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INTRODUCTION
C U R R E N T  N E E D S  I N  S A L M O N  N U T R I T I O N

Industry continues to rely on fish meal and fish oil as key ingredients

Marine ingredient pricing is volatile, but generally increasing—this continues 
to incentivize the search for alternatives

Considerations related to the use of alternative ingredients

Effects on performance and product quality (e.g., survival and growth rates, 
nutritional value of farmed salmon)

Environmental implications (e.g., conversion of natural habitat to agricultural 
production, diet digestibility and nutrient retention rates)

By controlling costs where we can, we can make room for other 
improvements and offer innovation to support salmon aquaculture



COMMON INGREDIENTS
P R O S  &  C O N S  O F  T R A D I T I O N A L  S A L M O N I D  F E E D  I N G R E D I E N T S

MARINE PROTEINS & L IP IDS

Nutrient-dense, highly digestible

Amino acid and fatty acid profiles 
match unique demands of 
carnivorous fish

High cost, concerns related to 
sustainability and wild fish inputs

PLANT PROTEINS & L IP IDS

Lower nutrient density and 
digestibility, antinutritional factors

Essential amino and fatty acids 
are limiting or completely absent

Concerns related to agricultural 
practices, genetic engineering, 
processing costs, etc.

ANIMAL PROTEINS & L IP IDS

Nutrient-dense, highly digestible

Competitive pricing

Regulatory limitations,       
concerns related to product 
safety, market access and 
consumer acceptability



NOVEL INGREDIENTS
P R O S  &  C O N S  O F  E M E R G I N G  S A L M O N I D  F E E D  I N G R E D I E N T S

‘NEW’ MARINE PROTEINS & LIPIDS

Nutrient-dense, high digestibility 
and palatability

Concerns related to cost, scalability, 
potential for contamination (filter-feeders) 

Defer or redirect concerns, but do 
not resolve issues related to 
sustainability and wild fish inputs

INSECT  PROTEINS & L IP IDS

Lower nutrient density and 
digestibility, composition varies 
with feedstocks used, but largely 
mirrors terrestrial ingredients

Concerns related to cost, scalability, 
siting of insect propagation facilities

Regulatory limitations

ALG AL PROTEINS & L IP IDS

Nutrient density varies among 
algal species

Limited protein digestibility, 
unless processed extensively

Concerns related to cost, 
scalability, effect on product 
quality (can impart a ‘fishy’ taste)



Composition & practical feeding value
Protein content and quality
Carbohydrate content and type
Digestibility/availability of all nutrients
Presence of antinutritional factors and/or pigments

Economic & environmental costs
Production volumes and availability
Cost-effectiveness
Environmental impacts of production and sustainability

Influence on product quality
Nutritional value, appearance, and taste of farmed fish
Contaminant levels and safety

Market considerations
Public perception, traceability, other end users/demand

ATTRIBUTES TO CONSIDER
I M A G I N I N G  T H E  I D E A L  A LT E R N AT I V E  I N G R E D I E N T

T H E R E  A R E  M A N Y ,  M A N Y  I N G R E D I E N T S  T H A T  C A N  
S A T I S F Y  T H E  B I O L O G I C A L  N E E D S  O F  S A L M O N

T H E  G R E A T E S T  L I M I T I N G  F A C T O R S  A R E  C O S T ,  
P R O D U C T I O N  V O L U M E S  S C A L A B I L I T Y ,  E T C .

