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On the Deterioration of Frozen Fishes during Storage

Jun-ichi Nisaimoro

Abstract

Experiments were carried out on the deterioration of proteins and lipids of in muscles,
histological and organoleptic changes which occurred in the frozen fishes during the freeze
storage. Three kinds of fishes, mackerel, yellow tail and bream, were used as materials.
Whole fishes were frozen in a sharp-freezer and stored in a cold box at —10°C and —20°C.
Aliquot samples were examined at varying times during the six months’ period of storage.

The results are summarized as follows:

(1) Panel tests showed the frozen mackerel became unpalatable in two to three months
at —10°C or in about four monthsat —20°C, while the actomyosin solubility has remained
almost constant for about two months at —10°Ci and about three months at —20°C. The
histological examination of frozen mackerel muscle-tissue revealed certain degradation in
about two months at —10°C and in about four months at —20°C.

In the yellow tail, a somewhat marked degradation in the organoleptic qualities was
first observed in six months’ storage at —10°C or —20°C. A marked, permanent impair-
ment in the histological structures also occured in this lot. Although deformation of muscle
cells was observed to occur much earlier in samples which were defrosted in the fixative,
the deformed cells recovered to the normal state when defrosted in damp air. In this from,
therefore, it appears that period of five or six months is the limit of storage for practical
purpose. Histological and organoleptical examinations of the frozen bream indicate the
quality was impared in three months’ storage.

In the latter two forms of fishes, the amount of soluble actomyosin in muscles was al-
most unchangeable during the storage. Therefore, the limit of storage period could not be
guessed.

It is an outstanding fact that the bream flesh was found to be of a spongy texture when
thawed after a long storage.

(2) Acid value of lipids developed during the period of the storage. In the cases of
the yellow tail and bream, however, the value decreased in the later part of the storage.
Peroxide value of lipids increased in the early phase and then decreased. Volatile carbonyl
compounds in muscles progressively increased in amount during the storage. The results
obtained with the mackerel suggest that the denaturation of proteins in muscle is correlated
with the presence of some amount of fatty acids and oxidized lipids or oxidation products
of lipids in situ. Above suggestion was, however, not derived from the results on other
fishes.

(3) The amount of drip from the thawed whole mackerel increased progressively with
the length of the storage time. A fair amount of drip was produced before the tissue show-
ed any sign of the histological destructon. This indicates the drip is not formed the tissue
destruction. It seems the dripping is rather correlated with the protein denaturation.
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Table 1. Organoleptic variation of the frozen mackerel during the storage at —10°C and —20°C.

Period of Storage Appearance
Sfoage conditigon 7 o Taste
(months) Surface of fish body Colour of muscle
Back: Glossy blackish blue
Fresh Abdomen: Glossy silver Glossy rose colour +4
0 . white
After i
freezing 7 7 7
Back: SlightI)t')lgloks'sy;1 .
o ackish blue :
—10°C Abdomers; STightly glossy White rose colour +
silverwhite
—10°CG Glossiness decreasing . o -
1 (Glazed) Glaze faded
Back: Slightl}kl)lgloks.syi1 .
o ackish blue s
—20°C Abdomen: Slightly glossy Glossy white rose colour ++
silverwhite
—-20°C Glossy colour with good P W -
(Glazed) glaze
o Back: Blackish blue .
~10°C Abdomen: Slightly rancid White rose colour &
5 ?Gl?az(éd) Glaze evaporated ” |+
o Gloss lost
— 4l Exudation of oil at back 7/7’ t
_(_C'%?azced) Slighty glossy ” ”
—10°C. Slighty yellow at abdomen Dale wose colons o
(rancid)
—10°C
(Glazed) ” ” ”
3 Gloss lost Mk'
—20°C Yellow spot at back and Y 4o
abdomen
—20°C B
(Glazed) 4 ” ”
—-10°C Rancid ” =+
—10°C Yellow-brown spot at
i (Glazed) abdomen ) ” ”
o Same as the state seen
; —20 Ci ) after 2 months 7 ki
—20°C Same as the state seen
(Glazed) after 3 months 7 7
_10° | . . | Harsh tissue
10°C | Remarkably rancid (sticky) Wihite rose colotir -
—10°C . . R
White rose colour +
(Glazed) ” i
6 —20°C "~ Back: Whity and dry ,
 Abdomen: Slightly yellow § &
. " Back: Whity ' : . ]
_(_(%?a Cd) | Glaze evaporated i ” ”
=€ Without rancidity |
++: Excellent == : Borderline +: Good —: Tasteless
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Fig. 1. The amount of drip from thawed mackerel. (Defrost temperature 15-2°C).

