English Translation from:

Introduction
The following article “Super-chilling Fish” was published in the Icelandic
fisheries magazine Sjávarafl on 18th of January 2017, the first issue of that year.1
The title in original is: “Ofurkæling á fiski” or “Super-chilling Fish”. The author is
Gunnar Þórðarson, consultant at Matís, an Icelandic Food and Biotech R&D
institute. Matís is a government owned, independent and non-profit research
company, founded in 2007.2 Matís write on their website: “We pursue research
and development aligned to the food and biotechnology industries as well as
providing Iceland’s leading analytical testing services for public and private
authorities”.3 More information can be found on Matís’ website: www.matis.is.

1

web-address: https://issuu.com/sjavarafl/docs/januar2017_net
web-address: http://www.matis.is/english/about/
3 Taken from the web 19. April 2017. Web-address: http://www.matis.is/english/about/
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Super-chilling Fish
Gunnar Þórðarson writes

_________________________________________________

Matís

Introduction
The super-chilling project has been in development for some time; for the last
few years, the food processing solution company Skaginn 3X , in collaboration
with representatives from Fisk Seafood, have been considering the possibility of
super-chilling whole whitefish. Later, the two companies collaborated with
Matís, a government owned research company in Iceland, on the subject. The aim
was to investigate whether super-chilling was possible and what the effect
would be on quality and production. Super-chilling means cooling a whole fish
down to below zero degrees Celsius immediately after it has been
caught/slaughtered; in traditional cooling methods the fish is chilled with ice to
around 0-4 degrees Celsius.
The super-chilling method was first tested and used on pelagic fish, where the
fish was cooled to below freezing point with no ice used neither during fishing
nor in the production process. In the academic world the idea of super-chilling
was not new and much research had been carried out, primarily in Norway, and
mostly on salmon. The Norwegian research on salmon was mostly conducted in
a lab where the environment was controlled, but showed positive results in
connection with product quality and storage life. Skaginn 3X, in collaboration
with Matís, did experiments on super-chilling using blasts of cold air and fresh
slush ice, which revealed a problem with surface freezing in the cooling system.
Additional experiments on super-chilling had been conducted by Skaginn 3X, in
collaboration with Fisk Seafood in the town of Sauðárkrókur along with
Iceprotein, an Icelandic biotech company.
The question that arose was whether it was possible to emulate the results of
these experiments outside of the controlled conditions of the laboratory and if it
was viable on an industrial scale. Furthermore, if it was possible to control the
super-chilling process so it would be fast enough to prevent large ice crystals
forming in the flesh of the fish, thus avoiding water loss in the product and a
lower yield of fish. After considering the initial outcomes of the aforementioned
research, Fisk Seafood decided to ask Skaginn 3X to develop a completely new
and previously unknown method for cooling whitefish and use it aboard the
fishing vessel Málmey SK 1.4
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This method of cooling fish is now referred to as SUB-CHILLING™ by Skaginn 3X. Skaginn 3X is
in the process of marketing the SUB-CHILLING™ cooling method.
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Image 1. Málmey SK 1

Later, experiments were made with the cooling of haddock after rigor mortis.
The purpose of the experiments was to explore the feasibility of exporting fresh
fillets abroad. The super-chilled product was compared with traditionally cooled
raw material, and the production process was monitored. The results showed
that the super-chilled product had better fillet quality and a higher-value yield.
The temperature during packaging was under zero degrees, without the fish
being frozen, in contrast with higher temperatures customary in traditional fish
production and cooling.
Repeated experiments gave similar results and in continuation, a wild cod was
super-chilled right after it had been slaughtered, before rigor mortis. The fish
was prepared in an isolated tub and was transported without ice to Fisk Seafood
in Sauðárkrókur. In collaboration with the research company Iceprotein, the
product was analysed and the fish compared to traditionally cooled raw
material. Results were not clear enough and a need was felt for further research
on the benefits of super-chilling. The next steps involved doing experiments on
farmed salmon, and in August the same year a visit was made to Grieg Seafood in
Alta, Norway and experiments conducted on farmed salmon. Results regarding
super-chilling were positive, and the board of the company Grieg Seafood
announced they wanted to take the research further and offered to provide
funding for the project.

