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Nordisk pelagisk workshop 

1 lnnledning 
Pelagisk fiskeri representerer en viktig del av fiskeriene i Norden. I Norge, Sverige og Island 
representerer pelagisk fisk mer enn 65 % av den totale fangsten. Sektoren har flere utfordringer 
bade mht. fangst, handtering, kvalitet og l¢nnsomhet. Flere FoU-prosjekter i samarbeid med 
pelagisk industri har blitt gjennomf¢rt i de nordiske landene de siste ti-arene, og nasjonale 
utfordringer er blitt identifisert. Med bakgrunn i oppnadde resultater er det behov for a etablere 
en kunnskapsplattform for utveksling av informasjon pa tvers av landegrenser gjennom tettere 
samarbeid og nettverksrelasjoner mellom nordisk pelagisk industri, flatesektoren og FoU-milj¢er. 
Dette vii gi mulighet for a ta ut synergieffekter. 

Det har vcert s0kt EU to ganger om finansiering av prosjekter knyttet til europeisk pelagisk industri, 
hvor Norge har vcert initiativtaker, men uten hell. Disse prosjektene har hatt som malsetting a 
utvikle (europeiske) standarder, samt teknologi og prosesser som kan bidra til a sikre god og 
forutsigbar kvalitet pa pelagisk rastoff som leveres i det europeiske markedet, og bidra til at 
pelagisk foredlingsindustri i europeiske land styrker sin markedsposisjon og sin produktportef¢lje. 

FoU-partnere i prosjektet har vcert SINTEF Fiskeri og havbruk (Norge), Matis (Island), Chalmers 
Tekniske H121gskole (Sverige) og DTU Aqua (Danmark). SINTEF Fiskeri og havbruk har vcert en viktig 
akt¢r i forsknings- og utviklingsarbeidet innen norsk pelagisk sektor de siste ti arene. A samle den 
" pelagiske ekspertisen" i Norden vii danne en kunnskapsplattform, og, gjennom identifisering av 
felles utfordringer, legge grunnlaget for a utforme og gjennomf0re kompetente prosjekter som 
m¢ter behovene t il den nordiske pelagiske fiskerisektoren. 

Prosjektet startet opp i 2009 og avsluttes i november 2010. Denne sluttrapporten gir en kart 
oppsummering over aktivitetene som er gjennomf!l!rt i prosjektet. Referat fra de gjennomf¢rte 
workshopene, samt innspill til NICe er skrevet pa engelsk i rapporten. 

1.1 Mal 
Malet med prosjektet har vcert a etablere et nettverk innenfor nordisk pelagisk fiskerisektor, 
inkludert bade foredlingsindustri, flatesektoren og FoU-institutter. 

Gjennom a arrangere workshop ¢nsket man f0lgende: 

• A etablere en kunnskapsplattform for utveksling av informasjon pa tvers av nettverket 

• A ta ut synergieffekter av tettere samarbeid og nettverksrelasjoner mellom nordisk 
industri, flatesektoren og FoU-milj¢er 

• A utforme nye prosjekter pa europeisk og/eller nordisk niva, hvor felles utfordringer 
innenfor pelagisk sektor blir besvart 
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2 Gjennomfering 
F0lgende aktiviteter er gjennomf0rt: 

• Deter dannet et Nordisk nettverk innenfor pelagisk FoU bestaende av SINTEF Fiskeri og 
havbruk (Norge}, Matis (Island), Chalmers Tekniske H0gskole (Sverige) og DTU Aqua 
(Danmark). 

• Deter avholdt en Nordisk pelagisk workshop pa Gardemoen 30. august 2010 med 
representanter fra flateleddet, industri, marked, organisasjoner og FoU-institutter. 

• Nettverket hadde ansvaret for en av sesjonene pa konferansen "The pelagic complex", 7. 
september 2010, og hadde en representant i programkomiteen til konferansen. 

• Deter skrevet en populcervitenskapelig artikkel med tittel "Challenges for the pelagic fish 
sector in the future - focusing on pelagic fish as food products" som trykkes i magasinet 
Eurofish, des 10/jan 11. Utkast av artikkelen foreligger som vedlegg 6. 

• Nettverket har gitt innspill til Nordic Innovation Centre mht. prioriterte FoU-omrader 
innenfor pelagisk sektor. 

2.1 Nordisk pelagisk workshop, Gardemoen august 2010 

En nordisk pelagisk workshop med tittel "Challenges and possibilities of the Nordic pelagic sector. 
Looking towards the future" ble avholdt 30-31.august 2010. Det var 29 deltakere fra Island, 
Danmark, Sverige, og Norge som representerte hele verdikjeden fra fangst til marked. Program, 
deltakerliste, samt presentasjoner foreligger som vedlegg 1-3. 

Gruppearbeid ble ogsa gjennomf0rt og f0lgende sp0rsmal skulle besvares: 

1) What are the main challenges for the fishing fleet to meet the future? 

a) Environmental aspects 
b) Economical aspects 

c) Technological aspects 

d) Quality and on board handling 

2) What are the main challenges for the processing industry to meet the future? 

a) Economical aspects 

b) Technological aspects 

c) Rest raw material utilization 
d) Future trends in the processing industry 

3) Is there a wish in the pelagic industry to grade pelagic into different qualities (e.g. as for 
salmon: superior, ordinary, production)? Which quality parameters should be included in such 
a grading system? 

4) Do you think it would be possible to achieve a higher price for special high quality pelagic 
products if they had a "high quality label"? 
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5) Is there a wish within the herring industry to communicate health claims on herring products? 
Why? 

6) Do consumers choose to eat pelagic products for their potential health properties? How can the 
industry communicate the health benefits? 

En oppsummering av gruppearbeidet f¢1ger nedenfor: 

Session 1: Fishing fleet-challenges 

a) Environmental aspects: 

There are two important aspects. Minimizing the amount of fuel is one, and the other aspect is 
that the international fishing fleet must recognize that strict regulations are needed. If the whole 
EU don't agree on which stocks/areas that should be protected, the approach will be "if we don't 
take up this fish, someone else will do". The question is; who will set the quotas, the politicians or 
the scientists? 

There were some discussions about using more environmentally fuel like gas instead of oil. 
Sustainability and utilization of the stocks in the most profitable way {MSY) was mentioned as the 
most important factors. In general the groups considered the pelagic fleet as energy efficient 
compared to others fisheries due to large catches. However, the fleet would be met with future 
demands on energy saving, carbon footprint etc. 

b) Economical aspects: 

The value of industry pelagics vs. "consumer pelagics" was discussed. We agreed that as much as 
possible of the landed herring should go directly to human consumption. Further, the Nordic 
countries should become better at adding value to the herring before we export it. For example, it 
could be filleted and packed in smaller packages "at home". In t hat way, the value will increase 
and the by-products would remain in the Nordic countries (and thus can be used for meal or other 
products). 

The fleet would have better economy if it was possible to use the pelagic vessels all year around. 
Some vessels are at shore several months each year. However, it might be difficult to change 
fisheries from pelagic fisheries to other species on board. 

c+d) Technological aspects, quality and on board handling 
In the future, animal welfare will probably become an aspect also in pelagic fisheries. That will 
constitute a technological challenge (rested harvest etc). Rapid bleeding of pelagic fish came up as 
a tentatively quality improving step. There were some different views on how important bleeding 
actually is. 
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Even though cooling technology could be developed and improved, a future challenge to ensure 
optimal quality of the raw material is to improve collaboration/communication between the fleet 
and processing plants on land, and to improve the logistics. 

An opinion in one of the groups was that those who are using midwater trawl should think about 
how to preserve the quality properties, by smaller catches in each haul and shorter towing time. 
There is a need for an internet based information system on catch, storage and quality parameters 
that cou ld be used by the processing industry/buyers to optimize utilization and quality of the 
catch. It should be developed as an international standard. Pelagic information program (PIP) was 
an example of this. Improving the grading systems on board was also suggested. 

Session 2: Challenges for processing industry and its rest-raw material 

The question came up whether it actually can become profitable for small pelagic fish processing 
industries to produce proteins/peptides in small scale. To achieve this, the best wou ld be if the 
processes were made very simplistic, and that they allow small volumes of fish. The crude 
proteins/peptides could then be sent to another company for further refining such as 
drying/purification. 

A problem today is that the buyers of frozen herring pay just above the price the herring raw 
material costs. They have a good insight to the current values of herring. However, if there is some 
other value addition to the herring (other than just freezing, it could be a process or just 
knowledge about health effects), there is a chance to get considerably higher price for the 
exported herring. We also discussed that cleaning of processing factories is a major issue in 24/7-
production. The issue whether consumers actually are ready for products from fish guts came up 
at the end of the discussion. 

Economical and technological aspects. 

It was mentioned that some processing companies have over-capacity problems. Improved 
grading and sorting system would increase yield, reduce cost by less down-grading. The companies 
would need less manpower and the value of the product will increase. 

Rest row material utilization 

Development of new products from the rest raw material, would increase the value of the end
product. 

Future trends in the processing industry 

Improved quality of the fish to further processing could increase the human consumption part. 
The industry expressed a need for more automation of processes to reduce cost and reduce 
processing time from landing to product. Quick fast online detections methods were interesting 
but it was questioned whether the different measuring techniques could match the speed in the 
production lines. It was expressed that there was a need for automation that could sort herring 
fillet pieces in very homogenous sizes which was a consumer demand now and in future. 

PROSJEKTNR RAPPORTNR VERSJON 
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Session 3: Quality and health effects of pelagic fish 

3) Grading of herring: This is of interest if you can get a higher price. It was discussed what the 
basis for grading should be (microbiology, TVN, colour/appearance). The market for lower grade 
herring was also discussed. If there is a wish from the market to grade the pelagic fish into 
different sizes then the industry have to act on that. It was questioned whether it was possible to 
grade pelagic raw material into different qualities in the same way as the sa lmon industry does. 
Salmon is a farmed fish where the raw material quality can be influenced /controlled much more 
than herring. The problem would be to find valid quality parameters that could be correlated to 
the existing and future sorting systems. As discussed under session 1, sorting of herring according 
to fat content could be a quality parameter used in a grading system but industry is concerned 
whether such a grading can pay off compared to the investment in a sorting system. 

4) Higher price for high quality label: This depends on the background of the consumer, as well as 
consumer preferences and marketing. There is a limit for how much herring can cost. One of the 
groups agreed that some quality labels may result in a higher price. The organic product is an 
example of this. Branding of a company as producer of high quality products was considered by 
some in the group as a better strategy, even though branding can take several years. 

5) Wish to communicate health claims: Health is an issue for users who depend on "functional 
reasons". We discussed the great success mackerel in tomato sauce has had in Norway. Obviously, 
there have been very successful commercials about this product, focusing e.g. on good effects 
from omega-3 on the skin. Herring/mackerel has an advantage as a good source of omega-3 as 
one portion gives the whole daily dose. 

There were some arguments about that issue, and people were talking about the fact that it is 
hard to communicate health claims in the market. Who would communicate? Everyone agreed 
that the industry would not do that, because the industry don' t have the money. 

6) The consumer's behavior regarding health food is variable. Some people don't eat fish and get 
their health source from other types of food. Accessibility to pelagic species is different in the 
countries. Tough people eat white fish, some people don't like herring. 
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2.2 The Pelagic complex, Fcereyene september 2010 

Det var totalt 9 foredragsholdere under sesjon 3 pa konferansen. Program, samt sammendrag av 
presentasjonene fra konferansen foreligger som vedlegg 4 og 5. Et kort sammendrag sesjon 3 
f121lger nedenfor: 

Session 3: Technological challenges for a more profitable pelagic fleet and industry - how to 
increase value and reduce costs. 

One of the topics in the session was energy efficient motor systems. New technology is developed, 
and a combination of different systems can be a solution for the pelagic fleet, for instance a 
combination of liquefied natural gas (LNG) and fuel ce lls. A holistic approach to the design of engine 
systems where all important operations, such as the fishing with special gears, are taken into 
account is crucial to get the best result. 

Another topic in the session was carbon foot print of pelagic products to different markets. 
Compared to other seafood such as whitefish and farmed salmon, the pelagic fish are energy 
efficient. However, there is still a potential of improvement, especially in the choice of fishing gear 
and transport method to market. The carbon foot print of products was shown to be a good tool 
for the industry to trace energy consumption and thereby the energy costs in the value chain. 

A new concept for on board handling of fish was shown to have positive effects on fish quality. 
New grading systems for pelagic fish are under development, and this will give the industry the 
opportunity to achieve a more uniform and high fish quality. New measurement techniques for 
characterization of raw material quality such as fat content and risk of belly bursting were 
presented. This gives the opportunity to get objective information about the raw material at an 
early stage in the value chain. 

Advanced chilling technology was shown to give a high product quality, and it was emphasized 
that rapid chilling of fish on board is crucial for achieving a high product quality. New concepts are 
under development, and they should be an important factor in the design of new vessels. 

The sustainability of producing feed from fish was discussed. The speaker concluded that as long 
as the market for food does not exist, it is not unethical to produce feed from some pelagic 
species. 

Different fishing gears effect on quality was presented. The T90 cod end was shown to cause less 
damages on mackerel compared to traditional trawl, possibly because of the water currents in the 
gear and thereby because of the movement of fish inside the cod end. 

Increased utilization of rest raw material was seen to be an opportunity for the industry, especially 
for feed production. The restriction of catch sizes for purse seiners especially was mentioned as 
one of the challenges for the fleet. 

PROSJE.K1 NR RAPPORTNR VERSJON 
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3 Viderefering 

Prosjektet har gjennomf0rt flere aktiviteter med knappe 0konomiske ressurser. Nettverket har 
laget et innspill til neste ars NICE-utlysning, hvor FoU-instituttene sammen med flate og industri vii 
utforme prosjekter for pelagisk sektor. Her f(lllger noe av teksten i utlysningen: 

The pelagic sector: Main future challenges 

Pelagic fish represents an important part of the fisheries in Scandinavia. For instance in Norway, Sweden 
and Iceland the pelagic fish accounts for more than 65 % of the total catch. This sector is facing several 
challenges regarding catching, handling, fish quality (e.g. rapid oxidation, "belly bursting") and profitability. 
In addition, a common trade framework, both within Europe and worldwide, is missing. In the last 10 years, 
several Nordic RTD projects have been carried out in collaboration with the pelagic industry within different 
areas. A list of results is shown in a table attached. The research areas we see as most important for the 
pelagic sector in the future are the following: 

• Catching and on board handling of pelagic fish 
• Effective processing and process control 
• Processing of pelagic fish and its rest-raw materials 
• Industrial pelagic fish processing waste water 
• Quality and health effects of pelagic fish 
• Reduction of salt in pelagic fish products 
• Value added pelagic products 
• At-line and on-line measurement techniques 
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How do we eat herring? Who is eating herring 
As• mane component In a meal On the buffet Asa sandwich 

50% 

As spice In a dish As every day food 

Ago: 15-24 25-49 50. > 

-~-------

"erring universe" a positive place ... Why do we eat herring? 

f undlonal needs Cmotlonal nMds ...... 
~ 

-~· 'tff"" 

~-l ~ 

~ r---~;-----1~ -.. L:S
-· - -

sual herring consumer eat herring on emotional reasons. 
Abba The heavy user eats herring form functional reasons. I 

-Seafood !Cab:~ "Sillk)WI·. 2002 • 



From our consumer contact 
Taste 

• What is the reason that the herring some 
times taste bad, I eat a lot of pickled herring 
and some times the taste is terrible 

• I eat a lot of pickled herring, but this time it 
did not taste good. The taste was bitter. 

• The herring tasted rancid! 

• The herring smells oily and are very soft 

-~---------;-9 -----------

From our consumer contact 
Consistency 

• Dissolved 
- Had guest and was going to serve a pickled 

herring lunch. When we opened the tin, the 
content was dissolved. This ruined the lunch 

- Ruined Easter holyday! Bought two tins of 
herring fillets, the filets was very soft. Tasty 
herring is a must during the Easter holydays. 
Have dried the tears, but there is still the 
broken heart! 

- Bought four tins of herring fillets in two of the 
tins the fillets was dissolved. 

-~~------------.0-------------------

Herring in the Swedish marked 

• Strongly connected with Swedish traditions 
- 50 % of consumption for Christmas ,Easter and midsummer 

• 7 out of 10 Swedes eat pickled herring 

• The average buyer buy pickled herring 4,3 times a year. 

