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Preface 

The open workshop “Bioactive Peptides from Aquatic Raw Materials” took place in Copenha-

gen on 2 March 2010 at Ingeniørforeningens (IDA) Mødecenter. The workshop was arranged by 

Flemming Jessen (project leader), National Food Institute, Technical University of Denmark 

(DTU), in cooperation with Gestur Hovgaard, director of the marine biotech company Atlantic 

Biotechnology S/P, Faroe Islands. Other project participants: Hordur G. Kristinsson (Matís, 

Reykjavik, Island), Turid Rustad (Norwegian University of Science and Technology (NTNU), 

Trondheim, Norway), Ingmar Høgøy (Seagarden ASA, Haugesund, Norway), Jan Stagsted 

(University of Aarhus, Denmark), Hóraldur Joensen (University of Faroe Islands, Tórshavn, 

Faroe Islands), Eddy G. Torp (DueMiljø AS, Oslo, Norway), Frank Hansen (Hansen-Øye Con-

sult, Sortland, Norway). 

 

This report consists of a synopsis of the presentations at the workshop with the programme and 

the slides accompanying each presentation presented in Appendix 1-12. 

 

The workshop was supported by the Working Group for Fisheries Cooperation (AG-Fisk), 

Nordic Council of Ministers for Fisheries and Aquaculture, Agriculture, Food and For-

estry. 

 

March 2011 
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Summary 

A workshop was held in Copenhagen in March 2010 addressing issues of documentation of 

bioactivity and the commercial utilisation of bioactive peptides and other compounds derived 

from aquatic raw materials. Ongoing research activities and commercial initiatives were pre-

sented by representatives from both research institutions and Nordic companies specialising in 

developing products containing bioactive peptides. 

 In conclusion of the workshop, three areas where further research is needed to fully docu-

ment the bioactive effect of marine peptides were identified. These were: 1) Studies on the up-

take and stability of bioactive peptides in the intestinal system, 2) the implementation of more 

extensive human trials to confirm positive results from in vitro and animal studies, and finally, 

3) more research is needed to determine whether the observed effect of marine peptides on the 

metabolic syndrome is a general peptide effect or directly attributable to specific peptides found 

only in fish or other aquatic materials. In general, more studies are needed to explore the 

sources, bioavailabilities, and the physiological/functional properties and the mechanisms of 

action of bioactive peptides.  
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Workshop synopsis 

Introduction 

The aim of the workshop was to generate an overview of the current state of the art of research 

and development within the field of utilising bioactive peptides and other compounds of marine 

origin for health beneficial purposes. The ambition was furthermore to provide a knowledge 

platform to facilitate Nordic cooperation and research coordination between industry and re-

search institutions through the establishment of new collaborations and joint applications for 

funding under national as well as EU auspices. 

 The aquatic ecosystem represents an as of yet not fully explored resource of biodiversity 

with a huge variety of organisms adapted for living conditions very different from terrestrial 

animals. For example, fish generally have an eminent bioactive defence system for protection 

against the high amounts of potentially harmful bacteria in the water. In consequence, fish and 

other inhabitants of the aquatic ecosystem expectedly possess a great number of biocomponents 

of both nutritional and pharmaceutical value, in line with what has been found in the rain forest. 

 During industrial processing of fish for human consumption only about half of the total fish 

weight is converted to edible products. The remaining part, the secondary products, is mainly 

used for animal feed products. Internationally, there is increasing documentation of the fact that 

fish contain large amounts of bioactive peptides. These bioactive peptides often have beneficial 

effects in respect to both human and animal health, as for example strengthened immune re-

sponse, better blood pressure regulation, inhibition of cancer cell proliferation, reduction of 

obesity, diabetes, and antibacterial activity. Products with bioactive peptides from fish have a 

potential usage in healthy foods, as nutritional supplements, as ingredients, as alternatives to 

antibiotic growth promoters in animal feeds, and as pharmaceutical products. 

