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As highly perishable food, �sh begin to deteriorate rapidly as soon as they die. Without proper product preservation,
bacterial, enzymatic and chemical processes quickly reduce shelf life, cause drip loss and ultimately result in product
rejection through spoilage. The deterioration process is accelerated by elevated temperatures, contamination or
damage such as bruises, cuts and scrapes.

The ability of ice slurry to provide immediate chilling upon harvest to a temperature slightly above the freezing point
and maintain this temperature throughout the cold chain makes it bene�cial in seafood harvesting and handling.

Ice slurry
Ice slurry refers to a mixture of small ice crystals and liquid. The liquid can be either pure freshwater or a binary
solution consisting of water and a freezing point depressant. Sodium chloride is a common freezing point depressant
used in seafood processing.

Ice slurry has high energy storage density because of the latent heat of fusion of ice crystals. It also has a fast
cooling rate due to the large heat transfer surface area numerous crystals create and constant low temperature level
the slurry maintains during the cooling process.

Current status
Ice slurry as a technology to maximize the chilling of �sh has received attention for about 25 years. The Department
of Fisheries and Oceans of Nova Scotia, Canada, conducted a systematic study from 1984 to 1988 and published a
series of reports on the workability, physical characteristics and cooling effects of ice slurry on �sh.

Subsequently, �shery institutions around the world – including the Sea Fish Industry Authority of the United Kingdom,
Norwegian Herring Oil and Meal Research Institute, Icelandic Fisheries Laboratories and recently, Institute for Marine
Research of Spain – have conducted in-depth analyses and trials on ice slurry for various �sh species. Ice slurry is
now well recognized as an e�cient cooling technology, as well as an excellent preservation medium. Its use has been
incorporated into some of the latest published �sh-handling guides and regulations.

For example, the latest series of seafood industry quality guides by the Irish Sea Fisheries Board included ice slurry in
its outline for the best icing practices for white�sh, saying:

Slush icing is important for certain species, e.g., tuna, targeting premium markets.
Slush ice ensures fast and even chilling of the �sh, as it gives better contact with the surface of the �sh
compared to traditional icing.
Slush ice also minimizes bruising or pressure damage, as it is a liquid medium.

Today, over 700 ice slurry systems are installed to serve global �sheries, making the �sh industry the largest market
for ice slurry technology in the world. Iceland, Norway, the Netherlands, Spain and Japan have the most installations.
Ice slurry is increasingly used for chilling, storage and transportation of �sh onboard �shing vessels and barges, at
farms and inside processing plants. Successful cooling and preservation with ice slurry have been reported for such
major �sh as tuna, yellowtail, salmon, cod, shrimp, mussels and lobsters.

Seafood quality, yield
Some of the most challenging demands facing the �sh industry are to improve the quality and yield of �sh products.
Recent publications with the support of microbiological, biochemical and sensorial analyses suggest that ice slurry is
a technology that holds promise to achieve those goals for a wide range of �sh species.

For example, research by the Norwegian Institute of Fisheries and Aquaculture discovered that cod placed in ice

Ice slurry’s combination of ice crystals and liquid make it a fast-acting
cooling and preservation medium.
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slurry for three days (the maximum allowable time for such storage) became, on average, 4 percent heavier without
any change in quality. In contrast, cod stored on ice alone did not gain any weight. Researchers at the Institute for
Marine Research of Spain believe the presence of sodium chloride in the ice slurry at concentrations similar to those
found in marine water exerts double effects: a higher preservation effect and stabilization of the myo�brillar protein
fraction, implying larger yields during storage, �lleting or freezing.

While the spoilage rate of �sh is considerably slowed in ice slurry, some �sh species like seabass are reported to
exhibit cloudy eyes in the brine-based ice slurry, negatively affecting the appearance and quality of the �sh. This is
probably due to the precipitation of an eye component at the subzero temperature levels at which most current ice
slurry systems are operated.

Ice slurry produced from seawater can also create problems of salt uptake during extended storage of some species
like pelagic �sh. The challenges are to identify the optimal cooling and storage conditions for each �sh product, and
then design a system that can accurately control the temperature and salinity of ice slurry at levels suitable for each
application.

Variable-state ice slurry systems offer attractive features to address the above issues. The heterogeneous ice storage
design allows separation of ice crystals from the brine inside the ice storage silo. Ice crystals accumulated at the top
of the tank can then be discharged upon request, mixed with a controlled amount of water and/or brine to form
pumpable ice slurry with any required ice concentration and salinity.

Equipment mobility
Equipment mobility is especially important for remote areas with little or no infrastructure, and where processing of
large volumes of �sh takes place seasonally. There is therefore an increasing demand for mobile ice slurry systems
that can be delivered as completely self-contained units, in some cases even including diesel power generators.

Containerized ice slurry systems have been designed for both land- and water-based �sh-processing operations. The
ice slurry generator and refrigeration system, pumping and control station, and sometimes the ice-mixing/storage
tank are installed in a standard 6.1-m ocean-going ISO container and factory tested before shipment.

Besides mobility, the systems allow easy connections to municipal electric power and water supplies, which removes
the requirement for a dedicated machine room and greatly reduces installation time and costs. While small systems
with up to 100 kW ice slurry production capacity are often accommodated within one container, larger systems can
be built up in larger or multiple containers.

New self-contained mobile systems feature “containerized” ice slurry generation, pumping and
controls.
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System automation
One of the most attractive features of ice slurry is its pumpability. This eliminates the need for costly mechanical or
labor-intensive manual ice transportation, and substantially reduces operating and service costs, as the distribution
system is fully automatic. The demands for higher operation e�ciencies and better cold chain management have
created pressures for more innovations in automation.

A recent development in automation is the addition of computer-based monitoring and control. The system uses a
programmable logic controller to run the ice slurry system. All operating parameters can be monitored and recorded
from a dedicated touch-panel or desktop computer. The system can also be remotely accessed by modem or
ethernet, making it easy to track the status of an operation, change settings or update the controls online.

Future focus
The future of ice slurry technology depends on how the following issues are addressed:

Product development. Ice slurry generators should remain the focus of any new development. Machines with
less maintenance, higher performance and lower costs will be needed to compete with traditional cooling
technologies.
Application studies. Only limited studies have reported on ice slurry cooling and preservation for some �sh
species and broccoli. More investigations are needed to cover a wider range of applications, such as cooling
and preserving tuna or cooling precooked soups and sausages.
Marketing. While ice slurry has good market awareness in industries like seafood and building air-
conditioning, it is not well known for process cooling of various food products. Continuous efforts should be
made to promote the bene�ts of the technology through different channels.

(Editor’s Note: This article was originally published in the September/October 2010 print edition of the Global
Aquaculture Advocate.)
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