











e L —“A’ m -

R
.
- |
frozen samples. ith f1 ing tin 4 min the nu I
was again g ter 1 the size sr ler than with a freezing
1 3 Pre 200 Y -
clme o1 Z2<2¢€ 11l
1. 5 s ik i - i SR IS = . A2 PSR - A A 3 &
Thus the rate of freezing appears to be the predominat-

ing factor determining size and number of crystals. In
pre-rigor tissue, crystals always form within fibres, while
in slowly frozen post-rigor tissue they are propagated
between fibres. In rapidly frozen post-rigor tissue,
however, propagation occurred both within and between fibres.
According to Meryman (5) intracellular crystals originate

when the ice front advances at a rate of 1.6 em/min or

greater.

Effects of freezing on muscle structure.- Samples frozen

pre-rigor and fixed after thawing showed corrugated out-
lines of fibres due to thaw rigor, and the spaces occupied
g, When
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Oy ice crystals partly remained after defrostin

reached 24 hr this damage was
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minimized.

Rapidly frozen post-rigor samples showed fibres with
holes caused by piercing with extracellular crystals. In
slowly frozen samples such puncture holes were only observ-
ed when the pre-storage period was extended to 14 days at
OOC, and are possibly due to weakening of the fibres through

T

autolysis under these conditions. The rupture of fibres
of fish muscle by ice crystals has been reported earlier

by Reuter (7) and Love and Haraldsson (8).

e most probable sites for
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vtorage before freezing.-

the onset of freezer burn are the sites where the fibres
have been penetrated during freezing and at the channels
left after the sublimation of ice from the network of large

crystals.




In tissue frozen pre~rigor, freezer burn cavities
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developed between the fibres. There was also a form of
"micro-burn" in which intracellular cavities formed between

the fibrils.

In rapidly frozen post-rigor samples, the mode of
development of freezer burn was, in principle, very similar
to that in liver, but the condensed layer which formed in
front of the freezer burn layer was less pronounced and only
appeared in fragments. In the late stage of freezer burn
the volume of the fibres next to the surface may increase

due to a looser arrangement of the fibrils.

When freezing is slow, either with or without evapor-
ative weight loss, a condensed layer develops at the surface
during storage. When evaporative loss occurred during
freezing this condensed layer began to form during the
freezing. As the rate of freezing was reduced, the extent
to which the layer built up during storage was increased,
and freezer burn developed below it. The increase in
thickness of the condensed layer consequently resulted in a
Tetardation of freezer burn development. When slow freez-
ing was carried out pre-rigor there was again some evidence
Of freezer burn cavities within the cells, and they were
larger than in rapidly frozen tissue. When the freezing took
Place after completion of rigor, intracellular cavities were
rarely seen, and they were completely absent from muscle frozen

POst- rigor.

In slowly frozen muscle, cavities can also form in the

COndensed layer in the later stages of freezer burn development.
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tissue an advanced state of desiccation may increase the
olume of the previously shrunken fibres by a looser arrange-
ment of fibrils, and at this stage cavities may also form in

the condensed layer of slowly frozen tissue.
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(2q,b) Crystal pattern in semitendinosus muscle after
(a) 4% min (b) 220 min.
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Sample freezefixed (transverse section).

(3a,b As in (2) but samples frozen post-rigor.

(Hajh) Longitudinal sections from samples after freezing
in 4 min, (a) fixed in defrosted state at room
temperature, (b) freeze-fixed.

(a) pre-rigor sample with thaw rigor, (b) post-
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Ja,b) Sections from samples frozen in 4 min with advanced
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fb, y fixed at 1 temperature

frozen post-rigor, showing condensec

(6) Transverse section from sample with fb of intensity

rigor mostly completed. Fixed at room temperature.
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