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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 
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Sciences in the United States of America, the score obtained is very high, and if human 

requirements are included the score is even higher. 

 

Tryptophan seems to be the limiting AA for all diets but the difficulty in analysing it normally 

precludes good results, and processors prefer to declare a lower amount. So arginine for 

poultry seems to be the only true limiting AA in salmon meal but not in the hydrolysate where 

threonine seems to be the limiting one. 

 

Digestibility is another aspect, which is related more to the solubility of the protein. Salmon 

meal, like other fishmeals is not 100 percent digestible, but generally has values of over 90 

percent.  

 

Hydrolysates, which undergo a process precisely to increase solubility, may have the opposite 

effect in terms of animal use by making all the protein available too soon for body building, 

and the result is that much of it is used only as energy. A fraction  of the AAs are lost as 

ammonia in the excreta. As a result, animal breeders have found that a proportion of the 

protein of these products, about 3 percent for shrimp (Cordova-Murueta and Garcia Carreño, 

2002), can be supplied by hydrolysates, while the rest comes from fish or salmon meal or 

vegetable proteins. The information from producers shown in the above table indicates 

interesting differences between meal and hydrolysate, which underscores the complex nature 

of offering a standard product with so many different raw materials. Another by-product from 

salmon hydrolysate is high ash fishmeal. It has been found (Toppe et al., 2005) that an 

increased level of calcium and phosphorous could promote higher feed consumption in cod 

farming, with a better growth rate, which could be the case with this meal.  

 

Table 7:  Comparison of AA content in salmon meal and hydrolysate with requirements 

Amino acids, % of protein Amino acid (AA) 

Salmon 

meal 

content * 

Salmon 

hydrolysate 

content** 

Chicken 

requirements 

*** 

Adult 

human 

requirements 

**** 

School- 

child 

requirement 

**** 

Lysine 6.50 7.67 4.72 1.60 4.4 

Serine 4.60 6.00 3.89   

Histidine 2.00 1.67 1.44 1.60 1.9 

Arginine 4.30 6.33 5.56   

Threonine 4.70 3.67 3.78 0.90 2.8 

Tyrosine+Phenyalanine 9.10 7.00 5.56 1.90 2.2 

Valine 4.30 5.00 3.44 1.30 2.5 

Methionine 3.00 3.00 1.67 1.70 2.2 

Isoleucine 3.40 4.00 3.33 1.30 2.8 

Leucine 6.00 7.67 5.56 1.90 4.4 

Phenylalanine 6.10 3.67 3.00   

Tryptophan 0.45 1.33 0.94 0.50 0.9 

Sources: * www.pesquerapacificstar.cl 
    ** Wright, 2004. 

    *** Nutrient requirement of poultry, 1994. 

    **** Energy and protein requirement, 1985. 
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4.2 Pet foods 

 

Unlike animal farming, where high productivity is the producer’s aim, with pet foods the 

consumer has two requirements: the buyer’s own satisfaction and the pet’s satisfaction. The 

second requirement is shown by the pet eating all the product, but the first one might relate to 

the consumer being aware of the product’s nutritional value, such as how much protein it 

contains, or proof that what is stated on the package is true. 

 

Salmon might have some characteristics that may be explored in this context. It is highly 

nutritious, it has a distinct fish flavour and a distinct colour, making it easy for the consumer 

to evaluate. In other words, because much of the recognizable flesh as possible can be 

separated from the by-products and used as is in moist recipes, where the final product may be 

canned or pouched, and when it is finally opened the salmon presence is clearly demonstrated.   

 
4.3 Human nutrition and fish taste 

 

Table 7 for animal nutrition also includes human nutrition for adults and school-age children. 

In both cases the salmon meal AA profile meets the requirements, with only the digestibility 

concept pending. Nursing infants, however, need a higher content of at least three AA, but 

then egg protein also has less of two AA, indicating the special nature of the protein 

composition available in human milk. 

 

Regarding digestibility, hydrolysates are positioned better; nevertheless consideration should 

be given to the type and extent of the reaction. There are enzymes that may make some parts 

of AA rich proteins insoluble when soluble and insoluble parts are separated, producing a 

downgraded protein score. This fact has been shown by Nilsang et al., 2005, working with two 

different enzymes. 

 

Figure 11:  Hydrolysis time and composition 

 

             



 

 

17 

  

  

Effect of hydrolysis time on the amount of tryptophan available in fish protein hydrolysate 

(Nilsang et al., 2005). 

 

Fish taste is always a difficult issue when dealing with human consumption. When the protein 

is solubilized through hydrolysis, the oil phase can be separated by centrifugation, and the 

resulting soluble protein has no fish smell and only a slight fish taste (Kristinsson and Rasco, 

2000). Therefore, if the final product contains a large amount, the organoleptic properties 

would be affected, unless some research is done to reduce the taste even further. On the other 

hand, if the product is not used for direct consumption but instead to extend other high value 

fish proteins, for salmon feed for example, there is no problem.  

