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Annual Global Production of FM & FO

Fishmeal 
c.5 million tonnes p.a.

Fish Oil 
c.1 million tonnes p.a.



FMFO by Market



FMFO in Aquaculture



Mass Balance Marine 
Ingredients 
production (2010)

Process:



Whole fish raw material sources:

after Wijkström, 2011 



Raw material: Whole fish & Byproduct proportions

Estimated by 
Shepherd, 2012

Calculated by Jackson & 
Newton, 2016

Predicted by FAO for 
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Marine ingredients are the foundation for modern fed 
aquaculture & facilitated technological development



Aquaculture continues to grow….

More feed is required

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

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


FMFO inclusion 
rates declining

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


Nutritional importance:

• Fishmeal
• Protein
• Digestibility
• Amino acid profile
• Micronutrients

• Fish oil
• Energy
• LC polyunsaturated fatty 

acids (EPA & DHA)

• Important factors for:
• Growth
• Quality
• Health



Amino acid profile

“All finfish studied to date have been shown to 
require the same 10 amino acids which are 
considered essential for most animals.  These 
include arginine, histidine, isoleucine, lysine, 
methionine, phenylalanine, threonine, 
tryptophan and valine.”

From: Robert P. Wilson, “Amino Acids and Proteins, in Fish Nutrition, 2nd

Edition, 1989, Ed. John E. Halver.



Importance of 
micronutrients – Minerals

Extract 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




Importance of 
micronutrients – Vitamins

Extract 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




Fish nutrition studies are based on identification of levels that 
avoid deficiency

“Unfortunately, limited research effort has 
been directed to characterize the 
pathological changes associated with 
disorders linked to nutrient deficiencies in 
fish”  
Lall, S. and Lewis-McCrea, L.M. (2007) Role of nutrients in skeletal metabolism and pathology in 
fish – An overview. Aquaculture 267, 3-19   doi:10.1016/j.aquaculture.2007.02.053

What about optimisation?

How do requirements change with 
species? 

With farming system? 

With life cycle stage?

With specific pathogen challenge?

Scope for customised diets….



Reducing FMFO in aquafeeds has repercussions….. 



Marine Ingredients & Aquafeed Palatability

“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”

“…it has also been determined that a critical threshold of 15% fishmeal was pertinent to 
barramundi, based on a diet balanced for digestible protein, energy and amino acids using 
a plant protein concentrate as the alternative (Glencross et al., 2011)…”



Sustainability: Management of forage fish stocks



Sustainability: Certification

• IFFO Responsible Supply
• 132 certified sites
• 17 countries
• 18 fisheries
• 129 byproducts

• Proportion of global annual production 
certified is significant 

www.iffors.com

http://www.iffors.com/


• Marine ingredients are the foundation of modern fed aquaculture;

• Marine ingredients have nutritional benefits beyond protein & energy 
supply;

• Those benefits have +ve impacts on survival, growth and feed efficiency;

• All ingredients are complementary and support the growth of the 
aquaculture industry – volume is required.



“Fishmeal and fish oil are still considered 
the most nutritious and digestible 
ingredients for farmed fish feeds” 

(FAO, 2016)





Questions?

Email: nauchterlonie@iffo.net

Web: www.iffo.net

mailto:nauchterlonie@iffo.net
http://www.iffo.net/

