AQUAMAX

Sustainable Aquafeeds to Maximise the Health Benefits of Farmed
Fish for Consumers

The Challenge
Aquaculture as currently practiced in Europe is being increasingly criticised for its over dependence on scarce and frequently polluted marine
resources. This is because the feeds used for the major fish species
farmed in Europe - Atlantic salmon, rainbow trout, sea bream and sea
bass - are composed to a large extent of fish meals and fish oils derived
from global marine fisheries that are at best stagnating and at worst declining. Moreover, marine fisheries can be contaminated with persistent
organic pollutants that are de facto present in fish meals and fish oils
and so can be transmitted directly from the feeds to the farmed fish and
thence to the consumer.
Consequently, there is justified concern that the often claimed health
benefits to consumers derived from eating fish, especially oily fish and
including farmed fish, can be offset by risks, however slight, associated
with ingesting marine environmental pollutants. This concern is illustrated by national nutritional authorities recommending that care be taken
when consuming fish, especially oily fish, during pregnancy.
Numerous previous studies have investigated and recommended potential alternatives to fish oil and fish meal in fish feeds, most notably
the EU Framework 5 - funded projects RAFOA and PEPPA. The former
programme established that fish oil in fish feeds containing fish meal
could be very largely replaced with vegetable oils; the latter programme
established that fish meal in fish feeds containing fish oil could be largely
replaced with vegetable meals. However, the extent to which fish oil and
fish meal can both be replaced, simultaneously, in fish feeds is far from
clear. Moreover, it is axiomatic that such replacement must not prejudice
the health and welfare of the farmed fish; it must retain the health benefits of the product and its acceptability and quality to the consumer and,
above all, its safety to the consumer. It was to address and resolve these
complex and inter-related issues that AquaMax was established in 2006
as a major integrated project in EU Framework 6. The AquaMax project
consisted of 32 partners from 14 countries and was completed after four
years in 2010 at a total cost of 15.9 (10.5 EU contribution) million euros.

Project Objective
The primary goal of AquaMax was to replace as much as possible of both
the fish meal and fish oil currently used in fish feeds with sustainable,
alternative feed resources that are as free of undesirable contaminants
as possible. Such replacement had to be achieved while maximising
the growth performance, the feed conversion efficiency and the health
and welfare of the farmed fish, while maximising the health - promoting
properties, safety, quality and the acceptability of the final product to the
consumer.
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Key Points
Objective 1: to develop feeds based on sustainable alternatives to fish meal and fish oil to produce
healthy and minimally contaminated fish that are highly nutritious and acceptable to consumers, by:
•

surveying and analysing a wide range of possible alternative feed stuffs

•

strengthening and extending our analytical capacity for undesirable compounds

•

formulating and producing novel aquafeeds

•

conducting short- and long-term fish feeding trials and farm-level demonstrations

•

analysing metabolic consequences for the fish when fed the new feeds

•

developing and applying molecular tools to assess the performance of fish

•

analysing nutrient x genome interactions in the fish fed the new diets

•

analysing transfer kinetics of toxicants and xenobiotics from new feeds to the fish

•

analysing impacts of veterinary drugs on fish fed new feeds

•

assessing the health and welfare of fish fed the new feeds

•

analysing and ensuring quality of fish farmed on new feeds

•

assessing the ecological sustainability of producing fish on the new feeds

•

producing fish tailored for human intervention studies and for market research

Objective 2: to assess health benefits of fish produced on new feeds, by:
•

conducting a nutritional trial in pregnant women focussing on predictors of atopic disease and on the
development of immune competence and atopic disease in early infancy;

•

supporting the nutritional trial with a parallel study during pregnancy and early infancy in communities
that consume different quantities and types of fish.

Objective 3: to assess the safety of fish farmed on the new feeds, by:
•

developing innovative food safety toxicity tests by identifying and characterising signature effects of key
toxicants in fish;

•

elucidating actions of key toxicants and their amelioration by fish nutrients in developing animals and
cultured cells;

•

conducting food safety tests in animals fed fish farmed on traditional and new feeds.

Objective 4: to assess perceptions regarding farmed fish and to devise a framework to communicate
the risk and benefits of consuming farmed fish to the public and other. Stakeholders, by:
•

understanding the current perceptions the public has towards the consumption of farmed fish

•

analysing media coverage of farmed fish consumption

•

assessing the awareness and the perception of the risks and benefits associated with the consumption
of farmed fish

•

formulating proactive strategies so as to communicate to the public and other stake holders

•

the risks and benefits of consuming fish farmed using the sustainable diets developed in the Project.

