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1 Introduction 

The total production of farmed salmonids in Norway in 2010 was approximately 944,000 tons 

Atlantic salmon and 55,700 tons rainbow trout (Fiskeridirektoratet, 2011), a production that 

have more than doubled since the year 2000. In total 1,365,225 tons of feed were used in 

2010, however, this figure also includes feed for other species such as Atlantic cod (21,240 

tons in 2010). The steadily increasing global production of farmed fish and shellfish has 

resulted in higher pressure on the limited and highly valuable ingredient resources such as 

fish meal and fish oil. Consequently, the ingredient composition in Norwegian salmon 

aquaculture industry has changed over the past decade towards use of plant based 

ingredients (Table 1).  

Table 1 Use of plant ingredients vs. fish ingredients over the past 20 years in Norwegian 

aquaculture (% used of total feed sold from three feed companies*).  

 1990 2000 2010 

Fish meal 63.8 37.5 25.6 

Plant protein (various 
sources) 

0 15.4 36.9 

Starch (mainly wheat) 10.3 10.9 9.4 

Fish oil  23.4 30.7 17.0 

Plant oil 0 0.0 12.0 

*Microingredients such as vitamins, minerals and amino acids are excluded 

 

Increasing competition and peaking ingredient prices of major resources used in salmon 

farming is calling for a review of resources being used today and potential resources that will 

be used in near future. A vast amount of experiments are carried out over the last two 

decades in evaluating potential alternatives to fish meal and fish oils in diets for salmonids. 

The main focus has been on ingredients derived from either plant origin (Thomassen and 

Røsjø, 1989; Rosenlund, et al., 2001; Gatlin, et al., 2007; Hemre, et al., 2009; Gunstone, 

2011), terrestrial animal origin (Bureau, et al., 1999; Turchini, et al., 2009), Krill, Amphipods 

and Copepods (Olsen, et al., 2010) or single cell organisms from bacterial meal (Øverland, et 

al., 2010), yeast and algae (Skrede, et al., 2011). The current plant protein ingredients being 

used by the Norwegian aquaculture industry include soybean meal, sunflower meal, pea 

protein concentrate, beans, wheat gluten and corn gluten. In near future the alternatives also 

include canola, lupins and distillers dried grains with solubles (DDGS).  The plant oil used at 

present is mainly rapeseed oil (low erucic acid). However, depending on the cost, small 

amounts of palm oil and soybean-oil may be used. The search for new very long chain (VLC) 

n-3 fatty acid containing oils as alternatives to fish oil is urgent, and many are suggested, but 

no immediate solution is seen. 
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Aquaculture feed sources 



Easy mariculture (2,500 – 10,000 ind/m2) 

 

260 kg DW biomass per surface m2 

 

50 m 

From Agriculture to Mariculture 

200-450 kg WW per m2 Rapid and extended seasonal growth 
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Tunicate pilot production 

Established pilot farm 
 

-Scalable trials and tests 

-Product documentation 

-Harvesting technology 

-Processing tests 

-Large scale growth  

    capacity 

Year Production (tonn) 

2010 0.5 

2011 3 

2012 7 

2013 150 

2014 300 

2016 1000 



Table 1: Composition analysis (g/100g) 

Raw Biomass Inner Animal Mantle 

ASH 40.9 + 0.1 18.9 + 0.1 6.5 + 1.4 

Protein* 50.1 + 2.6 61.7 + 3.5 49.1 + 4.3 

Carbohydrates* 15.3 + 3.0 6.5 + 1.0 31.5 + 3.3 

Lipids* 13.7 + 1.5 19.8 + 3.4 3.9 + 0.8 

Tunicate chemical composition 

Ciona intestinalis composition analysis (g/100 g DM)  

* Ash free 



Tunicate Product Opportunities 
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