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Samples of M.longissimus dorsi of bovine weighted ca.6oo g. were frozen at —100,—2? ,=33

and -78°C.Samples of the last group were frozen by dry ice.

Investigations of histological preparations by light microscope have proved the following

features for the samples frozen at

~10°%¢ - large groups of fibers are separated by large spaces indicating interfibrillar for-
mation of large crystal agglomerations.In center of some fibres it is found the
hole.The fibres are damaged at the surface and sometimes in the depth ;

SeR - fiber groups are smaller and separated with smaller spaces.The holes are formed in
center of much more fibers.These findings indicate that ice crystals are formed in-
ter and intrafibrillarly.Fibers are more damaged by sarcoleme tearing as well as
fragmentation ;

=33% .. fiber groups are still smaller being sporadically separated by greater spaces, i.e.
there appeared interfibrillar formations of smaller ice crystals agglomerations.
Fibers are less damaged than in the previously described samples ;

Sy the fibers are lying close to each others.In every fiber there is a hole what indi-

cates that ice crystals were formed intrafibrillarly .In some fibers there are mo-

re smaller holes which are confluent sometimes. Even the holes of -some adjacent fi-
bers are confluent with the result of larger round holes formations.Fibers are less
damaged but there are found frédquently fibril tearing in them.

F
ibres of muscles frozen at -220L are mostly damaged.
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on M.longissimus dorsi des Rindes,von etwa 6oc g,wurden apf —100,-22 ,~33" und

en.Die Proben der letzten Gruppe wurden mit trockenem Eis gefroren.

Bréssere Fasergruppen sind durch grosse Flidchen getrennt,was darauf hinweist,das sich
8rosse Kristalaglomerationen interfibrildr bilden.In manchen Fasern ist in der Mitte
€in Loch zu finden.Die Fasern sind auf der Oberfldche beschidigt und manchmal auch

in der Tiefe ;

die Fasergruppen sind kleiner und durch kleinere Fl&dchen getrennt und in einer gré -
Sseren Fasernzahl befinden sich Ldcher in der Mitte.Dieser Befund weist darauf hin,

dass sich die Eiskristale inter- und intrafibrilidr bilden.Die Fasern sind durch

RaR.

\33OC _ :eissen der Sarkoleme und durch Fragmentation stirker beschidigt ;
le Fasergruppen sind noch kleiner als bei den vorher beschrieben Proben und sind nur
stellenweise durch grossere Fldchen getrennt,bzw. haben sich interfibrilér kleinere
Aglomer‘ationen der Eiskristale gebildet,die Fasern sind weniger beschddigt als bei
~78% ::n bisher beschriebenen Proben ; A
€ Fasern liegen aufeinander und L&cher sind vorhanden,was darauf hinweist ,dass sich
die Eiskristale interfibrilir bilden. In einigen Fasern befinden sich mehrere kleinere

LGCher, die manchmal konfluieren.Die Lbcher'von benachbarten Fasern konfluieren auch

manchmal.Die Fasern sind weniger beschiddigt,es kommt aber oft zum Reissen von Fibri
lle
Die Sohs 2
Schyqgy, RS
inung von Muskelfasern ist am grossten bei -22°C.
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Les changements histologiques de M.longissimus dorsi des bovins,gelé aux differentes
températures (-100,-220,-33O et —78°C)

ABDEL-HAMID GAWWAD et SVETOMIR RAHELIC
Faculté Technologique de 1’Université de Novi Sad, Yugoslavia

Les échantillons de M.longissimus dorsi des bovins,poids environ 600 g,geles 2 -100,-220,
-33° et -78°C.Les échantillons du dernier groupe €taient gel€s par une glace sdche.Par
1’examen des preéparations histologiques au moyen de microscope 34 lumi2re,on a constate les
caractéristiques suivantes sur les échantillons gelés a:

L10TCIE plus grands groupes de fibres sont séparés par grands espaces,ce qui montre gue de
grandes aglomérations de cristaux de glace se produisent interfibreusement.Au
milieu de quelque fibre on trouve un trou.Les fibres sont endommagées A la surface
mais il-y-en a avec des endommagements en profondeur;

=220 = 15 groupes de fibres sont moins grands et ils sont séparés par des éspaces plus
petits et dans un nombre de fibres il-y-a des trous au milieu.Cette constatation
montre que les cristaux de glace se forment inter-et intrafibreusement.Les fibres
sont encore plus endommagees par l’arrachement de la sarcoléme et par fragmentationj

