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The initial loss in the post-harvest quality of �sh and shell�sh is primarily caused by endogenous
enzyme-mediated degradation of nucleotides and carbohydrates, rapidly followed by degradative
reactions in nitrogenous compounds, and hydrolysis and peroxidation of lipids. During further post-
harvest storage, bacterial activity contributes to the process of quality deterioration.

The rates of these processes can be predicted based on species, condition, infestation of parasites,
initial and changing bacterial loads in and on the product, product handling and any preservative
treatment applied.

Quality indicators
Enzyme activity has been used extensively as an indicator of quality change in �sh and shell�sh
products. Most of the enzymes employed to evaluate product quality are endogenous and include:

Enzymes used to evaluate quality – adenosine triphosphatase, lactic dehydrogenase, lysosomal
and mitochondrial enzymes
Enzyme products used as quality indicators – creatine, decomposition products of glycolysis
Nucleotide degradation products – hypoxanthine, K-value
Products of decarboxylases – histamine, total volatile base, total volatile nitrogen
Products of trimethylamine N-oxide (TMAO) degradation – TMAO oxidereductase, TMAO
demethylase
Lipoxygenases – peroxide value, thiobarbituric acid number
Other products – phenoloxidase, tryptophanase.

While enzyme assays are reliable indicators of quality, they are also time-consuming and require
specialized laboratory equipment and trained technical personnel. Measuring the rate of change in
enzyme activity is most often performed by estimating the concentration of the reaction product(s).

Enzymatic reactions in chilled seafood

Nucleotide catabolism
The two most important factors responsible for the loss of quality in seafood are nucleotide catabolism
and glycolysis. It is useful to note that some early products of nucleotide degradation actually
contribute to desirable �avors in seafood. However, as degradation proceeds, the end products have a
detrimental effect on quality.

The �avors of seafood and the intensity of those �avors are related to the concentration of inosine
monophosphate present. As long as reasonable concentrations of the compound are present, the
seafood is considered a quality product.

The degradation of adenosine triphosphate (ATP) usually leads to the onset of rigor mortis. Rigor in
�sh muscle is recognized as representing high quality, since it indicates a product that was recently
processed or caught. Normally, a �sh in rigor has a tough muscle structure that becomes more tender in

Proper packaging and storage are key to maintaining seafood quality,
but even under the most controlled conditions, some quality
deterioration occurs.
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the post-rigor state. However, for some �sh species, such as carp and rainbow trout, the muscle
becomes soft while in full rigor.

Changes in nucleotide concentrations have been related to quality by an objective chemical analysis
referred to as the K-value, the sum of the contents of inosine and hypoxanthine divided by the content
of ATP and its degradation products. Unfortunately, the rates and pathways of nucleotide degradation
vary with species and muscle type. Cultured species such as shrimp, abalone and scallops have ATP
degradation rates that are greater at a storage temperature of 0 degrees-C than at higher temperatures.
In these cases, the use of K-value analysis can result in a high-quality product being regarded as one of
lesser quality.

The enzymatic removal of amines from adenosine monophosphate and adenosine results in the
production of ammonia, which is a sign of product decomposition. Another compound produced by
enzymatic degradation of nucleotides is hypoxanthine. This compound has also been associated with
early product decomposition.

Carbohydrate catabolism
Glycogen, glucose and other complex sugars in muscle tissue are converted to lactate. The increasing
formation of lactate is accompanied by a decrease in the sweetness associated with fresh �sh. The
formation of glucose from glycogen can also affect the color by causing browning. This browning is
usually intensi�ed over time and is especially problematic in canned crustacean products.

Changes in proteins, other nitrogenous compounds
The changes in protein and non-protein nitrogenous compounds by enzymes in muscle tissue and
bacteria affect �avor, color and muscle texture. In muscle, the major effect is the destruction of
connective tissue, which provides rigidity. Once muscle degradation initiates, the speed at which it
progresses depends on factors that include micro�ora composition, storage temperature, physiological
state of the �sh, harvesting method and post-harvest handling.

The �esh of mollusks and crustaceans contains many free amino acids, which are important to their
�avor. However, this is not usually the case with �n�sh, where free amino acids do not initially undergo
much change.

The change in amino acid composition varies between species and the many post-harvest conditions
to which products may be subjected. In some �sh and shell�sh species, especially cod and related
species, trimethylamine oxide is degraded to several volatile amines, including ammonia and
formaldehyde. This can be a particular problem in overwrapped product, since the ammonia and other
compounds are trapped inside the package.

When the package is opened, a strong odor of ammonia may be emitted, resulting in rejection of an
otherwise acceptable product. If the package is opened for a brief time, the odor can rapidly dissipate
without impacting consumer perceptions of the product’s acceptability. Ammonia accumulation has
been a greater problem at the retail level rather than at other places in the distribution chain.

Lipid changes
The hydrolysis and oxidation of lipids are important factors in the assessment of seafood quality.
These changes are caused by enzymes in the �sh as well as enzymes produced by contaminating
micro�ora. As the micro�ora population expands, the rate of hydrolysis and oxidation also increase.
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The decomposition of lipids is accompanied by an increase in alcohols, aldehydes, ketones and
hydrocarbons. Some of these compounds contribute to the unpleasant �avors of stale seafood. These
enzymes have also been shown to cause the loss of red or pink color in certain �sh species. When the
degradation of protein compounds is slowed, lipid oxidation can then become the major cause of
quality deterioration.

Enzymatic reactions in frozen seafood
Fish and shell�sh usually maintain their high-quality characteristics when properly packaged and
stored at temperatures below minus-30 degrees-C. However, some quality loss is inevitable under even
the most controlled conditions. Freezing can result in substantial product deterioration through enzyme
action if the product is frozen slowly, which results in signi�cant cell damage, or when the product is
stored at temperatures only slightly below freezing.

Enzymatic changes in proteins occur through interactions with formaldehyde, free fatty acids and
oxidized lipids. Some enzymes have been shown to increase their activity by 2.5 times after being
subjected to a freezing and thawing process. Generally, the susceptibility to lipid oxidation follows a
pattern that starts in ordinary muscle, then affects dark muscle and, �nally, skin.

(Editor’s Note: This article was originally published in the July/August 2009 print edition of the Global
Aquaculture Advocate.)
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