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Evaluation of the maximum limits for selenium 
in Atlantic salmon feeds
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• Farmed Atlantic salmon have traditionally been fed diets based on
marine ingredients with sufficient Se levels

• As ingredients of plant origin replace marine ingredients, Se 
concentrations in salmon feeds decrease



Evaluation of the maximum limits for selenium 
in Atlantic salmon feeds

• EU feed regulations on total selenium (Se) in fish feed 

• 0.5 mg total Se/kg feed

• 0.2 mg organic Se/kg feed
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Selenium in salmon muscle

0 .0

0 .2

0 .4

0 .6

0 .8

S
e

le
n

iu
m

 i
n

 m
u

s
c

le

(m
g

/k
g

 w
.w

.)

F a rm e d  s a lm o n  (n = 1 0 0 )

E s c a p e d  fa rm e d  s a lm o n  (n = 1 2 )

W ild  s a lm o n  (n = 8 7 )



Aim of study

• In order to produce a robust salmon, future aquafeeds may need 
to be supplemented with Se to compensate for reduced levels

• In order to establish a scientifically-based maximum limit for Se 
in feed for salmonids, a risk assessment on the dietary toxicity of 
both organic and inorganic forms of Se in Atlantic salmon is 
required

• Prior to a risk assessment, appropriate toxic mode of action and 
markers of toxic exposures have to be established. 

• The aim of this study was to establish biomarkers of dietary Se 
toxicity in Atlantic salmon



Feed composition



Analytical composition



Experimental procedures

• Atlantic salmon (Salmo salar L.) were fed the experimental
diets in triplicate tanks for 12 weeks in seawater

• Starting weight was ~570 g

• Metabolic screening was carried out in liver samples (3 fish
per tank, 3 tanks per treatment) by Metabolon Inc, USA



Higher Se deposition in fish receiving high Se diets and 
organic form
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7x

High organic SeHigh inorganic Se 
diet: depletion of 
intermediates in 
the SAM cycle, 
cysteine and GSH

High inorganic Se

2x

High organic Se 
diet: depletion of 
cysteine and GSH 
only
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Glutathione (GSH)

• GSH is an important endogenous antioxidant

• GSH may may contribute both directly and indirectly in 
the scavenging of ROS

• GSH is a co-factor for many
enzymes, including GSHpx

• GSH may form adducts with
reactive intermediates



High selenite intake leads to oxidative stress
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No change

7x

2.4x

2.1x

1.3x

*MEETEREN, M. E. V., TEUNISSEN, C. E., DIJKSTRA, C. D. & TOL, E. A. F. V. 2005. 

Antioxidants and polyunsaturated fatty acids in multiple sclerosis. European Journal of Clinical Nutrition, 59, 1347-1361

High organic Se

High inorganic Se

2x



Reduced antioxidant capacity did not lead to oxidative
damage

• No sign of DNA damage using the
Comet assay
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High selenite intake led to reduced concentration
of intermediates in the energy metabolism
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Does Se toxicity lead to increased energy
expenditure?

High inorganic Se

4x

2.2x
4.8x

N
e
g

a
ti

v
e
 c

o
n

tr
o

l

L
o

w
 i
n

o
rg

a
n

ic
 S

e

H
ig

h
 i
n

o
rg

a
n

ic
 S

e

L
o

w
 o

rg
a
n

ic
 S

e

H
ig

h
 o

rg
a
n

ic
 S

e

P
o

s
it

iv
e
 c

o
n

tr
o

l

0

1

2

3

4

5

1 4

1 5

1 6

1 7

1 8

1 9

L ip id s  in  w h o le  f is h  h o m o g e n a te

L
ip

id
 (

g
/1

0
0

g
)

No change



The endocannabinoid system –a factor in the
regulation of appetite
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High selenite intake led to decreased feed
intake and weight gain
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Conclusions

• High concentrations of Se leads to pro-
oxidative conditions

• Markers of oxidative stress are suitable
early markers of Se toxicity

• Inorganic Se is more potent than
organic Se
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