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A atudy op ice crystals in frozen beef has been made in an effort
te zain more inforsation on the process of ice formation in meat
during freezing and to determine a quantitative relationahip between
the rate of [reeszing and ice crystal formation, As a measure of the
rate of freezing the rate of ice formatioca was calculated from the
slope of measured time/temperature coosling curves and cutectic data
for meat, and by a calculation methoed based om a solution of the heat
transfer eguations by finite difference calculus. Ihis latter method
was found te be rather unsatisfactory as a result of the large changes
in specific heat in the temperature range 27-30°F.

It was found that the rate of [reezing and the physiolegical
condition of the meat prier to [reezing had a marked effect on ice
crystal size and location, relative to tissue structures. These
phenosiena have been explained in terms of the water permeability
characteristics of the major structural components ¢f the tissue, and
the water binding ability of the proteina. There was considerable
variation in ice crystal size for any givea ratle of freezing and
physielogical condition. The variation w»as dependent on the rate of
freezing and a relatienship between rate of ice formation and saxiwum
ice crystal size was established. Ice was found intracellularly,
extracellularly within fibre bundles and extrmcellularly between fibre
bundles at kigh rates of ice formation and only extracellularly at low

rates.



"G le aso ma le matainatila, o le aso ma le filigaafa.”

(Lach day brings new problems, and new measurcs sust Le found to solve them.)

Sanoan preverb
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1.

INTRUBULCTION

In 1524 in a paper delivered to the fourth International Congress
of wefrigeration 7. “eran (19:l1) stated, "irobably nothing is wore
needed by the refrigerating industry than an adequate theory of the
freezing of tissues, bocause on it must be based any iapoertant
advance in practical procedure other than such as one of a purely

engineer.n; nature,"”

Addressing an advanced study institute held at the Lniversity of
strathelyde in Sejstember 19886, i.i., >ywons sald, "Japortant though it
is, technoloygy occupies a relatively winor position in the structure

of the frozen food (ndustry."

It is of interest then to consider just what technologieal
advances Lave been made, poarticularly in the freezing of meat, since
the aidvent of cosmercial food freezing. ihe wost aiznlficant
advance is the introduction of guick freezing techniques such as
blast and plate freezing. %ith fruit end vegetable products there
is an obvious iwmprovement In quality to be gained by usinzg these
metnods but with meat the improvement is not s¢ obvious. The reason
for adopting these technigues for weat freeeing has been the economic

pressure caused by ever-increasing production.

A, THE LFVECTS OF FRULELZING ON MEAT

irebably the first detailed study of the effects of freezing om
meat was wade by uichardsen % Scherubel (1808). They found frow
histological studies that water separates as ice from the meat fibres

during freezing and that on thawing mueh of this water is lost from
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the meat as drip, particularly from freshly cut surfaces. Some of
tie nutritionnl value in the form of winerals and seluble protein was
lost with the drip. subsequent atudies by « lank, wlerenbaus &
veuter (1916) and Feareon . Foster (1922) demonstrated the existence
of a eritical rate e¢f cooling. At coouling rates [nster than this
there was little drip loss on thawing and the thawed meat had asimilar
organoleptic characteristics to {resh weat. filstologieal studies
(Loonz & {amsbottow, 1939, Hamsbottom & Loonz, 1930) showed that in
weatl frozen at speeds yreater than Lhe critieal rate, ice crystals
were located within the muscle [ibres, or cells, so that the fibres
were not dehydrated during freezing. Unfortunately the critical
cooling rate has been considered toe hkijgzh to be gractieal in the

comuercial freexzing of large meat cuts.

I rreezing nate and Urlp rormation

ihe existence of a critical freezing rate, as demonstrated by the
absence of drip after freczing beef by imwersion in liguid air, was
conifirmed by Cook et al (18926) in an extensive sluiy of the factors
influsneing drip formsation froe frozen beef. fhey found that the
amount of drip increased with decreasing freezing rate. Also the
age and type of aniual, the condition of the beef before freezing aad
the thawing temperature, infliuenced the amount of drip formed. from
studies of changes in juices extracted from minced unfrozen beef with
freezing, it was concluded that changes in the sarcolemsa (cell wall)

rather than the plasma were causing the drip (Vickery, 1926).