• 50 % of all heavy users are In the retirement age 

• The share of non users are increasing while heavy users 
decrease 

• Large price cuts on pickled herring before Christmas 
,Easter and midsummer 

~ -----;----

Consumer quality 

• Taste 
• Consistency 

• Even sized pieces 

• Look 
- Shiny 

- Natural colour 

- No bones 

- No skin 

Dyraste matjessillen bast! 
r,,r, ,,..., t. •·1' ''lo'''·~' 1

,. • ..... 

~.a.- '_musanstt9dr~w~~ ;-..-;;;;;..;-..::: •• , ___ _ 
lil'.a&es:....,Attlt't•lftXYnp. ..:;::;,"";..:,: =~ ·- ·---.... - --.......... __ --.. - · ----..,.._ ... ----~-..... ._..,._ ... --· 

::.--;-:~-:·;....-..: '"--:..~ .. ".::---_.-,,,.:- ~:---..: :.~~==~':' ---------- ._..._ ......... ---··-· _ ... __ ... ...,.__..._ ··---c .... ..-.. ..... · ·- ..... -· ... ,. ___ ....----
==~==-~:: c::rs: ~:.=== =.~ .......... -.........-::: ... -r:: ...... _ ......... . -

- Little or no tales pieces - )'... ... "" """" o" /f!Ptrll'li' 

Abba 11-919•• 
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Industrial 
quality 

•Food safety 

~~;,..,. 
... ~ I~' ... 

•Correct function .. ,...u_. _.._ _. _ _ _ ......_ _, __ U • 

<00 

•Good Storage ,. 

•Proper fat It 

... 
•Correct size 

:.. ..... 
I: ... 

•Correct cut s:· 

'°' ·Proper packaging 1:•· -•Correct price 
•: ... 

-~ 11·w,.· •1· '" •· •· ··-Tow o- M •· • · .~ l o• •:· ' " ,.. 11· :o· u · =·~ 

Select quality fat 

• In the grocery store, 
we face many choices 
and temptations. 

• Most people know that 
we should choose fish 
instead of meat, Why? 

• It's not about to buy 
food without fat, but fat 
with quality 

-~--------

From our consumer contact 
Size on the pieces 

• There are too many small pieces in the jar, it is 
not like that in the large jars. Why? 

• In the bottom of the jar there was a lot small, soft 
pieces of herring. No niece pieces as stated on 
the jar 

• The size on the pieces varies too much. Some 
are so small that the look more like "skin" and 
others are too large. The pieces should be even 
and of high quality. The customer has bought 
several jars the last month (10 Jars) with different 

- Qet§_S:--------------------------------~ 11 

From our consumer contact 
Looks 

• A head with eye remand on the herring 
piece 

• There was skin and tail left on the herring 
piece. 

• Have "Skjargardssill" as a favourite, but 
this jar did not have any nice pieces of 
herring. There was an aprox. 13 cm long 
piece of skin in the jar. 

• ..X:~ herring jo the jar 
12 
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Nar man skal vurdere en sllds kvalitet bcn man se pa 4 
dlmensloner: 

1. Udseende 
Del or vlgtlgt •ton alld aer ~do frlak og •ppetlttlg ud, n•r don aorveres. For •t opn• dot volkondto, 
blink• aolvskar 1k1I alldon • ftklndoa nanaomt. Heretter ekal ellden gonnomgb mlnutloat, d don or 
frl for urenhedor og frem1tir flot. 

2. Sterrelse 
At "en stor slld or on god 1lld" er holl korrok1. Dot or nomllg fodtot der giver amagon, og 1toro alld or 
Ilg fede sild. Spoclelt etter•reta fortlt l•ng1ttr or gode, d• allden pi netop dette tldapunk1her1plat 
afg a tor og suerk lndon don irllgo gydov•ndrlng. 

3. Fasthed 
En god marlnoret slid or deaudon ktndei.gnot vod •t have en god fast konalatena. Ftat.hodtn hanger 
bicft ummen mod aildona atorrtlM og r6verena •ldor. Otto al gor man om on god IHI aild, 11 dor or 
godl bid i den. 

4. Smag 
Don foretrukne dan1ko t lld tr en m1rlnortt 1lld med don urak1orl1tlske let sod• am1g. Den bodate 
smag opnb vod at anvende a tore, fed• elld, tom enten l111ggea I en c remet sauce ellor I en 
aukker/eddike-lage tllaat den retie blinding krydderler. 

21 

Ill"' 
A new marinated herring product 

using organic ingredients and 
full product history 

....-n.-.u~WIDJ~TII 

Marco Thorup Frederiksen, Ph.D. 

Conference In Gardemoen 30 August 2010 

Storkok 

Thank you 

Abba 

Abba 20 -Seafood 



~ test herring product - continued 

~ ·•·r 
,.i.i I \\lT1,h .. 1 .. 

Organic marinade 

MSC labelled (Sustainability) 

~-
111:.""'!111 

The lid label contains more information 
Vessel picture 
Catch position on a map 
Date of catch, processing dates, 
names of all companies involved 
Access to a Web site with a 
unique number 

~ test herring product - continued 

Example: Web-site - Full traceability 
tree for all product components 

food g 

More lnfonnatlon on: 
Producer 1: Kattegat Seafood 
Producer 2: Pelagic Skagen 
Fishing vesael: HG 263 Stromboli 
Organic marinade: All Ingredients 

--:- ~ 

food 

a:=I --

..... ___ .. ,,... 
......,.,.. 

*'~ .... --...-····-·· ------
=..::.~-~--:=.:~.:.:::';..~::-:;..~~ 

~;::~E~~~~;.'r.'a;;T.E~~!T~ 
/lll'llltrtft •• l!•ll• l1• • 91 t .... tfl 

:!i~~~=~:?:i'!f.~~t~~~~~E.~.~:.=~T'! 
.~ ...... ..-.. ... ......,...,..., .... 

"""' Agenda 

A test herring product. Organic ingredients 
and full product story 

Freeware: Pelagic Information Program - PIP 

,_..A test herring product 
The herring chain 

First factory 

Fishing vessels I• I Transport j~ Filleting and 
brining 

second factory 

I Transpo[t_ I • I Pickled herring 

fillets in jars 

Distribution centre 

for a 

Supermarket chain 

Transport 

• [Tra~sport ] 

Supermarket 



~test herring product - continued 

The project is ongoing. 

Results of the Danish consumer surveys are reserved for 
the project partners. 
Market surveys have been conducted by Eurofish in 
Germany, Russia and Ukraine. 

Future activities- product market ing (packaging/label) 

Eurofish would be interested to participate in similar 
projects 

""For more information about this 
project please contact: 

Pl 
DANI ... 
TICMHOlOGICAI. .... , ,1 l 

11!:1 PELAGIC 
llii;;I SKAOE N 'lo 

~ 
food c 1~ 

EUROFISH: Marco Frederiksen 
E·mall: Marco.froderlksen@euroflsh.dk 

Danish Tochnologlcal Institute: Alex Veje Rasmussen 
E-mall: Alox.veje.rasmussen@teknologlsk.dk 

Pelagic Skagen: Mogens Anderson 
E·Mall : ma@pelaglc.dk 

Kattegat Seafood: Jens Bachmann 
E-mall : Jb@kattogat-seafood.dk 

Foodtag Traceablllty System: Hardy Jensen 
E-mall: haj@agrowlse.dk 

~test herring product - continued 

"Organic marinade" and 
"Onions" are chosen:~ 

More Information on: 
Organic vinegar 
Onions 
Spices 
Flavouring 
Sugar 
Salt 
Water 

f1M•dat a 

-
l .. .. .. _ ... 
................ .._ ................ ,.. ,~ ........... . 
...... ..... 1 ............................ "~ ... , 

, _ _... __ ...,_. ... 

C•rl 1 Ni.l1e11 & Hn 11/S . ' ... . ''""' . ... 
""MIM•il..-111ot • ..,,.,...Qt• \tUM Cttll ~wi •t••~•t t 
Mlt~HI 1>11'1 Noll•-" Wt't~ll'l ll fef"eit 1..,. lo'lt l1• t t ,.,••••tc 
lrltlt.l• tr•t' 

t Ml l U!tl•~•'-"·VU90., C.•'*•lt 

::_:,~;.~~~~~::~fftl __ ._...~ ...... ""~"' .... 
~~~~!:.~.,. 

~ test herring product - continued 

Is there a market segment willing to pay a premium for 
the 

1) Full product story? 

2) Organic ingredients? 

3) Sustainable catch? 

~ 



~elagic Information Program - continued 

Catch samples, quality, size grades ... .._ .................. ----- ,--
,... ......... ,,,.,. ...... 1111 ....... 

.. ...,_._..., iJ ____ _j 

- I ______ i " ,,., .. ~ ..• • ~ ------ --] - - ~ 
I . ,.., 

.... 

Overview of all catches 

- A planning to~~ 

Pelagic Information Program - continued 

On the vessel : 
Planning fishery from historic catch 
Collect all data with one program 

On shore: 
Improved information 

- easy overview of different qualities 
- same information format from all vessels 
- data can be transferred to production systems 

Is being tested in practise at the moment and will be 
available from www.eurofish .dk in 2010 

~eware: Pelagic Information Program - PIP 

For pelagic vessels only 

- To document the catch and quality 
- Overview of previous catches on the vessel 
- Trustworthy information for the buyers 
- Also a planning tool for the vessels 

~~ 
Pelagic Information Program - overview catch 
.... , ...................... . 

[ .... : ..... ,.. • ... c.... ;• ,_.,_ ...... -l• I ....._ I , ... ......,. ,_. , .__ 
....... ·~ . .. """' -, · - .. .......... .. f~ 

,_..., .. .. ... ,. _ ,."'. 
-... , -, ...... - .. -----'-,.....,., , .. - 11111 ..... ... --: ... 
, .. , . ...-. 

........... .. .. 
-·----=-, ......... .., .. - , .... -.. - ;; .... -

- "' ,. ... .. .;_4 ... ... .... -,..,_,.. - ·-_,_. ___ 

·- ci i •• - "' 0 - f O ... .... -....... 
-~·--1.. I , ......... (". ·· - ... .. - ,."' -

--&1 tit .... .. • 
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' •• '4111111 - , .. 
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'" - .... -.., .. .. 
, ... , .--. 
1....,.-ir1 
lit - , . .. 

°' - )f~, -

, .......... 
,_.,.., _ , .. 
.......... , 
'" .. ,..,, -
... - / 0 

Catch In each tank/container 
Catch position/date/time 
Temperature records 

Traceablllty ~ 
I 

Quality samples ~ 

~~~~~~~~~~~~- -~- I 

~- i ... , .. - . 



1111111" Project examples 
• Studlea for the European CommlHlon: 

Aquaculture, Industry sector, Inland . 
fishing, market prices, evaluation of EU FAO and EUROFISH Regional 
support programs for the fisheries sector Workshop, Ukraine March 

• EU 6. and 7. framewor1c SEAFOODplus, 
Sustain aqua, EcoFlshMan 

• Development of the new herring product 

• Conference In Latvia 
· Canning Industry 

• Workshop in Georgia 
• Certification and traceability 

• Workshop In Poland 
• Reclrculatlon Aquaculture 

• Arrange BualneH·to-BuslneH meetings, 
e.g. 8p1ln - RuHI• 

2010 
WTO and markot access 

Issues In fisheries and 
aquaculture 

1111111" In-House Expertise 

• Trade and marketing 
• Market, consumer and 

sector surveys 
• Catch handling 
• Chain management 
• Quality assurance 

• Traceability 
• Dissemination of 

information 

• IT enabled services and 
database management 

1111111" Who is EUROFISH 

• Intergovernmental organization. 

Service provider for its Member States, for 
the private industry and governments 

• 13 Member Countries: 

Albania, Bulgaria, Croatia, Denmark, 
Estonia, Italy, Latvia, Lithuania, Norway, 
Poland, Romania, Spain and Turkey 

1111111" What We Do 

• Projects: 
All aspects of "post harvesr fisheries and aquaculture 
- Industry, trade and markets 
- Aquaculture 
- Food safety and quality assurance 
- Dissemination of Information 

• Publications 
- EUROFISH Magazine 
- Guides books, special publications 

• Advertising and promotions 



..... Special publications 
Btn 

;,l/~•••o 

..... 

Fish industry in Turkey 

Market opportunities for 
dorada, seabass and 
rainbow trout in Poland 

Aquaculture in Estonia, 
Latvia, Lithuania 

Thank you for your attention 

INTERNATIONAL ORGANISATION 

Contact: Marco Thorup Frederiksen 
E-mail: Marco.Fredorlkson@euroflsh.dk 
Tel +45 333 777 69 

Please visit our sites: 
www.euroflsh.dk 
www.euroflshmaaazlne.com 

..... EUROFISH Magazine 
_.. • Leading fishery and 

seafood magazine 

• Promotes industry and 
events in EUROFISH 
member states 

• Print run 3,000 copies 

Free distribution to 
member countries 

• Features on countries, 

- ·--· ... --- I It t d i&.19- ···-·---...... aquacu ure, ra e, 
- --·-... ·- technology, processing 

Online version: www .eurofishmagazine.dk __ • . , . . 

Guide books 
Guide to Recirculation 
Aquaculture 

Handbook for Sustainable 
Aquaculture 

Guide to Packaging 
Technology for Seafood 
Value-addition 

Guide to Seafood Hygiene 
Management 

Gulde to Traceability 

Sustainability and Quality 
Assurance In the Seafood Sector 
P1pelino 



Catch and products of pelagic fish in Iceland ~·~·~ 

no.coo 

I00.000 

ISOOOO I l00.000 

A 110000 

IOOCOO 

S0.000 

:!00) 1004 IOOS lOOti 1007 2001 1009 

• 1t.t.Mi<fwift1~ •Horwtt~~,..-,IAI 

Icelandic herring Norwegian-Icelandic herring 

• rt Oltn product 
(II lend) 

• fr01tn prodoo• 
(al>H) 

WSlltlnc 

• fhllmeal and Oii 

• r ,.,_,, prod..cl (II 

l•ndl 

• hozen produc:U (11 ... , 
II Fl1hmeal and oll 

• c.r1otr•-

....,.._ ·-- ......... 

Catch and products of pelagic fish in Iceland ~~·~ 

Capelin 

100000 

.00000 

I 
\00000 

QCOO 

! JOOOOO 

/00000 

IOOCOO 

200l l<lOO 1COS lCOI IOOI lCOI JOOt 

• fftihl"'Htt~Oll • rrotfftptoduru (1\SH) 

I FtOltn ptocMU (at land) 

......... .............. 

Pelagic fish in Iceland (~·~ 

Main pelagic species: 
• Icelandic and Norwegian-Icelandic herring ( Clupea harcngus) 

• Capelln ( Ma/lotus villosus) 

• Mackerel (Scomber scombrus) 

• Blue whiting { Micromcs1stius poutassou) 

• Pearlsldes (Maurolicus muellen) 

,,~ 

-~ ~~ 
~. 

.....,_ ·-- ..... -



Catch and products of pelagic fish in Iceland ("~'~ 

Blue whiting 

~ ~ -
GOO 000 

500000 

I .oooooo 

! JOOOOO 
-- ..... -

1i 3 200000 
.. ..,...-:: - -
- - -100.000 

- -0 
200) 2004 1005 2006 

. 

=11 
2007 lOOI '°"' 

1111r"' J111W•l•• 
•'" ........... 

.......... ....... ...... 

Catch and products of pelagic fish in Iceland ~·~·~ 

Pearlsldes 

catch In 2008 48 tonnes 
Catch In 2009 45.967 tonnes 

Product-Fishmeal 
• Fat 10% 
• Water 10% 
• Protein 650/o 
• Salt7% 

·-- ....... ..... 

Catch and products of pelagic fish in Iceland (~·~ 

Mackerel 

~-
120.000 

100.000 
i 80.000 c 

! 60.000 

§ 
.:I 

40.000 

20.000 

0 1111"'."·-e..,~ .. ~-- • 
2010 2006 2001 2008 2009 2009 

-
...,._ ·--- ........ 

