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Fishmeal and Fish Oil (FMFO) created 
the modern aquaculture industry

Source: Professor Patrick Smith Tethys 
Aquaculture Ltd Veterinary Vaccinology 
Network Meeting Birmingham ICC 
February 16th-17th 2015

Source: 
http://www.akvagroup.com/products/lan
d-based-aquaculture/recirculation-systems

Source: 
http://www.worldfishing.net/news101/fis
h-farming/the-worlds-first-offshore-fish-
farm-rig

Viable feeds for the early industry facilitated 
technological development in other fields such as 
engineering and health



The Production Process

Mass Balance Marine 
Ingredients production 
(2010)

Trend in raw material supply

Source: Wijkström, 2011 



Where does the FMFO go?  Consumption in Aquaculture



The reality of growing aquaculture 
production vs. finite supply of FMFO
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Source: Shepherd, 2012

Source: Fry, J.P. et al., 2016. Environmental health 
impacts of feeding crops to farmed fish. Environment 
International, 91, pp.201–214. Available at: 
http://dx.doi.org/10.1016/j.envint.2016.02.022

Source: IFFO

http://dx.doi.org/10.1016/j.envint.2016.02.022


The outcome: other ingredients had to be used

Ytrestoyl, et al. (2015) Aquaculture 448 365–374
http://dx.doi.org/10.1016/j.aquaculture.2015.06.023

http://dx.doi.org/10.1016/j.aquaculture.2015.06.023


FMFO moves into strategic role in aquafeeds

Jackson (2012): “Fishmeal will increasingly become a 
strategic ingredient used at critical stages of the life-
cycle when optimum performance is required.”

Rabobank (2015)

Shepherd (2006)



Growing fish need nutrients

Protein, fat, 
carbohydrate 
(species dependent), 
micronutrients

But optimal nutrition requires:
• Good amino acid balance (including 

essential ααs)
• Provision of essential fatty acids (e.g. n-3s)
• Vitamins
• Minerals 

FMFO provides:
• Good amino acid balance (including 

essential ααs)
• Provision of essential fatty acids (e.g. n-3s)
• Vitamins
• Minerals 



Vitamins & Minerals

• Current evidence base is incomplete;

• Knowledge is based on deficiency studies;

• Avoiding deficiency is different to 
optimising nutrition;

• There is also the question of carryover of 
vitamins & minerals into the nutrition of 
the aquaculture product, and benefits to 
the consumer;

• FM is a rich source of these materials –
reducing inclusion rates may well have 
impacts.

Extracts from: Ronald W. Hardy, University of Idaho, Fish Nutrition 

Research Differences and similarities with livestock nutrition and 
what the future holds. Part I.: http://www.pitt.edu/~super4/33011-
34001/33021.ppt

http://www.pitt.edu/~super4/33011-34001/33021.ppt


Marine Ingredients & Aquafeed Palatability

• Often overlooked;

• Very important in relation to feed intake;

• Fishmeal known to play an important role –
presence of volatile compounds that are attractive 
to fish;

“Poor palatability is a limiting factor for replacing 
fishmeal with other protein sources in aquaculture”

“The feed-palatability issue may be overcome, 
perhaps through the inclusion of krill meal”



Questions?