Output Highlights
Novel aquafeeds
AquaMax has developed novel aquafeeds with both fish oil and fish meal largely replaced with sustainable,
mainly vegetable materials and tested these new feeds successfully in feeding trials and farm-level demonstrations with salmon, rainbow trout, sea bream and carps;
Finishing diets
AquaMax has developed a finishing diet based on high quality fish oil to ensure where necessary a final prodpage 2

uct rich in health promoting, long chain n-3 fatty acids;
Growth performance of fish fed the new diets
AquaMax has shown that the growth performance of fish fed the novel diets and the fish’s health and welfare
including the impact of veterinary drugs were not notably compromised;
Environmental assessment
AquaMax has assessed the environmental burdens associated with the production of new feeds through LCA
methodology
New molecular tools
AquaMax has developed a range of new molecular tools including DNA microchips to understand and assess
the performance and metabolic consequences for fish fed the new diets and to explore nutrient x genome
interactions;
New food safety toxicity tests
AquaMax has developed advanced and applied analytical methodology to ensure that the novel feeds contain minimal or negligible levels of contaminants and to understand the kinetics and effects of transmission
of contaminants from feeds to fish and to model organisms, thereby ensuring the safety of the product to the
consumer;
Salmon in Pregnancy Study
AquaMax has conducted a nutritional trial with salmon fed the new diets in pregnant women, focussing on predictors of atopic disease in early infancy; supported the nutritional trial (in the UK) with a parallel study during
pregnancy and early infancy in communities (in China) consuming different amounts and kinds of fish;
Consumers’ acceptance
AquaMax has confirmed the quality of fish farmed on the new diets and their acceptance to consumers
Risk communication strategies
AquaMax has developed a strategy for communicating risks and benefits of the farmed fish to consumers;
New scientific knowledge
AquaMax has published large numbers of scientific papers in international peer-reviewed journals and extensively disseminated all results and findings in the public domain.

Next Steps – Suggested Actions/Follow On
Objective 1: To develop feeds based on sustainable alternatives
RTD
• Further research on long term effects of changes in diet formulations on cultured fish species.
•

Research on optimisation of formulations of aqua feed ratios for the different farmed species.

•

Research on simultaneous supplementation with micro-nutrients (e.g. trace elements, vitamins, essential amino acids…)

•

Research on environmental impacts of long term effects of changes in aquaculture feeds formulations.

•

Investigate novel methods to estimate nutritional requirements for nutrients and to evaluate the nutritional value of alternative feeds.

•

Development of innovative delivery vectors for nutrients and supplements.

Knowledge Transfer
• Active involvement of SMEs in RTD activities and training to improve the research capacities particularly in countries of the enlarged EU.
Objective 2: to assess health benefits of fish produced on new feeds
RTD
• Further research on increased long-chain n−3 PUFA provision during pregnancy, lactation, and infancy is needed to more clearly identify the immunologic and clinical effects in infants and children
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and to identify protective and therapeutic effects and their persistence.
Objective 3: to assess the safety of fish farmed on the new feeds
RTD
•

Development of methodologies for the “risk benefit analysis” of consuming fish, whether wild or
farmed.

•

Elucidate the mechanisms of mercury toxicity and interaction with nutrients.

•

Generate toxicity data on persistent organic pollutants for which tolerable weekly intakes (TWIs)
have yet to be established.

This is a prerequisite for refining risk benefit assessments of seafood consumption, and will be of value to
the Commission for establishing maximum levels for contaminants in seafood, which in turn are relevant
to the industry.
Policy
• The extensive data on the interaction between nutrients and environmental contaminants in seafood generated by AquaMax will contribute to the European Food Safety Authority’s (EFSA) work to
formulate scientifically based dietary advice to vulnerable consumer groups, such as pregnant and
lactating women and young children.
•

The knowledge on the actions of key toxicants and their amelioration by fish nutrients could lead to
EU policy change regarding maximum permitted levels of contaminants in seafood.

Objective 4: to assess perceptions regarding farmed fish and to devise a framework to communicate the
risk and benefits of consuming farmed fish
RTD
• Further online survey research to establish the population prevalence and representativeness of current focus group results in conjunction with FEAP.
Knowledge Transfer
• Develop risk and benefit communications about farmed fish and fish farming in conjunction with
FEAP
SME
• Development of communication strategies for the industry aiming to ameliorate the Aquaculture sector’s image and the public perception
Policy
• Meetings with industry (SSPO) and regulators (FAO; EFSA) to provide policy recommendations of
current results

Related Publications/Projects
For the full list of publications visit the project’s website: www.aquamaxip.eu
EC research projects on sustainable feeds for aquaculture
FORM, GUTINTEGRITY, PUFAFEED, RAFOA
EC research projects on food safety, traceability and contaminants within aquaculture
TRACEFISH, DAPAFF, OT-SAFE, CONFFIDENCE, FEEDFATSSAFETY, PROSPARE
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