EU taxes (~·~ 

• 0303 Fish, frozen, excluding fish fillets and other fish meat of 
heading 0304 

• 0303 74 30 10 Of the species Scomber scombrus 
• Third country duty: 20% 

• 0304 Fish fillets and other fish meat (whether or not minced), 
fresh, chilled or frozen 

• 0304 29 53 10 Of mackerel of the species SComber acombrus 
• Third country duty: 15% 

• 0305 Fish, dried, salted or in brine; smoked fish, whether or not 
cooked before or during the smoking process; flours, meals and 
pellets of fish, flt for human consumption 

• 0305 41 Smoked fish, Including fillets 
0305 49 30 10 Of the species Scomber sc:ombrus 

• Third country duty: 14% 

....,._ "'-- ...... ... 



Catching season (~·~ 

Fat content and nutrltlonal stage in herring and mackerel 

Herring 

·Max fat 17-190/o Sept/ Nov 
•Min fat 50/o in May 
•Suitable for salting 

rat 12·14% 

30 

- 25 
~ 20 
~ 
!! 15 

~ 10 

:1. I ~ • ,. : . , f ' ' 

.~ ~ ~ * ·~ i ~ * ~ ~ ~ ~ I - - - - ~ ~ ~ - ~ - -
(H. H. """"' fAO, 1"') . ..__ . .....,_ 

Catching method (~·~ 

Mldwater traw1ing 

Purse seine 
Hand line 

...... .._ ,, __ ........ 

Process management ~~·~ 

-- ·--

Process management (~·~ 

Factors that affect the quality and process management of pelagic fish 

• catching season 
• catching method 
• Size of the haul 

Length of the haul 
• Grading of the fish 

.............. ._ ... .......... 



Size and length of the haul ~~·~ 

20 tonnes 

400 
200 100 

•Optimum size of t he haul 100 tonnes 
•Optimum length of the haul 2-5 hou rs 

Grading of the catch ("~'~ 

Style grader for pelagic fish 

-- ......... 

Handline fishing (~·~ 

• Difficult to cat ch 
• Catching t ime 
• Mild treatment 
• Cooling 
• Environmentally friendly 

• Profitability ? 

--
Rod fishing (~·~ 

. ............. 



Products 1m:;,~ 
\_I 

• Other products 
./ Protein isolate 

}.- Surimi based products 

./ Bioactive compounds 
, Peptides 

>- Omega-3 

. .. .,.,\ ... _ . ...... )0 .... )010 

Thank you for your attention (~,~ 

Products of pelagic fish ~"~'~ 

• Fish meal 

• Frozen 
./ Whole 
./ Headed/gutted 
./ Fillets 

J..lfli!11,.;.- O K<a .11110 lt...,..M!O 

P~u~ E~ 

• Full processing 
./ Salted 
./ Canned 
./ Dried 
../ Smoked 
./ Breaded 

.......,,._ • ...._... • ......... ~ ,.....,,,.._ o ... '"' .. ,....,.... 



Iceland - Future Aspects 
Sindtl Sogunlsson and Thomah - · Si<lalVl•"dlan. 

Sq.rjOn Arason, "4xs M.lol 
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Iceland - Future Aspects 
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The Honlic workshop: "Chal~nges and 
posslbilitie$ of the Honfic pelagic 
sector. Looki09 towards ttoe tuture• 
30. August 2010, G.,rdemoen, Norway 
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The Hordlc workshop: "Challenges and --dies of the Nordic pelagic 
sector. Looking towilrds the future" 
30. Aug\ISt 2010, Gardemoen, Norway 
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The Nordic; wortcsllop: "Chal~nges ilnd 
possibilities of the Nordic pelagic 
sector. Looking towards the future• 
30. August 2010, Gardernoen, Norway 
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The Hordic workshop: • Ch11Henges ilnd 
possibilities of the Hordk pclallk 
sector. Looking towards the future" 
30. August 2010, Garde.moe.n, Norway 
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Working method 
.····· ........ . 

Vessels and processing industry 
··· .... 
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Fishing gear produc:ers : 
On board handling : 

Research ~: Equipment Energy systems : National and 
international 

research partners 
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Trawl net - T90 cod end 

· T90 cod end - the net are turned 90' 

• Improved quality of tho fish? 

rl.1- S INTEF ···~ , · '·~- .. · ...... -l A.1·· .. ~1.. .. ~· 

Catching data, pelagic fish 
Her rmg , 1r..;,. tui1 Mackerel rzu" t•IJ 

-- - - -- - - - - - ------
Rahing rr.wl. T,_.,, TIO R"'9 net Coatal T,_.,, T,_.,, TIO 

119# Trad. net TrMI. 

Location 67° 67° g70 g70 60° 60° 

~ --
Time Oct 2004 Oct 2004 Oct 2004 Oct 2004 Oct 2004 Oct 2004 

{day) (night) 

Call:h 160 200 90, 170 115 170 180 

(ton) 

-
Wind 0-5 0-5 0-5 10-14 3-4 3-4 
(mis) • 

- -
Cetchlng 2 1.3 2.3 1.3 1.5 3 
time (h) 

.,,., S INTEF ·~•N il! , ,,,,,,, • .l!•dAq ...... ,11"" 

• 

The effect of catching methods on pelagic 
fish quality 

The main aim 

Improving fish quality: 

(1) Little sc1ent1fic knowledge about: how do different catching 
method impact the fish quality? 

(2) Comparison of two different trawl net and the impact on fish 
quality, onboard survival rate and size of the catch 

' ], SINTEF ..... ,.·t· •~"'•" ·c~,.,,,,.i,,. , , . , ..••• 

Location of the trials 

_, 
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External damage 

, 

'rt! s 1NTr1~· .1,. 11 1 , ... 1iu1 , .. ., ·"'" fl ·•···" •1"'"' ' 

Conclusions, herring and mackerel 

• I 1 'llrl' l 
• Trawling was the most stressful catching method 
• In general low degree of external damages. 
• High degree of blood spots in the fillets, with significant higher degree in 

hemng caught by coastal net - weather conditions may have had an 
impact 

• Mackerel 
• Mackerel caught by traditional trawl net had more external damages than 

mackerel caught by the T90 cod-end trawl net. 
• The traditional trawl caught mackerel was bigger than T90 caught fish. 

According to the fishermen, this was due to differences in capture time, 
I.e. time of the day. Smaller fish are commonly caught at night. 

' l..· S INT EF ' 1INll ~ ' ....... , ..... 11 1. j A·N·' ' t1 lh J1 • 
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Quality parameters, herring 

Qudty TIOood•nd Tl'lld. Tt'ftll Ring net C-IAI net 
~ .......... ,.. .... Hkt1• Mh52" aaw1• 

---~· 
Ito ' llMI' JJI 22.•• _,.. 

•• 110 1' 6~1 01 • h.Hior 6.lboCJ,20 

....... •-N O" O" O" O" ... _"" 100" '°"" JOO HI' 

............... 
~ 

1.8" 2.1• l .OA ..,. 
........... _ :: O" O" O.U•Cl.V O.bO.)A 

••• ............... 
- :: 1.0.1.0.IMI 1.1&0.7 .. 0,l >c0,7• 1 .4 10.7" 

•·2 

....,.°"""'_..,, . ..,, 
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Quality parameters, mackerel 

Qumlltr TIOcocMnd Tl'lld. Tt'ftll 
pe~ 

........ Ill 1-., - • 4f' f 20•tU• 

-
...... 4" 97.6' ..... _,.. 

u""°.1• • • s.o.1• 

ltlfW' ,_,... ... >2" ... _,... 
100" w ............... 1.11 \4 

N , .. .....,._.: 2.0.1 ... 2.1a1 ... 

••• , ............ 0,4ct0 ... O.kO ... 
- : 
l · I 

Ajgof °"PIOIPO•MllOI 1"'1110f 
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Belly bursting - industrial method 
Fishermen want a roboust, fast and objective method to 
estimate belly bursting 

• A method is developed using the instrument: 
Bioluminiscence - Uni Lite• 

This instrument is available at the market today 

. J4. .. 
~.v.· 

r1\:i S INTEF ,.,,11 t ,,,,,,.,,, ........ ,J Aq<J.I•"""'' 

Qpolnt- mobil NIR instrument for rapid 
fat determination on board fishing vessels (Qvision AS) 

On board MIS Traal 

f'?,., SI NTEF ......... '•·'•·····~A•'· 1 "•·•·t..I~ .. .. 

Belly bursting 

One of the quality challenges on board 

Report the amount of "ate" (content of feed in stomach 
and intestines) at the auction. 

• Report a higher amount than what is present to be "on the 
safe side" 

Amount of "~te" is not a good measurement because the 
enzyme activity is what decides 

o The belly bursting phenomena has been a research area 
for many years 

' '!.I S INTEF ~1'1111 ,,,., .. ,.,.,,,,i".,,,, ... u ..... 

Belly bursting - reasons? 

Time-series of MR images and time elapsed in 
the MRI equipment at room temperature 

12 



Product quality vs on board handling system 

35 I I • Traditional dt1lan 

30 l • New dcslan 

25 I 
20 

Fiiiets with bloodspots 1%) Fiiiets with bloodSPoll 1%) 
(threshold 70) I threshold 75) 

The "Low salt products" project 

Industry: Mills, Nortura, Br"drene Reme, Berggren, Slabburet, Gnlstad, FinsbrAten 
RTD: SINTEF Fisheries and Aquaculture. SINTEF Materials and chemistry, NOFIMA 

Food matrix and 
water interacions 

Shelf-life 
prediction and 
salt replacers 

Process and 
technoloy 

Basic research and product development 
___ \ )l __ 

1'1JJ S INTEF " IN l l f 11•,h " '"" .111 1 1 A o ~1.1• 11ll'lt! 10 

Web-based quality manual for pelagic 
fish 

• A common framework for the Norwegian pelagic fishing 
fleet, processing industry and exporters based on quality 
and safety requirements 

Ensure a uniform quality of the pelagic fish products from 
catch to consumer 

• Species included: herring and mackerel, but may be 
extended for other pelagic species like e.g. blue whiting, 
horse mackerel , capelin 

• www.fhl.no/book (a temporary version of the quality 
manual) 

• Will be completed by the end of 2011 

f""lJ,J S INTEF S IN1 1. f ~1 .. 11"! '1"• .111d l'l•j • l .I! ,,11,.,,. 

On board handling systems 
Knowledge based development 

~ ~ 

L!J ~ 

ll<0Sll:ll 

.. .. 
~)rntu:•d'.-· 
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Grading and sorting ... 

All natural raw materials have variations with in batches. 
Food raw materials contain components and units with 
different physical characteristics and some might be of 
health hazard. 

"All" buyers of food want predictability to appearance, size 
and quality. Influence value. 

Grading and sorting of food raw materials are essential 
operations in processing - . could include correction/trimming 

Grading = assessment and validation related to criteria's 

Sorting = dividing into groups (a sort=same characteristics or 
function as other) 

• Solutlon/faclt Is traditionally the human senses 

r1;1 S INTEF .1 tJ 11 l ' ...... , , ..... •ll O<I A. •1•1.u ulllH•' 

Grading criteria's 

B ransjestandard NBS 50..01 (sild) (1989) omfatter kvahtetsklass1fisering av rastoff og 
rerdig produkt, samt spesifikke krav Ill fersk og frossen rund sild. Avhengig av 
egenspakene klassifiseres rund 111<1 1 to ulike klasser Extra eller Normal. 

-Extra: Fisk I denne klassen Viser tydelige tegn p8 en fagmessig handtering og er atefri. 
Sdd 1 denne klassen har folgende karaktenst1kker glansfullt, blanke gjellelokk. hard 
konslstens, fast buk, fnsk lukt, klare og konvekse oye. 

-Normal: Fisk som tMredssllller krav 1 denne klassen er fisk med sma tegn pa skader 
fnl fangst og handtering. S1kl i denne klassen har folgende karakteristikker: blankt 
skinn, blod pA QJetlelokk, fast kons1stens, fast buk, noytral lukt, r0de gjeller. 

• Kvalitetshandbok for pelagisk fisk I Quality manual (2006 
(draft)) 

'r).1 S INTEF ·,1,...111 ,,,,,. •• ,. •. • u1.iA,,,, ... .. 1i.ir• 



Grading criteria's .... 
Physiological and microbiological quality 
• Fat content in flesh 
• Other nutritional content 
• Parasites 

ma 
e 

5 1fEWS 
AUS tlOllANO 

• Histamine 
• Freshness: 

Del .Holb'ldie Nievwe • kommrl 

• Microbiological status (growth, hygiene) 
• Rancidity 

• Contaminants I environmental matter 

Wrong specie - sorted out 

it'1t.SINTEf ·.1,..1111 ... 1,,··· .u·c1A,111 .. ,,.i,., .. 

~ 
~· .J ..__....... ........ 

u~a.c-.-iw. .... , ............ 
T•• 

- ':. ....... 
I ............. -

Grading criteria's ... 
Identity: specie, sex and origin 

Exterior quality: 
• 30 shape (whole, condition factor) 

• Colour 
• Unbroken skin - fatigue - scales 
• Eyes, gills and belly 
• Fish texture 

• Interior quality (visual) 
• Feeding status, Belly membrane 
• Blood spots 
• Flesh texture I gaping 
• Parasites 
• Sex maturity 

''ll· S INTEF ..,.1,-.11 • ,, ................. 1"1,, .. , .,,,,,,, 

···~- ... 



Present grading and sorting systems 
- landing 

• General assessment of landing lot (catch, tank, .. . ) 

• Test sampling during landing for weight and quality 
assessment 

• Weight sorting machines (total volume) 

• Manual grading and sorting of flow after size sorting 
machine (random or manpower consuming) 

• Random control in processing/packing 

• Filleting of herring: Grading and sorting machinery 
connected to filleting machine (orientation/feeding to 
machine, 30-damage, (quality, size)) 

f?tJ S INT EF 1Ul l l l l1 .. i." ' '"'·ll ii l /\q., .1Lullu 11 

Size sorting machine - roller bars 

!(~ S INTEF ' .IN l l l ,, .. 1, ,,,., .•. 11 1dA·l"" 'u l! u1• 

10 

II 

Sex sorting - herring roe in Norwegian fisheries; potential 17 000 tons 

tfliJ S INTEF <;IN1t. ', .. ,1 ....... -IP L! ,.,., ,,,,, .,11.11 .. 

Grading criteria's .... 

• Size I weight 
• No defined standard - Market driven ranges 

• (e.g. 200-250 g, 250-300 g, 300-350 g, 350 g +) 
• (e.g. 200-400 g, 400-600 g, 600 g +) 

f'1',1 S INTEF Sl~ ll~ ' ......... , ...... , •• A·l•l.I< .. 11.,,l' 



Manual sorting of wrong size and 
quality 

rt1ti S INTEF ·.n411. 1 • • 1 .. ·•1···- ...... Aq11 ..... 11111· · 

Economic potential in improved size 
sorting 

• Increased yield in herring filleting: 
• E.g. + 2%: 400 000 t x 2% = 8 000 t x 8 NOK/kg = 64 mill NOK/Ar 

• Reduced cost by less down-grading to lower weight class: 
• Mackerel: 200 000 tons x price diff. 4 NOK/kg = NOK 8 mill (pr%) 

• Herring: 500 000 tons whole fish, price diff. 2 NOK/kg = NOK 10 
mill (pr%) 

• Less manual manpower; 40 persons = NOK 12 mill 

• Potential higher price in market - better differensiation in 
market with better sorting 

1'!Jj S INTEF ' , Ifill t I 1•,!w111 ,111<1 A·~•I·•• ulh111 

Belts with increasing gap 

I< ~?bJ SINTEF S INll t l1>.J11•r 11.•"•""'/\q11+h•ll!111• 12 

Sorting of herring, integrated in filleting machine 

ID 



Capacity challange 

RAstoffkvantum/tlmo 50000 kg/time 50000 kg/time 
Fordelt pA ant spor 12 spor 15 spor 
Gjennomsnlttsvekt 300 gr • 300 gr 
Antall cm/flsk/spor 50 cm SO cm 

=ant kg/min 833 kg 
( 

833 kg 
=ant flsklmln 2778 stk 2778 stk • =ant kg/aek 14 kg 

' 
14 kg 

=ant flsk/aek 46 stk 46 stk 

=ant kg/mln/spor 69,4 kg 55,6 kg 
=ant flsklmln/spor 231 ,5 stk 185,2 Ilk 
• ant kg/sek/spor 1,2 kg 0,9 kg 
=ant flsklsek/spor 3,9 stk 3, 1 stk 

•cm/sek/spor 103 cm/sek 164 cm/eek 
=metor/mln/spor 116 m/min 93 m/mln 

((?J,. S INTEF '.lt~ lf' . . .. ,, ....... _ '""' Aq1h" ...... ,,. 

