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THE INFLUENCL OoF TIML FROM SLAUGHTER TO "HbLéING ON THE
DEVELOPMENT OF FREEZER BURN ON BEEF MUSCLE TISSUE
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The marked biochemical and biophysical changes which
' muscle tissue undergoes in the period following slaughter
raises the possibility that development of freezer burn
on muscle may differ from that on liver tissue. In the
latter, biochemical changes are of different nature and
more gradual. The main factors responsible for inhibit-
ing the appearance of freezer burn on liver tissue were
found to be (a) increases in freezing time, especially
when freezing with evaporative weight loss, (b) youth of
the animal (foetal tissue forms no freezer burn at all)
‘ and (c) low fat content of the liver. Weight losses in
Store necessary for the onset of freezer burn were only
Slightly increased by surface desiccation or prestorage
Of livers before freezing. However, these effects were

Statistically significant.

The present paper deals with corresponding observat-

10ns on beef muscle tissue.
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Samples of semitendinosus muscle were taken from the
Carcass as soon after slaughter as possible. These were
wrapped in polythene, rapidly chilled to 0°C, and then

held at 0% for periods of 1.5 to 336 hours before being

froren. Slices of the muscle 5 x 8 cm, 0.3 em thick,




were frozen in stainless steel trays at different rates,

requiring freezing times of 4 to %10 min. Freezing time
was defined as the time required to lower the temperature

at the centre of the slice from 0°C to -10°%C. Most of

the experiments were carried out with freezing times of
either 4 or 220 min. Some samples were frozen without
evaporative weight loss by covering with a plastic film

of low water vapour permeability. Others were not covered,

thus permitting evaporative weight loss during freezing.

After freezing, the samples in the trays were stored
uncovered, in two drums in which air at -10°C circulated
at an average speed of 3 em/sec. The relative humidities
in the two drums were 78 and 97% respectively. Weight
losses of the individual samples were determined over the
freezing period, and also from the end of freezing to a
defined stage of freezer burn intensity. Three such
intensities of "burn" were defined: (1) the first indica-
tions, which appear as areas with a thin, almost transparent,
surface layer giving a pink tinge: (2) patches of increas-
ing area which have developed a distinet whitish color; and
(3) patches which have ceased to increase in area and have
Commenced to become dull, For each intensity, weight
losses were reported as the total weight loss during freez-
ing and storage., Further experimental details have been

given elsewhere(1,3).

For histological study, additional samples were taken
from fresh tissues, and also immediately after freezing,
and again after an advanced stage of freezer burn had devélop—
ed., Frozen samples were either freeze-fixed at -9OC at the
freezing point of a 35.5% (v/v) formalin solution, or fixed

At room temperature in 104 formalin. In both cases a pH

close to that of the meat was maintained. Sections 10 &




thick were prepared from the samples and stained with
hematoxylin-eosin, Further experimental details have been

given elsewhere (2).
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RESULTS AND DISCUSSION

As has been indicated in earlier publications &3 e
freezer burn is a discoloration which appears as a brighten-
ing of the surface caused by diffuse reflection of light
from the cavities formed by dehydration of the surface.

The development of freezer burn is accompanied by weight

loss.

In the present work it was found that, in general,
freezer burn developed most readily on samples frozen
rapidly under conditions such that cvaporative weight loss
was prevented during freezing. As was the case with
liver tissue (3), the total weight loss necessary to produce
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@ given intensity of "burn" increased with the freezing time.

Similnrly, it was greater when freezing was carried out with

evaporative weight loss than when evaporation during freeg-
o &

ing was prevented. The effect of the age of the animal

was small, though statistically significant: muscles from

o

vVeal or from canner grade cow carcasses r

3quired a lower

weight loss in store to produce a given intensity than did

Pre-rigor condition (3 hr after slaughter) or in the state
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frozen samples. Samples from a canner grade cow exhibited
given freezer burn intensities at lower weight losses than
those from steer meat, but the effects of increasing the
time of storage before freezing, e.g. from 48 hr to 120 hr,
were similar. The results allow the conclusion that optimum
conditions obtain for the inhibition of freezer burn when
muscle from good quality beef is, after a chilling period of
2% hrs, slowly frozen under conditions where evaporative
weight loss occurs. Marsh (4) recommends that for
commercial chilling of beef carcasses a period of 36 hr
should elapse before freezing, to complete glycolytic
reactions and to avoid thaw rigor. It may be considered
that under the normal conditions of commercial freezing
these reactions will go on (though at a reduced rate) during
the period the tissue remains above and at the freezing
point. From cooling curves given by Howard and Lawrie (9)
this period can be estimated to be about 5 hr for thin parts

of a carcase undergoing blast freezing.

Histological Examination

Pattern of ice crystals.- Physiological condition and

structure of muscle tissue had a great influence on the
pattern of the ice crystal formation, which in turn affect-

ed the onset of freezer burn.

Exanination of samples frozen pre-rigor showed that
the ice crystals were intracellular. Crystals in samples
frozen in 4 min were, however, smaller in size and greater
in number than in samples frozen in 220 min. Apparently
crystals fuse together after the fibre membranes have been
ruptured by crystal growth. In samples frozen post-rigor
the ice crystals were formed between the fibres, except

for a small number of intracellular crystals in rapidly
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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

3
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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

w
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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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The maximum formation of freezer burn (fb) on cuts of
beef semitendinosus muscle stored at -10"C and 78% and 97%

It

R.H. was obtained when they were frozen apidly under
conditions where evaporative weight loss was prevented.
Optimum conditions for retarding fb were obtained when
samples from good grade animals were frozen slowly, with
permitted evaporative weight loss, at about the time that
rigor was almost complete. The total weight losses corres-
ponding to a given intensity of fb were then about twice

the weight losses observed on tissues with the same intensity

’—)

frozen post-rigor.

nistological study showed that ice crystals formed
intracellularly in tissue frozen before the onset of rigor
independently of the rate of freezing but extracellularly
in tissue frozen slowly post-rigor. In tissue frozen
rapidly post-rigor crystals also appeared intracellularly.
11d be observed in fibres
which contained intracellular crystals. Cell walls were
ruptured due to the growing and piercing of ice crystals in
rapidly frozen tissue and in slowly frozen tissue with an

extended pre-storage period before freezing.

The basic mechanism of the development of fb corres-
ponds with that observed on liver tissue, but on muscle
tissue rapidly frozen without weight loss the condensed
layer forms irregularly, often only in fragments. The
physiological state of the muscle at the time of freezing
influences the fb cavity formation. In tissue frozen
pre-rigor, cavities frequently form intracellularly between

fibrils, representing a type of micro-burn. In post-rigor
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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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