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Decomposition of fresh �sh and shell�sh is primarily due to exogenous microbiological contamination
from processing and marketing. However, endogenous decomposition through catheptic enzyme
activity post-mortem can also be a contributing cause for quality loss and spoilage.

Pre-slaughter stress, especially long-term stress, has been shown to increase cathepsin gene expression
and cathepsin activity, resulting in texture loss, low �llet yield and decreased water-holding capacity.
Proteolytic activity by catheptic enzymes varies with species and individual enzyme.

Atlantic salmon
In studies, Atlantic salmon, salmo salar, were subjected to 20-minute short-term and 24-hour long-term
pre-slaughter crowding stresses. The signi�cant negative effects seen were mostly due to long-term
stress at early stages post-mortem, but short-term stress also had signi�cant impacts on the muscle
quality of pre- and post-rigor �llets.

Pre-slaughter long-term stress lowered muscle pH, softened the �llets and increased muscle cathepsin
L gene expression immediately post-mortem. A tendency for increased cathepsin B gene expression
and total cathepsin B activity was also noted. Stress further accelerated the in�uence of myo�ber-
myo�ber detachments, increasing the percentage of myo�ber-myocommata detachments over storage
time.

Signi�cant correlations were observed among muscle pH and cathepsin B + L activity, muscle texture
and muscle degradation parameters. Cathepsin B activity was correlated with muscle degradation, and
cathepsin L gene expression related to muscle degradation and texture.

Pre-slaughter stress, especially long-term stress, accelerated cathepsin activity, resulting in faster
muscle degradation, directly or indirectly connected to the low initial muscle pH. Research produced
similar results in seabass, Dicentrarchus labrax L., where cathepsin B and L activities were found in
more important amounts in the white muscle. On the other hand, cathepsin D activity was 1.4 times
higher in meat than in �sh muscle, while cathepsin H was negligible in both muscles.

Carp
Cyprinus carpio and Hypophthalmichthys molitrix carp have been used to produce surimi, since �llet
production with the species can cause meat waste due to the high amount of �sh bone in the edible
portion of the �sh.

Myo�brillar components, especially myosin heavy chain, are essential for surimi gel formation.
However, when the surimi passes through the temperature zone of 40 to 60 degrees-C to form a gel, its
protein components can be degraded, eventually causing very low gel strength.

Many researchers have demonstrated that this degradation is caused by endogenous proteases in �sh
muscle, especially serine- and cyteine-type proteases. Cathepsins L and B, both cysteine proteases, can
hydrolyze a broad range of proteins, such as myosin, actin, nebulin, myoglobin, hemoglobin and
insoluble collagen.

Cathepsin L can hydrolyze the main protein in carp surimi and lead to
reduced gel strength.
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When cathepsin L enzyme activity was not inhibited, the gel strength signi�cantly decreased by 24.3
percent compared to the control. However, the gel strength of surimi with an enzymatic inhibitor
increased by 13.7 percent. Both the sodium dodecylsulphate polyacrylamide gel electrophoresis
electrophoretic pattern and microstructure �gures revealed that cathepsin L could hydrolyze the main
protein in carp surimi and was one of the enzymes involved in the modori phenomenon, a process
where very low gel strength causes surimi gel disintegration.

Studies have shown that carp actomyosin is affected by L-, H-, and B-like cathepsins (Table 1).
Subsequent studies have indicated there are at least two kinds of cathepsin B enzymes in carp.

Flick, Activities of tested enzymes, Table 1

Rainbow trout
Post-mortem softening of trout and other �sh species often results in low yield and decreased product
quality. In research, extracts of rainbow trout (Oncorhynchus mykiss) stored �ve days were incubated
with cathepsins B, L and D, alone and in combination, to evaluate the effects on texture-related proteins.

Cathepsins D, B and L affected, respectively, 10, nine and four of the 17 protein bands associated with
�rmness. Most changes induced by cathepsin D were unfavorable to �rmness. This implied that
cathepsin D is likely involved in the textural change of trout due to muscle structure decomposition.

It is also possible the proteolysis could occur in temperatures between 15 and 55 degrees-C, and also
be active during some cooking processes. It has been noted that the amino acid sequence of carp
cathepsin B is similar to 80 percent of that in rainbow trout.

Seabass
Studies have found that cathepsins B, D and L degraded myosin heavy chain and α-actinin in seabass.
Tropomyosin and actin were only susceptible to the action of cathepsin L. Troponin T was resistant
only to the action of cathepsin D. Desmin, a major intermediate �lament protein essential for the
structural integrity and function of muscle, was degraded by cathepsins B and L.

Slight changes of some other myo�brillar or cytosolic proteins were also observed. When compared
with protein modi�cations observed in stored post-mortem muscle, these results suggested that
cathepsin D could be involved in a post-rigor myo�brillar degradation mechanism.

Shrimp
Only limited information has been published on cathepsins in shrimp. However, cathepsin D obtained
from banded shrimp, Penaeus japonicas, and grass or black tiger shrimp (Penaeus monodon) had
optimal temperatures at 50 and 45 degrees-C. The thermostability of the cathepsin D from black tiger

 
Activity in Actomyosin (x

10-6 unit/mg protein)
L-like

Activity in Actomyosin (x
10-6 unit/mg protein)

H-like

Activity in Actomyosin (x
10-6 unit/mg protein)

B-like

Carp 26.47 5.47 5.17

Table 1. Activities of tested enzymes in actomyosin in carp.
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shrimp was higher than that from banded shrimp. Although both cathepsins had similar optimal pH
values near 3, banded shrimp had broader pH stability than the black tigers.

(Editor’s Note: This article was originally published in the July/August 2014 print edition of the Global
Aquaculture Advocate.)
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