Skisse (b) KMB AutoGrade 

~ 
(o 

<. 
..... ~ 
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It 

Sortering; FHL Pelagisk forum 2006 

Sortering danner grunnlaget 
for a kunne differensiere i 

markedet 

,.,1'1 S INTEF "'IN I l l ,, .. 1 ........... ,.1A.p1•• 1il!LI!<• 

Test model - Industrial prototype 

Mechanical logistics 

Automatic detection and grading 
• Size, weight 

• 30 shape 
• Quality - colour 
• Fatigue 
• Specie 

• Fat 
• Sex 

• Computer processing 

• Mechanical sorting 

.,.,... S INTEF ... 1"4 11 t ~ ... , ... , ...... ,,,j Aq,, .. , "''''" 11 
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New possibilities - increased demands 

• Lead or follow 

Increased transparency - Grading technology 

Diffensiation - Boat <- Land indistry -> Market 

Increased value 

• Automated processes 

• Flexible technology - market and raw material may 
change 

r!J .. S INTEF .ui , , ...... . .. , ... .,1 A., ... , ,,, , ,, . .. 

Processing & quality in pelagics 
Slt1dr/Slg1irtl\\fm Q1111/ll)fR.fl) 

2t 

S1/1lil~v!11!1s/!111 ·''! 8 

Fettinnhold i laks 

Ill 

100 

ISO 

2(1) 

2!0 

~ ~ ~ 4(1 !iO Ill 10~~40!i0to 

Project model - Individual 
grading and sorting of 
pelagic fish 

Testmodell 
lndustriell 
prototyp 

~--------
1 2 o o a 2009 2010 

Tldl. 
Proejekter 

Kunn1kep.
baae 

2011 2Cl 2 2013 2014 

KMB AutoGrade J 
SINTEF, MMC, Avant!, Foanavaag lulood 

- J FHF/FHL-prosjekt 1.$. 
SINTEF, Noflme, MMC, lndu1try D 

Utvikling av industrielt system 
MMC, SINTEF, l nnOYHjon Norge, ++ 

Forskerstyrt prosjekt pA millin:Jog 
robotisering 

Noflme, SINTEF, (NFR) ..__ ___ _ 
!'f'!tl S INTEF S IN 11 ~ •1'l l1+1t 1t·1to .md fl. 1111.u 111!11111 



-~-'!nual !_at distribution in makcerel 
so 
45 
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vMvi vtiavi 
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Unvelcommed guests 

• Parasites 
- Jchthyophonus (herring) 

Degrades the product 

• Blossoms in late 
November? 

Kodua (mackerel) 

Also related to handling 

• Usually not de1ected 
during processing period 

Anasakis (mackerel/herring) 

Detected in isolated hauls 
of mackerel 

Low in herring 

• Not potent to humans 

Quality 

• Influence 
- Natural 

• Feed, maturing, infect ions, weather, etc. 

• Permanent state, inunonent 

- Unnatural 
• Catch methode and treatment after catch 

• Non immonent, we are responsablc 

<:::;:::::::: 51!111,,vinnsl.w hi @ 

Annual changes 

• Fat 
Contents varies heavily in 
the summertime (4-30%) 

Quali ty parameter? 
Highly variable between 
individuals in the same 
school 
Is high fat. causing gaping 
and texture failure or is it the 
growth due to feeding? 

JS 
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Catching 

• Catch methods and handling 
Often little similarity between each fishing rrip and even between 
hauls 

Fishing is not like going to groceries, but can be more standardized 

Preparation of chilled seawater 

Limiting the time of trawling 

Limiting the amount of' fish in each haul 

Limiting the amount of fish in each hold, refrigerant and fish ratio 

All of this is not in favor Mthe fi shermen, in the short run 

~i!~ll-~in!!s~'.' h! e 

Processing preparation 

• On board sampling 
The ships holds do not contain homogeneus catch 

Size distribution - ,,. 

Age of the rawmatcrial 

Feed 

Hauling lime 

Infections/parasites 

• Better info leads to better utilization 
- Pre sampling on board is win/win situation 

S•!~a~!n!'.sl~n_hf @ 

Bacterial 

Human interference 

Process based 
Build up offish residues 

• Bacterial nests 

Preventing unwanted 
bacteria 

Personal hygiene 

Access limitations 
C hilling 

Process time 

Regular removal of' residues 

What's on the noor stays on 
the lloor 

Cleaning and sanitizing 
• Cleaning friendly 

equipment 

Common sense 

<:::::=::: S1/dn~•!n_n_sl,~n-~f " "!_ 

Monitoring hazards 
- Mat1so11r l . ~ Eln•~ 6rven.ranna6knlr 
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Processing-layout 

• Cons 
- Stops needed for 

cleaning 

Possibilities 
Automatic cleaning of 
conveyors?? 

t! ~ 1. 
~~ n.ri 

J .- -. ---.-- -· 
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Freezing methods 

• The other way 

- Horizontal plates 

- Cartons 

- No top contact 

- More or less 
automatic 

- Flow process FIFO 

- Shorter freezing time 

<:::::::::: s~~"~!'.'.'~1:!' h.! ~:".:. 

Temperature 

• Chilling 
- Starts at tJ1e vessel 

• Mistakes here are unrepareable 

• Is the limiting factor of fishing 
capacity 

- Retaining the temperature 
through out the whole 
processchain is the challenge 

• Absolutly mandatory over the 
summertime 

- No buffer or storage should 
be left unchilled 

51Ma~vin_n.sl:mhf .,,..~ 

Processing-layout 

• Fast non-buffered 
- Retain chill ing 

Hll:P! .. w •·-;----
• Minimize handling 

- Minimize risk of 
containment 

• Worker friendly 
- Minimize noise, wet, 

lifling, etc. 

• Fast freezing 
- More throughput 

- Better product 

• Informational 
- Decision able 

- Operational friendly 

& t I 
~.! 51 
~,-

~:'flt I I I 

II 
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The valuechain between fishing and processing 
Uppsj6v• nko61nlr • 561.rMngur 
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The vo/uechain between fishing and processing 
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Processing lines 

Risk management 
Pumping 

• Liquid nnd fish ratio 
• Force 

Conveyors 
~hovel s 

~pc~'tl 

~cnW!' failures 

Foiling 
• Cimdin11 

• l'ac:kmt1 

Clipping 
• (,a1~~ 

• Scillc~ 

The valuechain between fishing and processing 
UppeJ•••rokoOanlr • S611rllrlngur 
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Quality guides/standards 

• The ecology of the sea 
- reed and focd types 

- Temperature/currents 

• Fat/growth alters between years 
- This year delayed 

- But similar as 2006n 

• To make a quality standard 
- Catching must be more standardi/ed 

- Storing on board and handling must be more standardized 

• Purpose 
- Quicker and better decisions I l 

<:::;:::::: 51/rl.1'.vi1'.1isl.w hi @ 

Q1llllity guidiense for herring/makcerel 

Ga4M1r lyrit li'ld oe makrl 

MMlu41 I MM I 1Un1 I M 
v,11 I 191 201 211 221 ul 241 2s1 261 211 2a: 291 

.s.~ 
Bfltu 

GO.I 

SIOt 

Bfltu 

G60 

SIOt 

OktObtf 
401 411 421 0 
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CttAt Ml HS 

Marine protein isolates in foods 

• Surimi : Its gelation capacity very attractive in all gelled fish products (fish 
balls, fish cakes, crab sticks .. ) 

• Powder: can replace milk-/soyproteins in soups, energy drinks, bakery 
products 

• Marinades: injection into fillets for improved water holding/juiciness 
(replaces phosphates with a natural product) 

·Coating : on fried products (nutrileanTM) 

• Biodegradable films : with antimicrobial and antioxidative properties 

And to the last, new studies have shown positive effects 
from fish proteins on diabetes and high blood pressure 

Which volumes of proteins are yielded by Nordic herring fisheries? El Total landing: 1508000 ton in SW/DK/IS/NO El 
Consumer use:- 1 184 000 ton Industry use: -324 000 ton 

/ I \ ~ I ;; / / \ ~ 

Frame: 18.2% Head: 13.8% Frame: 18.2% Head: 13.8% 

Muscle: 45-50% 
l 

173 440 ton muscle 203 472 ton muscle 

l l 
Protein: - 17% Protein: - 17% 

l l 
29 485 ton proteins - 64 075 ton - 34 590 ton proteins 

proteins 

Kai/or : RUBIN. Sintel 

CHALMERS 

Production of protein isolates from 
pelagic fish and its by-products using 

the pH-shift technology 
Ingrid Undeland & Sofia Marmon et al. 

Chalmers Tekniska Hogskola, 
Kemi & Biovetenskap -Livsmedelsvetenskap 

CHALMERS 

Our vision: Use more of the catches of marine raw 
materials for food production 

15-20% 
proteins 

./""' 

1-30% fat 

f 
™ 53-82% 
liquid 

............. 

Small crushed 
mussels 
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Patent 

•Hultin HO & Kelleher SD (2002). Protein composition and process for 
Isolating a protein composition from a muscle source. Patent US6451975. 

•Hultin HO & Kelleher SD (2001 ). Process for Isolating a protein composition 
from a muscle source and protein composition. Patent US6288216. 

•Hullin HO & Kelleher SD (2000b). High efflcloncy alkaline protein extraction. 
Patent USS 136959. 

•Hultin HO & Kelleher SD (1999). Process for Isolating a protein composition 
from a muscle source and protein composition. Patent US6005073. 

•Hultin HO, Kelleher SD, Feng Y, Mark PR, Kristinsson H, Shuming K, & 
Undeland I (2004 ). High efficiency protein extraction. Patent US200406755 t. 

·Hultin HO, Kelleher SD, Feng Y, Mark PR, Kristlnsson H, Shuming K, & 
Undeland I (2007). High efficiency protein extraction. Patent HK1070790. 

Cl tl\I Ml RS 

Sl.ul, hen, pigment, --. 
1

m~mbr110 mm, 

Homogenization 
raw material + wator (1 :6) 

! 
Protein solublllzatlon 

pH -+ - 3 eller 11 
I 

T 

Separation! 
(S10 OOOg) 

t 
roteln precipitation 

pH -+ - 5.5 

! 
Protein isolation 

(S10 OOOg) 

! 
E.g surlmi production 

( +cryoprotectants) 

! 

Which volumes of proteins are yielded by Nordic herring fisheries? II _ 1 508 000 ton in SW/Dk/IS/NO _ II -
Consumer use: - 1 184 000 ton Industry use: - 324 000 ton 

Frame: 18.2% Head: 13.So/o Frame: 18.2% Head: 13.8% 

69 267 ton proteins - 124 347 ton - 55 080 ton protelner 
proteins 

Kai/or RUBIN. Smtef 

New techniques for protein isolation have 
been patented during the last 10 years that 

can be applied on complex muscle raw 
materials 

"The pH-shift processes" 
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What parameters to determine success? 

•Recovery (total and in the 2 separation steps) 
•Purity 

.6c::h 

The use of the protein isolates 
·F will determine which factor that is 

the most important 
t:.mu1smcat1on ~~~~ 

Foaming ability 
(Salt solubility) 

•Stability during processing and subsequent storage 
Lipid oxidation 
Protein oxidation 
Microbial growth 

CHAI MC:RS 

Recovery of proteins with acid and alkaline 
processing of different herring raw materials 

Acid method Alkaline met hod 

Herring light muscle 74% 68% 

Herring fillets 70% /65%* 57%* 

Whole gutted herring 59% 57% 

Whole herring 71%* 65%* 

• Very few replicates 

The whole raw material Homogenization I Uses significant -
can be u~ed as i.tarting raw material + water (1 :6) amounts of water 

material. Bones, skin etc ! Ch · · 
do not create problem Protein solubilization . oice of acid/base 

pH __.. - 3 eller 11 unportant 

! ~~-L ipid'>. pigment\ and 
contaminants 
drastically reduced in 
mtmy ca'les 

The protein 
functionality 
increa~ed 

CHALMERS 

Separation 
($10 OOOg) 

! 
Protein precipitation 

pH -+ - 5.5 

! 
Protein isolation 

($10 OOOg) 

! 
E.g surimi production 

( +cryoprotectants) 

! 

Centrifugation a 
costly step - .. ,. 

Oxidation of 
pigments, lipids. 
proteins 

We have since 2000 worked with the acid 
and alkaline processes on herring of 
different complexity; 

•herring light muscle 
•herring fillets 
•whole gutted herring 
•whole herring 

f ·K ·~ 
Funding from NICe, Formas, 
Fiskeriverket/EU structural funds 
In the last year we have gone from lab 

• to pilot scale II 
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Changes in color during pH-shift processing 
of gutted Baltic herring 

L* (Llahtness) 

a• (Redness) 

b. <vellowness) 

Whiteness 

CH/\I MIHS 

Herrina mince Alkali-made isolate Acid-made isolate 

43.2 57.9 61.7 

4.8 1.9 1.7 

6.9 6.3 6.9 

42.5 57.4 61 .0 

Significant Increases In lightness and whiteness 
Significant reductions In redness and yellowness 

C HALMfRS 

Composition of protein isolates produced with acid 
and alkaline processing of gutted Baltic herring 

Alkali-made 
Herring mince Isolate Acid-made isolate 

Water(%) 78.0 89.3 89.8 
Lipids 
(%, drv weight) 35.9 17.7 22.2 
Protein 
(%, dry weiqht) 56.5 81 .0 81 .3 
Ash 
(%, dry weioht) 8.8 1.1 1.5 

Significant Increases In water and protein content. 
Significant reductions In llplds and ash 

CHALMfRS 

Changes in dioxins/dioxin-like PCB's during 
pH-shift processing of Baltic herring 

Herring mince Prot ein isolate 

Fat % 7.1 2.1 
(On 80% water basis) 

Dioxins TEQ 5.7 2.0 
(pg/g, on 80% water basis) 

Dioxin-like PCB's TEQ 3.3 1.0 
(pg/g, on 80% water basis) 

• A.-erag~ V1111M! bll~ on lsolall'S from M'ld a nd alkaline promi.1111 

EU limits: 4/8 pg/g 

lihis herring: 5.7/9 ) 2/3 pg/g 
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Functionality of proteins produced by pH
shift processing of Baltic herring 

C HAI MC:RS 

Alkali-made isolate 
810 
9.8 
5 

Acid-made isolate --· 
827 
10.7 

5 

The herring protein lsolatates produced have had 
decent functronallty 

Additional possibilities with herring/herring by products 

• Isolation of marine oils with "pH-shift" methodology 
(Okada & Morrisey, 2007) 

• Isolation of antioxidatlve liquids (wash waters, brines, 
surimi waste water, press juice) 

•Combining pH-shift protein isolation with oil and press 
juice isolation would be the ideal way of better utilizing 
herring for the food ingredients 

Lipid oxidation can develop during pH-shift 
processing of sensitive materials like herring 

10 -But, good effects of antioxidants 
60 

~50 
g l 40 

en 30 
a: 
~ I- 20 

Isolate 
produced 
without 

antioxidants 

Raw material Isolates produced with antioxidants 

10 D D 
0 • • • • I I • I Muoolt MuSde P<• "Rtgulat' Ery•STPP Eri•STPP Ery,STPP Erv•STPP 

was.hed whh ilOlate !n pre w11h in pre W'Js.h In hon'IOQ In homog ( 1 

.,y • STPP 6 homoQ hlQh·lj)Hd 
__ , Er11 fOJA Ery 1 I OIA riv Ir' 

111 t\Olnog "homog f'IOmou 
(t h1jh ..,..., 
-1.1 

Ii Some antioxidants were also very effective during II 
further storage of the isolate (erythorbate and EDTA) 

120 

100 .. 
iii 
0 
.!!!. 