Other research on super-chilling
In theoretical terms, super-chilling means freezing 5-30% of the water content of
the fish. Much research has been conducted on the subject and in short, the
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outcome is that super-chilling, with the right treatment, can improve the quality
of the product considerably. When utilizing super-chilling, it is important to cool
the product fast to reduce the risk of ice crystals forming within the fish, which
can cause damage in the cellular structure of the flesh. The main rule is that
smaller crystals cause less damage to the cellular structure of the flesh, whilst
larger crystals can cause more damage. Crystals grow bigger when the chilling
process is slower, and furthermore, instability during storage can also cause
crystals to grow. Bigger crystals damage the walls of the muscle cells and the
product loses some of its natural juice, which makes the texture of the fish chewy
and dry – taste deteriorates and yield is reduced due to this water loss.
There is much to gain when utilizing super-chilling as it reduces the growth of
microorganisms and development of enzymes, which in turn prolongs the
lifetime of the product. Super-chilling reduces loss of water in the product during
storage, increases fillet quality and makes filleting more efficient as the resulting
firmer material is easier to handle. The researchers’ results on super-chilling
showed that there was a great deal to gain. Using the fish itself as a refrigerant in
the super-chilling process can improve the cold chain production of fresh fish
considerably and therefore increase the quality of the fish on fresh fish markets.
The main problem that arose was how to manage the production on an industrial
scale, which would be more complicated than in the controlled environment of
the laboratory.

Image 2. Fillets from super-chilled raw material

During our research the aim was to freeze only 10-20% of the water content of
the fish, to reduce the risk of freeze damage due to ice crystals.

The Super-chilling Project
The biggest problem the researchers faced with super-chilling was that the
surface of the fish froze during the cooling process, which was carried out either
with blasts of cold air or with fresh slush ice. When cooling through to the centre
of the fish, the surface and the thinner part of the fish had a tendency to freeze,
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which in turn caused crystals to form in the flesh and therefore caused quality
deterioration. This problem was overcome by using a new technique made
possible with Skaginn 3X’s RoteX system whereby the fish is cooled in brine,
which is in turn cooled by heat exchange.5 At the freezing point, – which is
slightly below zero degrees Celsius due to the fat content of the fish – phase
transition takes place and excessive, latent heat needs to be removed from the
fish to start the freezing process.
By entering the phase transition process, a considerable latent energy is
formed in the fish, which in turn provides benefits during the storage of the fish
and transportation to secondary producers or to the market. Super-chilling
lowers the temperature of the fish below zero degrees in one or two hours while
cooling with ice can take many hours.
Matís, 3X Technology/Skaginn and Grieg Seafood received a research grant from
Norske Forskningsradet to begin experiments utilizing super-chilling on salmon
in collaboration with their client, the fish manufacturing company Hätälä in
Finland. The project started in the beginning of 2015. Matís, Skaginn 3X and
Jakob Valgeir got a research grant from Atvest - The Economic Development
Agency for the Westfjords region – in 2015 to develop super-chilling of cod
onboard fishing vessels. The project reached a breakthrough when it won a grant
from Nordic Innovation and Rannís to develop the super-chilling concept further,
to demonstrate the exceptional standard of the method and furthermore, to
introduce it to the fishing industry and to fish farming companies.
A broad range of companies got together to develop the super-chilling method:
research companies and fish industry companies involved in initial and further
processing of salmon, as well as equipment producers. The following parties
took part in the super-chilling project: Skaginn 3X, Matís, Fisk Seafood,
Iceprotein, Grieg Seafood, Hätälä Finland and Norway Seafood. The aim of the
project was to develop a method that could increase the quality in the
production of seafood and farmed fish products, especially on fresh fish markets.
In 2015 Matís, Skaginn 3X, Arnarlax and Íslandssaga collaborated to specifically
study the effect super-chilling has on rigor mortis in cod and salmon. The
collaboration was made possible with a grant from the AVS fund.
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Skaginn 3X’s RoteX system utilises SUB-CHILLING™ to cool the fish
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Image 3. Super-chilled cod at Fisk Seafood