E M E R G I N G  I N G R E D I E N T S  S H O U L D  B E  F O S T E R E D  T O  
O V E R C O M E  L O G I S T I C A L  C O N S T R A I N T S ,  B U T

D E L I V E R I N G  B E T T E R  N U T R I T I O N                             
N O W  R EQ U I R E S  P R A G M AT I S M

A N D  A  F O C U S  O N  P R A C T I C A L I T I E S

ACCEPTABLE

FEASIBLE

ECONOMICAL

ACCESSIBLE



OPTIMAL NUTRITION
G R O W T H  I S N ’ T  T H E  O N LY  T H I N G  T H AT  M AT T E R S
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SOURCES:  TOCHER 2003, LI ET AL. 2009

T H E R E  A R E  F E W  A S P E C T S  O F  F I S H  
P E F O R M A N C E  T H A T  A R E N ’ T  D I R E C T L Y     
O R  I N D I R E C T L Y  I N F L U E N C E D  B Y  D I E T

W I T H  E X P E R T I S E  I N  F I S H  N U T R I T I O N ,  
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CORN AS AN ALTERNATIVE PROTEIN SOURCE
S T R AT E G I E S  T O  I M P R O V E  N U T R I T I O N A L  VA L U E  &  C O S T - E F F E C T I V E N E S S



CORN (MAIZE)

C H A L L E N G E S  &  O P P O R T U N I T I E S

SOURCES:  NRC 2011, VISUALCAPITALIST.COM 2015, LOY AND LUNDY 2019, FAOSTAT 2021, INDEXMUNDI.COM 2021

Nutrient (% DM) Corn Fish Meal

Protein 8.8 65.4

Lysine 0.3 5.5

Methionine 0.2 2.1

Tryptophan 0.1 0.8

Threonine 0.3 3.1

Isoleucine 0.3 3.3

Leucine 1.1 5.4

Phenylalanine 0.4 2.9

Valine 0.4 3.8

Histidine 0.3 1.7

Arginine 0.4 4.0

Starch 61.6 <1.0

Fiber 10.0 1.0

Ash 1.2 14.3

Lipid 3.8 7.6
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CORN (MAIZE)

C H A L L E N G E S  &  O P P O R T U N I T I E S

SOURCE:  VISUALCAPITALIST.COM 2020

C O R N  I S  O N E  O F  T H E  M O S T  W I D E L Y  C U L T I V A T E D  C R O P S  I N  T H E  M I D W E S T E R N  U S A



CORN (MAIZE)

C H A L L E N G E S  &  O P P O R T U N I T I E S

SOURCE:  VISUALCAPITALIST.COM 2015

C O R N  P R O D U C T I O N  I S  I N C R E A S I N G ,  
B U T  T H E  U S A  A G R I C U L T U R A L    

F O O T P R I N T  I S  N O T  E X P A N D I N G

I N C R E A S I N G  A N N U A L  P R O D U C T I V I T Y  
I S  D R I V E N  B Y  I M P R O V E M E N T S  I N  

Y I E L D  A N D  C O N V E R S I O N  O F  O T H E R  
C R O P L A N D S  T O  C O R N  P R O D U C T I O N



SOURCES:  VISUALCAPITALIST.COM 2015, AgMRC 2018, BESWA ET AL. 2020

Y E L L O W  C O R N  I S  T H E  M O S T  W I D E L Y  
C U L T I V A T E D  T Y P E  O F  C O R N ,  B U T  

L O W - C A R O T E N O I D ,  W H I T E  
V A R I E T I E S  A R E  A L S O  P R O D U C E D

T H E  M A J O R I T Y  O F  C O R N  P R O D U C E D  
I N  T H E  U S A  I S  G E N E T I C A L L Y  

M O D I F I E D ,  B U T  C O N V E N T I O N A L  
L I N E S  A R E  S T I L L  I N  P R O D U C T I O N

CORN (MAIZE)

C H A L L E N G E S  &  O P P O R T U N I T I E S

347 MMT

USA CORN 
PRODUCTION

White corn is a small fraction of
USA annual production, but its
share is growing and already
exceeds 2 MMT per year



Ethanol

Carbon dioxide

Residual yeast,      
corn oil and proteins 

CORN-ETHANOL COPRODUCTS
F E R M E N TAT I O N  C O N C E N T R AT E S  P R O T E I N ,  R E D U C E S  A N T I N U T R I E N T S

