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A STUDY OM ICE C YSTALS IN FROZi:N MU1' 

4 theai• pr•••nted in porti•l fulfil.oat or the re~uir-•ate 

for th• degree ~•t•r ot T•cbnolou in Food ·t~c:hnolog at 

Maner Univerel\7 



4 atuJy 90 ice cr1•tala in froa•o b@ef baa beoo ma4• in an effort 

to ;aln • ore isaforentltui oi1 the proc••• of tee fortaati&n tn •••t 
during Creezin« and to deterrdne a quonti tati ve rolaUonabip between 

tbe rate or treeein, and ic• cry• tal to.-..tion. Aa a ••affr• ot the 

rate of troeztng tbo rate of tee tonr.attoa ••• calc~l•t•d troa the 

elope of •••ured tt•o/tum~rature cooU.ni curYoe and eutectic data 

for iaoat. and by a ealculaiioo ••tbod baaod on a •olutlan of the heat 

transfer equation• by fini t• difference calcul..- . H•i• latter &aeihod 

••• found tc bo rat er une t iel atory ~• • r••ult of th large cbanc•• 
i~ •J>4tcif1o beat tn the teaperaiure range 27• 30°F . 

ft wu found that the rat• of fr• ~in.a and th• phy•iolocieal 

condition ot Uae ae-1lt pri r to !Neaing b.t,41 •arked effec t on tee 

cr7atal •i•• an~ location , r•la\lve to t1$eue •trycturoa. Tb••• 

phonfMUna have b••n •xplained in tel"B• of the water i,enoea'bi 11 \7 

characteristic& or the :i.aj->1" atruct--.r l coo.v&oents er tbe ti••u• , and 

the wnt•r bindin~ ability of the ~rot in• • lhoro •a• con•iderabl• 

variatinn la ice cryatal 5ia for any given rt• ol treezlac and 

-phyaiologtcal concH tton . 'fhe vari Uon wa.a tt•i)eode,,t on tile rate ot 

free~ing aad a r•latioaahip IMttween r to of tee ConAation and ll&Xiau. 

ice cryetal ai.ae •• establl•hed . le• wu found l.ntr•••llularly , 

extraoollularly wlthln ftbre bundle• nnJ eatrAc•llul•rl1 b• tw••n tlbre 

bundle• at. hlib rat•• of ice for .tion and ooly oa;tr ce J l.ularlJ at low 

rate11 . 



110 le aao M le aaatainatila, o le aao aa le t'1U,1aafa . 11 

(i.ach day bring& new problCUAa , and now euuroa •~•t be round to aolve thea . ) 
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1. 

In 1944 in a por•r delivered to the ~nurth International ~on1ruea 

of ,,efritf'rotion 1' . :-ioran ( 1~2•1) stated, .. , robably OGthin~ is Htor-e 

nc:H:a-ded by thei, rerr.iter tin~ tndu try than a a adequi.ittt th~ory of the 

€rci,eziu..i; of ti~5u,11us , bti.>cau,n! on it ,Dt."t;,t be b aed ftll)' iaiport"nt 

advance in pr~ctic~1 procedure other thHn Much as one of a vurely 

en~ i neer i nMi na t.ure . •t 

Addre •ln• an advanc d tudy institute held at the lntvoratty of 

-;irathclyde tn ~*i ' te111ber 1966 , H. t. . :;:,yaGn• •aid , "I portant though it 

ta, technology occupl~ a rel t.ively 111.nor poaitlon lo tbo lftructu!'e 

ot t.ne rro11en rood io,lu try . '' 

tL l of int~reat tae" to consider just what technological 

utlv, ... nct•• l,tiv,• bt.'en ill de, 1.1urticulttrly in ti,, fret.':.Gln.:, of ID 11t, '-"inc" 

dv.oncv iM the introuuetion of q:.iiek fro &in6 tec-kn iquea •uch aa 

blaet and plate tr•erint • \1th fruJt •ad ve1•t•ble product• ther• 

ta an obvloU$ iliilpi·ovem nt l n q\1411 ty t.u be gainf'd by U5in~ thH1e 

motnod• but wttb meat tho iaprov ont ta not•~ obviou . ihe ra eon 

for adoptini the•• t~ehniqu • tor meat tre sing haa b••~ the ecou011Sic 

prcsaure cauaed by •v r - inc r • A•in1 production • 

.... . 

