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Chilean Processor 2 

 

Receives the live fish at the filleting plant where the entire operation takes place at one site. 

Normally the whole process is pre-rigor and by-products are top quality. 

 

For both plants, by-product handling is cumbersome and everything is usually mixed together 

for transport to the fishmeal facilities. 

 

3. TECHNOLOGY OVERVIEW 

 

There are many processing alternatives to keep by-product proteins and rescue their nutritional 

value and also to obtain value from their functional properties. But before any conversion 

process is put into practice, the manufacturer should explore the possibilities of maintaining 

the protein as salmon flesh, which means recovering edible flesh from by-products. The list of 

technologies to be reviewed includes: 

 

1. Meat separators 

2. Fishmeal  

3. Silage 

4. Gelatine 

5. Hydrolysates.  

6. Protein separation 

7. Extrusion 

8. Surimi  

 
3.1 Meat separators  

 

Press separators 

 

 

There are two traditional systems to 

separate flesh from bones: screw or auger 

press and band press. In both cases the 

material is pressed against a mesh or 

perforated barrel, where the softer part 

passes through, retaining the bones. The 

auger normally produces a higher yield, 

while the band may give a better quality. 

For recovering the flesh from bones, 

normally the screw type is recommended. 

The only aspects to check are the pressure 

that could increase the amount of ash in the 

product and also the temperature that might 

result in colour changes or protein 

denaturation. Flesh recovery is 80 to 90 

percent. 

Screw separator 

Source: Lima Catalog 
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Water jet separators 

 

A non-traditional way of recovering meat or protein is with a high pressure water jet. This 

system has been tried at Oregon State University and at the University of Iceland. It is a fine 

approach in terms of cleaning the product, but the yield is low and the texture of the protein is 

not firm enough for surimi type products (Wendel, Park and Kristbergsson, 2002). 

 

 

 

 

Head flesh separators 

 

 

 

 

The head, the largest by-product part of the 

fish, has edible portions that could be 

separated, such as cheeks, tongue and chin. 

A dried split head may have a market also, 

as  is the case with cod. A well-known 

machine for this purpose that separates gills, 

lower jaw, cheeks and split skull is the 

Mesa 950 from Iceland.  

 

 

Head splitting machine 

 

 
Source: Mesa LTD. Iceland. 

 

 
3.2 Fishmeal 

 

This is one of the traditional disposal systems, where there are large enough amounts to 

support the investment in a traditional fishmeal plant. Nevertheless, and because of the by-

catches available in other fisheries, low capacity plants have been developed, such as the 

direct fired Ingvar from Iceland. The capacity range starts at 600 kg/hour of raw material, and 

if only heads and backbones are considered, this means the processing of 2 tonnes of salmon 

per hour, 48 tonnes per day or 15 000 tonnes per year, which is not a large salmon processing 

facility. 

 

The quality of the meal, however, would be at the lower end because besides the fact of direct 

drying quality, its protein content would be less than in the fishmeal obtained from whole 

pelagic fish.  
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                    Figure 7:  Low-cost fishmeal plant 

 
  Source: www.ingavar.is  

 

 

There are other more sophisticated fishmeal plants, such as Alfa Laval and Atlas Stord 

brands, but the investment is larger and requires steam and other facilities that make the 

capital requirements even higher, but the quality and price of the product could easily 

outweigh this initial disadvantage. A fish concentrate is another possibility, where the final 

product is liquid. 

       

                             Figure 8:  Compact fish concentrate unit 

 
             Source: Alfa Laval 
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3.3 Silage 

 

Silage production has been standardized by the Norwegian processing industry, mostly to feed 

fur bearing animals. The process is an acid enzymatic hydrolysis, where the natural enzymes 

work in an artificial acid environment, by adding mixtures of formic and mineral acids. The 

main purpose of the acid is to avoid bacterial spoilage, which occurs when the silage with 

formic acid is below pH 4; mineral acids alone give the same effect at pH 2, which is 

unsuitable for direct feeding purposes. This is why in spite of its higher cost, formic acid is 

normally included in the acid media, because the final product can be added directly in feed 

recipes without pH adjustment. 

 

Salmon by-products with or without viscera should follow the silage process for oily fish, 

where oil is separated as soon as it is released from the flesh tissues. Oxidation of oils renders 

the silage unsuitable for animal nutrition, so it must be separated and stabilized independently.    

Another important topic is how to stop the hydrolysis. If enzymes are kept active, they 

continue catalysing the degradation that starts generating non-protein nitrogen, or degrading 

the most labile AA. The first one to suffer this process is tryptophan, and being an essential 

AA, the overall nutritional quality of the protein is reduced together with the protein itself. To 

overcame this the industry inactivates the enzymes by heating the silage, and in certain cases 

concentrates or dries it for easier handling and storage. 

 

The process flow includes: reception, mincing, acid addition, mixing, hydrolysis, 

pasteurization, oil separation and storage; but as mentioned, concentration and drying may be 

added as well (Arason, 1994). 

 

A well known self-contained unit for ensiling fish by-products on site, reaching the hydrolysis 

stage and leaving the separations to be done in a centralized operation, is provided by Scanbio, 

with facilities in Norway and Scotland.  