With the introduction of Málmey SK 1, an important step was taken in the
development of super-chilling of whole fish, and in the beginning of 2016 the
vessel Málmey SK 1 was equipped with state-of-the-art apparatus for superchilling from Skaginn 3X.6 An important milestone was reached when an entire
catch was super-chilled7 aboard ship at the point of slaughter, and kept under
the right conditions until further handling down the production line, all without
use of ice. Extensive research has been carried out on super-chilling in
Sauðárkrókur, aboard Málmey, and in Reykjavík, Ísafjörður, Bíldudal, Suðureyri,
Norway, Finland and Denmark.

Research outcome
All research on the subject has now been concluded and a final report on the
extensive super-chilling project is being made. Three reports on smaller projects
have already been issued and are accessible on Matís’s website.

Fillet quality
To determine the fillet quality in salmon, an approved Norwegian method was
used, whereby the quality is measured from 0 (best) to 3-5 (worst). Fillet quality
(taken from the same catch) was compared: on the one hand super-chilled raw
material and on the other, raw material cooled in a traditional way.
A trained professional performed evaluation of the product three to seven days
from slaughter. All results were in favor of the super-chilled product and the
difference between the two methods was greater than expected. Image 4 shows a
summary of the results where the elasticity of the fillets, firmness and gaping
were compared. The tests, conducted in Finland and Japan, were very
prominently in favor of super-chilling, and the biggest difference was seen in
gaping, as shown in Image 4.
Results on super-chilling of cod were not as decisive, yet the results were
generally in favor of super-chilling.
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Now referred to as SUB-CHILLING™
I.e., SUB-CHILLED™
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Image 4. Results of quality evaluation of the two groups: Super-chilled and traditionally chilled raw material

Rigor Mortis Stage
Research results showed considerable difference in contraction after rigor
mortis on super-chilled fish when compared with traditionally cooled fish.
Increased cooling slows down the contraction process and results in up to four
times less contraction in the fish. Powerful contractions cause pulling between
muscles and bones and can cause gaping in fillets. Fillet gaping is one of the
biggest quality problems in fish fillet production, whether it is in seafood or
salmon.

Image 5. The difference in contraction in rigor mortis on super-chilled and traditionally cooled cod

Simulators from Skaginn 3X in Ísafjörður were used to monitor and measure the
production process as a function of time by filming the contractions and
photographing the final results. Image 5 shows the difference in contraction
between super-chilled cod and traditionally cooled with ice down to zero
degrees, before filleting and rigor mortis.
Videos of the contractions have been put on YouTube and the web address is:
https://www.youtube.com/user/3XtechnologyIceland

Microorganisms and chemistry
A considerable difference is seen in microorganism growth, including spoilage
bacteria, between the two groups in cod and salmon, demonstrating the
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advantage of the super-chilling method. This does not come as a surprise as the
lower temperature reduces the activity of microorganisms and enzymes. This
lengthens the lifespan of the product, which is very positive, especially when
considering fresh fish. The difference can amount to an increase of up to three to
four days in product lifespan, according to the research on super-chilling.

