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By Tara Etheredge  and Ron Idol

Freezing maintains initial sensory and nutritional quality of the
food

Freezing has been used as a method of preservation for thousands of years, but it was not until the invention of
mechanical refrigeration that it became commonplace in food processing. The reason freezing increases the shelf life of
food is that as temperature decreases, chemical reactions slow down, frozen water reduces microbial activity and a
portion of the microbial population is killed during the freezing process. Salting, brining, drying and canning also improve
shelf life, but freezing is often preferred over other types of preservation because the initial sensory and nutritional quality
of the food is maintained.

Liquid nitrogen freezing equipment can form a crust on shrimp in a few
tenths of a second. This freezer is designed for use in association with a
mechanical deep freezer.

https://www.aquaculturealliance.org/advocate/category/marketplace
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Shrimp-freezing methods
The varied freezing methods used in the shrimp industry function at different temperatures. These include direct
immersion in cooling media like salt water brines (minus-13.3 to minus-15.0 degrees-C), cold air blasts using ammonia or
freon (minus-28.9 to minus-40.0 degrees-C), direct contact with cold plates, freezing in carbon dioxide snow or gas
(minus-67.8 degrees-C), freezing in nitrogen gas (minus-112.2 degrees-C) and immersion in liquid nitrogen (-195.5
degrees-C).

“Cryo-mechanical” methods utilize a nitrogen or carbon dioxide system to freeze the outside of the food before it enters an
ammonia or freon system to complete the freezing process. This can sometimes be more economical, depending on
shrimp volume and processing speed.

Heat removal
The freezing temperature of shrimp is minus-2.2 degrees-C (28 degrees-F). In order to reach the frozen state, heat needs
to be removed. The calculation of how much heat – typically expressed in British thermal units (btu) – needs to be
removed to lower the temperature of shrimp from its initial state to a targeted frozen temperature requires three primary
steps.

The �rst step is going from the initial shrimp temperature to just above the freezing temperature. This is called the speci�c
heat above freezing. This value can be calculated with the following equation:

The second step is called latent heat removal, which occurs when heat removed from the water in the shrimp is converted
into ice at 28 degrees-F. The following de�nes this value:

As expressed in the following equation, the third step takes the shrimp from 28 degrees-F to the target temperature to
achieve the speci�c heat below freezing:

Applying the three equations, the total amount of heat removed to take one pound of shrimp from 70 degrees F (21.1
degrees-C) to minus-10 degrees F (minus-23.3 degrees-C) is about 165 btu. This is a theoretical calculation, as actual
commercial operations require about 10 percent more btu.

Even though the freezing temperature of shrimp is minus-2.2 degrees-C, commercial processors usually freeze shrimp to
minus-23.3 degrees-C and then glaze them with water to prevent dehydration during storage. Glaze water temperature is
about 4.4 degrees-C, and the shrimp warm up to minus-17.8 to minus-12.2 degrees-C, which is the average temperature of
most holding freezers.

Moisture loss
At about 78 percent water, shrimp are a high-moisture food that can lose moisture if frozen unpackaged. The amount of
moisture lost depends on the temperature and dew point of the freezing system. High-velocity air removes moisture from
the surface of the shrimp and thereby decreases the overall weight of the �nal product.
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Weight loss continues while the shrimp are in the freezer until the surface of the shrimp forms a frozen crust. Moisture
loss before crusting can be upwards of 6 percent in some mechanical freezers. Because shrimp is mostly sold by weight,
limiting the weight loss is an important economic decision.

Many processors �nd that if they are located close to a liquid nitrogen or liquid carbon dioxide source, the product weight
saved by the much faster cryogenic freezing process can more than pay for the cost of the cryogen used to freeze the
shrimp. Nitrogen at minus-195 degrees-C, for example, provides freezing times of less than �ve minutes versus over 30
minutes in mechanical systems. In addition, the footprint of a cryogenic system is normally a fraction of that required for a
mechanical system, a decided advantage in smaller plants.

Handling
Even when shrimp are frozen under the best conditions, their quality can still be degraded by poor handling, holding
conditions and packaging. One of the most consistently overlooked faulty practices is to freeze shrimp and then not move
them promptly into holding freezers. The authors have seen boxed shrimp sit in a 10 degrees-C packing room for an hour
while full pallets are assembled.

The shrimp on the outside of the �rst layer on the pallet tend to defrost, and what was called individually quick-frozen (IQF)
product will no longer be IQF. Once the pallet is moved to the holding freezer, the partially defrosted shrimp will refreeze,
but that could take two days. These shrimp will be clumped and have large ice crystals that lead to increased weep, while
the shrimp cases at the top of the pallet, which were exposed to the higher packing room temperature for only a short
time, will have the expected quality.

Storage
 The temperature of the holding freezer is also a consideration for proper storage of frozen shrimp. While freezing greatly
retards nutrient loss and �avor and color changes, normal holding freezer temperatures don’t entirely stop them. At minus-
5.4 degrees-C, nearly 25 percent of the total water in the shrimp is not frozen. This allows these mainly oxidative chemical
reactions to proceed fairly well.

At minus-21.1 degrees-C, the unfrozen water decreases to approximately 10 percent, which greatly retards further
degradation. Sashimi-grade tuna should be stored at minus-73.3 degrees-C to maximize quality retention during frozen
storage. Therefore, particularly if frozen storage is longer than a few months, colder storage may be required to properly
care for the product.

When freezing takes hours, larger ice crystals develop. When shrimp are quickly frozen via cryogenic methods, the ice
crystals in the product are very small because they form within minutes. Very small ice crystals do not puncture cell walls,
while large ice crystals do, leading to increased moisture loss at thawing.

However, in a phenomenon called Ostwald Ripening, smaller ice crystals are absorbed into larger crystals over time. This
is a thermodynamically driven spontaneous process, so the higher the storage temperature and the more defrost cycles a
product sees, the higher the rate of “ripening.” Shrimp that have been optimally frozen can be seriously degraded by
months of frozen storage under �uctuating temperature.

Packaging
Packaging choices also affect frozen shrimp quality. “Freezer burn” is generally de�ned as cell damage related to moisture
loss through desiccation. At its extreme, the process is illustrated by ice cubes in a freezer that shrink and then disappear
over time. This is because water evaporates at all temperatures, known as sublimation, from a solid phase to the
atmosphere. We have all seen IQF shrimp with freezer burn in a bag with ice crystals on the surface of the shrimp and the
inside surface of the bag. In addition, the shrimp themselves begin to have a different color and look burned.

When high-moisture shrimp are packaged, the surrounding air is very cold and thus very dry, as cold air holds very little
moisture. The vapor pressure between the moist shrimp and the dry air accentuates the sublimation of water vapor into
the dry headspace until the headspace and the shrimp have equal water activity.
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Bags and other containers for shrimp should be hermetically sealed. Otherwise, equilibration never occurs due to air
leakage. Containers should also have a minimum of headspace, for the greater the headspace in the bag, the more
sublimation occurs. Freezer burn is accentuated by the defrost cycles in holding freezers, so shrimp should ideally be held
at colder temperatures with limited defrost cycles.

(Editor’s Note: This article was originally published in the September/October 2008 print edition of the Global Aquaculture
Advocate.)
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