-33°C - les groupes de fibres sont encore plus petits qu’aux e€chantillons précédemment
déerits et ils ne sont se€parés que par endroits avec des espaces plus grands,
c’est-2 dire,interfibreusement sont formées de moines aglomérations des cristaux
de glace,les fibres sont moines endommagées qu’aux €chantillons précédement
déerits;

—78°C - les fibres sont posées les unes sur les autres et elles ont des trous ce qui
indique que les cristaux de glace se forment intrafibreusement .Dans quelques
fibres il-y-a de petits trous qui confluent parfois.Les trous des fibres voisines

confluent aussi et forment de plus grands trous ronds.

T'ucToNOTHUECKUe U3MEeHeHuAM,longissimus dorsi POraTroro CKoTa 3aMODOXEHOTO HA DA3HHX Teune~
parypax (-10°, -22°, =33 ,-78"C)

ABDEL-HAMID GAWWAD u CBEIOMUP PAYEJNY

Texnonoruueckuit pakynrer Yuubepaurtera B r.Hosu Can,CPPK

O6pasus M,longissimus dorsi PpOraToro CKOT& BeCOM 600 r 3aMOpOXeHH Ha —IOO, —220, —550 "

—78°C.Oﬁpaauu nocnenHeil rpynmns 3aMOPOXEHH CYXMM NbAOM.l/ccnefoBaHueM TUCTONOrUYECKUX npe-

NNapaToB CBETOBHM MMKPOCKONOM YTBEDXIEHH CllelyKiue XapaKTepUCTHKU 00pas3loB 38MOPOXEHHX He’

-10°C - Gonpmue rpynnu BOJNIOKOH OTHENEHHM OAHU OT JPYTIUX,YTO NOKA3HBAET AarjoMepauuu kpucTal
0B AbAa HOPMUDYOLUXCH MHTePPUOPMIADPHO. ¥ HEKOTOPHX BOJIOKOH MMENTCH OTBEpCTHMdA B
cepenuue .BoJIOKHA NMOBPEXIAEHH HA TMOBEPXHOCTH & HEKOTODHE B rayGuHe ;

=22% .= rpyNns BOJOKOH HeCONbUME ¥ OTHENEHN OfHM OT JIDYrux a B GONbMMHCTBE BOJIOKOH €CTh
oTBepcTua B capenuHe.D'x‘o NOKa3HBAET ,YTO KpUCTaNH nbaa GopMupywTCH KHTGp—MHTpB'I“'
GpuUnApHO.BonokHa GONbIE MOBDPEXJEHH BHTACKUBAHMEM capkoyes M dparmeHTaumei ;

C - rpynns BOJIOKOH eme MeHble,YeM y BHUIeyKa3aHHHX 06pa3uoB M TONbKO HA& HECKOJIbKO uec”
oTHeNneHH Mexny coGoii,T.e. MHTepdHuCpunsapHo cHOPMUPOBAHH HeGONbmUE arnomepanuu KpHO
TANIOB NbJA,BONIOKHA MEHbIle MOBPEXJEHH,YeM y NpenBapUTEeNbHO OMUCHBAGMMNX o6paauaxs

—78°C -~ BOJIOKH& HajerawT OJHO K OPYroMy & B WX MMEKWTCS OTBEPCTUH,YTO MOKAJWBAET Topumpoﬂﬂ’

HUE KPUCTANIOB MHTPAPUOPUNADPHO.) HEKOTODHX BOJIOKOH €CTh Gonbmwoe KONUYECTBO negon?
XX OTBEpPCTUli,KOTOPHE B HEKOTODHX CJydYaax coeaMHAKNTCSHA.COGNMHANTCA U OTBEpCTUA co”
CeJHUX BOJIOKOH o6paayiouue O6OJblWKe KDPYTJile OTBEpPCTHA.BONIOKHA HEMHOIO noapexneuu,ﬂo

B HMX 4YacTO OTHAENIAKNTCH HeOonbunue BOJIOKHA.

