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Abstract

In case of the freezing and storing at—5°C, the greater the freezing ratio the
more the viscosity-level decreased, therefore, it was assumed that viscosity-level

might have some correlation with the soluble protein content in extracts.
Similarly, in case of both —10 and —20°C, the relationship between viscosity-level
and freezing ratio was similar to that obtained in case of— 5 °C, whereas the change

.. in soluble protein content in extracts was not so remarkable as shown in— 5 °C.
Ice formation in muscle is causative of viscosity decrease. The decrease is mai

nly due to the dehydration with the increase of salts concentration in the tissue.
Virtually the actions are accompanied with the denaturation of protein. Neverthe
less, the author dare to propose in this examination that another causative agent,
physical agent like pressure, should be applied in resolving the correlations menti
oned above.

Toughness in cod tissues was studied by Love1^^ and Tanaka6) as physical

change of fish muscle during frozen storage.

According to the other study, it was ascertained that much amount of

drip was excluded from thawed fish, simultaneously the toughness occurring

in the meat was observed after cooking.

Nishimoto and Ohta7) found the same toughness in the other fishes. In

this examination, the verification was devised according to the following

situation. The toughness was measured by the viscosity decrease of the homo

genate which was prepared by mechanical disruption of muscle under

the definite conditions. In case of the examination, the degree of toughness

was slightly varied with the species of fish.

Love considered that the phenomenon is caused by denaturation of muscle

protein in which the salts are condensed by ice forming accompanied with

removal of water.

The proportion of convertion from water to ice in muscle was called for

"freezing ratio,,,8) and Gensho9) proposed an equation of the change and it

is as follows:

? = 1 — (Freezing point of fish muscle°C) / (Temperature of fish

muscle°C)
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where f is "freezing ratio".

The author studied on the relationship between the freezing ratio and the

viscosity-level of homogenate of frozen muscle, and reported only one part

of the results in this paper.

Experimental

Fresh muscle of mackerel obtained commercialy was used in the experiment.

Three pieces of minced normal muscle 10 g were prepared in the block of

definite size (15x28mm0) and each of them was frozen individually at—5,

—10 and —20°C, being stored successively at the same temperatures. At def

inite intervals, the frozen muscle taken out from the cold room, being subje

cted to experimental samples after thawing at 15°C for 30 minuts. The definite

volume of 65 % sugar solution was added to definite weight of material, and

the mixture was homogenized at 15000 r.p.m. for 2 minuts using the homogeni-

zer (Nihon Seiki Co.) , finally viscosity of homogenate of it was measured

by Brooksfield type viscosmeter at 10±1°C. The viscosity-level of homogenate

was shown as (Viscosity (cp) of thawed muscle) / (Viscosity (cp) of original

muscle) X100(%).

Amount of salt soluble protein in extract of 0.6M KC1 at pH 7.2 was measued

by Biuret method. The precipitation (actomyosin fraction) obtained from the

extract was prepared by 8 fold dilution with cold water and by keeping over

night atQ°C.

Results

In the previous paper,7' the author found that the viscosity-level of homo

genate of thawed muscle was easy to decrease as compared with that of

fresh muscle. In order to know the correlation between the freezing ratio

and viscosity-level of homogenate, a lot of muscle having different freezing

point should be adopted in this examination. Virtually, each volume of glyce
rol 5,10 and 20 ml per muscle weight 100g was added to mackerel muscle and
the freezing point of each muscle was derived from freezing curve at—25°C.
The freezing point of treated muscle are shown in Table 1 .
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Table 1 Freezing point of mackerel muscle
containing various concentration of
glycerol and freezing ratio at various
freezing temperature.

25

Freezing point
Freezing ratio %

Glycerol%
-5°C -10°C —20CC

0 Ca. —2.5 50.0 75.0 87.5

5 // -4.0 20.0 60.0 80.0

10 // -7.5 Unfrozen 25 0 62.5

20 // -18.8 // Unfrozen 6.0

Freezing and keeping at -5°C

The muscle treated with glycerol showed the lower freezing point as com
pared with the untreated muscle, accordingly the low freezing ratio was obs
erved in the treated muscle. Really, the muscles containing 10 and 20% glyc
erol were able to keep under unfrozen state during storage at—5°C (Tablel).

