. Macroalgae refers to 
multicellular seaweeds, which are phototrophic. Further research is required to understand the potential for 
macroalgae as fishmeal replacer21.  Microalgae are unicellular phytoplankton at the base of the food chain; 
they can be phototrophic of heterotrophic.  Phototrophic microalgae use water, sunlight and carbon dioxide 
to grow, making them a carbon sink.  Heterotrophic microalgae produce higher levels of omega-3 rich algal 
oil by using fermentation with sugar as a substrate in a closed lifecycle.

(Source: Veramaris. December 2021)

Case study AlgaPrime™ DHA
AlgaPrime™ DHA is an abundant, algae-based source of long-chain omega-3s, produced by fermentation. 
It is a sustainable alternative to fish oil that can help the aquaculture industry to continue to grow in a 
responsible manner without increasing pressure on fisheries. 
AlgaPrime DHA produces a lower carbon footprint compared to traditional sources of fish oil. A full Life Cycle 
Assessment (LCA) for AlgaPrime™ DHA concluded in 2020 and ISO 14040/44 reviewed, analysed the cradle to 
gate environmental impact of AlgaPrime DHA, covering the full supply chain, including raw material sourcing 
and production. Further analysis was done with publicly available data and affirmed that AlgaPrime has a 
lower carbon footprint compared to traditional sources of fish oil. 
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AlgaPrime DHA’s low carbon footprint is due to three primary elements of its production system: 
Powered by renewable energy - The AlgaPrime facility sits among sugar cane fields and is located next 
door to a sugar cane mill. The sugar cane waste is used as a renewable source of energy to fully power the 
sugar mill and the algae facility. 
High yield feedstock - Sugar cane used to grow AlgaPrime DHA via fermentation is one of the world’s most 
productive sugar sources, compared to other sugar feedstock sources, like corn and wheat. This means that 
the more sugar produced per hectare of land, the more omega-3s can be produced per hectare. 
Efficient use of land - A hectare of land produces both the fuel and feedstock to grow AlgaPrime DHA, with 
zero deforestation impact confirmed by historical satellite data.

(Source: Corbion19)

Barriers
Microalgae oil can, and is, used as a partial replacer for fish oil in Norwegian Atlantic salmon feeds, with up 
to 50% of the salmon sector replacing between 20-50% of the oil content of the diet with algal oil22. Producers 
of algal oil, Veramaris, and algae biomass, Corbion, identify the traditionally subsidised price of fish oil as a 
barrier. Until the true cost of catching wild fish to feed farmed fish is properly reflected in the price of fish oil, 
it will be hard for alternatives to compete even though both companies produce at a scale that has proven 
to be commercially viable for the aquafeed sector. When fish oil prices are low, algal oil can offer no price 
benefit, however when fish oil prices are higher driven by reduction in availability (e.g. El Niño years) then 
algal oil pricing is comparable. 

Bacteria
Fermentation of bacteria is an emerging protein source that can contribute to aquafeeds. One of the most 
advanced of these is FeedKind® by Calysta®23. FeedKind is a protein produced by the gas fermentation 
of naturally occurring microbes. This non-GM product is approved in the EU for use in livestock as well as 
aquafeeds. It has a similar nutritional profile to fishmeal, with a comparable protein and oil content17.

Barriers 
As with many alternative feed ingredients, cost is the biggest barrier to further uptake. To scale up inclusion 
in aquafeeds the price has to be comparable to fishmeal, which at present is stable. 

GM canola and camelina
The use of genetic modification to both the canola and rapeseed (Brassica napus) and Camelina or false 
flax (Camelina sativa) plants enables them to produce long-chain polyunsaturated fatty acids. 
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GM Canola is produced in the United States by Aquaterra24, and has been used in commercial trials within 
the Chilean salmon farming industry with good performance results25. GM Camelina has been developed 
in the UK by the agricultural institute - Rothamsted Research in England, however this will not be ready for 
commercial trail for another 5 years26. 
Both companies have developed the technology to allow them to add microalgae genes, the primary 
producers of long chain omega 3’s, into the genetic code of both canola and Camelina plants, which can 
then be grown in traditional agricultural systems (in the US only currently). 