Water holding capacity
Measurements of the water holding capacity of the fish and water loss when
storing are important quality variables when assessing the effects of superchilling. If the cooling process is too slow and too deep, it can cause the
formation of ice crystals that can damage fish muscle cells, reduce the water
holding capacity and cause water loss in the fish. This in turn affects the quality
as the fish muscle becomes tougher and drier by losing its natural juice.
Furthermore, there is potential financial loss if the fish loses weight. Research
results in this area show that super-chilling, if correctly applied, increases the
water holding capacity of the fish after a few days of storage. Water loss is
reduced in a super-chilled product compared to traditionally cooled products as
well as in products that have been thawed. Super-chilling projects on salmon
show the same results, but the water holding capacity of cod was reduced during
extended storage time, when compared to traditional raw material. It is
important to keep in mind that stable storage temperature is necessary, as even
a small deviation below the freezing point can cause the formation of large ice
crystals.

Yield
According to research outcomes, the yield of super-chilled salmon is higher than
that of traditionally cooled salmon. Less of a difference is seen in super-chilled
cod, although its yield seems to be considerably higher compared to when it is
traditionally cooled. Super-chilled fish is firmer, which in turn makes the fish
more manageable to fillet and makes it easier to remove the skin. The problems
associated with filleting soft fish are well-known, and deskinning through a
skinning machine is also troublesome. On the other hand, it might become
necessary to adapt processing machines to the super-chilled raw material, which
will further increase the yield of the super-chilled products.

Production
The production of super-chilled salmon gave excellent results and many
experiments have been conducted comparing it to traditional raw material in
Finland and Denmark. Grieg Seafood super-chilled8 up to ten tons of salmon in a
RoteX spiral system, produced by Skaginn 3X, and transported it to Hätälä and to
Norway Seafood. The production gave much fewer filleting failures than the
traditional way of processing raw material and therefore less trimming was
needed before packing. More muscle remained intact, as was noted in the
chapter on fillet quality. The temperature of the packed salmon, after filleting,
trimming, pin boning and slicing/portion cutting was under -1 °C. The salmon
was transported in both EPS boxes and in 660-liter tubs. Super-chilled salmon
was kept without ice for up to nine days before going into further production,
8
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and the super-chilled salmon showed consistently superior results where quality
and production were concerned. In order to compare the effect of transportation
on super-chilled and traditionally cooled products, two tubs of raw material
processed according to the two methods were transported under the same
controlled conditions.
The iced salmon was markedly wrinkled because of the ice in the tub, but
this problem was absent in the transportation and storage of the ice-free superchilled salmon.

Image 6. Salmon transferred in 660-liter tubs for further production, super-chilled on the left, traditionally
cooled with ice on the right

Málmey SK 1 has been using super-chilling9 aboard for around two years and has
landed 20 000 tons of fish during that time. No ice was used aboard, the fish was
kept in the fish hold after being super-chilled in a RoteX tank and the fish hold
was constantly kept under zero degrees. Fisk Seafood in Sauðárkrókur keeps the
catch under the same conditions before it goes further into production as lightsalted fish and as fresh fish for export. Aboard Málmey SK 1, there are three
RoteX tanks that are all adjusted to different cooling times, in order to correctly
and evenly cool the different sizes of fish. The system is completely automated, it
categorises the fish into different tanks and into different temperatures. If ice
were used aboard the vessel it would have to take around 5 tons of extra weight
in each fishing trip. Being free of ice saves a lot of work aboard the vessel as icing
fish in the fish hold is both a time-consuming and laborious job. As the RoteX
solution aboard Málmey has been a success, new ships from HB Grandi will be
equipped with the RoteX tanks and the automated fish holds, which will allow
more time to bleed and gut the catch.
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Image 7. On the left: a traditionally cooled salmon fillet. On the right: a fillet cooled with super-chilling. The
fillets came from the same catch at Grieg Seafood