 

 

                         Figure 9:  Ensiling unit 

 
      Source: Scanbio Scotland 
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3.4 Gelatine 

 

Salmon skin contains a rich supply of collagen that can be used to produce gelatine, which   is 

the denatured collagen modified by the separation of the three alpha chains comprising its 

triple helix, followed by a partial hydrolysis of its polypeptides. The manufacturing process 

includes treatment with acid or alkali, rinsing, adjusting pH, heating to extract the protein and 

purification by filtration or ion exchange. The final product is a concentrate or a dried powder. 

Gelatine from coldwater fish gels at 8–10 °C, thus it has different applications compared to 

bovine gelatine, which gels at over 30 °C.  

 

There is still some work to be done involving fat separation, because salmon has an especially 

high oil content compared to the raw materials now in use for fish gelatine 

(www.norlandprod.com/techrpts/fishgelrpt.html). 

 
3.5 Hydrolysates 

 

Processors and scientists worldwide have long sought to develop a process for obtaining 

functional proteins or peptides from fish by-products. So far the major restraints have not been 

thoroughly overcome, and the industry is still in the development stage. Nevertheless, some 

important milestones augur new uses for these proteins. There are at least two hydrolysing 

plants: a mobile one in Alaska and a continuous one in Bergen.  

 

The United States of America facility is built on a barge and the process includes grinding, 

heating with scraped surface heat exchangers, enzymatic digestion, concentration with 

vacuum evaporation and pH adjustment for spoilage control. The final product is a viscous 

liquid with 42 percent solids, comprising 32 percent protein, 7 percent fat and 3 percent ash.  

 

A similar product has been obtained by Rossyew in Scotland with 45 percent solids, 5 percent 

fat and 3.5 percent ash (Wright, 2004). 

 

Meanwhile, the patented Norwegian Biomega process applies hydrolysis continuously, 

separating the different components at the end. 
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Figure 10:  Biomega continuous process 

 

 

 
  Source: Biomega 

 

 

The final product is a moderately viscous aqueous solution with more than 60 percent solids 

and 50 percent protein but less than 2 percent fat. The separated oil is of good quality because 

it undergoes only a mild heat treatment. The product may be stabilized for longer storage with 

phosphoric acid or spray dried. The bones can be converted into a high ash meal, which can be 

used in aquaculture for feeding other species. 

 

Although the final product has very high digestibility, hydrolysis still has some disadvantages 

when used to obtain a functional protein for human consumption. The enzymes that are used 

should not give a bitter taste, which is associated with hydrophobic terminals in the peptides 

obtained. The reaction must be reliable, always resulting in the same final product, but this 

may be hampered by the use of different raw materials, plus the difficulty in controlling the 

end of the reaction.  

 

Finally, the most important aspect if moving out of the seafood area is the remaining fish 

flavour. The cost of the enzymes plus the required addition of water for the reaction and its 

subsequent removal are further barriers to the final product not reaching the right quality for 

the premium protein market (Kristinsson and Rasco, 2002). But, in spite of these aspects, 

added enzymes or exogenous enzymes are the key to obtaining high protein yields and short 

processing times, compared to endogenous enzymes, which are used when the final aim is a 

feed ingredient (Guérard, Sellos and Le Gal, 2005). 

 

 

 

 

 

 

 

 

 

Oil 

Proteins 

Clean  
bones 
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3.6 Acid protein separation 

 

A patented protein separation process with a better yield than the traditional surimi washing 

process includes acid or basic protein digestion or solubilization, followed by precipitation at 

the isoelectric point (Hultin and Kelleher, 1999). This process was originally developed for 

white fish and pelagic species but is now being used with several different species and is 

already commercially running with a few of them (others are in the development stage). Work 

is being carried out with salmon, and very soon the process will be applied commercially to 

salmon by-products. It is running very well, and most of the raw materials being used are 

frames as well as trimmings (Kristinsson, 2006). 

 
3.7 Extrusion 

 

Some research has been done with cold extrusion of by-products (Baron et al., 1996), 

improving the texture of the original pulp, but no further industrial applications have been 

developed. Considering the size of the salmon industry now, further studies with both hot and 

cold extrusion may be advisable. 

 
3.8 Surimi 

 

Salmon surimi paste has been obtained using the traditional water washing process with poor 

results in terms of quality. The product lacks a firm texture because of the low activity of 

transglutaminase and the lower concentrations of the myosin heavy chain and Ca²+ (Wan et 

al., 1995). 

 

4. NUTRITION AND FUNCTIONALITY 
 

The protein’s properties, either functional or nutritional, will determine the quality of the 

protein and its value in the market. The term ‘functional’ has been used recently with a 

particular meaning referring only to health issues, but here it should also include the 

functionality that proteins have in food technology, such as their thickening or emulsion 

capacities. The protein’s chemical structure, responsible for its functionality, is somehow 

altered when the protein is isolated from its natural origin. The most common modification is 

called denaturalization, where the basic AA chain is not modified, but its spatial configuration 

is somehow changed showing different properties, especially solubility. Denaturalization is 

normally produced by heat or pH adjustment.   

 

Protein uses and properties 

1. Animal nutrition 

2. Pet foods  

3. Human nutrition and fish taste 

4. Water holding capacity 

5. Emulsifying properties 

6. Fat absorption  

7. Nutraceuticals 
 

4.1 Animal nutrition 

 

Salmon fishmeal is well known as a feed ingredient. The protein has been denaturalized by 

heat, reducing its solubility but not affecting the nutritional quality of its AA chain. 

Considering the composition of the protein in terms of its AA content and comparing it to 

animal nutrient standards, such as the one issued for chickens by the National Academy of 