 Despite many years of focus on better exploitation of the secondary marine products, there is 

still a great need for product and market development. The access to ever more advanced tech-

nologies and research-based knowledge increasingly enables the potentials of the marine raw 

materials to be developed into specific innovations. New applications within the area of “bioac-

tive peptides” are developed in a complex interplay between industries, technologies, research, 

and markets. This workshop has its main focus on the “niche” that bioactive peptides represent 

within the broad spectrum of marine ingredients. 

 11 presentations were given by invited speakers from both academic research institutions 

and Nordic companies developing health promoting products. 

Health aspects 

Biologically active peptides released from fish proteins, either during digestion or during food 

processing, may have crucial influences on the regulation and modulation of the human metabo-

lism. Thus such peptides are potential nutraceuticals providing health benefits and prevention or 

treatment of diseases. Many studies have reported that fish peptides have effects on important 



6 Bioactive peptides from aquatic raw materials 

health aspects including blood pressure, obesity, diabetes, cancer, coronary vascular disease, 

inflammation, and immunological diseases (Hordur G. Kristinsson, Appendix 8, page 85).  

 Central to many studies on the health effects of peptides are in vitro investigations of the 

mechanisms known to be involved. Antihypertensive peptides are mainly found and studied by 

their inhibitory effect on angiotensin-converting enzyme (ACE). Apart from inhibiting ACE, the 

ACE inhibitors have the ability to influence the metabolic syndrome as they reduce fat mass in 

adipose tissue (Stéphanie Bordenave-Juchereau, Appendix 2, page 23).  In relation to obesity 

the bioactive effects are registered as reduced fat depositing, probably due to a regulation of the 

adipocyte life cycle (Stéphanie Bordenave-Juchereau, Appendix 2, page 23), but also as reduced 

liver lipid and reduced adipose tissue mass (Bjørn Liaset, Appendix 3, page 31). The mecha-

nisms of action of bioactive peptides influencing diabetes seem to be both by a reduced post-

prandial blood glucose response and by effects on the insulin response (Einar Lied, Appendix 4, 

page 43). Antimicrobial peptides from fish show direct effects on microbes and they are also 

potentially able to enhance the immune function (Jan Stagsted, Appendix 6, page 67). To docu-

ment anticancerous effects the peptides must possess dual effects and induce programmed cell 

death (apoptosis) as well as inhibition of cell proliferation (Flemming Jessen, Appendix 12, 

page 143).  

Industrial perspectives 

Marine peptide hydrolysates are expected to have a great potential as supplements in a number 

of future products.  Functional foods such as sports drinks, pet food, dietary supplements, but 

also cosmetics are seen as some of the most promising areas where, today already, there is a 

large and growing market. This is promoted by the increasing consumer awareness that a num-

ber of diseases (both concerning humans and animals) may be avoided by a healthier lifestyle, 

among this an intake of foods containing health promoting ingredients such as bioactive pep-

tides (Hordur G. Kristinsson, Appendix 8, page 85). 

 Today already, there are a number of commercial marine peptide products with claimed bio-

active properties such as activity against hypertension, intestinal diseases, stress, and insulin 

resistance on the market (Hordur G. Kristinsson (Appendix 8, page 85), Einar Lied (Appendix 

4, page 43)). 

 A number of Nordic companies producing marine based hydrolysates have been established 

within the recent years, e.g. NutriMarine Life Science AS from Norway (Einar Lied, Appendix 

4, page 43) and Atlantic Biotechnology S/P, Faroe Islands. Already established companies such 

as Seagarden ASA, Norway, have extended their production to also include marine hydrolys-

ates/peptides (Bjarte Langhelle, Appendix 10, page 115). 