Probably t • liret d•t.•.U•d •t.ud or tb• eft•ct• or fr••&ing on 

m•• t. wa• 111ade by ;a ~.h,u•daon & Ma erubol ( i OS) • l'be;y t und trom 

biatolo ical atudi•a tbct water aep rat a s 1ee fr tn• ae t fibre• 

during lr•••ing anti \bat on t awing $U~h of thi• ••••la l •i froa 



2. 

th-o aaeat •• drith particu larly from freshly cut aurfa.eoe. 

the nutrl tionnl value in the fon.i o t winen,1- .ind ttoluble vrotein aa 

loat with the dri P• ;·, ubeetquent atud i os by , lank • ii.l@rtHtbauN t~ 

'.\ceuter ( 1;)16) anti ;-'eart>n ':C i-·oa.ter ( 11:1::!2) doa,t>n&truted the 1txl•t.ence 

~fa critical r la ot cooling. t coolin~ rate5 f ng\or th<ln thla 

there wna li t tle dri p lo8a on thaw ini nnd tb~ tbaw~d • ~&t bftd eimilar 

orgAnoleptle characteriat1c• to 1'reah GHuit . Hi•tolo~ itu'll 1Uudie• 

( i:.-.oonz & ,<aa.tJbottom, 1939. itarn.tJb.ottom & hoon , 1930) ahowed \Mt in 

1eiu1t frccer, at •:,ee1.ts o{t"<'l"t r th~ n L}@ er! tieal rate, i c:o c17et l• 

were located tri thin the .u•cl Ubr•e, or cell a• ao that the IS bres 

were hot denydr•ted durlng froeiaJn;s . t'nfortunr1tely th criticHl 

coolt n5 rate ha$ b•en conaiderff too hi .h to b• practical in t.h~ 

co•uercial fre~:itin ~; or large meat cut3. 

l • Vrtuu1i.n5 ,,a te nnd urtp r oniuation 

The eJd •tenco c; f a cri ttcal freoa1ntt rato1 ae deillooetrated by t he 

abeence of driµ After fnozin ~e•f by 1 .. eraton ia liquid air, •aa 

conti.1"1:aed by Look et nl ( 1~~6 • tn ~~ oxten tv• study or the raetor• 

lnl'luuncint\ drir• foraatiun fro• frr,zen beor . they found lb.at t.ho 

a.mount of drip increa ed wi\h d•~reaalnc rrooslng rRte . Aleo the 

a30 nnd tJp• ~, animal, the condition of the beot before freezing and 

th• tba.•i a t v•r tur• , tntlueeced i.he aa4unt of drit) fol'Wed . l'rom 

•ttidiea or chance• in Juicoe oxtraeted fr mioeed untro&on beef •1th 

tr• eaing , it • C$DClu ff tbat ooanK•• to the •&rcol•- (cell wall) 

ra'lho.r tbaD itu, pla.-a wer• eoueiag th• drip (Vicll•rJ • t ae) . 

'.fb• ob-••rv Uon t t th• ruaount of drip in r••••• wt t- decr• Ni n1 

fn•&ing r. te •• ••b••qu•ntly co~t1,... ~1 • kr ot ••rkora. 



(-..;oran, 19.12 :- 1913, !Ju Hot et al, tU40, :~toiMeva ;., PL•karev1t, 19'.:HJ , 

H nidn~ ~ i; in~r, 1-940, dint r et al, 1:145, kumabottom f,. h<U.H'l~. , 1&:SU , 

'iinftr i,. !!nnkin , l:Ji I). 

:.o,n'V r, it h.:is b,un suh.;;cated (11.'.;a,prt>y, 1!.i'.':3) tbat the rat@ of 

treo:7.in ~ ha.$ no si1nt tlc11nt .tffv('.t on th• a.,ounl.. of dri J• for;a..C1J, 1:ut 

rnt~er tbo aiuounl. of ttu,w drip ..,,.. a function of tl,e hy,!roti,en ion 

conct1ntrattan. lt has been eonfiMMrd ( ';air ,...., Cook, 1930, ,b.tw.•bott.om 

f. Koon2 , l\.MO) thnt p,1 ca~tl(t mnrkf.'l :Hy htfluonce the w»oimt of drip on 

tb•wl11tJ, • l,a.•bottOlli t~ 1-,.oonz (UHO) ••at further and 11Jhowed th.t\t. prt 

wat1 not tho only tnc\or involved and thnt th!."- condition Qf the meat 

priGr to .f'reea.1ng wiuJ Ju•t a• impor1.nt1t, t bt• wa• not a pl{ •ffeet . 

-,·hey also de.;1,01u,trRt4td by h1@tolo!i1.ie11l &tudiea that the lnck of drip in 

j.tre-rigor· 1Mt.1t was t.hv rt-.sult of intracollul11r ice foraation rather 

the ice ror~~tiGn waa ex~racellulAr end tqnded ~u iocr~a•• in sic 

•itb ageing , an interestin~ ob••rvation •• tho ~1110unt or drip Jocr•a•ed 

however , they , td delllon•tr t.• that the: apaount of drip 

fonuoJ •aa dependent on \he rate or freeging for each ata o or ageing . 