The observation that the amount of drip inervases with decreasing

freezing rate was subsequently coanfirmsed by a nuaber of workers.
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(Yoran, 1832 & 1933, u bois et al, 1940, Yolimeva = Viskareva, 1359,
lianicins & i'iner, 1840, dincr et al, 1943, Kamsbottom & hoonz, 1936,

diner + tankins, 19i1).

ilowever, it has becn suggested (Raprey, 1933} that the rate of
freezin: has no signilicapt effect on the awmount of drip forased, Lut
rather the amount of thaw drip wes a functien of the hylrogen lfon
concentration. it has been confirmed (hHair % Coek, 1930, imamsbottiom
& noonz, 1940} that pid couvld snrkedly iniluence the amount of drip on
thawing. amsbottowm & hoonz (1540) weat further and showed that pH
wag nol the only factor invelved and that the condition of the meat
prior to freezing was just as importnant, this was not a pii affect.
they also desonstrated by histologicnl studies that the lack of drip in
pre=-rigor xeat was the result of intracellular ice formation rather
than hiszh nl, in post=rigor =e¢at, for an eguiverlent rate of cooling,
the ice forsation was exiracellular and tended to increase in size
s#ith ageing, an interesting observation &ss the amount of drip dee¢reased
with ageing. liowever, they did dezonstrepte that the amount of drip

formed was dependent on the rate of freezing for each stage ol ageing.

Extended studies on drip (Hamsbottom & Koonz, 1911) indicated
that storage of the frozen meat greatly increased thaw drip and that
the incrvase over a year was independent of storage temperature. The
initial differences caused by different rates of freezing were astill

apparent after a year's storage.

. Freee liate and Urganoleptie 1i
uUpinions on the influence of freezing on the organoleptic

properties of meat tend to be rather more conflicting tham those on
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Aip formation. Generally there is an increase in tenderncss when
weat is frozen and the s=zount of increase is related te the rate of
freezing, being grester with rapid ireezing. (Yankins & Hiner, 1440,
Tressler et al, 1932, Du Beis et al, 1940, Lansk holeinstitut, 1944,
icholas et al, 1¥47, Uiner & iHankins, 1941, iimer ot al, 1345,
4piseva 4 PViskareva, 1850). This gain in tenderness, however, is
lost after aboul six months storage at 0% {Hiner &k Hankins, 1941,
Nicholas et al, 1847}, Against this there is a considerable asount
of evidence which can find no conclusive relationship beiweon
organoleptic npreperties and freeszing (l'aul & Child, 1837, Bray et al
1942, Halay et al, 194¥, Moran, 1632 & 1933, Fim, 1933, i'ennsylvania
Agricultural ‘xperiment station, 1953, Valdecantos, 1063). 4 noetable
feature of Lhe werk dome by Valdecantos is that he atlempted to zasess
the difference in gquality preoduced by the differeat rates of cooling
within a single piece of meat. with the {reesing conditions be used
tne differences in coolipg rate were seall and he was unable to detect

any significant quality differencea.

The colour of freszen meat is influenced by surface ice crystal
size (Taylor, 193U & 1931) being a darker colour with large ice
erystals. The coleur difference iIs loat on thawing so this is of
little importance to the consumer who buys thawed meat. During
storage the surface colour changes with the breakdown of exymyoglobin
to metmyoglobin, this change is net related to ice crystal size

(Hamsbot tem & hoomz, 1941).

The size of the surface ice crysiale influences the type of
freeser burn which develops (haess & veidemann, 1962 & 1967). The
finer the crystals the whiter and less visually acceptable the bura

becomea.



3.

I'n general ice crystals do not grow significantly during the
storage of frozen meat when large intracellular ice crystals er
extracellular ice is the gredominant form (samshottoa & :‘ooanz, 1941).
ihen finer l{ce crystals are sresent and steoraye is at hiih (emperntures

(15-2:%F) some regrowth is apparent (‘loran & ilale, 1932).

e Freezing late and Ice Crystal rormation

“uch of the conflicting opinion on the way in which freezing
affects the quality of meat has arisen fros a lack of appreciatioa eof
all the factors which govern the rate of cooling in ment which makes

comparison of findings Jdifficult.