~nO
Bonbme BCeX MOBPEXIEHH BOJIOKHA MYCKYJl 3aMODOXEHHX Ha -22°C.
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Histoloprical chanpes of muscle lonpissimus dorsi of beef frozen
at various temperatures (-10°, -22°. -3%° ang -78°0)

3
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Faculty of Technology, University of Novi Sad

There are in literature a lot of published data on histological changes of the muscles
frozen at various temperatures. All o! those papers quote the fact that in slowly frozen
TMuscles ice crystals are formed inte:'fibrillarly while at those fastly frozen intrafi-
brillarly (Tuchschneid-Emblik, 1959; Love, 1966; Lawrie, 1966; Cassens, 1971; Rahelié and
Mihalkovié, 1972). Cassens (1971) have indicated that in the muscles frozen even at -40°C
ice crystals are formed in the fibers, while at those frozen at -48°C they are formed also
in fibers but at the periphery. Goma and Biro (1970) have proved that ice crystals are
formeq interfibrillarly in the muscles frozen at -40°C. In the case of muscles frozen at
~150°C (Love, 1966; Lawrie, 1966; Cassens, 1971) and at -193°C (Tuchschneid-Emblik) small
ice crystals are formed equally distributed inter- and intrafibrillarly.

Such differences in the course of freezing involve different muscles damages, whereas in
the muscles frozen slowly these damages are greater, but smaller in those fastly frozen.
Contrary to the mentioned findings, Crigler and Dawson (1968) have observed that the rate
of freezing and the degree of damages proved not to be always in agreement, as in some
Tanges of higher freezing temperatures damages are relatively smaller and at slower tempe-
Tatures greater.

Most of the cited papers give the results of investigations on the effect of a few free-
Zing temperatures, i.e. freezing temperatures in the smaller ranges on the structure of
Muscles. This initiated investigations of histological changes in the muscles frozen at
higher temperatures in the range from -10° to -193°C in order to give the picture of chan-
888 in the continuity of lower freezing temperatures. This paper contains the review only
°f & part of these results.

Matersar and methods

For the described investigations we have used M. longissimus dorsi of steers of red
Spotteq breed, weighing about 450 kg. Samples were cut from the left halfs of carcasses,
Weigheq of about 600 g, frozen at —100, -220, —550 and —78°C. Samples were frozen in re-
rrigerator at -10°C, in freezing room at -22° and -3%°C and those frozen at -78°C with dry
ice, At each of these temperatures have been frozen in group of six samples. The course of
rreeZinG has been registered for the surface layer and the middle of the sample by thermo-
Couple, Ellab-Copenhagen. 3
ediately after freezing, samples were cut by Cry-Cut, American Optical Comp., at -207°C,

Yo Slices thick 10, 15 and 20 nm. Slices were stained by hematoxylin - iosine and fixed
by Canada balsam. After the analysis of samples, typical places were photographed on the
Muse] e Preparations frozen at all investigated temperatures.

R
‘2§2l§§ and discussion

Muscles frozen at -10°C were during freezing in the range of critical temperature from oP
328;500, in the middle of sample, for 798 min. ’ : . i
Ological changes of muscles on the cross-section (Fig. 1) were characterlzcé ? e
SToups of several tens of fibers. These groups were set apart with great interfibrillar
SPaceg Created as the result of crystals formations. Fibers in these groups leans one on
“Mother being here and there separated. Individual groups are connected with one-or
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twofold rows of fibers.
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On the longitudinal section of thesc samples (Fig. 2) there arc rare groups of connected
fibers, branched into groups of few fibers or cven individually..These spaces between
fibers are in gome places large. Fibres are mainly curved here and there broken, sarco-
lemma is often damaged and in some places even the deeper layers are destroyed.

Muscles frozen EE_ZEEEQ were in the range of critical temperature in the middle of sample
for %%6 min.

On the cross-section of the preparations (Fig. 3 and 4) it is seen that fiber groups are
smaller than in those frozen at —IOOC, scparated one from another with smaller interspaces.
This proves that ice crystals are formed interfibrillarly. However, there arc in some pla-
ces holes in the middle of fiber as the result of ice crystals formed in the fiber. This
finding proves that in these samples ice crystals are formed inter- and intrafibrillarly.
Such arrangment of ice crystals in muscles frozen at this temperature was established for
three groups of samples.

On longitudinal section of the frozen muscle (Fig. 5) the previous finding is proved that
the fibers are agglomerated in smaller groups as well as that the spaces between them are
markedly smaller. However, fiber damages are significantly greater. They are cxpressed by
sarcolemma tearing, or even by tearing of deeper layers or ofter fibers tearings into frag-
ments. It is obvious that the breakages are appcared in various degrees.