SOURCE:  RENEWABLE FUELS ASSOCIATION 2011

F A R M I N G  F O R  F E E D  &  F U E L

Fermentation of corn produces three 
primary classes of (co)products

BIOFUELS

INDUSTRIAL USES

ANIMAL FEEDS

C A N  B E  
M O D I F I E D  T O  

I N C R E A S E  V A L U E  
F O R  A Q U A T I C  

L I V E S T O C K



TROUT OR 
SALMON FEED

GREEN PLAINS LLC
M A K E R  O F  M S C™ A N D  O T H E R  F E R M E N T E D  C O R N  D E R I V AT I V E S

SOURCE:  GPREINC.COM 2021, FLUID QUIP TECHNOLOGIES 2021

Nutrient (% DM) Corn MSC™ 50

Protein 8.8 49.0

Lysine 0.3 2.1

Methionine 0.2 1.1

Tryptophan 0.1 0.5

Threonine 0.3 2.1

Isoleucine 0.3 2.1

Leucine 1.1 5.9

Phenylalanine 0.4 2.6

Valine 0.4 2.7

Histidine 0.3 1.4

Arginine 0.4 2.5

Starch 61.6 4.4

Fiber 10.0 16

Ash 1.2 4.8

Lipid 3.8 2.0

G R E E N  P L A I N S  L L C  I S  O N E  O F  T H E  L A R G E S T  
B I O F U E L S  P L A T F O R M S  I N  T H E  W O R L D

R E C O G N I Z I N G  T H E  P O T E N T I A L  O F  T H E I R  
P R O C E S S  T O  P R O D U C E  H I G H  Q U A L I T Y  

F E E D S T U F F S ,  T H E Y  A R E  I N C R E A S I N G L Y  
F O C U S E D  O N  I M P R O V I N G  T H E  Q U A L I T Y  O F  

C O R N - D E R I V E D  P R O T E I N S  F O R  T H E  
A Q U A C U L T U R E  I N D U S T R Y

P R O P R I E T A R Y  T E C H N O L O G Y  I M P R O V E S  U P O N  
F E R M E N T A T I O N  T O  F U R T H E R  R E F I N E  R E S I D U A L  

C O R N  A N D  Y E A S T  P R O T E I N  F O R  A Q U A F E E D

Results to-date indicate MSC 50
can be incorporated at 15% of the
diet, replacing costly fish meal
and plant protein concentrates



SUNFLOWER AS AN ALTERNATIVE LIPID SOURCE
S T R AT E G I E S  T O  R E D U C E  F I S H  O I L  U S E  W H I L E  M A I N TA I N I N G  P R O D U C T  VA L U E



FISH OIL ALTERNATIVES
L I P I D S  V A R Y  I N  T H E I R  F AT T Y  A C I D  S I G N AT U R E  A N D  N U T R I T I O N A L  V A L U E

FISH OIL

SFA

LC-PUFA

C18 PUFA
MUFA

FLAXSEED(LINSEED) OIL

SFA

C18 PUFA

MUFA

S A L M O N I D S  G E N E R A L L Y  A C C E P T  A  
W I D E  R A N G E  O F  L I P I D  S O U R C E S

S O  L O N G  A S  E S S E N T I A L  F A T T Y  
A C I D  R E Q U I R E M E N T S  A R E  M E T ,  

G R O W T H  P E R F O R M A N C E  I S  
T Y P I C A L L Y  M A I N T A I N E D

H O W E V E R ,  C H A N G E S  I N  D I E T A R Y  
C O M P O S I T I O N  A R E  G E N E R A L L Y  

R E F L E C T E D  I N  T H E  F I L L E T S ,  
W H E R E B Y  R E D U C E D  D I E T A R Y  F I S H  
O I L  T R A N S L A T E S  I N T O  T H E  L O S S  

O F  B E N E F I C I A L  O M E G A - 3  C O N T E N T

SOURCE:  TRUSHENSKI AND BOESENBERG 2009 
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Previous research has revealed 
counter-intuitive effects of diets         
rich in saturated (SFA) and 
monounsaturated fatty acids (MUFA)