 One of the major challenges for existing and future commercial peptide products is valid 

documentation of the functional and health promoting properties. Presentations at the workshop 

showed that a considerable number of research studies are taking place in collaboration with 

private companies to document the bioactivity of the products. The company NutriMarine Life 

Science AS has tested a protein hydrolysate, NutriPeptin, in a human trial investigating blood 

glucose concentration and insulin sensitivity (Einar Lied, Appendix 4, page 43). The Norwegian 

company Seagarden ASA has collaborated with International Research Institute of Stavanger 

(IRIS), Norway, on identifying peptide sequences with known stimulatory effects on the gastro-
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intestinal system in peptide products (Anne Hjelle, Appendix 11, page 121). Similarly, protein 

hydrolysates from the Danish company Marinova ApS, which produces ingredients and foods 

from fish protein, are tested in collaboration with the National Food Institute, DTU, and Univer-

sity of Copenhagen, Denmark, for anticarcinogen and antioxidative properties (Flemming Jes-

sen, Appendix 12, page 143). 

Research activities 

Bioactive peptides can be found as naturally present in e.g. the mucus of fish, where they may 

function as an outer defence against bacteria. However, bioactive peptides are potentially pre-

sent in any protein as part of the protein sequence and are only released in their functional forms 

upon protein degradation, e.g. during digestion. These hidden peptides or “cryptides” are usu-

ally small containing 2-20 amino acids and have functions distinct from the parent protein 

(“Cryptein”, Stéphanie Bordenave-Juchereau, Appendix 2, page 23). It has been found that 

some of the bioactive peptides are multifunctional; i.e. they may possess both ACE inhibitory 

activity and influence the proliferation and differentiation of fat cells (Stéphanie Bordenave-

Juchereau, Appendix 2, page 23). In this way, intake of marine peptides may be able to help 

prevent the development of the human disease known as “Metabolic syndrome”, which involves 

a number of cardiovascular risk factors such as obesity and hypertension. 

 The general focus in research, as well as on industrial scale, is on producing protein hydro-

lysates from fish or algae using either fermentation or for the greater part enzymatic hydrolysis 

using food grade proteases. Elucidating the functional mechanisms behind the observed health 

effects of e.g. fish protein hydrolysates is not always the immediate objective as the raw hydro-

lysates may display health beneficial effects in themselves. The Norwegian company Nutri-

Marine Life Science AS (Einar Lied, Appendix 4, page 43) has developed a very promising fish 

hydrolysate product from saithe fillet (NutriPeptin). The positive health effects of NutriPeptin 

are supported by two clinical trials. NutriPeptin is suitable for application in various foods. 

 Much of the health effects associated with intake of fish can be attributed to the presence of 

n-3 fatty acids. However, fish peptides, minerals/trace elements, vitamins, and amino acids, and 

not least the in seafood abundant free sulfonated organic acid taurine, which has importance for 

energy metabolism, may also be important contributors (Edel O. Elvevoll, Appendix 5, page 

53). Various seafood items display antioxidative capacity during simulated digestion experi-

ments. Human clinical trials with combined n-3 fatty acids and taurine supplementation resulted 

in reduced total cholesterol and LDL-cholesterol in the blood. Similarly, saithe fish protein hy-

drolysate (FPH), which contains high amounts of taurine, has been shown to reduce visceral 

adipose tissue in rats (Bjørn Liaset, Appendix 3, page 31). However, taurine does not seem to be 

solely responsible for the observed effects and, furthermore, it remains to be tested if the posi-

tive effect of FPH is specific due to its marine origin or whether protein sources from other spe-

cies display the same properties. 

 Three fish hydrolysates produced by Seagarden ASA (Bjarte Langhelle, Appendix 10, page 

115) were subjected to fractionation, liquid chromatography purification, and mass spectrometry 

with the aim of identifying and categorising as many bioactive peptides as possible based on 

known bioactive peptide sequences (Anne Hjelle, Appendix 11, page 121). Focus was put on 

identifying bioactive peptides with respect to gastrointestinal diseases specifically and all three 



8 Bioactive peptides from aquatic raw materials 

hydrolysates did to varying degrees contain bioactive peptides known to stimulate the gastroin-

testinal system. The PEPFISH project (Flemming Jessen, Appendix 12, page 143) has focus on 

identifying and characterising bioactive peptides from enzymatic hydrolysates from underutil-

ised or low-value materials from fish processing. The hydrolysates will be tested in vitro for 

effects in relation to cancer cell proliferation and apoptosis, cancer cell migration, blood pres-

sure regulation (ACE inhibition), immunological responses, and antibacterial activity. 