Arnarlax, a salmon production company located in Bíldudalur, has invested in
Skaginn 3X’s RoteX bleeding and cooling system and are slaughtering up to 50
tons of salmon per day.
As customer reaction was positive, the company has reduced the amount
of ice they put in the boxes and aim for a completely ice-free super-chilled
product. The salmon is cooled to below zero degrees, which is crucial for quality
and extended shelf life of the product. The difference between packing iced
salmon at 4-6 °C, with the ice chilling the fish down to 0 °C in a few hours, and
super-chilling it down below 0°C quickly, brings about unequivocal changes in
product quality. The market has been open to the change and Arnarlax salmon is
already a sought after product, sold at the highest prices while quality problem
costs are at a minimum.
On the other hand, super-chilling is not yet a widely known nor accepted
method, but as soon as the market accepts this new technique, Arnarlax can take
the final step and dispense with all ice in its transportation.

Image 8. Super-chilled cod fillet

Transportation, distribution and environmental effects
Iceless transportation of fresh fish opens up many exciting opportunities.
Around 900.000 tons were transported by land from North Europe to markets in
Central Europe in 2015 and around 237.000 tons were transported by air to
Asia. To keep the raw material cool, approximately 132.000 tons of ice were used
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in trucking (6.600 trucks) and around 24.000 tons in flight to Asia (160 Boeing747 Jumbo-Jet airplanes). The main problem with the transportation of iced
salmon in tubs was the raw material being damaged by the pressure of the ice,
but that problem is completely eliminated in iceless super-chilled products (see
Image 7).
The transportation of iceless super-chilled raw material can enormously
reduce the carbon footprint of the industry, when compared to traditional
transportation that is in use at present.

Image 9. RoteX equipment from Skaginn 3X

During the super-chilling projects, iceless salmon was transported on a large
scale from Finnmark in Norway to Finland and Denmark. Samples were sent by
flight from Finnmark to Iceland, Japan and Dubai. Arnarlax exported superchilled salmon to San Francisco with transit through New York. The results were
excellent. In all cases the temperature was under zero degrees on reception of
the product and quality was noticeably better than in traditionally cooled salmon
that was also transported for comparison.

Continuation
For decades the fishing industry has been using ice to keep raw material cold and
to maintain quality in the supply chain. It is understandable that many feel
skeptical when one-day ice as the best way to keep seafood fresh is abandoned
and ice free cooling is promoted.
It is only natural that people are initially unconvinced about such revolutionary
ideas and need time to think it over. Fisk Seafood showed remarkable foresight
and courage when investing in Málmey SK 1, before it was possible to guarantee
that the idea would work. No doubt this prescience has helped pave the way for
the idea and it bodes well for the continuation of the project.
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As has been mentioned above, for super-chilling to work the temperature of the
process has to be controlled with great precision. Skaginn 3X’s contribution, by
developing the equipment, was invaluable in this respect and made possible a
technique that was not achievable a short while ago.10 In many scientific articles
the belief in the theory was strong yet concerns were expressed about how it
would be applied on an industrial scale. Skaginn 3X have already made many
business deals regarding their super-chilling11 solutions, both for the seafood
industry and for salmon farming. The project shows how the collaboration
between different parties; universities and the scientific community, producers
in the seafood and fish farming industries as well as mechanical manufacturers,
can make a difference in creating better value in the fishing industry and
produce the best result.

Image 10. Albert Högnason (Skaginn 3X) and Gunnar Þórðarson (Matís)

The most important result of these projects is the opportunity that has been
created to make fresh fish more competitive on the market, both for wild and
farmed fish. Fish is in competition with other food products, such as chicken,
pizza and pork. According to consumers, one of the main problems concerning
the sale of fish is the sometimes unpleasant fishy smell or taste. Bad smell or
taste is connected to spoiled fish, which has been produced or stored in the
incorrect way or under inadequate conditions. With the advent of super-chilling,
incredible opportunities have arisen to make the supply chain more efficient,
from slaughter to customer. The idea has to be presented to all parties within the
supply chain so they can maximise the increase in quality of fresh fish on the
market as well as increasing the value of the catch and of farmed fish.
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