Table 2. Organoleptic variation of the frozen yellow-tail during the storage at —10°C and —20°C.

P;x(‘)i;);lgé)f Storage Appearance Girs
(months) condition Surface of fish body Colour of muscle
Fresh Glossy blackish blue Pale rose colour +
° After 7 Y ”
freezing
—10°C ” ” ”
1 il :
—20°C ” ” ”
—10°C ” ” ”
2 ot
—20°C ” ‘ 7 ) ”
. —10°C ]S311;agchktxls}l;1é)rl;1e (Gloss lost) £ Unglossy white rose colour" +
—20°C ” ” ‘ ”
_10°G Unglossy blackish blue , o
. Dry
6
—20°C ” ” =+

++: Excellent +: Good =+: Borderline —: Tasteless
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Table 3. Organoleptic variation of the frozen bream (Aodai) during the
storage at —10°C and —20°C.
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Fig. 2. Extractability of actomyosin in frozen Fig. 3. Extractability of actomyosin in frozen
mackerel-muscle during cold storage. yellow-tail muscle during cold storage.
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Fig. 8. Development of peroxide value of lipid in mackerel-muscle during
cold storage.
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Fig. 9. Development of peroxide value of lipid Fig. 10. Development of peroxide value of lipid
in yellow-tail muscle during cold storage. in bream-muscle during cold storage.
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during cold storage.
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Plate |

Fresh mackerel tissue, sagittal section, x 400.
Fresh yellow tail tissue, sagittal section, x 100.
Fresh bream tissue, sagittal section, x 100.
Fresh mackerel tissue, transverse section, x 400.

Fresh yellow tail tissue, transverse section, x 100.

Fresh bream tissue, transverse section, x 100.
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Plate II

(Mackerel tissue, stored at —10°C, transverse section, x 100)

Glazed mackerel tissue, stored for 3 months, defrosted in the fixative.
Glazed mackerel tissue, stored for 3 months, fixed after defrosted.
Unglazed mackerel tissue, stored for 3 months, defrosted in the fixative.
Unglazed mackerel tissue, stored for 3 months, fixed after defrosted.
Glazed mackerel tissue, stored for 6 months, defrosted in the fixative.
Glazed mackerel tissue, stored for 6 months, fixed after defrosted.
Unglazed mackerel tissue, stored for 6 months, defrosted in the fixative.
Unglazed mackerel tissue, stored for 6 months, fixed after defrosted.
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Plate 111

(Yellow tail tissue, stored at —10°C, transverse section, x 100)

Stored for 3 months, defrosted in the fixative.
Stored for 3 months, fixed after defrosted.
Stored for 6 months, defrosted in the fixative.
Stored for 6 months, fixed after defrosted.
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Plate [V

(Bream tissue, stored at —10°C, transverse section, x 100)

O G o0 fo =

Stored for 1 month, defrosted in the fixative.
Stored for 1 month, fixed after defrosted.
Stored for 3 months, defrosted in the fixative.
Stored for 3 months, fixed after defrosted.
Stored for 6 months, defrosted in the fixative.
Stored foe 6 months, fixed after defrosted.
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Plate V
(Glazed mackerel tissue, stored at —20°C, transverse section, x 400)
Stored for 3 months, defrosted in the fixative.
Stored for 3 months, fixed after defrosted.
Stored for 6 months, defrosted in the fixative.
Stored for 6 months, fixed after defrosted.
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Plate VI

1. Glazed mackerel tissue, stored for 4 months at —20°C, fixed after defrosted,
transverse section, x 400.

2. Unglazed mackerel tissue, stored for 4 months at —20°C, fixed after defrost-
ed, transverse section, x 400.
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Plate VI

(Yellow tail tissue, stored at —20°C, transverse section, x 100)

Stored for 2 months, defrosted in the fixative.
Stored for 2 months, fixed after defrosted.
Stored for 6 months, defrosted in the fixative.
Stored for 6 months, fixed after defrosted.
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Plate VI
(Bream “Aodai” tissue, stored at —20°C, transverse section, x 100)
Stored for 3 months, defrosted in the fixative.
Stored for 3 months, fixed after defrosted.

1

2

3. Stored for 6 months, defrosted in the fixative.
4. Stored for 6 months, fixed after defrosted.

Plate [X

(Bream “Renkodai” tissue, stored at —10°C, transverse section, x 200)

1. Stored for 1 day, defrosted in the fixative.
2. Stored for 36 days, defrosted in the fixative.