80 

OI 

~ 
0 
E 60 CJ 
g 
(/) 

~l 
a: ·o < 
IX) .... I-

•• 
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• A Pr•· with no •n1tOk 
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~ fry • (OTA"' llooloQ 
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Cry • COTA WI ~OlllOO ( • "'Iii P'Olo·MI 

-o-try•STPP •n P<t•wUll & "°"'00 

8 10 
Days on Ice 

-o--ery. STPP in pre-wuh 
Eryo STPP tn 1'0r"41Q 

12 14 

~ 
16 18 



-6 500 t w:3 lipids 

-43 000 t lipids ! 
- 26 million people per year 

-58 000 t proteins 

-
?t S INTEF ~irt111 .,.,.,,.,, ..... ,,_,A,1,,,.,,,i,,, .. 

Marine lipids 

u Marine lipids are rich in long chain w-3 polyunsaturated fatty acids 
(LC-PUFA). esp. elcosapentaenoic acid (EPA) and 
docosahexaenolc acid (DHA) 
• "essential", ROI (EPA + OHA) - 250 mg/day O:"''"'·•'I • beneficial effect on human health 

• In most of Western-Europe there is a low intake of fatty fish and fish 
products- intake of EPA and DHA is far below nutritional 
recommendations. 

A way to increase the populations intake of 

w-3 FA Is to add fish oil to different food products 

- "functional foods" 

~·~· 
OH 

,,,.,. S INTEF ... IN"ff •••.• , •. ,, ..... ,,,j,..,4,_,,,,.,,,,, 

New value added products 
from rest raw material. 
Protein hydrolysates 

and 

Lipids 

,,.-) 1 SI N TEF ... ,..,II! ..... ,,'' ..... '/\ .•. , .. , ···'·II• 

Norwegian 
lnfraatructure 

Ro1dmap 

ESFRI 

EATP 

~ 
The Norwegian Fltheri.e ind Aquaculture Slmul11lon C.ntre 

' ?f· S INTEF .1~·1•1 ....... ~··1"1····1• ... , 
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Structure of SINTEFs rest raw material 
platform 

Marine rest raw materials 

Ingredients 

Consumables, 
pharmaceuticals 

Alm: To produce oil and protein hydrolysate of premium quality 

(()/ S INTEF 'ilN l ll f1o.h"'"'".1mlAq,M<ullur< 

I( .. 

" 
:?<U ..• 
o.• 

10.S 

10.J 

,, 
•OS 

ll 

1•2 

lj,~ 

_ 2!;} 

England 

Omega 3: beneficial health effects 

• Omega 3 fatty acids (EPA and DHA) have positive effect 
on human health and development 

• Brain and nerves contained high amounts and DHA (40-
60% LC PU FA of total lipids) 
• Brain, eyesight development, mental condition 

• Prostaglandins control inflammation processes. EPA 
influences formation of prostaglandins and relieve illness 
progress 
• Arthritis, arteriosclerosis 

• EPA and DHA can be defined as "essential" nutritional 
components 

rl!J S INTEF '*IN ll~ t-1 .. h er111"1.H•d A1111.1• ulh 11u 

• Fresh Norwegian rest raw materials for high quality omega-3 oil 
production 
• Rest raw materials from salmon and trout aquaculture 
• Rest raw materials from pelagic filleting industry 
• Liver from cod or other white fish species (both wild and farmed) 
• Oil from other marine sources (calanus, krill etc.) 

'1)1 S I N TEF Slflt TU- f1'i.ht!•1L•".> .111d l\q1i.1° ullur., 



Mobile Sealab for Bioingrediens 

--
I , 

' ' 1"' 1fll1J!!'1't' ~. ' ",.$ -~ ... , 
~-,,. 

f~1 S INTEF ',IP~ l t ! I l'.l wfl1·" .ll'il Aq 11 .11 ul!,m 
11 

Mobile Sea Lab IP Continuous oil production with decanter 

9S'C I 
Dry 1ubtt111co 

90'C • I 
----- SludOf on 

Buffer 
4 'C 4'C --

(jSINTEF 

rf~, S INTEF '.tN111 ,, •. 1,..,, . ._,,.,.t"q"·""11"" 

SINTEFs lipid platform 

Extraction 
ProductJon of 

rawo1I 

Extraction equipment 
in lab and pilot scale. 

From 50 ml batch 
to 

1000 kg/h continuous 
(Mobile Sealab) 

Purification 
ProductJon of 

highly purified oil 

Reactors (100L) for: 
Degumming, bleaching 
Deodorization (1000L) 
Short path distillation 
(lab and pilot 101/h) 

Infrastructure 
(0,Smill E) 

Transformation 
Production of 

new hplds 

Reactors 
6 reactors of 250 ml 
32 reactors of 3 L 
Several reactors 
from 8 L to 1500L 

Analytical capabilities: 

Stabilisationj 
Prevent oxidation In 

oil 1nd food 

Equipment for 
me11urlng oxidation 

kinetics 
(OSI, and 

oxygen consumption). 
Effactof 

pro oxidants and 
anti oxidants 

Chsracterlaation: Fatty acid composition. lipid classes, phospholipid cla&ses, positioning of fatty acids 
Wet chemical: PV, Ansldin value, TBARS, 

Instrumentation: GC, latroscan, HPLC-Corna. NMR (Low-high field), GC·MS·MS, LC-TOF-MC 

rr, S INTEF 'i l N l f- 1 t f'.IH'! w; .111d A1p1.11 11 l!L11 1 

Enzyme reactors for lipid extraction and 
transformation 

,?"~.' S INTEF '.'.INTI~ 1,,,,.., , . .,,111;IAq,,,. , ~ ,1tu1t· 
10 



Ultra fresh herring oil quality 

Fresh raw material Conventional Oil from 
fish oil silage 

Prosess1 Prosess 2 Prosess 3 

Oil 1 Oi12 Oil 1' Oi13 

FFA (%) 0,12 0,30 0 14 013 3-5 8-10 

PV 1,9 3,3 2,3 2,4 

AV 0,8 4,9 0,3 6,5 

Totox 4 ,6 11 ,5 4,9 11 ,3 15-25 20-25 

' ?JJ S INTEF '., IN l lt l1 .. h t! ll<!li.ot11dflqt1d!. 1Jlh111• 

Mobile Sea Lab 
Bitch hydrolysis· and oll production with decanter sP 

•«: • •c --
(JSINTEF 

I 
Dry-. 

rf"lJJ S INTEf S IN l ll l1•.tH•!"'"•mdAqu,1r 1dhH<; 

16 

Oil and proteins 
from rest raw material (1 and 2) 

B r----- ----] Trlkanter ~ Polishing I 
I uchlnge centrifuge 

+ + ~ 

Mincer 
Hiii 

Stick Dry Crude oil 1 
Wllter materilll 

~
Polishing 
sentnfuge 

~ 
Hydro Ory 011 after 
lyaate material hvdrolvs11 

rfJl! S IN-r EF '1o1N 11 t 11 .. 111· 11 11• "'"1 Aqu.1• 1dtu1 11 

Oil and proteins 
from rest raw material (3) 

[Min~ ~~] Trlcantar r P~l•Nng I 
. . . ~ centrifuge 

• • • Stick Dry Crude oil 
Wiier meter181 2 

• 

1 T~ r 
' ' Stick water Ory 

hydrolyute material 

P01111h1ng 
centr~ugo 

~ 
Od Iller • tick w.-r 

hydrolyal• 3 

'"?/) s I NTEF .... IN! I' I h~H'! • t •·· .111d Aq11oh 11lhH•· 

13 

14 



Bitterness of the FPH from herring 
7,0 ----------------------------1 
e o I- · · -

5,0 

1 ro 
J 3.0 

J 
2.0 

1,0 

00 
Pa+ er Enclegenouo FlllOUrly,,,. B-ln PtOCame>< Papein PrOl!'od 
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Reduction of oxidation (oxygenuptakerato(OUR) -

effect of pH 

Fe'• 80 
Haemoglobin 

~ 0 

8 60 

~4J hpu .. ,Ollll~~ 

AlcllllH 

" 

pH 

... 5 
• 54 
p 8!! 

c 
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0 
6 

(lipid CIJIKl.'Dh ••ion llmi:iml.) 
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~ 
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FPH20 FPHSO FPH50 FPH20 
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SINTEFs Hydrolysis platform 

j;ochemistry J [ l of hydrolysis 
Process 

optimization J ( Process l verification JC Proceaal 
design 

Choice of enzyme(•~ 
CharaC1anaatlon of 

aw mat8fial 1111d prod 
Re.cl ors, 

8 of 250 ml 

~ ) 

S1leC1lon of condition• 
tor bait profit 
Ylakl quelity 
Temperature 
water content 

pH, IJma 
32 ructors of 3L 

The best hydrolyala 
conditions are tested 

on site with 
Mobile Sealab 

1 reactor of 800L 
Capasrty SOOllg/h 

Analytical capebilitoes: 

Scele up data . 
0.W1ter1ng and dtyong 

In cooper11lon with 
SINTEF E,,.rgy 

and 
Englnenng oompanlet 

CharaC1erlutlon: Protain, lipid, Hh and watar content, Amino acid compoaltlon, free and bound, 
Molecule< weight dlatrlbutlon, W1ter holding capaslty, Foaming and amulalfylng capability. 

Fat 1ti.orptlon. Antioxldative properties 
lnstrumantlltion oc. FPLC NMR (Low-lllgh tlald) GC-MS-MS. LC-TOF·MC llec:trophofasl• 

' 1..- S INTEF ....... ,.~.~···-·~ .. , .. · : A,, .. ,,,., .. 

Fish protein_by_drolysates (FPH) 

17 

Bioactive properties Bulk properties Nutrttlonel properties ..................... 
Anllhrper11n11w 
Anlltlwomblc 
1-.iomodulllofy ICtlvltlal 
Antk:Olgullllt end Mllplltelet ......... 
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Pw.-.~on_*rlng 

................... ,, ..... 
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Concluding remarks 
Norway has huge amounts of available herring rest raw 
material for production of: 
• Ultra fresh marine oils 

• Herring has a high concentration of cetolic acid, C22:1, n11 . 

• Functional and bioactlve peptides/proteins 

Ultra fresh marine oils will have higher price in the market 

Peptides/proteins from fish rest raw materials can be used 
for human consumption 

• FPH show antioxidatlve activity which is beneficial in 
industrial product formulations 

I( ' 5. INTEF ·.0.:1 I''~"······ ····111.i""' ....... . 
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Model food system for evaluation of effect 
of added fish proteins 
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II What methods to study effects from herring I 
on risk factors for cardiovascular disease do 

we have at our hand? 

.. -e6J ~ ~ 
Human studies Rat/mfoc Tissues Cells 

C lll\LMERS 

I PhOlo: "'''" u,.11,n.1 I 

I Why studying health benefic i-al ~ffects from I 
herring on cardiovascular disease? 

• Cardiovascular diseases most 
common cause of death 

•Fatty fish intake has 
shown beneficial effects 
on risk factors for CVD 



CHALM! H S 

EPA in whole blood boloro ond after intervention 

0,06 

* 0.05 

0,04 

~ 0.03 

0.02 

0.o1 

0 
SIM hOning endhomng 11011 rol end rel 

CHALMERS 

DHAin whole blood before end elter intervention 

0 .12 

0.1 

0.08 

" 0.06 

0,04 

0.02 

0 
l lM hemng end herring &IM ref end ref 

o llnrt horrlng I 
Oondhomng 

0 111111rel I 
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o 11811 herring 

a endhemng 
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The human studies (HS) 

I HSl: Obese subjects I HS2: Overweight men: "Volvo-study" 

• Bolh men and women 

• age 24-70 

• BMl>27 

• 13 or 15 completed the study 

• 2x4 weeks and 2 weeks washout 

C H ALM ERS 

' , . ·~'(J'·': 
~ .. ~· .. -· ·:I 

............ 

•Men 

• age 35-60 

• BMI> 25 not obese 

• 35 of 40 compleLcd the i.tudy 

• 2x6 weeks and 12 weeks washout 

Design used: Crossover intervention study 

[ o ne meal a day (150g herring or chicken/pork), 5 days a ~eek 

All accompanying food items in the meals were Identical 

I The herring diet provided about 1 g n-3/day I 
7rl.Opers -



LDL-receptor deficient (Ldlr-/-) mice spontaneously 
develop atherosclerotic plaques 

Cookies 
beef 

~ 
Cookies 
herring 

Herrina cookies 

Beef cookies 

16 week diet with: 

0.02% cholesterol 0.15% cholesterol 
9UDUW- • .- •.1.A.11.i. ..... • 

~ · ' .._ •.. . ' .. 

Wcck8 Wook 12 
Blood samples Ultrasound 

1 
-~· __ ... ,,..._,,___ 

1 

t 
Wtlk18: ......... 
En ........... 
llood ...... 

19UHf.!i+i · · · -Cardiovascular nsk factors studied 

Blood coagulation: 
Bleeding time 
Fibrinogen 

Blood lipids: 

Total cholesterol, 
Triglycerides 

HDL, HDL2, HDL3, 

LDL, 

Apo A, Apo B, Lp A, 

! Blood p;~ssure I 
Inflammation 

High sensitive-C
reactive protein 

(hs-CRP) 

IL-6 and ll -18 

.----------.I Ox-LDL 

The animal studies (AS) 

I ASl: LDL-receptor deficient (Ldlr-/-) mice I 

In both studies, the animals were put on a high fat/high sugar 
diet. The capacity of herring/herring sub-fractions to counteract 
negative effects of such an unhealthy diet on atherosclerosis and 
the metabolic syndrome were then studied. 

J.. 



Ill The rat study I 
EllC:c.:1 of hcmng and 11\ wbfracuons on ri~k factor, connected to the mecabolic ~yndromc 

I. Ra1 chow (=Control group) 
2. Cookies+ chicken mince(= Cafeteria die1) 
3. Cookies+ herring mince(= Herring die1) 
4. Cookies+ chicken mince mixed with herring oil (= Herring oil) 
5. Cookies+ chicken mince+ protein-free herring press juice(= LMW-PJ) 
6. Cookies+ chicken mince+ herring press juice (=PJ) 

~ 

I Ri11k factors measured that arc connected to the mctabol ic 
~yndromc in rat~ 

l.owcr pluNmn and liverTHJ\RS in all groups 
getting hernn~ pres~ juic..:1 

Smaller adtpoc)tcs io the 
group wtth added herring 
oil 

More fu1 tb,uc with 
Cafdiet 

Adipose tissue distribution 
Fat tissue mass, lean tissue 

."Iii I No change~ 

Lower tn~ultn \en~itivtt) 
with caf diet. Wu' rcvcNCd 
by hcrri ng 01 I 

I 

CHALMERS Results 

Herring compared to beef 
-Less atherosclerosis 

-Lower blood l ipid levels 
-Smaller adipocytc cell size in f'at depots ~ 

CHALMERS 



CHALMERS 

Effect of herring light muscle press juice on reactive oxygen 
species produced by human monocytes 
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---Effect of herring light muscle press juice (PJ) on C~-~duccd I 
ox.idation of human LDL 
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Figure 3: ConJuga1cd dienc fom1a1ion in human LDL (100 µg pro1cin/ml) incuba1cd al 37 °C with ( 
10 µM CuS04 in prci.cncc or ab;cncc of <10 kDa-fractions of L\1PJ-sarnplc' 1akcn al diffcrcm 
1inics during one digc,lion trial. buffered to pH 7 .4. Re•ullS are 1he mean of three dc1cnrunations. 