 Fish peptides both from laboratory scale and commercial hydrolysates display antioxidative 

properties in different oxidative systems (Turid Rustad, Appendix 7, page 77). This property is 

potentially useful for the food industry as addition of fish peptides can help avoid problems with 

oxidation and hence rancidity in products containing unsaturated oils. Furthermore, the fish 

protein hydrolysates have also been found to contain calcitonin gene-related peptide (CGRP)-

like and Gastrin/Cholecystokinin (G/CCK)-like molecules. CGRP is a potent arterial and ve-

nous vasodilator involved in the control of hypertension.  Gastrin and cholecystokinin are hor-

monal regulators of various digestive processes and feeding behaviours. Interestingly, the 

amount of CGRP-like molecules was highest when fresh fish material was used for hydrolysis. 

 A potentially enormous value addition is to be expected if peptides with documented health 

promoting or other effects can be derived from low-value fish material (Hordur G. Kristinsson, 

Appendix 8, page 85). However, most claimed bioactive effects still need to be verified. Also, a 

problem exists with consumer acceptance of products with added fish hydrolysates due to prob-

lems with lipid oxidation and subsequent rancid tastes and flavours. Some of these problems can 

be reduced by using hydrolysates prepared from protein isolates of homogenized fish materials, 

which contain lower amounts of lipids and pro-oxidants. 

 A large number of naturally occurring bioactive peptides, such as e.g. piscidines, have also 

been identified. The Nanofish project (Jan Stagsted, Appendix 6, page 67) has focus on isolating 

naturally occurring antimicrobial and immunostimulating peptides from fish. The Nanofish 

project has developed so-called nanoparticles containing antimicrobial fish peptides coated with 

a protective layer of chitosan or alginate. The nanoparticles facilitate protection of the peptides 

from degradation in the upper digestive tract and safe release in the lower digestive tract. 

As a whole other aspect of bioactive compounds derived from fish, a variety of enzymes has 

been described by the Norwegian company Nofima AS (Inge W. Nilsen, Appendix 9, page 

103). These include the well-known shrimp alkaline phosphatase and a heat labile shrimp dou-

ble-strand specific DNase. Inhibitors of HIV-protease have been identified in marine inverte-

brates with very interesting pharmaceutical prospects. Currently, salmon lysozymes with anti-

bacterial effects are being characterised. 

Future challenges/research areas 

The presentations and discussions at the workshop identified three main areas where further 

research is neccesary in order to increase the knowledge on bioactivity of marine peptides and 

how they can be commercialized: 

1) Research on uptake of bioactive peptides from the gut and how bioactivity is influenced by 

variations in pH, digestive enzymes, and transport through the intestinal membrane 

2) More extensive controlled human trials are needed to confirm results obtained in in vitro and 

animal experiments 
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3) There is a need to determine whether the positive effect of marine peptides on the metabolic 

syndrome is a general peptide effect or due to specific peptides, and whether the observed ef-

fect is dependent on a synergistic interplay of several peptides. In this connection, it should 

also be determined what role other marine components present in marine hydrolysates such 

as the organic acid taurine has on bioactivity 

 

In conclusion, more research is necessary to obtain the valid and reliable documentation of bio-

activity that is needed in order to introduce marine peptide products into the market and to ob-

tain possible health claims. In general, more studies are needed exploring the sources, bioavail-

abilities, and possible physiological/functional properties and the mechanisms of action of bio-

active peptides. 
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Sammenfatning 

En workshop blev afholdt i København i marts 2010 omhandlende dokumentation af bioaktivi-

tet og kommerciel udnyttelse af bioaktive peptider og andre forbindelser fra akvatiske råvarer. 