Barriers 
The UK is generally viewed as having a restrictive approach towards genetically modified organisms (GMOs) 
and crops; GM crops are currently not grown commercially in the UK, but they are imported.  
The planting of GM crops is not prohibited but does require a robust risk assessment to evaluate their safety 
for people and the environment. There is a strong anti GM lobby in the UK resulting in protests when GM 
crops have been planted, and subsequently destroyed by anti-GM groups.  There are strict labelling rules in 
place that require the disclosure of GM products if they have been used. 
Each application for GM products is determined on a case-by-case basis, and includes consideration of all 
scientific information available, with the protection of public health and the environment being overriding 
priorities.

Other alternatives
There is a range of alternative ingredients; some have been trialled, some yet to be. The list is extensive, but 
include hemp seeds; sunflower seed protein; brewer’s grains and potatoes. As with all alternatives, there use 
and inclusion is dependent on price, availability, digestibility and nutrient profile. Whilst many may not be 
suitable for salmon production, whose diet requires a percentage of fish proteins and oils to ensure good 
health and welfare, other species such as tilapia and pangasius can utilise them in their diets. 

Alternative feed solutions
If aquaculture, in particular popular fed species such as salmon and prawns, are to grow, feed sourcing 
must look outside of the finite supply of fishmeal and fish oil to supply proteins and oils for aquafeeds. 
This is widely known and accepted by industry and feed manufactures. There are a number of alternative 
ingredients that can be used, all of which are available, already produced at a suitable scale, or have the 
ability to be scaled up to do so. However, cost and wider acceptance of alternative ingredients within the 
supply chain appear to be the main barriers to uptake. 
Aquaculture growth ambitions is not the only driver to seek alternative feed solutions. Commitments defined 
by the Sustainable Development Goals are also relevant, in particular:
Goal 2 - End hunger, achieve food security and improved nutrition and promote sustainable agriculture
Goal 9 - Build resilient infrastructure, promote inclusive and sustainable industrialization and foster 
innovation
Goal 12 - Ensure sustainable consumption and production patterns
Goal 13 - Take urgent action to combat climate change and its impacts
Goal 14 - Conserve and sustainably use the oceans, seas and marine resources for sustainable 
development
Goal 15 - Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage 
forests, combat desertification, and halt and reverse land degradation and halt biodiversity loss.
The Climate Change Objective of the new Fisheries Act is yet undefined, but presents an opportunity for the 
UK to significantly contribute to obligations under the UN Sustainable Development Goals 13 and 14. 
UK governments also have aspirations to achieving a circular economy27. A circular economy is based on 
the principles of designing out waste and pollution, keeping products and materials in use, and regenerating 
natural systems. 
Public sentiment will not be opposed to the use of alternative proteins in feed, if those alternatives 
communicate traceability and safety to consumers and are cost-competitive with fishmeal.
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MCS Asks:

UK Governments
• Support the development of fish waste capture technology and infrastructure, from processing 

and landings of unwanted fish, to support full utilisation of by-products from well-managed, 
sustainable fisheries for feed manufacture.

• Commission research into the carbon budget of alternative feed ingredients to inform the 
most suitable alternatives in terms of reducing greenhouse gas emissions (GHG) and make a 
meaningful contribution to the Climate  Change objective Towards Net zero

• To action an amendment in the General Food Law (EU Regulation 178/2002), a retained EU law, 
that will allow insect meal to be fed to pigs and poultry. Once achieved, a similar amendment 
can be made to UK regulations. Once this barrier is removed, the production of insect protein 
can increase, making it financially competitive and more attractive to UK aquaculture 
producers. 

• Support development of insect production facilities/technology in the UK, to include the 
evaluation of those with the least environmental impact. This valuable source of protein needs 
to be produced locally and at scale to become financially competitive. Growth of the sector 
would create shorter supply chains to existing fish farms, and create new jobs.

Supply chain
• UK supply chain to support the inclusion of alternative ingredients to be included in the diets of 

farmed fish by setting targets for their inclusion.
• To participate in, and support innovation in alternative feed ingredient diets, including 

commercial trails, research and financial support. 

Certification bodies and feed producers
• To develop and include criteria for the responsible sourcing of alternative feed ingredients 

within feed standards.
• Feed producers to develop an industry standard or code of conduct to assure the supply chain 

that alternative ingredients are safe to use and responsibly produced.

Fish farmers
• To continuously improve Feed Conversion Ratios, as further reduction will provide the biggest 

gain in reducing greenhouse gas emissions (GHG).
• To participate in commercial feed trails for alternative ingredient diets, sharing outcomes on 

performance, fish health and quality. 

Investors
• Encourage the private investment to the scaling up of alternative protein production in the UK, 
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