EHIHi.fa!X . . . -
The cell/ltpoprote1n studies (CS) 

I CSl: Human monocyte; I lcs2: Human LDL I 

In both studies, Antioxidative effects from a herring press j uice 
have been investigated 

CHALMERS 

Effect of herring light muscle press juice on reactive oxygen 
species (ROS) produced by human monocytes 

__ "-..../ . _ Reactive 
~ Oxygen forms 
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OTU 
Herring - A living resource - A good product ---
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Variation in lipid content within catches ---
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DTU -Two research projects from 2001 to 2007 --
Herring - A liv ing resou rce - A g ood product , a Danish research 

project carried out at the Danish Inst itute for Fisheries Research from 
2001 to 2004 funded by Danish Food Industry Agency 

• Fresh herring 
• Marinated her ring 

I mprov ed Quality of Herr ing for Humans , a Nordic Innovation 
Centre research proj ect from 2004 to 2007 with participation of several 
Nordic research institutions and companies 

• Frozen herr ing 

Results that will be presented 
• Sensory quality 
• Lipid oxidat ion 

• Nutrional quali ty 

N111Uon~ 'ood l n1tlh.11e, 'rt<tlnic:•I Un lv• r• l ty of Denmllrk 

Herring - A living resource - A good product 
• To define raw material quality parameters for herring from different stocks by 

relatlng biology with blochemlcal characteristics and sensory properties 

OTU ---
Research vessel DANA: 
1000 herring ~ Commercial fishing 

vessels: 
1000 herring 

frozen at ·30·c~ 
QIM (750 hotrlng tram 
-l\llq-) 

t ____.. ~(,-1~ 

North sea herring: 2-3 days In RSW 

Kattegat/Baltlc herring: 1-l '12 day on Ice 

Sensory 
Appearanc:e, 
smell, taste, 

--~ texture 
"' - "' Blochemlcal and functlonal properties 

BloloOY 
Wt'lghl, length, tllid<neSs, 
sex, maturity, age, spawnl119 type 

H•tlon .. food lMlll"l .. TKtlnial Unl.,.,..ily Of Ottn,,,,_rtc: 

'•t. protein, watef, enzyme activity, 
Fatty Acid compoolllon, llpld 
oxidation, free ratty DClds, peptides, frte 
amino acids, water holding capacity, 
lt>Cl\Jle 



Major influence 

Storage condition/ time on board 

i~ 
c "' ~5 

The lipid content (season) 

The size 

The maturity and the fishing ground 

Minor lnfluenc.e 

" •tlon•I l'ood liutltut•, Technlu .I Unlve.ralty of Denn,ark 

Lipid oxidation in fresh her r ing 
• To Investigate the effect of catching place and on board storage 
methods of raw fi sh on sensory p roperties and formation of volatiles In 
herring stored and marinated 

• To Invest igate the effect of storage time of raw fish on sensory 
pr operties and formation of volatiles In marinated herring 

66 herrings 

"" 37 from Mar02 29 from reb03 

I \ I \ 
23 Gllleleje 14 Esbj erg 14 Gllleleje 15 Esbjerg 

! ! ! ! 
7: Oday 7: 2 days 8: O days 8: 2 days 

7: 2 days 7: 4 days 6: 2 days 7: 4 days 

9 : 4 days 

Gllleleje samples from the Baltic Sea: Ice stored 
Esbj erg samples from the North Sea: Tank stored 

HaUona.I ftood lna:\itut .. T.mntc..I Univ-.itv o t Oenl'Nlrtl 

OTU ---

OTU ---

Sensory profiling of marinated herring 

• Tested and trained by 10-12 assessors 
• Served in random order 
• 15 cm unstructured scale with anchor point 

1--------------t 

•Odour •Texture •Flavour 
- Sourish - Sourish - Firmness 

- Rancid 
- Fish/herring oil 
- Sweet 
- Metallic 

- 5alty 
- Metallic 
- Herring 
- Sweet 
- Rancid 

- Elasticity 
- Fatty mouthfeel 
- Juicy 
- Gritty 

H•Oonal Food tMtitut•, THhnlc•I Unlven11ty of Oenm•rk 

Main results/ conclusions 

N 

Very small variations are found, when storage prior to 
processing Is omitted - will not be encountered by consumers 

Fishing ground is not an important factor 

}.- Differences ln quality occur during season - feeding and 
maturation 

).-The lipid content and size has a clear influence on the sensory 
properties 

>- Onboard handling has profound influence on quality - one of 
the most important parameters 

>- Differences In raw material quality are retrieved in product 
quality - even after the harsh marinating in salt and acetic acid 

).- Sensory quality can be related to biologlcal and hence also 
compositional parameters 

Product quality can partly be predicted from measurements on 
the raw material - QIM 

OTU 
= -

OTU ---



Results 

• The omega-3 content in herring caught in Nordic 
waters depends on catching time and place 

DTU ---

• Herring caught in the northern part of the North 
Sea in May 2003 had the highest relative content of 
EPA and the highest n-3/n-6 ratio. However, these 
fish had a low lipid content. 

Nallon.i 'ood lnttltut .. Te<hnlul Unl"•f'Mty Df D•'""•rk 

1hnov.,t:ion ,., .. I~~ CHALMERS 
\_~ 

Ji. IN\llTlll Of "UIW[ llllUCN 
:i,S. ao'fOlll!!AOIUlrU&lfUf OTU 

• 
• 
• 
• 
• 
• 
• 
• 

"Improved quality of herring for humans" 

Participants 
Matis - Icelandlc Food Research Center, Iceland 
Institute of Marine Research, Norway (IMR) 
Technical University of Denmark, National Food Institute 
Chalmers University of Technology, Sweden 
Paul Mattsson AB, Sweden 
Vaster AB, Sweden 
SkeriNova Holding AB, Sweden 
Sildarvinnslan hf, Iceland 

To evaluate how variation In catching place and time 
affects the nutritional and sensory quality of herring 
fillet during frozen storage. 

f!Uitioft.t ,.... l...Vtwt-. T~fticail ~'Hlf"9hy 9' D9ft,...,._ 

---

Results 

• Generally low levels of volati les 

• Potent volati les (2-alkenals and alkadlenals) was not found 

• Low intensities of sensory descriptors for ranicd 
and metallic, especially in 2003 

• Samples from Esbjerg were more oxidised - probably due to 
transportation in tank vs Ice for Gllleleje samples 

• Oxidative flavour deterioration Increased with 
storage time in samples from Esbjerg 

• Good correlations between GC- and sensory 
data, despite low level of oxidation 

DTU ---

H•Uon!N Pood ln•tHw-t .. TK'hnlul U"lv.....itv of DMrnark Jocobsen, C. DT\J Natloruil FOOd lnstltuto 

EPA & DHA contents in grams and n-3/n-6 ratios 
DTU ---Jr---------------------------------
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Analyses carried out in the project 

Mat is 
Mlcrostructure 

Texture 

Expressible 
moisture 

Colour 

Dark/Light 
muscle 

Chalmers 
Peroxide value 

TBA RS 

Vitamin E 

Haemoglobin cone. 

Dark/Light muscle 

Dry matter 

IMR 
Fatty acid comp. 

Lipid 

Protein 

Protein solubility 

Colour 

Dark/Light 
muscle 

pH pH 
Dry matter, pH 

~I MultJarlate data analy:: 

DTU ---
DIFRES 
Sensory 
11nalys1s 

Near lnfraRed 

Salt 

Dry matter, 

pH 

i --------1 Ch an g es In sensory attributes I !Effects on lipid oxidation I l""E-ffe_ct_s_on_m_lc-ro-s-tr-u-ct-u-re"""I 

Nation.a Food lA1tlh1l .. TechnTQf Unh1•r•lly ot Oenm.artc 

Development of volatile lipid oxidation 
compounds during frozen storage in herring 
caught outside Sweden, Iceland and Norway 
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N•Uon ... •ood ln•tlewte. Tlt(:hnical Uttlv.,..hy of D•nm11rtt 

1. Undeland & K. Larsson, Chalmers Technical 
University 

DTU ---Strategy 

Herring was caught at different places during 2004 and 2005 

• Around Iceland - Icelandic Summer Spawner, ISS - Responsible: 
Matis 

• Along the Norwegian coast - Norwegian Spring Spawner, NSS -
Responsible: IMR 

• In KattegaUSkagerak - Baltic Spring Spawner, BSS - Responsible: 
Chalmers 

Herring were filleted, frozen and distributed among participating 
research institutes and stored at -20°c and -ao•c ( reference 
sample) for 6 month and subsequently analysed - one sampling 
also storage for 12 and 18 months. 

N•tlon•I Food tn• tl\1.11•, Technlul Unlll'er•lly of D•nmu1c 

DTU Catching places and time ---NSS Nov 04 NSS_Feb_OS NSS_Oct,_05 NSS_Nov_os NSS_Dec_os 

NSS: Norwegian. ~ _ ""- _;:__ -f\.. \ - ~: ;.,::F1' BSS: Baltlc 
Spring Spawner 7"U -Y-.r --~ j "" ~ \i..("t"":~..t , Spring Spawner 

ISS_Oec_04 r ~ 
lSS Dec 04 

ISS_Sep_OS 

ISS_Oct_OS / 

1ss_oec_os 

H•Uon•I '°4>d !n•tU~t .. T.O.nic.I U'l\lV.,..lly or 06ftm411'1t 

BSS_Apr_04 

BSS Sep 04 

BSS_Nov_04 

sss_Mar_os 

BSS_Sep_OS 

BSS_Nov_os 

Sampling In red : 
Storage for 12 
and 18 month 



Conclusions 
• No clear differences In lipid oxidation and sensory quality 

of herring regarding catching place and season based on 
all storage points 

• Frozen storage time at -20°C had the largest Influence on 
the lipid oxidation and sensory quality 

• A trend In grouping regarding catching place and lipid 
oxidation was found after 6 months of storage 

• Degree of fillet silvering, % dark muscle and salt content 
had positive Impact on lipid oxidation after 6 months of 
storage 

• Long frozen storage at -80°C resulted in very low lipid 
oxidation and In only very small changes in the sensory 
quality. 

H•tionat .-oOi I ftatllwt-, T9<hnlul Unt..,.,...ty Of 04"'m.itrtt 

Thank you fo r your attention 

Thank you to the persons who have contributed with results and 
slides 

Senior researcher Grethe Hyldig, DTU National Food Institute 

Senior researcher Charlotte Jacobsen, DTU National Food 
Institute 

Kristina Nedenskov Jensen, Foss Electric A/S, Denmark 

Durita Nielsen, P/F Luna Faroe Island 

Associate Professor Ingrid Undeland Chalmers Technical 
University 

PhD student Karin Larsson, Chalmers Technical University 
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NSS Norwegian Spring Spawner 

ISS Icelandic Summer Spawner 

BSS Baltic Spring Spawner 
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Only samples stored 6 months at -20°C 

I. Undeland & K. t.oruon, Chalmers Technlcol 
University 

DTU -Sensory results: Catching place and storage time 
::t 

SSS Baltic Spring Spawner, ISS· Icelandic Summer Spawner, NSS Norwegian Spring Spawner 
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Fishing expedition 
• Norwegian sea, October 2009 
• Total catch of 180 metric tonnes 

mackerel 
• I collected a total of 8 fish 

- 4 fish from the fish net before the fish 
were pumped onboard 

- 4 fish from the fish tank 
12 hours after catching 

~ 

~-J I f r 

• 

• • ri 1 ! 1 •, 

Characterisation of the bacterial flora of pelagic fish, 
with emphasis on Atlantic mackerel 

(Scomber scombrus) 

Cecille Smith Syaneylk 
Bj0rn Tore Lunestad 

Nordic Pelagic Workshop 2010 
Gardermoen 30.08.10 

• • • ~J I I I ,, 

Master thesis 

• Characterising the bacterial flora of pelagic 
fish 
- Compare traditional microbloiogical methods with 

molecular methods 
- Compare three types of tissue; gills, skin and gut. 
- Compare samples collected from the fish net to those 

collected from the fish tank 
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Results microbiological methods - cfu 
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Bacteria! count 

• Skon Gut Gut 
onocrobe 

• Fish tank vs. Fish net 
- Generally higher 

numbers in the fish 
tank 

- Giiis and skin samples 
differ most 

• Fish tank 

Fish net 

Nub1r of colony formi ng uni t• (Cfu) In 1 or•m l lt1ut 

!'J I I I 

Results microbiological methods - H2S 

H2S producing bacteria • Fish tank vs. Fish net 
100000 . - Significant higher 

number In all I 

t ·: . 1~ -,J= 
~ samples from the 

r: fish tank, except the 

~ 
anaerobe. 

~ I- • Fish tank - No anaerobe H2S 

Ash net 
producing bacteria of 

10 , ••. ' i •.' ~ the fish tank 

Gills Skin Gut Gut 
anaerobe 

Nwmw ol H,S procltKl"9 N ctor1• ol 11.-m tin•• 

Flowchart 

• Blue: traditional 
mlcroblological methods 

• Red: molecular DNA 
analysis 

Conventional microbiological methods 
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Results molecular analysis Specl .. ldentllled by llLAST (eequence libniry) 

DNA from fish matrix and bacterial culture 

RNA Jeno 

... 

... 

Species I Groups 

Thoughts 

,. ...... 
a 
s 

p f f . 
fish ....... 

a r s 

i I f 
- .. 

Gram - (red) 
• Phylum 

proteobactreta 
Gram + (blue) 

,j~7&'1~ • Phylum 
Flrmlcutes 

• Phylum 
Cyanobacterla 

Teleost DNA 

1~ f ~ 

• An increased knowledge about the bacterial flora of the fish 
could result In a better utilisation of harvested resources 

• Higher number of bacteria in the fish tank 
• Handling activity could cause contamination of the fish from 

gut content 
• Mostly harmless or opportunistic pathogen species 
• Methods 

- Mlcroblologlcal method (API® tests) 
• necessary temperature could not be used 
• designed for clinical Isolates 

- Moleculer method (PCR - OGGE) 
• reliable results 
• discovers species that are not possible to culture 

r , ~ ' E 'i 

Results microbiological methods - API® 
Fish net Fish tank 

Species/Group ; ' r ; f ~ 

Molecular methods 
• ONA extracted from 

fish matrix 
- from cultured samples 

• Ampllfled by Plolymerase 
Chain Reaction (PCR) 

• Separated by Denaturing 
Gradient Gel Electrophoresis 
(DGGE) 

Samples loaded In a 
polyacrylamlde gel with a 
denaturing gradient from 30 % 
to SS% 

- Connected to electric current 
The gel was run for 18 hours 
at 70 v 

• Sequenced by a sequence 
laboratory 

• Identified by a sequence 
library (BLAST) 

• All species/groups 
are gram -

• Red: oxldase -
• Blue: oxldase + 
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Thank you for listening! 
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PELAGIC COMPLEX 

MMC ~lizes in miking comp~le patbges con~b:ting ~ ftsh handlinl aM refngtttdon 
equipment. The com~ny is a leadtn& su:P91iu within its Utkl ot busintH. The annu1I tumover I.\ 
l'l'lOrt' th.an 200 miU NOIC.. and rti1;1tnbtr cl em:ployffs Mt 8S With maU\ offia! in ~nd ,.ru. the 

OJmf*"'Y Ms brmch ~a~cheOMstol t.Ot"W.1y frol"lt ~in d".e SOL!h 10 "T'rmrt.Seitl dw 

GOf'dl_ kr1ibenraoff'. ollas iG "* ar<d mi... 

W'-'C:•-c• btafld,__1 .. -...-. .... olf'-"'calJQWMlMn/tnwttn. 
nn pro~~ bffn d~loped toCft~ with fldilnt vH,,.. owners •nd tHl!atdi tnstittJte ass.,~ 
ll'le projecc hi-s bttn suppor1e-d by rnnov.atlon Norge. Thtrt 1s a big h~ rttl on dedt In order to 

make a 1.1f1 and smoorh ha:ndtir1 of th« s.ucdon hose. which b: Cutt.inc out d'te nc.m1I hydraulk fish 

pcm!p.. Thk is abo ,.,.oW-1 tt-.- nu: of oil Poluucwi '" m. ~· ~ pt..n"p ~ nw fish hold co 
~lmdld Is~ f\JI al. m&td w<1te • .aM bf~.__, fnwft N hdo .. aa _., pre:swe • 

anted.. Tht:lilDdel' prMWttil.~ Wd"ANW~~%WM:plrl•.,wti.dr!•~~ 

., u. ~ hiose. "T'hewattr wpwmw ~aft the-wtm'tWi'.!Ef ~ mce"° With tbe fis.h. 
tnd theft tS anolhet WltH """""o ~ .s ~ lhrJ w1rtn water O¥et board~ This matrs 1 
stHdy 1M ct-nde flow of fssh into the chilled filh hold It 1 e1padty of )Ofne 500 tOM per hour. 

L.ooadinc two rtsh hold slmultantously makes a total caP1clty of so~ 1000 tons Pf' hour. 
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~ ol dte &sit\ bolds..• tap of Che fidl hoWI. a big •o d srrainen MOIR 1:hM dw Wilttt °'""' 
._,,bid: t0 lht...., holds.. The syRem"' _., .l:U.lOmllbC and~ sem.on Md Gow 

n:eten ~~ tht optarnaf Wllf1 ftowfor tadl fi~ hold. 