Unlike other fatty acids, SFA are not 
proportionately reflected in the tissues

Fish were fed diets containing fish oil, 
or graded levels of standard C18 PUFA-
rich oil or hydrogenated SFA-rich oil

DOI :   10 .1080/15222055.2012.720650
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FEEDING C18 PUFA vs. SFA & MUFA
D I S R U P T I N G  T H E  ‘ F I S H  A R E  W H AT  T H E Y  E AT ’  P A R A D I G M

Growth is often suppressed among fish 
fed high levels of C18 PUFA-rich diets 
but not SFA or MUFA-rich diets

High dietary levels of SFA and MUFA 
have a disproportionately small effect 
on tissue composition and facilitate 
greater fish oil sparing

This “omega-3 sparing effect” has now 
been observed in many species, 
including salmonids

Fish fed C18 PUFA-rich diets accumulate   
DHA in a predictable fashion 

Fish fed SFA-rich diets maintain high 
levels of DHA despite reduced intake

Fish Oil Control Group

DOI:  10.1080/15222055.2012.713897
DOI:  10.1080/15222055.2011.623947
DOI:  10.1080/15222055.2011.579033
DOI:  10.1080/15222055.2012.720650
DOI:  10.1080/15222055.2013.811134

DOI:  10.1016/j.aquaculture.2015.05.041
DOI:  10.2527/jas2015-9199
DOI:  10.1111/anu.12502
DOI:  10.1007/s11745-016-4136-y

THE SPARING EFFECT OF  SFA & MUFA
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Relatively consistent fillet fatty acid 
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Increasing chain 
length and 
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FEEDING C18 PUFA vs. SFA & MUFA
D I S R U P T I N G  T H E  ‘ F I S H  A R E  W H AT  T H E Y  E AT ’  P A R A D I G M



N U M E R O U S  S T U D I E S ,  I N C L U D I N G  L O N G - T E R M  A N D  F A R M - S C A L E  T R I A L S  D E M O N S T R A T E  T H E  
V A L U E  O F  S F A - A N D  M U F A - R I C H  L I P I D S  I N  A T L A N T I C  S A L M O N  A N D  R A I N B O W  T R O U T  F E E D S

FEEDING C18 PUFA vs. SFA & MUFA
D I S R U P T I N G  T H E  ‘ F I S H  A R E  W H AT  T H E Y  E AT ’  P A R A D I G M
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C18 PUFA
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SUNFLOWER
C H A L L E N G E S  &  O P P O R T U N I T I E S
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S U N F L O W E R  O I L  P R I C I N G  
I S  C O M P E T I T I V E  W I T H  

O T H E R  A L T E R N A T I V E  
L I P I D S

P R O P O R T I O N S  O F  S F A  
A N D  M U F A  T O  C 1 8 P U F A  

S U G G E S T  S U N F L O W E R  O I L  
W O U L D  S U P P O R T  

S I G N I F I C A N T  O M E G A - 3  
S P A R I N G



CONCLUSIONS
N E X T  S T E P S  T O  A D D R E S S  N E E D S  I N  S A L M O N  N U T R I T I O N

The search for new feed inputs for aquaculture continues…and likely always will

Polarfeed remains committed to its philosophy of listening to the fish, delivering what they need to 
not just survive but thrive, and emphasizing practicality as we diversify our portfolio of ingredients

MSC-50 and sunflower oil are very promising resources, but our plans for innovation do not begin 
and end with these ingredients

Polarfeed has applied for research concessions to evaluate MSC-50 and sunflower oil at 
commercial scale in partnership with Norwegian salmon farmers 

We have planned our work and now intend to work our plan. We will be assessing feed 
performance comprehensively, leveraging STIM’s strengths in fish health and environmental services 
to look at the ‘big picture’ 

We anticipate MSC-50 and sunflower oil-based feeds will be successful, and are prepared to 
manage the project adaptively with our partners to ensure that they are successful

Stay tuned for more information—anticipated project start date is in 2022!


