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The proteolytic activities of crude extracts from various internal organs in the Japanese anchovy were

studied under different thermal and pH conditions. Activities in extracts from the intestine and pyloric

caeca were high, and were also observed at relatively low levels even in the condition of being chilled

in iced water to around 0°C. Hardly any activity was observed in extracts from the stomach, liver, ova-

ries and testes at the same temperature. In the pH condition, both of the activities of extracts from

intestine and pyloric caeca increased in alkaline range, in contrast with the decrease seen in extracts

from other organs.
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1. Introduction

The Japanese anchovy, a small marine fish, is a
predominant fisheries resource in Japan. Some are
consumed fresh, but most are boiled or processed in a
variety of ways. A major problem with anchovy storage is
the rapid autolytic degradation of its abdominal tissue — a
phenomenon often referred to as belly bursting”. This
renders the fish unsuitable as a raw material due to the
high autolytic activity of the internal organs. However,
there may be other more positive ways to use this activity,
such as in the aging of foods. The present study was
undertaken to improve understanding of proteolytic activity
in different organs of the anchovy in order to support

identification of better uses for them in daily life.

2. Materials and Methods
Fish and crude extract

Japanese anchovies were bought from a common market
in Shizuoka City. The fish weighed between 10.3 and 19.4 g
each, and their lengths ranged from 10.4 to 13.3 cm. The
internal organs of the fish in saline are shown in Figure 1.
Crude extracts of each internal organs were prepared
using the method of Yamashita? with slight modification.
Briefly, pooled fractions of each organ from 20 to 30 fish
were homogenized in five volumes of ice-cold distilled
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water. The homogenates were centrifuged (20 min, 10,000
G, 4°C) and passed through filter paper. The resulting
enzyme extracts were then stored at —30°C.
Chemicals

Analytical-grade casein, citric acid, copper (II) sulfate
pentahydrate, disodium hydrogenphosphate 12-water, glycine,
hydrochloric acid (HCI), maleic acid, polyoxyethylene (10)
octylphenyl ether (Triton X-100), potassium chloride, sodium
carbonate, sodium chloride, sodium hydroxide (NaOH),
trichloroacetic acid (TCA), tris (hydroxymethyl)
aminomethane hydrochloride (tris-HCl) and potassium
(+)-tartrate-water (2/1) were obtained from Wako Pure
Chemical Industries, Ltd. (Osaka, Japan).
Preparation of myofibril as substrate

Myofibril as substrate was prepared using the method
of Seki et al® with slight modification. Ordinary muscle
from Japanese anchovy was collected, minced and stirred
with five volumes of 20 mM Tris-maleate buffer, pH 7.0,
containing 0.1 M KCI and then centrifuged at 3,000 rpm
for five minutes. The precipitate was washed again with the
same buffer and then centrifuged. This washing procedure
was performed once more. The precipitate was homogenized
four times at 10,000 rpm for 30 seconds with five volumes of
the same buffer, with storage in ice. The suspension was
then filtered through a piece of gauze. 1/20 by volume of
20% TritonX-100 was added to the suspension, which was

then mixed in a test-tube mixer and left for 10 minutes
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before being centrifuged at 600 x g for 15 minutes. After
centrifugation, the supernatant was removed and five
volumes of the same buffer solution were added before
being centrifuged at 600 x g for 15 minutes. This washing
procedure was repeated three times, and the precipitate
was spread in a flat form with a thickness of about 5 mm
in polyethylene bags and placed in a freezer. Once frozen,
the flat myofibril was lyophilized and used as a substrate
for the reaction of crude extract from various internal
organs.
Assay of proteolytic activity
Proteolytic activity was assessed using the method
of Yamashita? and Tsukamasa et al.? with slight
modification. In the experiments, four 0.2-M buffer
solutions produced with reference to paper” (glycine-
HCI buffer (pH 1.0-2.5), phosphate-citrate buffer (pH
2.5-8.0), tris-HCI buffer (pH 8.0-10.5) and glycine-
NaOH buffer (pH 10.5-13.0)) and two substrate
solutions (5% casein and 20% myofibril) were used. The
reactive mixture was prepared with 500 uL of 0.2-M
buffer solution, 250 uL of substrate solution and 250 uL
of crude extract, and was then incubated for 30 min at
0, 5, 20 and 30°C. The reaction was stopped via the
addition of 5 mL of 6% TCA. After filtration, TCA-
soluble peptides in the filtrate were evaluated using the
method of Lowry et al.9. Proteolytic activity was
expressed as the absorbance of the reaction liquid at

750 nm or relative values with the highest absorbance
as a base of 100%.
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Fig. 2 Proteolytic dependency on temperature of crude
extracts from internal organs of Japanese anchovy.
Scale values represent averages for two to four
samples. Casein was used for the substrate of the
enzymatic reaction.

3. Results and Discussion

The relationships between reactive temperature and the
proteolytic activity of the crude extracts from the internal
organs of the fish for the casein substrate are shown in
Figure 2. Activity increased for all organs as the reactive
temperature rose. Activity in the intestine and pyloric caeca
was higher than in other organs, and relatively low activity
(as little as 15% of the highest value) was observed even
with chilling to around 0°C in iced water. The results
observed here indicate that the intestine and pyloric caeca
are particularly important for autolysis. Relationships
between pH and activity in the crude extracts for the
casein substrate are shown in Figure 3. Activity in the

intestine and pyloric caeca increased as the pH value rose,
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Fig. 3 Proteolytic dependency on pH of the crude extracts
from internal organs of Japanese anchovy. Scale
values represent averages for five to six samples.
Casein was used for the substrate of the enzymatic
reaction.
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Proteolytic dependency on pH of the crude extracts
from intestine (@) and pyloric caeca (O) of
Japanese anchovy. Dots represent measured values.
Myofibril was used for the substrate of the
enzymatic reaction.

whereas liver, ovary and testis samples showed opposite
tendencies. In the stomach, activity was the highest at pH
6.5, but a report on the anchovy Engraulis encracicholus”
suggests the existence of an acidic pH range in which
activity is higher than in the neutral range (pH 6.5). Figure
4 shows the relationships between pH (from 2.91 to 10.78)
and activity in the intestine and pyloric caeca for the
myofibril substrate of this fish. Both increased in the
alkaline range to about pH 10. A high correlation between

activity and pH values was observed in each organ (r =

71

0.96 for the intestine, 0.98 for the pyloric caeca), and
similar tendencies were seen.

One aspect of rapid autolytic degradation of abdominal
tissue (often called belly bursting) renders the fish
unsuitable as a raw material”. This phenomenon appears
to be caused by leakage of proteolytic enzymes from the
intestine and pyloric caeca to the ventral muscle. In this
study, it was supposed that proteolytic activity in the
intestine and pyloric caeca of the Japanese anchovy would
be at relatively low levels even during periods of storage
in iced water (0°C) and increased in alkaline range. To
avoid degradation due to autolysis in a fresh state, it may
be advisable to keep the fish slightly above its freezing
point in a slightly acidic range so that the risk of muscle

denaturation is reduced.
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