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Introduction

Sustainable salmon feed is crucial to the future of the
Norwegian salmon farming industry. Today, feed accounts for
more than 75% of the climate footprint of Norwegian salmon.
Approximately 92% of the raw materials currently used in
Norwegian aquaculture feed are imported. It is therefore a
priority to increase the proportion of feed based on Norwegian
resources and to exclusively use sustainable ingredients by 2030.
Shellfish is an ingredient of great interest in this context.
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Figure 1: Fish feed in the mixing chamber before addition (left), and finished fish
feed with respectively STX, NEO, GTX and C-toxins for parr (right)

Shellfish such as mussels are a valuable source of marine fatty
acids, proteins, and astaxanthin, which are important
components of fish feed. Mussels feed on algae in the marine
environment by filtering large amounts of seawater. However,
some species of algae can produce a wide variety of toxins, which
can accumulate in the mussels, and then potentially in the fish.

The ShellFeed project is investigating the uptake and toxicity of
algal toxins belonging to the okadaic acid and saxitoxin families of
toxins in salmon.

Figure 2: Tanks with parr from the feeding trial with STXs (left), and parr at final

Methods sampling from the Parr-1 trial (right)
Salmon parr have been fed using a specially prepared feed in Parr 1 trial Parr 2 tral
two feeding trials. Fish in the Parr-1 trial were given feed spiked A . = saxitoxin B B Okadaic acid

1 Dinophysistoxin-1
I Dinophysistoxin-2

with STX, NEO, GTX and C-toxins (Figures 1 and 2), whereas in the ™7 i
Parr-2 trial, fish were given feed spiked with OA, DTX-1 and DTX- e i
2. The fish were kept in two parallel flow-though tanks per toxin @ - i J(
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diet and three for the controls. All groups are compared to the & _
controls throughout the analysis. The trial period were 4-5 weeks
at 12 °C (+0.5). Start weight was 6.8 g (Parr-1) and 5.6 g (Parr-2).
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The uptake of the toxins to tissues are being assessed using
LC-MS-methods.
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Figure 4: Toxins quantified in tissues of salmon parr given fish feed containing
Results . v . .
respectively 100, 250 and 500 pg/kg of one of the purified toxins, or no toxins.

The feeding trials did not detectably affect the growth and (A) Saxitoxins (STX; n =12), (B) Okadaic acid (OA), dinophysistoxin-1 (DTX1) and
welfare of the fish (Figure 3). The fish showed no symptoms of glmophysmtoxm-Z (DTX2). n=12 for muscle tlssge and n=6 for liver and
stress or other behavioral chances. There was no sienificant intestine. OAs refer to OA, DTX-1 and DTX-2 given separately but shown

, L _ BE>. , 5 together as no toxins were detected found in the muscle tissue.
difference in fish weight between the different feeds compared

to the control group at early and mid sampling points. However, a

small but statistically significant difference was observed in the Discussion
group fed a high level of saxitoxin (500 ug/kg) compared to the The maximum levels in the feed were based on 95% of the
control group in terms of specific growth rate (Figure 3A). maximum reported concentrations of the toxin in Norwegian
49 A s= B shellfish and inclusion of 5% shellfish in the fish feed. Pure toxins
%3_ - & ) - rather than contaminated shellfish were used to avoid toxin
s || | 2o = FIEIT %B' ) B 1 metabolites in shellfish or algae complicating interpretation of
%2— S 4- the LC-MS-results.
'§1_ %2_ The results will provide the data required to perform the
7 > necessary risk assessments for algal toxins in new marine feed
S S DSBS sources for salmon.
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Figure 3: Specific growth rate in the two parr feeding trials (n=17). 1. Ravarelgftet Hva skal fisken spise? - rvarelgftets veikart og
(A) Parr-1: Saxitoxins (STX), (B) Parr-2: Okadaic acid (OA), dinophysistoxin-1 barrierestudier for nye férrévarer; Oslo, 2022; p 228.

Link to ShellFeed
2. Nzerings- og fiskeridepartementet Et hav av muligheter at Toxinology.no

— regjeringens havbruksstrategi; 2021.

(DTX1) and dinophysistoxin-2 (DTX2).

LC-MS/MS analysis showed high levels of toxins in the intestine
and low levels in the liver at the highest doses. Analysis of the
muscle tissues indicated no transfer of okadaic acid and saxitoxin 4. Desnica, N., et al. Icelandic blue mussels — A valuable high quality product; Matis -
families of toxins to the salmon parr filet from the feed (Figure 4). Food Research, Innovation & Safety: 2011.

3. Yaghubi, E., et al., Farmed mussels: a nutritive protein source, rich in omega-3
fatty acids, with a low environmental footprint. Nutrients 2021, 13, 1124.

The Norwegian Veterinary Institute’s activities encompass the entire chain from plants, via animal feed, fish, animals and food for human consumption.
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