Igangværende forskningsaktiviteter og kommercielle initiativer blev præsenteret af repræsentan-

ter fra både forskningsinstitutioner og nordiske virksomheder med speciale i at udvikle produk-

ter, der indeholder bioaktive peptider. 

 Tre områder hvor yderligere forskning er nødvendig for fuldt ud at dokumentere den bioak-

tive effekt af marine peptider blev afslutningsvis identificeret på workshoppen. Disse var: 1) 

Undersøgelser af optagelsen og stabiliteten af bioaktive peptider i mave-tarmsystemet, 2) gen-

nemførelse af mere omfattende humane studier der kan bekræfte de positive resultater fra in 

vitro- og dyreforsøg, og endelig 3) er der behov for mere forskning for at afgøre, hvorvidt den 

observerede effekt af marine peptider på det metaboliske syndrom er en generel peptid effekt, 

eller direkte kan henføres til specifikke peptider der kun findes i fisk og andre akvatiske råmate-

rialer. Generelt er flere undersøgelser nødvendige for at udforske resourcerne, biotilgængelighe-

den, og de fysiologiske/funktionelle egenskaber og virkningsmekanismer af bioaktive peptider. 
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Appendices 

Appendix 1. Programme 
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Note: 

Rolf K. Berge and Gestur Hovgaard were unable to give their presentations at the workshop. 
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Appendix 2. ”Marine cryptides as a tool to fight the metabolic syndrome” 

by Stéphanie Bordenave-Juchereau 
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Appendix 3. ”Fish protein hydrolysate reduces visceral adipose tissue in 

rats” by Bjørn Liaset 
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Appendix 4. ”Marine peptides; a tool of blood glucose lowering and 

stabilisation” by Einar Lied 
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Appendix 5. ”Seafood and health – more than n-3 fatty acids” by Edel O. 

Elvevoll 
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Appendix 6. ”Nanofish – utilization of natural fish antimicrobial peptides 

as nanoparticles?” by Jan Stagsted 
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Appendix 7. ”Antioxidative and bioactive activities of fish protein hydroly-

sates” by Turid Rustad 
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Appendix 8. ”Production, quality and bioactivity of fish derived peptides” 

by Hordur G. Kristinsson 

1  

 2  



74 Bioactive peptides from aquatic raw materials 

 3  

 4  



 Bioactive peptides from aquatic raw materials 75 

 5  

 6  



76 Bioactive peptides from aquatic raw materials 

 7  

 8  



 Bioactive peptides from aquatic raw materials 77 

 9  

 10  



78 Bioactive peptides from aquatic raw materials 

 11  

 12  



 Bioactive peptides from aquatic raw materials 79 

 13  

 14  



80 Bioactive peptides from aquatic raw materials 

15  

16  



 Bioactive peptides from aquatic raw materials 81 

17  

18  



82 Bioactive peptides from aquatic raw materials 

19  

20  



 Bioactive peptides from aquatic raw materials 83 

21  

22  



84 Bioactive peptides from aquatic raw materials 

23  

24  



 Bioactive peptides from aquatic raw materials 85 

25  

26  



86 Bioactive peptides from aquatic raw materials 

27  

28  



 Bioactive peptides from aquatic raw materials 87 

29  

30  



88 Bioactive peptides from aquatic raw materials 

31  

32  



 Bioactive peptides from aquatic raw materials 89 

33   

 

  



90 Bioactive peptides from aquatic raw materials 

Appendix 9. ”Marine enzymes and enzyme inhibitors” by Inge W. Nilsen 
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Appendix 10. ”Seagarden ASA, a commercial producer of bioactive 

peptides from marine protein sources” by Bjarte Langhelle 
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Appendix 11. ”Identification and categorisation of bioactive peptides in 

marine extracts produced by Seagarden ASA” by Anne Hjelle 
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