Off ta.dJl'l.I is done by mt-ans of ovet pre-ssure In th• fish holds. ChilJH Wit.ff from lhe-..i"iter hokh k 

pumped to~ fish ho&cl 1.0 be diseh¥atd~ •nd cnaona • now ot w-,w llv°'"-°' the off kw.ding'"' 
Tllid..., .,..k ~Che fisil in dw lnOSl centfiew;rr tott...eshor• pl;M;t. 

~ ·-~· projeCl ... s.md" in~ IOa:Gll'IW dllechilled bt.iq,~ fnm>.,.._ 
W"SWfs IO tht shore ~b. 1his indlldtsa ne\#(f!CltMng SUtliOft con51SW11ol two J0m
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suinle'M 

"tttl r@Cf:Mnc t"inb Of\ tht pier. under pressure '-ding and prtSsure off mdfne to the new gfldit\I 
madiine. This makes 1 much i.impler reeeivin1 s:y,;tem th0tn the tr~ditional today, and 1·1 ' much 

k.'.lr#u m.aln1"'"~• 1ttd ~""~I c0t1. 
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Carbon footprint of Norwegian Pelagic sea food 
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The rtpon quantified the climate 1mp3Ct from 22 different Nof\\egian seafood 
products. boch \\ ild c:uigJu. and aquxulrurc producu. The cu.rboo fooepritns "ere 
colcubted b) !he ufc C)dc Mor:ssmcat (LCA) mdhod Th.: fOIJG,."'I fisur.: ..,_, 
.. S)- -..ion.. IOt .............. 

The m:un cl1m111e aspecU of"dd caug.tu seafood are, 
- d1CJCI combustion :Jnd refngcrants em1.ssaons in the fishery 
- processing, proccuang shovld be done before C'<port to uuJizc chc use of 
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for __ _ 

Cart>o. ,._.,.. d lugli Oii dJ< ..,.i. for UDj:IO<Um sal.clioldcn • lie oeSood \ olac: 
dWn Gow111nmtal boclin use atbaa foocpnnt toe. alum. lftd choose stRkg>CS 
''nh less chm:ue: impacU Big rt't.:ulc~ wish co $ho'' their consumers that they ate on 
top of thm&J and dcm:and t.lut thc1.r suppliers can document their carbon rooquinl 
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Fuel technology and energy efficient design and control on 
pelagic vessels 
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machinery S)'Sfems and opcnbOn:s to support a. su sDllUb le bvsmas for lhc ov.. ftCl'S 

lncticaton $ho\\ s:rtong inltt'CSt 1n eoergy cfT.cian S)'lltlDS and cost cffccti\•t and 
rdiabk I0111liOll$.. la gcacn11 morr CftC'l'f,)' dlicicet opcnt:io• •di i;,ne a mott 
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Sllon abstra<t 

01'. Ra:•ar L. Oise. 

Pel-sic rbh resources ha .. c been u.scd for non,. food purp0$CS as industrfal produas and animal 
feed for lftCtt man I ccatucy Today~ m()l;t of me ru oil and meal 1v11bbk ate used in 
oampoad feed for •tcasnc .aqACVbw'c. It • bo'a:C'\cr o&a said 6.at ii cs aot cdUal c:om::a 
• - ., - loiglll)- ....,lioaal r .. ~ ..-lid ~ io *'->' be .....i far -... 
- .. feed rar fislo ..i .--..a. nc Q!lt •ii"'-• .. - , .. rCSC>WCa far 
feed isr......Ok ..... , ....... 1$ lcpl) cugll r ....... --" u oc:b. 

EFn:cr OF CA TOllXC M ETliOOS ~1) OS BOARD 
11.\S l>U.'iC SYSTL\IS 0'11 QIJAUTV OF PELA CIC FISH 

3U.llfF.-nt...J~ '"~Troidwlm.Nor&OIY fd 47..000 4l SQ.fb.. -419'l~07'01 , 

ABSTRACT 

......... - '"11idy -...i. ii Im aa-cnlidcs• bccll -· .... c:o:c:IWig -

..i-.;-aa i.a.d llMdliag I''- ct oL 19!141 .. ~ a!Tce1 fislo qmky 
- .. .i. 19''1compoml Ille dTcct orseasoa ...i CllCll01g md!lod ...... q1lllll) 
of cod t<iadlu-nlMO)Oft musck-pll. lillctcolour. odour, dG<Olovnnoabrus,.. and 
overall grades of cod. The rcsutcs shw.cd lhu catching methods had 1rrarcr impac:c 
111111 season on !he quoli1y or U..h cod. llanula ct .i. (l\IV5) srudicd die effca or 
giDnctling_ poundnclting and 1rA1• lina .., monali1y aod q.ality or bemng. Monal•y 
-.d "ll<e die ...-.lia& omc ioacascd &- 2 ., Sh Sir= • .,.,.,;. -
aria ..... r,.. caagJK by JilRtt. •• mdialoil u plloct ,..,,. .. - ~ 
....-, -- F-._. m..X-pH is .... ., ...i .. ........_ fa<lo>r,. 
gmcnlly lriglocr of mt. cooglol by giRaa compared ,.,. fislo ca•&JI• by IDoPac 
l&ai....,. cc al, l~) lft di< p.-01$rudy.1kc circa oflhccaceh11g m<dlods \\hen 
usm, ring Ott (coascal \'C$1d and ring OCC VCISd) and trawling '*ilh lradirional and 
T90 tra~I nea. on quahry of ""-O different pcl1&ic fish ipCCics: mackerel (Smmbcr 
mi..bnuJ MCI -.:on.cs... sprins - ·nine bariag (CIMpttl 4an:.ng1UJ. ,..,. 
............ ralt .-iry ............ .i _, •• manalol). a....W daaui;<S. -
....ae.pn.--orni;ar-md rilul- o£r.Jlct colow.1<u= 

.... · - Waaahcs (ppes. blood - bnrisillg <rel Th< - ~ 
dT- on IA qm!S)- due IO ddfcra11 catdl•i mcdtods •-= monatny raa 1Dd 
cucmaJ c.Unugcs. Tnv. hna was the most wcssfuJ Clfdiing mc:chod for hcmn.g. 
Ma<~acl ca•ch1 by die new U'aWI nee (T90) hid less cuemal d<f«:IS than dlOS<: 
cau£bt by dtc u-ad.lrio11.a.J tt11wl net. Morco,·er. mackerel caught by the T90 1rawl na 
" CR 5cocrally or smalla •izc CC>alpatcd IO ndilioeal lrn"l Acconling 10 lhc 
fulocrm<a. •• "• clue ., diff.._ .. °"'""" ome. i.c, llm< of die day. !.a.aa 
fillo-~ca:ipca~A...,daigaofa,..._r <e -.1• 
l""X ..;.., •• .-.. ., give less b~ oa hnnog fi!lds -"" ., a 

ndmoml dc$icncd ...... scpaUOr. indicam.g • gaida --· or Ille liob. 
Fun:hmnore, a rapid mechod for mCMurin,a. rilk of bdly bunting based on cn~ym~ 
acti\.ity was prescn~. A "cb based quali()" ma.nu.al (www. thlo.o'book) for the 'hhoh: 
pda&ic value ch.am from catch •o market wu prcscncd. The OWIUal is still under 
clc\'dupmm1,""'will bccomplacd ud lrMSlllOd 6- '.ton.c:giaa 1> EaJ:lishia)
:!011 
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MICW..lllt Profascw • &ltc U.n-aury ol lalaM ..a 

The dloice of the right roofing method and techniques for pelagic fu-h for pnxcssina a;.ood 

food products fot human consumprions is imponanr. Improved cooling 1cchniqucs "ill 1Jso 

give btncr fttd qua.lily. With choice of coolina eecbniqucs mtaJt also take i&uo 1Cc:Oun1 

condition. of fish. SC3SOO VVl.abon of the d&lt"cn::ntt fish sp..:a., ~if)' crilrerU of n w 

.....,,._-. F.-S of nw -mis aa -· criluioo of food ptOd""5 ...i filll
-iqulll). 

Challenges for the pelagic fish sector in the future - focusing on pelagic 
fish as food products 

~o..'.Hewiltot.uch~'.llWfd:~.~~ ........ s.r.-MdldlGIOf!C 
~ ......, ____ .'on.o._'o..im.n._.__ 

lnl10dualon 
The' ptt.,.c fts.nef'ies are a.mot11 the la~ '" t~ hordic courrtfte'S Approx LS rn I 
tons were la.nded in 2009. '" NotWay, Sweden ~nd bland the pela&ic fish accounts 
ror more thin 65 % of the toto.I catch. Howewr, the petagk fish Industry is ~cine 
several challenges regarding c-atching, processing. fish quo.llty 1nd profitabihty. 
Appro• lmately "°" of the pelagic catch volume from Europe Is discarded or is 
destined for low value feed applications. fM m~ln reason for thit ft qua.Gty tosses, 
bvt •Isa unP<Ofit•l>Wly for the flilt industry in P"odudng 'ow-'nlue r.ti specie wtth 
todoy's ttchtlolocY iS • r.c-. The petag;c roJh ••tue .,,...;,, iS ~ ito"t '"'--. 
ond - the proceuon and the aJnSU'1Mf1 - ~ rot.,,....;o,,-.. tho ,_ ._ ..... ""° - fi .... product they~ "'w last 10 ~ - 11"10 
o<.,..u-~cam.dout;.T>!e-.rc-in dosecolloborotianwlhtl!e 
l<onf'JC ~ ·nc1ustty M .,.,._ d l'>OH RTD-projects ·• ..,_,ed ·n T- L 
W:th U..W p<OJe<ts ;as• bHd. •nd th""'ll! d_,.....,. w:lh tno Nonlic induWy n 

oetWOl"k mHtirg5 and WOtltli'lops autumn 2010. me future cha~ foe the sector 
Mve bffn lderuified. Some ol 1htie chaO.ngft are discus.sed in 1h1s artlde.. 

Cotdtlng and on board hand/Ing 
The catching and handlina operations have slantflc.ant impacts°"' the quality of the 
end·produc1. Many fish a,.. eKhaustl!d, injurtd or k.iUed as a result or lnadeqvate (a) 
catddn1 methods (b) trander from sea-to-"tflSet methods~ or (<) on de<.k handlln& 
rout'- In oder.lion. tl>e pump;ng rechnolotv uwd far loocf"'I ond Ul'lloaditt& d 
c:atch QO OISO ~the f!sll Often tlle QUM al d«ach is ..-..a M tM fdh or. left 

In •"'°' dPpiftjand-- in tlle-e< ""'°""""C N fi<h. Asmdy - .. 2llJS"' t"e elfoc:t "'d;F ...... ...a.1 ........... __,,, ..- " 
- - (pone w <Vo CDOStal ?WW...,. - trawl - t...i:.t.onot a.-id the 
- 'T90' trawl nets) ... w quot;ty "',___ sprit1g ._,,. ll«"'1g (()ups 
~ Mid madercl (S<ambu sa>mlindJ sMwed that cotclldog metnod$, 
onboard 1\a.ndq routlnots •nd weilthe.t cond~11on:S had a sigl"l·ra.nt unpaa on fish 
qua· .ry and survival rate (Olcre aod Ha~n 200S, Norwqi.an industry project 
"'Pelaak quality from s.ea to dish", 2003-200?). Two other studlei airried ovt In 
Denmarte In 2003 al~ showN that onboard handling and storaae has a signifiQnt 
influence on sensory pr09«rtles of both raw material and proces.sed producu 
(Nlel1011 et al., 2005. Ni6en 9"d liy<d·g. 2004) 

O'K:• ~ace fl'Sh are ti~ Oll\boatd, aTlOl~ mltOf ~ j li"• «k of effia.~t 
COOii.nll arid prC!"SotfV".:1i& ttdu",ques to DffW't"t t"'!f' ~ ol ""°' ~ TM a a 

- - - - - - - - - - - -- - --- - - ------. 

P-.1 r...,d--rwtnc•edlocls., _.,.. lhc q,;,, ....,_,Md 1>cmac ~ 

Henrik llaudl Nids<a 
\OttMtll Food /11ft10M. Omuw• of />ooti htdultol Jfr~arclt. Te!dwvcw/ ,."",..,.,,ily -t' IN,_.,rt &.11t>fis 
Plad.a. 8td/J111g 111. DK -11J()O Kt>- Lyngb;. !k11111Wrt 

Th~ fat content ts ao important qualily parameter ror herring and herring products. The r •• con rent 
~Mta thr0\lgbou1 the season and follows the cyclcofmaru:rarioo a..Gd srud.iesof commacial cacchcs 
in Denmark show a comklcrabkvarialion in fat c:ontcnl within &hesamcc.11cb. fu.rthcnn0te ii can 
bedcpos""1.tiffa.ndyiadlcliosuedcpaidmgonlhcmlnl0Duos_,0fm•bario&. 
Scnnl-ocls=applicablc f«mcasuriD41 die f•--• irodniitul r.sh • ••oodcslroaive 
war-i-hv~poomml••li..,.,....-•--of&r la,.. Daisll,_dl,,..,;.c. 
-'flcrnos-A li""J ,_-A pJd pmdud"" arricd - .s di< r- o.;,a 1m1iottc: for 
r--..1tes....i.. [)i,·ioiGmolSaCood Rcsardl &a.2901 .. ~ • .,.,. ...... .-.... _ 
'.l<M lahllal.!!'o'lll).Sodos ~R-(S"\IRjMddlcf--. Tllcol>joclivco • ac0> 
•'"aetl* lhcircoaduio• to ac:lac8ic:aJ rdaaceauf}U .m4 to ~.-fbcirsuil:al>ilil'f as 
fuiu"'cruidc~ .... -r .. -.noat11eraoo..1m1a~ 
The rcnhs confirm lllc vndc uriMioe ia. fat COAICln within each caach •-ah W coo taus taniJng 
from 1 to 25~ Thercsuh1 (urchcnnore show &hi.I NJR, NMR and F.t.tmet« ha,·c: difTcrmt 
suitability and appticabiti 1y a.s fut non .. <Jes1ructi\'e methods for ddcnnin.arion of fat oontcnL The 
f atmcta- measurements were h ighfy inOuc:nccd by gonad maturity and arc therefore not • ui1Jblc for 
mcasurcmmt:s on wbo~c bcrrina .N~R mcuurcmcnrs gave good predictions with low prcdtCtlon 
errors a.nd thussho~ h~ polUltu:bty as a fa.ti and non-dc:sO'UCtivc method Cor mcas.urin.1 Cu 
conrmt m • ptOducrion laAC. Also ~'MRga\·cgood9redictions b\lt• aeas\lr'mlcTits,..en:doneoa 
aiDca1 hmiag. fri.cr w:ortr oe •hole mudc • aectS:S&rv be{~ a Gui ~afvatio• ortbc 
ssirarlrlyof *1s mclbod CM 1><-. In lbe l'(onlic .._:...,. aanCNIC).'-!al pt.,,.a 
SIU.QlilD.lk&s>ud-dcAiocli•••allod-b"(\IW)dlclcca'ic~. 
ckvdopal • ....,r ..... £l..pqoas. ..... ......i for pm§aioaof&rora oojqu<loana&-crial 
- _. ml)=l..,. _ SfC.fmrlol p._. -~al qalilyofllcrrio& b 
-..-...i .i.o tcsood ..... -.n.I p,_ oflicniog Md -ad fillas Tiie MW t:K11 
........ lc .. dar:ct fasa>DICnl Ofpdlci<f&.M kaslap 0> Wfe\ds oflr.(berriog}orU'• 
(llUdtc.-.1). 

panJcular proble'm for sm1ller anisinal vusels, prosecuting Southem pelagic fish 
species.. As a conseqtAnce of this, vulnuabfe pelagk spee:ie-s t•hlbit e>ttra«dinarilY 
shon sh• tf life and highty variable quaJity, which restricts their onshore- utilisa·tion to 
inftrlor low va1ue ptod\Jets. Equjpment vendon. and restatth institutH are 
com.nuou<Jy ~ t"""'ner on bettOt IOMlons both ror ......,..,,, ond <fliWrc d 

f.sh on boord. The lotltf """"· ""-" ,,.,.. bHn ...-. but thtte iS"' • 
pac......,tar--....,.,.tne-6.h'I"" IY 

£/lttlltt~ -p#OCGS-
The pelogjt flilt _.,,industry in the Nonllc cou- _ .. WJlh ~Ch 
voturnet ~ high inteM•1Y pnxessi11g dufiriC the production sMSO.n. Oamaeed fish 
or unwa.n~ spec.ift are currently sorttd by manual labour, a process whkh ii 
monotonous and prone to errors mainty due to human fatigue. Thus,, a cost-effective 
automation of the process rs vital to opdmlse ope:ratlonal effidet1eies and 
stand;udlse quality control Weight·gradifla of herl'i.ng and made.er~ is typically 
perform~ using mech.Jnka.J graders. Thtff m«hanical i '1dtrs are not entireJv 
.C:<Uri1te and~ due to Uie P'icin& of the d fferet't wei&ht-'lrac:tes ol Mtrif,g and 
_....._ thislNccutXy,..,..IU In • 1ou d 00<.tntl.al~ 

-~-.,...i;,,g--d,..,....ts~---
..,.,,.,., •llue'Ud bf .......... Qc<on. M;sgtt._ ocgsionol - ~. ~ 

.,.. "''-co•.-.~ n "'oe<fe<tions tNlt clKrNSe pn>duct """'1'f - """"" 
.._ P"alit (Pau a'ld Olof<SM. 1991). P.-S "'"""" indote tnar t11e rood 
ndustty ftH ~Tl ~1her Skww' to a~ MW •utornaion ted\noloc~ but there 't 

currenr'v a growina Interest for utifizlng such 1echnology in the near future (flyu\ hln 
et al., 2001). There- is • need for rnott aulomat~ and a«uratt techno'°i'f for 
handllng and processine. This upgradina of technoJogy will le~d to increase in 
efftc1lveness, fulfi lment ot continualty dltfertntiation and t!&htening of pfoduct 
spec:Ukatloll$.. Espec:iaUy rechnology related to &'3ding. sortlnc according to wen 
d.ti:Md quality paramettB (e.g. lat content), and packil"I procenes for whol« r!Sh 
aM ,.,s are nftded. 