!i:.Xt.endod a t.udtea on drip {tt.,.abotto AOons , 1941) indicated 

tha t •ior•«• oft.he fro•on ••at iir•aUy tocrea•ed th• dri p and that 

the iacroaae over• ye r ••• tndt-pendenf. of a1ol'age teaaf)"ctr ture . The 

initial difference• cnua d by lfter•nt r at•• or rreeatn ••r• ati ll 

apparent after a Y••r •• etorAge . 

uplnion• on tn influeaoe of fN•atn oo t • or aaoleptic 



•• 

'fr•asl er et ~l, 19~2, Du Uoi• •t al, 1940, uanak ~oleinati\ut, 1i44, 

Niehola• el al t UH7• !Hoer&. Hal\Jdna, 194:1, tHaer •t al, UH!\, 

Thi• 4ain in tendern •• h(\wevor, i• 

~iohola• et al, 1947}. Ap!nat tble there i• a cuneidorable .-ouat 

of evidence w:bich e•n find ao ooocl~cive rel Uonald t,i l>o\weoo 

orca11oloptic propertie• and f r ea1n ( !'aul · Cb.i ld, l'd37, Br.-y e\ al 

1fi.\2, ~• C"y et •1, 1~4 .. , Mor-a11, 1i32 & 19l3 , Fin, 1933, f'•nuylvaata 

teatur• of t.he work done J Valdooanto• i• that h-e a\tomi-, t.•d to •••••• 

th• ditlorence in quality prod~c•d by the diffor•nt r~tea of cooling 

within n aing lo piece ot meat. 

tn difference• in cooling rat• w•r• aaall and he••• ~nable t.o de&.ee\ 

an7 aigaific•ni quality diff' r•n•••• 

~he col«MJr of troaen •••ti• ioflueoe 4 by •vrtaco ice cry•t•l 

•i•• (Taylor• 1930 & l~31J IHtt g a darlter col ur with larc• 1oe 

cr:,•tal• • Tbe colou~ ditt•r•no• ta le•\ on t ••in1 ao th1• 1• or 

little 1•port.aao• lo ~he co euaer • o b117• \hawed ... , . ring 

et.or•c• \ae •urfa,oe colour eh••••• wttb the breakdown of o•,-,•11ob1n 

to aotatyo«lobia. thi• cbaoc• i• not nlal-4 t ic• 017atal •••• 

(--.ta-eti. I& -.oou, UMt) . 

?he •i•• or t.h• fNJ"fa•• ic• o,,.atal• l flueno•• th• t1.P• of 

tnuer hl\"A w tell dev•lopa (1\.affa It eid ... a.a, 19 .2 tit ?) . ~ 

l':law , .. or,aul• tk• •lttt•r aad lM• wlau 117 acceptabl• ao e.v11 ........ 



rn ~eneral ice crystals do nQt ,row aignlricaatly durini tbe 

atorage 01 tro~t1n :UEHtt. when large intracellular ice cr;ra t-a ls r 

5. 

e tracollular ic:o is the r;redoraaina.nt Corm L « !laobEJttollli f., ,• oooz, 1!Ht). 

·Hum finer ice cry.stals are 1. resent. and stora~e is at hi ,'if, h tem?• rnt.ure• 

(15-2. J0 t· ) 5om~ rt> _growtb i.a a pparen t ( 'lortHi ~" Hale, 1932). 

·. ch or tbe conrlicttng oplaion oo the ,utf in wbicb frHzln 6 

affects th qualit7 of rn at as• ariae~ rro~ • lack of appreciat1oa of 

all the t a ciors •bicb govern the rate or eoolio,. in aeat bicb IMlk•• 
co.i;,ar iaon et timHnsa Ji rneutt. 

oran ( 1~ t) waa one ot the first people t.o appre-ciate that the 

rat• or fr1tezin w.aa not uni fora thrc~gbout a pldtti of meat. being; 

irol!en,. 

tbo largest cryatala ,ere fo ed t ib centre awl tbu .ui&lleat a t 

tbe surfac• • l3ois •t al { 10t0) and ·reaaler '-< P Sole ( 10-10) 

round tut ice c at 1 ·iz• in ir bln t froaen b et a.ad cblclten • • 

related to air t P4trat11re a.nd air Yeloct ty. liner et al { 1945) 

tt, drtp ad bi•tologtcal •--lDAtioa• on beet 

fro&•D in •till air at Y&rioua t peratur••• T ey found a deereue 

i c17•t l •1•• wlt fr••••r air temperature. _.botto• ot al (t949) 

demo atrate4 th i c17a al fonutton Y ried wit •ttloh relatlv to 

t e c •li•g • race thai tbe r e&i ti .. det•ralaed troa 

co l t cur¥•• e 1 Yarl..t wit al tio • ft•7 o erYed 

both • str&-ce-llul.ar l ,.-.cellaler i" wit•i t. • one plec• of •at. 

oOllli a K81118Dot\olil ( 1 38) • a •tailed i•tolo ical stud>' of i. • 

• of ice to · tlon in fro•• l'l1"1 t. 1 rt.teutarly f 



G. 

that cry•tAlliaation •a• profoun41,r tntlu.• nc•d by coeling rate ht.it 

d.icl not d tin• th~ cooling; ra\e io a way •hica could be quanti tatiY"ely 

related to their obsorvationa. 