 
4.4 Water holding capacity 

 

Phosphates are used in protein products to retain water, improving cooking yield. They act via 

pH and ionic strength modification, divalent metal ion scavenging, actomyosin dissociation 

and attachment to protein groups. In meat products, the maximum allowed use is 0.5 percent, 

and excessive amounts of phosphates in the diet may affect bone health. Protein hydrolysates 

may replace or enhance the effect of phosphates without their disadvantages (Shahidi and 

Synowiecki, 1997). The ability of protein hydrolysates to bind water can be compared with 

other alternatives by measuring drip loss and the protein content of the drip water. In a study 

with alkaline proteases (Kristinsson and Rasco, 2000), some Atlantic salmon hydrolysates 

showed a much higher water holding capacity than egg albumin and soy protein concentrate, 

indicating the suitability of their use as meat extenders in other protein products. 
 

4.5 Emulsifying properties 

 

Two important features of oil in water emulsions that can be modified by using a protein 

emulsifying additive are the emulsifying capacity or the maximum amount of oil that the 

water phase retains, and the stability of the emulsion or the length of time that this condition is 

held before phase separation. There are some practical standardized methods to measure these 

properties, which are used to compare different proteins. Again, Atlantic salmon hydrolysates 

show better properties than soy protein concentrate (Kristinsson and Rasco, 2000) when the 

degree of hydrolysis is low; in other words, when the peptides are big enough to have 

hydrophilic and lipophilic capacities. If the hydrolysis is too long, the peptides are shorter and 

the emulsifying properties are poorer. In the same study, egg albumin has much better 

properties than either soy protein concentrate or salmon protein hydrolysate.  

 
4.6 Fat absorption 

 

The protein’s capacity to retain or absorb fat is used in the meat and confectionery industry. It 

is measured by mixing the protein with oil, then separating the oily and solid phases and 

weighing the amount of oil that is retained in the solid or protein additive. Salmon 

hydrolysates show  high oil absorption for a short hydrolysis time, which is better than for soy 

concentrates and egg albumin (Sathivel et al., 2005). 

 
4.7 Nutraceuticals 

 

Natural foods or natural ingredients with a positive health effect – because they reduce the risk 

of common or serious illnesses, improve the immune system or have a healing ability – are 

becoming more and more interesting to the consumer who tries to avoid allopathic medicine 

by choosing a healthier diet. 
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One aspect that has been studied is the antioxidant properties of proteins. There are several 

examples of short peptides, less than 20 AAs, of marine origin that have clear antioxidant 

properties (Guérard, Sellos and Le Gal, 2005). Capelin, cod, mackerel, Alaska pollack and 

rockfish peptides, some with 13 and 16 AA residues, have shown interesting free radical 

scavenging activity, and salmon by-products may be another source for them, if hydrolysis is 

under consideration. 

 

Other functional properties of proteins derived from fish by-products, which could be 

explored, include anti-hypertensive peptides or ACE (Angiotensing Converting Enzyme) 

inhibitors and modulators for central neuropeptide levels. (Ono et al., 2006). 

 

Seafood contains high levels of taurine, an AA known to have several positive effects on the 

cardiovascular system, first as an antioxidant, which may reduce the production of 

inflammatory products. Second, it may as well reduce blood cholesterol levels by suppressing 

platelet aggregation. 

 

Care must be taken to retain these functional properties, because refining procedures to 

eliminate fish flavour and improve sensory attributes might reduce the amount or completely 

remove antioxidants and other valuable components with functional activity (Elvevoll, 2004). 

 

5. PRODUCTION COSTS ESTIMATION 

 

By-products are now being processed in different ways to obtain value from them. The most 

obvious way to avoid degradation is to keep the quality of the salmon flesh by preparing some 

value-added products, such as hamburgers or other mixed meat products. A similar situation 

occurs with pet foods with added salmon pieces that are recognizable by the pet owner. The 

other ways being used today are silage, fishmeal and hydrolysates for animal consumption.  

 

Protein uses and properties 

 

1. Hamburger patties 

2. Pet foods  

3. Silage 

4. Salmon meal 

5. Hydrolysates 

 
5.1 Hamburger patties 

 

Recovered salmon flesh or minced salmon is a valuable raw material for producing hamburger 

patties for the retail market, especially for schools as part of school lunch programs. In terms 

of costs, 40 percent meat recovery is possible, weight for weight, from filleted bones (100 kg 

of bones with meat on gives roughly 40 kg of recovered meat). From the nutritional point of 

view, these products aim to introduce fish consumption into the population and to control 

obesity through the high quality of the salmon fat, rich in omega-3 fatty acids. A typical 

formulation indicates a salmon flesh content of over 70 percent, such as the following recipe 

recently developed for a project carried out by Fundación Chile. 

 