<oran (1231) was one of the first jpeople te appreciate that the
rate of freezing was not uniforms throuvghout a picce of meat being
irozen. e found frow studies ol ice formation in frozem meat that
the largest crystals were formed at the centre and the smallest at
the surface. Uu Hois et al (1910) and Tressler & Uu Bois (1040)
found that ice ecrystal size in air blast frozen beef and chicken was
related to air temperature and air velocity. Hiner et al (1943)
conducted tenderness, drip and histolegical examinatiens omn bheef
frogen in still air at various temperatures. They found a decrease
in erystal size with freezer air temperature. Romsbottom et al (1949)
demenstrated that erystal formation varied with pesition relative te
the cooling surface and that the freezing time as determined from
seasured cocling curves also vearied with position. They observed
both extracellular and intracellular ice within the one piece of meat.
hoonz and kamsbottom (1938) made a detailed histological study ef the

types of jice formation in frozea poultry wmeat, particularly eof



intracellular ice formation at high cooling rates. They observed
that erystallisation was profoundly influenced by cooling rate but
did net define the ceoling rate in a way which could be guantitatively

related Lo their observationa.

More receat histological stuldies of freozen meat (Bire, 1962,

saess, 1966, Chizhov & .ulmanova, 1UG6) suggest that the counditien

of the wmeat before freezing has a greater inf{luence en the histelogical
structure of the frozen seat than the rate of freezing. Kaess found
that in pre-rigor frozen bovine muscle, ice ecrystals fore predoaminantly
intracellularly. 'a slew frozen post-rigor asuscle, fice erystals
appeared extracellularly, and in quick frozen pest-rigor tissue both
extracellulorly and intracellularly. The pumber of ice crystals

were found to imcrvase and their sizes to decrease with increasing

rate of freezing, iondepeniently of the physiological condition of the

tissue.

"lank (1911) made an analytical study of the rate of ice front
advance during freezing and suggested thal this has some influence on
ice crystal size. fle deternined the effects of freezing conditions
and the shape and size of blocks of material being frozen on the rate
of ice front advance and concluded that these lactors could cause
considerable differences in ice crystal sizes within a plece of frozem
food. This he considered would be detrimental te the preoduct as it
would encourage recrystallisation by virtue of the fact that large
ice crystals have a lower vapour pressure than ssall ice erystals.

To aveid this he preposed freezing wmethods which would preduce unifora
freezing rates throughout the material. The implications of this
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work as regards ice crystal size and quality have been largely over-
leeked by subsequent workers in their attempts to relate ice crystal
size or rate of freezing to quality changes in frozen foods. In
order to make his analytiecal solutiem, ilank made certanin assumpilions
which 1imit its application te real systems. However, wore recently
numericnl solutiona based upon the use of finite difference
approximations te heat cenduction eguations have beee usced successfully
to calculate cooling rates during the {reezing of meat (Larle & :arl,
1966, Cullwick, 1667). iy coabining the coeling rate so obtained with
eutectic data for meat it is posaible to predict tLhe rate of ice
formation ia terms of the rate of change of the fraction of freezable
moisture frozen. In this way it is poasible te express the rate of

freezin: in fundamemial terms.

B I Ul oCTIVES OF Tals STUOLY

The object ol this study was to evaluate ice crystal forsation
in frozen meat in teruws of the rate of chsange of the fraction of
ireezable moisture f(rozen, Lo observe what effect the physiolopical
condition of the muscle prior to [reezing has on ice crystallisation
with regard to the rate of (reezming, and to determuine the degree eof
variation in ice crystal foraation withim a single block of frozen

meat.

From a fuller uaderstanding of the process eof ice formatiom im
frozen meat it is heped that it will be possible to determime with
more certainty what influence the rate of freeozing has on the initial

quality of frozea seat and upen subsequent quality changes on sterage.