Under the condition mentioned above, the changes of viscosity-level and
solublue protein content of extracts during frozen storage were shown in
Figs. 1 and 2.
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After keeping overnight at — 5 °C, the decrease of viscosity-level was not

clear, in unfrozen muscle, but that of frozen muscle was clear. The decrease

of viscosity-level was proportional to the increase of freezing ratio. However,
amount of the soluble protein in the extracts of thawed muscle was not ch

angeable after keeping overnight at —5°C, and progressive decrease was ob

served during storage.

Freezing and keeping at—1Q°C

As shown in Figs. 3 and 4, both the changes of viscosity-level and the soluble

protein content of extracts, in case of [unfrozen state, show a tendency to

become similar compared with —5 °C, whereas the change of soluble protein

content of extracts during storage, in case of frozen state, was not so remark

able compared with— 5 °C storage.
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Fig.4. Changes of the amount of protein
present in 0.6M KCfi extracts from mackerel
muscle during storage at —10°C«

Freezing and keeping at —20 °C

As shown in Figs. 5 and 6, in case of small freezing ratio like 6 %, even if

the muscle is in frozen state, very little decrease of viscosity-level was observ

ed in the thawed muscle both in begining vf storage and immediately after

freezing. Furthermore, the remarkable decrease was not observed on the

soluble protein content of extracts, nevertheless the change of viscosity-level
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was rather strikingly on the post storage.

In case of various freezing ratios 62.5, 80.0 and 87.5 %, the viscosity-level

decreased markedly, and it was observed that the greater the freezing ratio

the more the viscosity-level decreased, while the decrease of soluble protein in
extracts was not so remarkable.
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Discussion

Marked decrease of viscosity-level of homogenate of thawed muscle.

When the frozen muscle was defrosted, the viscosity-level of thawed muscle
decreased markedly, while the decrease of it was not observed in either Un
frozen muscle having low freezing point or small freezing ratio. Reason why
is considered to be due to the formation of ice crystals in the fish muscle,
additionally, as shown in Plate 1 , larger crystal was produced in the out-side
of muscle fiber compared with inner side. Therefore, it was presumed that
during the process of ice crystal formation, water in the inside muscle-fiber
diffused out gradually to form the out side crystal, finally, the muscle - fiber
from which water deprived was deformed scantily, simultaneously, large ice
crystal produced in the out side might press the muscle-fiber.
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(2) fi

(3)

Plate 1 Cross section of mackerel muscle

(l)Before freezing (fresh muscle )
(2)After freezing (at 5 °C )
(3) * (at-20°C)
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Change of viscosity-level of homogenate during frozen storage

According to the previous publications,1 ),10~12) the toughness of frozen fish after

thawing was mainly due io actomyosin denaturation. It was assumed in this

examination (Figs. 1 and 2) that the decrease of viscosity-level had a proporti

onal relationship to the solubility decrease of salt soluble protein. Actually the

result, in freezing and keeping at— 5 °C, is identical to Love's hypothesis.

However, the degree of viscosity-level was not always dependent upon denatu

ration. Accordingly, the changes of viscosity-level affected by denaturation

were mainly caused by both the dehydration and condensation of salts in

the muscle fluid. Nevertheless, according to this examination, another causative

agent e.g. a physical agent also seemed to be important on such chages

mentioned above.

According to the result mentioned above, the decrease of viscosity affected

by the protein denaturation was slight either in —20°C or under high freezing

ratio. Since, in this examination, glycerol was used for dropping the freezing

point, it should be adopted to resolve the phenomenon that hydrophilic OH

may also act protectively on the protein denaturation.

In either case, it was clear that the greater the freezing ratio the more the

viscosity-level decreased, and that formation of ice and its growth give rise

to the decrease of viscosity-level.
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