Samples frozen ﬂtg:é;ﬁg were in the range of critical temperature in the middle of samples
for 54 min. W

Characteristic of the muscle preparations frozen at this temperature proved to be of the
net structure of fibers (Fig. 6 and 7). Namely, fibers are separated one from another with
more or less equal spaces, arranged in rows connected in such a way that they resemble to
the net. Another characteristic of the histological picture of these samples proved to be
that there are hardly any hole in the fibers, what indicates intrafibrillar ice crystals
formations.

On the longitudinal section in the preparation (Fig. 8) the picture described under cross-
_section of fibres is repcated - fibers are scparated with swaller spaces creatiung the net

structure of tissue. Fibers are surfacely damaged and even teared in deeper layers, but

s 4
(&

these damages are smaller than on muscles frozen at -10° and 20070,

Samples frozen at -78°C were in the range of critical temperature in the middle of sample®
for 22 min. ¢
Histological structure of these muscles on the cross-section proved that the fibres are
mainly close to each other (Fig. 9), i.e. that they lean one on another, being only here
and there separated with small interspaces obtained due to ice crystals formations. Howe-
ver, holes are there in all fibers. In the greatest number of fibers these holes are in
the middle. But, in meny fibers there are more smaller holes remained after ice crystals
formations at those places. These holes become confluent in some fibers or even between &
few other fibers, creating greater spaces of irregular shape, but mainly of rounded sur-
faces (Fig. 10).

The described picture repeats even on the longitudinal section (Fig. 11) but in another
projection. Namely, it is seen that the fibers lean one on another being relatively hardl¥
separated. However, the longitudinally extended spaces within the fibers are dominant.
These finding indicate that ice crystals in fibers frozen by dry ice are formed mainly
intrafibrillarly.

Due to this location of ice crystals there is established the damage of fibrils (Fig. 12)
This phenomenon of fibrils damaging in fibers is observed only in the preparations of the¢~

s 0 2 .
ge muscles. This proved to be logical as by freezing at this temperature (-78"C) ice cry
. 2

stals are formed intrafibrillarly and are so great that at the formation tear the elemel
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of intrafibrillar structure.
Fibers damages in these muscles are the smallest in comparison with the damages on previo-

S
usly described frozen muscles.

If the depree of damages is compared for the samples of all four groups of muscles, it is
Dossible to conclude that the damages are mostly expressed on the nmuscles frozen at ~22%¢.
This state could be explained by the fact that in the muscles frozen at this temperatur
great ice crystals are created interfibrillarly and even often intrafibrillarly. Due to
this fact fibers are extended by crystals formed in them and pressed by those formed bet-
ween them, whereas these pressures directed conversely damage the fibers even morc. In the
muscles with the created ice crystals mainly interfibrillarly (frozen at -10°C and -33°C)
Or even intrafibrillarly (frozen at —7800) fiber damages are smaller.

There still remains the question why the crystals of ice are formed in fibres of muscles
frozen at -22°C, but nearly don‘t appear in those frozen at -33°%C ? However, Cassens
(1971) qudtes that ice crystals are formed in fibers of muscles frozen at -40°C while in
those frozen at -48°C they are peripherly located. On the contrary, Goma and Biro (1970)
have established that in the muscles frozen at -40°C ice crystals are formed interfibri-
Llarly. 1t is necessary to mention the finding of Crigler and Dawson (1968) that the dama-
8e8 of fibers are not always in agrecement with freezing temperatures. If we take into acco-
unt the finding obtained in this paper as well as the data cited by Cassens (1971), or Cri-
Bler and Dawson (1968) it is possible to ask whether the arrangnent of ice crystals in mus-
Cles changes regularly with the decrease of freezing temperatures?

Sonclusion

A°°°rding to the results of these investigations it is possible to conclude:

= freezing of the muscles at -10°C involves the formation of ice crystals, mainly, only
interfibrillarly, at -22°C inter- and intrafibrillarly, at -33°C mainly, only interfi-
brillarly, and at -78°C mainly intrafibrillarly;

- Mostly damaged fibers of the muscles are of those frozen at —22°C, because ice crystals
are formed inter- and intrafibrillarly;

= in the muscles frozen at -78°Cthere are very often tearing of myofibrils.
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