Moro recent hi•tological studie• or troaon •eat (Uiro . t9G2, 

,;..a••• • 1966, Chiz.bov &. .. ulsaoova, 1~,16) sugge.at U1.~t t.h& condition 

of the sactl':\t before frc~ziai baa a !$Teater influence ou tbe hiat.elogical 

atructvre of t.lle troaea aeat than the rate or treeaing. Knee• found 

t t ta pre-ri or frozen bovine auaclo, iee cr,-:st. l• fora predoeio.uitly 

lntrac.ellularly. In slow frozen fN>.Sl-rigor clo, tee eryetala 

appeared ~:a;tracellularly, nnd in quick frozen poat-ric.or ti ·sue boih 

extracellulurl7 anJ intracell11larl7 . The nWilber e .f ice crystal• 

••re fouad to iacreaae &f.\U their aic•• to decrea•e with increa•tn, 

te o f fr1t~&iD , iu"le ;ionJen tl,r ot the pbysio lo glc:al con!lit.ion of the 

tis.sue. 

\' lank ( UH 1) e an anAl7Lic l etu4y of t he nto of ice front 

adva•ce Jurin~ fr~eein0 ~nd aug a~ed taat tbi• ha.as influ••~• on 

lee crratal aiz•• lie d•t.el'Cii ~ t • effect• or f1"eeaing oondit.ieaa 

• the aha e and aiM ef bl<teka t t-e.rial bel I trose 011 t.M rat• 

ot ic• fr t adYa ce ad e lltd.M tllat t c • tact.or• could cavu 

c ide.ra l ditl•r cea ia ice cqat&l •J..••• wt t . i • piec.• ol freae 

tfMH\. l• • eo .- d•J-ad •nld • cletriJuat.al t.e t.M p t. •• it 

would• c .. r•c• recry•t l l ii n b7 • rtue ot t~ tact tut lAJ6C• 

tee cry•tals •• a lower Jt'NtaMU"e t -11 le• • · t•• 

o avoid tilt• b• propo• fre.ai s .. , o4• .tl1cb would pro • unlto:ra 

fN•al-. ratu t t , • aat 1 1. Tile la lic•t.iona or tbia 
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••rk ae regard• le• er7atal ah:.e •nd quail ty have be4'm larc•17 over­

l&o~ d by aubse~uent workers tn their atte•pta to relate ice eryetal 

size i,r rato of tr•e~lng t.o quaU ty caanges in frozen foO>da . la 

order to cake his aaal7t.ieal solution, i-' lank amde certain aaatH:aptiotu1 

which limit its applic•tion to real ayateaa . Uowever, 110re recently 

nwu~ricol •olutiona baaed upoa t•• ••• of fiaito dttforeaee 

approximations to heat cooduction eqoiaticu1a have been Dsod a1acee .. rull7 

to c lculate cooling r tes dw-iag the freezin t ot ••t (l.arl• ~ i.a.rl, 

196-6, C~llwick, 1967). &y eoabining th• eoolini rate•• obtained witb 

eut•eUe data for .. .at l t is J'IO•eibl• to tired let the ra-te f ice 

foraatlon io teraa ot the rate or chang• of the tracUon of freeaable 

ha thl& wuy it ia 11ossibl@ to xpre s the rate of 

treecin~ in fundaaeutal terms. 

The obJttCt of thi11 stu,ty was to evaluate lee crystal rormation 

in fr ••n aeat i tor-a• of tho ra e of change t tb• traction of 

freenblu oist1ore fro on, to ob11..,rve what ere et t.b pb.7siologieal 

eoaditio• oft o mus le pri r to rr~ezlng hAs on iee cryotalliaation 

wtth re rd to the rate o fr• ain, and to determine tho dear e t 

•arintioa 1ft ice c17atal fo tio wlthi a atngle bl k or frozen 

t.. 

oa a r-.uer 

reaon • eat it ia 

.. " efl'-t ioty w 

lity t tro-& 

erat-andlag •t t • t tc• fOJ'IUlt.lon l• 

, d &bat tt •ill be poul\ll• t.o d•t.e.ratae s1tb. 

1 anu. t.M rate of fre• lag •• •• • tai u.a.1 

u •v u•~t ltty cha••• •lor•&•• 