~~ many CO'Tli~ are~ ti'\ef' tleLt!c ooaccy ..s dw 111a!'U( 4 

~. ~ - al prO<tiMd hotrinc lfillm .and ""9<~ The~ 
<>dultry .. - ~.;ch low-..... In 2005,"'" i..,,_;..n _ .., 

pr-.uic - ...._..., ........ - °" a>mpared to - for ""'f;s• .. 
ffttt one! 15" for tho rdh --' ond ol _.i"I industry Clw<w ... 2006). A low 
de1r« d pt0te5slnC wos pointed out as tlw "'"'" challe111e In •n -. study 
urri«d out by DMRI Consu~ for the Norwec•an Industry ;n 2007 A higher cle&r« d 
rmetJns leads to larger amounts of rest raw material. In Norway, 290 000 tons ot rest 
raw materi~ls was produced In 2009 (Rubin, 2010). Currently, the rtst raw materfats 
are processed to fishmHI and fish oil for the fttd market. Brfn&lnc some of thiti41 
rtst r-.w miterl.afs as ro., mDt atlCf hetrin1 oll (Hytta.n and 0stvf.lc, 2009; Stoknes and 
8ntivll<, 2009; 0stvtc. 2009) to Ille food ~el w- d e.>rty imp«We rhe prol:ttbofcy 
of tN .. 'ld based .rdu<lty In add;6on .-ral ..,.. products, .. PfOTM ~tes 

oroductd wt!> ~.e X>d and .,..,._"' ---t~ (also ailed pH_.,,.I\ 



tochniquoJ (M>l<ile & U!'IM~nd. 2009) •nd ptOt•"' hydroly.-as P'Odu<ed w<~ 
t~ tKf!o"'jqws. ca:.'l bllf ,..- f.-O!'ft ~ l'ftt ,._ •utr . .as Bot.., ~ 
~:id nydtotysates C.at'I be used ., N':I '-"" .. "'Id fuMt ~ foods. ~ ~ Of • 

s.awrte The potfl'W economieaf C-Of'9'11bution hom rest ~ tMtl!ri« ut ntioft 11 
an impon~nt e!emtnt for increuing the profrtat> ,ty 1rt tt-e pefac.c indU1tty. 

tllilizotJool o/ blw wfthlt>g 
Most ol"""' ~ taldt •nded ""ktiatd Ot ""l!P\e f..OfO< CCU..."'U"!ti 115 used to 

oroceu f6h meal for - -. • ~Y - ....- produn. - - t'f 
•rd - i.t• '""'kt> ~ posuw to lllAl!t t tar ,,.,._, c"""""P(ion .,.., ~ 
increase l"ts va~. For impr~ quafttv ft ts neat.Mry to d\arce t.M- process. from 
catch to final product. Somt txpel'imtnts have been done on produeitlg p<Olein 

Isolates from blue whiting. Th1s product can be used In surim1 bued products, and as 
a raw t'l\aleNI in rt~ ~als Fun.ct1on.IJ al'\d b'OCht-nicaJ pr~ttles of flsh prote;n 
~te from blue..-.~ ~,ove btt• uucf>ed lc;.....iott.<., .._, 20101 Tbis S<udy 
~tef- - •- t "I orottiM can ti. "'ld"Olysed 10 ....U _,., ""'"*< 
w'th ,..,..._ ....i booocriw- "'-;<!can ... - n• bose fot
ol hydrofVsates as a food ·ncre<f..ems.. or as a functon.a food ·ncrecfoe:,-t. Fua 
procenlne Includes the commot1 preserva(jon methods tiU ~ting. QfH'l•n&, drvfl'll 
and smokina. Experiments regarding drying and smoking of blue whiting filleu, 
breaded products from mince, lndudi.n& sausages from minced fil~t have~ done 
with 1"0-"°'i <HUits llrg)rNrc 2001). 

lrrdmrrfolpdo91cflsb~--
The r~ procMstnc irdustr'i " ,~ &~ :.Ifie a'T'IO.t"'ts m waste water 
Amon& the worst In this respt<t ts the ma.ril\ated herrittg industry where up to 40 m • 
of sah/ac:ld brine can be p1oduc:e-d per day for a sif'\lle marfMted herrina p1odUC:tr. 
On top of this comes regulat RSW·stota&e and rlnslna waters Cutrently, both brines 
a'ld waters c:onst tute a S..'ifl bnt cost for the f'dvstry. BH"tff tN cost of ~ler 
'tse}f,. ~are t'OSI. .is~ed W.r~ 800 (~ ~ Oe:"Uftd) reductJOf'S 
;L<>d .... -of p<0ttC., ....._.... W-VltM _......,,,; .... _,,, ~ ~ 

dwt .ait"r'f ptOCftS or pot~·~ ~ tl".a ...,.,,4 Md va-ue to ~e wnte wat~ 
-.rd/«t~at would :t JOwrecyd "Id W<lt~ :s.of )1-"an "t«Ht tot lNm. 

Quality of peiogk ,,.,, 
~tdlpodmcidot-(~..,, .. .,,..,of!N_,,......,,..~,ndq .... ty 

oss. c1 ~ ,.-&., HOeeia v "r~ ~~ ~ CltOCtUltd ~ ~ " 
tr,e ~ 10 yeiiors. ras ut!f3Wlt_ .- tNt Of"* o1 U1e ~ auses: m ... " ~ " 
llle$e .,,_off..,, d L ... --~,_ of •~,..,.,.,..,._rated l•ttyaocid<(e &. me ..... 
chain n-l Jany aocb). abundance d heme--prote•ns lli Mmog obit1 (Hb) and 
myogtobtn (Mb) as well as low post tnort~m musc1e pH, the latte r whkh leads to 
ac.tiv1t'lon of Hb t11nd Mb Jt1to the hlghly p.l'(H)Xidative met·Hb/met·Mb (Undeland ll 
~ 200I; S.'O'I and Anderw•. 2004) Met.Jib •od ,,..,-Mb • .., ll'ev's,,_..,_,,,..,.., 
a*'Ol~wry~tws.de ~ect dt"*i( 'Ot"""'\llO" d <tSSof t~ "edrcf'l.1\...o.11&~,. 
~od-~ , .... ~ °"4< f.V' "'"5CW 1\l'W- ft oL. 2010: ~ ...... 2aJSi 

oeaiuw o1 its uet~rn ~LW ef-'eas,. t"'-t se"'SOf• ~.in and t*'to 
«te:Mitd food~ fr.rs~~ ol fKmrS MS f'f'SU!ad n sa.t a.~ 
used • l't&nef ~ ~ ~,., ,, ~ onxes.sed foods._ In fact, in the 
Europt•t"I countnn,. T~ of gt 'life cons:utN d hiddf"f\ '\ J)tOC.f'Ssed foocb. 
However, re<:ent stud:es ha¥t shown that there _,a stront 1,,..1c; betwfft'I high sat 
lntah, high blood pres.sure, 1nd conseq~ntly .ncreased risk of c:1rdiovascul11r 
dise~ Pub11c Ma th and ~latoty authont•a are tM.refore recommr"ld "I 
_,.,. t!ie lk'y '"'' ·= .. ""50!I,, - - ..,,,..._.. .... be<oml"I ~ ilW¥f 
ol tN f'1f.;J t., r$a ol .,~sat oroducu. As a~ t. food f'U....m.ctu.~ '"'ie~ 
.a--e fao-c tne o ~ d .._ co reouc:e me g.1 ~ o1 Sooas w t.ftOUt .,..... 

tneif ~b;;Cy, ~c P'O«SSiOI y.,O - «~ SM<f· I• 1"" producen of 
~rlonaJ hetfi.nt products 1te Mr9 fKM'!g a sl)«iaf d\a1;.n1e as rtwy have the 
poss!b·llty to marll.tt their products out from tlielr content of long c~'" n· l fatty 
acids. compounds •?Moved fOf two-st~ ttea!th m 'ms. -~~~~1;;~:;~·f"Jl•l)~a;~- ............... , ..... l.Aa 

lbnm.l ~IU 31()4 M,~lqlid~Art'lnl ...__.I•(~ 
:anJl~(h..."ftluttySU(l-l).flll l88-·38J" 

C1ul)lll. M . befilkul. S •• \"lSl!:)...i~. W_ r:i.u~n"a. (' ~1115 t:~ (>f p.gmaU •n..l i»lf.lr in 
~~':f:.:::~m»di:td(~41dLlto~ .... 1<okmgicot1U1Ct< °"""" "-UJ,,...._,.._ _ _ ,_,..., •• ...,,,..... ..... _~_ 
_._.,..m,--~r- q.,'"JUltcplflSTnc\N.rSUt 
~ •• a.~-.a.ll i.-.w...~s...t.~1 ......,., n .. ......_A.. 
~&.A·S. 3..1 .f' ~~ .... obcst ... -*6o. -=c-fat...,..,(Ckpca 
h:itCf¥1b). hpet r~ .. , lk 'nl TAFT~ c,~ Dnn.i.rt.. Sqltcmbcr ,,..Ui 

(Jeiali.1Ult ~t. S~j8l.-lo41.- , S , I l~1nagu:hi. l'Y .• TIU\t~"OO. G .• Mwnit~u R.. Krbltf'Ml..'11'1, 
lt<f 111d Knll}aru.&•I\ ~t:M (~10). £n()1Nbc bydrolyJ<hl•rttue-.·"hn.q:(~Wl~us 
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l~uthm,.S v. lialc), TA _s. I( K. 2001 ~/\•llYC)'OfQ.lhltl•IS):iitrM\"1hdabc-. ror .. "1iccsinlhe 
food~ FCIC.'dCodml, ll:_!Sl.,·~ 

~a.A..(31L!l)lllae-•~-~'L~nta..~Skl':blld-S 

-·-~ tn:na, .\..~~~Vcr6-.,.L'~~-pcillp4 ...._ 
......... Altil!f --1!~ 3.,, 

.._.IL."-Hlol-l.~T .._..,,.A.- n.._,(._9-• 
~~dies i1lt.\lco;tn .. taaas ror (."\ID Wlonrw,, ... 'Ut!«l'- .m- ls JOtaSncr. 
61(9) 11116-ll 

Li.odq>.i,..11 .. l~IJc. A·M~' l\ldand. L. "".il'IJtw:ta. A·S. ~. I larint(Clupca twmglli) inl:a.\.c 
idl~li~bul• ~-~nr~inCJl\VTo-aPI.._ 8mi4l 
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It nM been found Nt O\efe is a very hCt\ cotrt'tll'Jot\. betwtoe"' nncidity 
~t a..oid red:.."lHS ~ ..+y tM tattt ew:n an bt v'Wd aJ • quid. toot to 
,,,.. .. ""' fZ1Cid:ty ~ r,.., rweu~""' Unde~ l004) Ac.ea• tutu-.<» •"P 
for.,,.. oo<o&i< ftsl, - .. t1'<IS to~ .in- .... lcn ...., .., .. Ck pnxen .. 
cha" Im.ts the pos_i-bo~t:es for met Hb a1'd met-Mb form.UOt'I 

Another future clWtenge ls within the productiot1 of traditionally ba.rrel salted 
herrina and ~ marinated h.err'ing filteu •• Tre htfring industry primarily uses fresh 
1')erri"I .s raw m.ueri"al fot tnese p<oducts. tioweve:r •. , ,. ~ th.al fro:.n 

- ... - ,_,.,. fi:ets W •O ~OW>Unl lo< a !alp< OW\ of tM --'*""' 
~..,mo .....ta a d tnenfatt .,.,,.,....~to,.-."-edp oo how 1,..,..., 
row ~tJi.al a• ti. used lo< th.- productlon of .. toe! arod Kid mor·nated ~ 
and how It w ;J affect tM S)<Opertie-s and quality of me llt1al ptOducu in order to 

opttmlie freezina and storaae cond idons. 

~- =jo< q""' ty cha!lonae fot the pe!.>gjc lndusuy ii the phe- known 
.. "'bel'Y ~ "Belly M1ling" Is the_, mott...., rap.I.,.....~ tNt 

r-.u 'c:ie d""""°" of the - - n ~ ""' _.., ~ l"e 
'P""C -"Y IMd"'i tenon. The dee- may ti.'° w.ere ll>ill • few _, 
after UPt'Jre tiJi'I may bKGme Ur\'SU tablt fOt" hvtnan con.su-mpt,on_ 8e4ty bun:tint; 
!'las ~en attributed to tht effect of proteaSf1, whic:h may oriclnatt from the 
d1gHt!w system or the fish, rrom inctste<J zooplankton, the intl!itinal flora and/or 
ti-A! f<Sh muselO """'Y· 1926, Glldbefa 1982; M•rt•net. 1988; Hu.s ,1995; VeGyuUn et 
•~ 2001). ond I h6 bee' -- to """'~ of the coio.gen (G1dbe<g, 1982}. 
- _, elfea.w woyof .....,""i OOll!y bomt',,. is - '° fdl\ ,_, _l>R aio."' 

aru"' l'lle! of L1't!e' J'Nf- HOWeft-1. <wr--~'lly. this tuy AOt be ~ dUI: to 
w1'91Y de.,,.ods from ,,,.n.m. In• hO<Wq0an p<ojea ("~c qualty from sea 10 
dlsn", 2003·2008), •simple m••hod 1tlot con objectiv• IV measure the decree of belly 
b\Jrst n1 in pel1j1c fish wa1 df'Veto~. Howe~r. commercr11ly testin& of the method 
oeeds to be j>erl0<me•L 

- •/fem,,_ pdo91cff"' 
v~ few cx:JnU'Oj ~ l':ural'1'\ aoo ari~ ~ htSl tnat fO(US °"'Y Of\ t-ea...m e&cts 
rrom Pf!oik r .. ~c The .,.. .. ~- deu w th llefri"I lllndq.! .. et .... 2007; 
2009ab: G•bfitluon ., • I, 2009: Noo•d1aew ., at, 20 10) and snow that horrfna 
int.tk• can Improve blood lipid ltvt1s (e.g. tlevates the levels of the "&ood 
cno.lesterot' KOl.). suggest:ne a reduce-d risk for c.a.rd>ovftcutar ddeas.e. In •l"llim.I 
-(rats, OIU)alsoi -de&rH of •INIQKle.,,.;., ~an i"'PfO"Od ~ 

,,;.i - .., fouNl ofte - ... di<~ et .... 2009b: - .. 
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