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As pro�t margins continue to decrease and waste disposal becomes more expensive with fewer
options, the ability to convert seafood-processing waste into useful products has considerable interest.
This is the second article in a series on the commercial application of enzymes obtained from �sh and
shell�sh processing wastes.

Lipolytic enzymes
Lipases catalyze the hydrolysis of fatty acids ester bound in triglycerides and related compounds.
Lipases occupy a place of prominence among biocatalysts because of their novel and multifold
applications in medicine, biochemical synthesis and the food industry related to oleochemistry,
biotechnology and nutrition. The volatile free fatty acids generated by lipases provide characteristic
�avors in dairy products such as cheese and dairy �avor concentrates, and, in addition, impart sensory
properties such as richness and creaminess.

The properties and characteristics of lipases reported by various sources differ widely, particularly with
respect to their behaviors related to temperature and pH. While some have alkaline pH, others have
acidic pH. Temperature and pH also exert profound in�uences on the stability of lipases. The majority
of lipases have been obtained from mammalian, plant and microbial sources.

Apparently, long-chain polyunsaturated fatty acids are not preferred substrates for most of the
commercially available lipases. However, lipases from cod, rohu, sea bream, Atlantic salmon and
rainbow trout have shown high speci�city for these fatty acids.

Transglutaminase enzymes have been applied to increase the textural
properties of surimi from several �sh species.
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Lipases from �sh have potential to expand activities and speci�cities over current enzymes since some
�sh have higher catalytic e�ciencies at lower temperatures than their microbial or mammalian
counterparts. Fish lipases have optimum pH activities and are thermally stable, similar to their protease
counterparts. Consequently, a listing is not provided.

Amylase
Divided into endo-amylase (ά-amy-lase) and exo-amylase (β-amylase and γ-amylase), amylases are
widely distributed in animals, plants and microbes. They can hydrolyze starch on non-reducing ends
into mono-, di-, tri- and oligodextroses, and are usually used to produce syrup, wine and fermented
foods.

In research, three amylases were obtained from viscera of the hard clam, Meretrix lusoria. The optimal
pH and temperature for the three enzymes were 7.0, 7.5 and 7.5; and 40, 50 and 50 degrees C,
respectively. Two of the enzymes were considered to be multifunctional exo- and endo-types of ά-
amylase-like enzymes, while one was an exo-type γ-amylase-like enzyme.

Transglutaminase
Transglutaminases catalyze protein cross linking and amine incorporation by an acyl transfer reaction.
The enzymes can be found in various living tissues, such as microorganisms, vertebrates, invertebrates
and plants. The enzymes have been applied to increase the textural properties of surimi from some �sh
species and create a large sea scallop from small scallop pieces.

Transglutaminase has been isolated from various �sh: carp, tilapia, walleye, pollock, rainbow trout, atka
mackerel, thread�n bream, red sea bream and Paci�c whiting. The optimal pH and temperature reported
in thread�n bream were 8.5 to 9.0 and 50 degrees C – values similar to those for other �sh-isolated
enzymes.

Lysozyme
Egg white lysozyme has been used as a preservative or antibacterial agent in the pharmaceutical and
food industries, but is limited in some applications because of poor antibacterial activity against Gram-
negative bacteria.

In a study, a lysozyme puri�ed from the viscera of a scallop, Patinopecten yessoenis, had an optimal
pH between 5.0 and 6.0 with an optimal temperature of 20 degrees C. The optimal temperature stability
was between 20 and 30 degrees C – much lower that that of other seafood-isolated enzymes.

Scallop lysozyme had antibacterial activities against both Gram-positive and Gram-negative bacteria.
In one study, scallop lysozyme was two times higher in antibacterial activity against Gram-negative
Escherichia coli and Vibrio vulni�cus than egg white lysozyme.
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Pepsin
Pepsin is a major digestive enzyme in the stomachs of animals that is initially secreted as pepsinogen
from cells in the stomach wall epithelium. In the acidic environment, pepsinogen rapidly converts to
pepsin.

Pepsin and pepsinogen have been obtained from the stomachs of such �sh species as polar cod, North
Paci�c blue�n tuna, Atlantic cod, sea bream, albacore tuna, African coelacanth, pectoral rattail, smooth
hound, Mandarin �sh and European eel. Fish pepsin has been used mainly for the preparation of
protein hydrolysates and the extraction of cod collagen and gelatin.

The optimal pH and temperature for albacore pepsin are 2 and 50 degrees C. The pepsin activity is
stable in the pH range of 2 to 5, and the residual activity is more than 85 percent after heating at
temperatures up to 50 degrees C for 30 minutes.

Rennet substitute
Many proteolytic enzymes induce coagulation of milk. The importance of these proteases results not
only from their ability to clot milk, but also from the relationship between milk clotting and the general
proteolysis the enzymes can produce.

A large number of proteases from plant, animal and microbial sources have been investigated as
potential sources for milk-clotting enzymes and possible rennet substitutes. Rennet is a complex of
enzymes produced in mammals’ stomachs that is often used to separate milk in the production of
cheese. Most rennet substitutes are not suitable for cheese making because their hydrolytic action
culminates in lower yields, loss of fat from the curd and development of undesirable changes in texture
and �avor during cheese aging.

The enzyme activity (milk coagulation time) obtained with stomach tissue of Atlantic tuna, Thunnus
obesus, has been found similar to that of standard rennet. The milk pH in�uence on the milk
coagulation had a pH-dependent pro�le similar to that of calf rennet values, ranging 5.5 to 6.3. It
appears the use of tuna protease as a rennet substitute is technologically feasible, but further studies
are required.

Perspectives
Enzymes isolated from �sh and shell�sh present a potential market for developing products having
biological activity from processing wastes. Aquatic-derived enzymes many times have properties
different from those obtained from plant, microbial or terrestrial animal sources. It is those unique
properties that make them of special interest. Aquatic enzymes are presently being used for various
food and non-food manufacturing purposes.

(Editor’s Note: This article was originally published in the November/December 2012 print edition of the
Global Aquaculture Advocate.)
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