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• t pr \oia .. erial t � • tat/a...a 

lale�fa • ot • tat .. plot• of ho aooiee4 a4lk • D•••� 
aho \o rea t i th• aaJor • 
at la whla T 

a-.rfa of .1 t le'- t b. 

......... lA 

a• ...... .uu 

.. , ..... , .. 

D tb.• 

., 

�t •• talraac oaaol• aa4 tat a. 4 ale t • • pe ol' 

aa4 tat .. ,. �joet• t a lr•l• �, PIAJ-o•llQl .. • e � 

t ,ra r and polJa•rJta.14e ••1 el•ot phol'e•i• fol owlal · 

••1 �111aatioa with • diua • • rl ••lp-.,. or ., aio 
4oterctuta. ueh aat•�lala ahowe DO al.tlarltr \o tt•• · 

a.S.lk p:rotelue r t1•• fat el bulo ... bra • r teiu wlle 

etell.arl.r tl"oated. lf�Lil• ttle ectud. .. eutr tecl tt.. 

al8llaritr ot t • \ural fat slo ule • br•ae pr tolna of 

tu•-• tval ail • · o.parab1l1t7 41 ot ea1 t aa 

uteriala iaolat tro• the hoaosoaiaatio -oroat• "••D 

aatorlale t tbr a.a�a•u •1lka. iaila.,.lJ tb• 

.... at.ran• .. matorlalta of a1obvlea haYi •itfere 

ri 'hlll *DJ ou a• an a1lk ••r• le. 

l • •.0olu4N - t t the •• loal • era1 of \ • 

AOtiOI�Gi .. \1 pi" cou Hbiaoa with •vtuo a4aorpt1 

.. 

oaerti•• .... , •• an warl• ohans•• to the pro .tiea 

of t • aatl•• ai�k t•iae • oh ba•• bee ataorbe• •• •• 

iaattoa·o�at tat 1 terta •• The particular I ,. 

k tniala \hat appear • a go a. .. tt.oa-oru'M 

... , • ia • r••,lr oo tr 1led b7 obanoe 4ue to •• 1\1 

t th• alero-on•iro eat aurroua iDC tbe lat-aer iDtertaoe. 

hare wu • a'ri4anoe to ia41oa\a t ot •nf ouo u tv• a11Jl 

p '\ei wu pt'of•rontiallr aeleo� • 



1R o., 
• , ...... to ., •• ,, ., ... .,,� .. ......... , ...... . , .... . 

oon, ••ac• of l.ao\aU. 

tlae •••• ... cli.aMMI' of ' • tat alo11•1M u ........ to alto•• 

o.J' - ,. alerou •• , ... lac 11Jt0 , ... •''"''··-·· ., 

llOIIOIOaleatlOil (lalet�a, Oor\wija aft clo Q .. aat, 1"9). fteN 

u u laor•••• la clo le autaoe ana • •• •• 1M oala•lat .. 

, ... ·�· • ••• ,, ..... ... obaaa• tr a,o •• 
2

/al la ••1'8&1 

llilk \o ' '0 oa2/al la laoaqeaiee4 ailll wlllala 1• u 1 ...... 

of '•1 tiaee (talatn, 196 ). fa.rio• a \llol"l.tioa M 

lacn .. •• ot a. to 8 tiMe (Jeaa••• a d Patka, 19J91 fro••• 19501 
......... 1965). 

The f&Vflaaa& 1aurtaee that ia o"ate4 la tllle • ., la 

et.-S.ll••• la .... •aaa•r wb!o� ••••1._ la a iaoro... la ••• 

..... , of at.vo,.a ..... tal ..... ta, ••• , ,. ·� , ••• 

P�• 1r pr \eia lroa • th allk plae a t ol'lltaal tat 

al ltulo ... �... • ••• to tile lawrtaeo ud ..... .. aa 

.. laltrua ••••• -. atattlllae tu tat dlaperat.oa. ft.e attlll\7 

of allk protolaa to ao\ la t le aaaaor ha& beoa do oaatl'a-.4 la 

••••1 epto• ooataiai.Jac ut .. r oil, •• er, a • pve dlll 

protei .. (Jaoka and Pallaaaob, 1961>. A • laltlo protaia 

4esorbed troa:th• aataral clo1tu1a ...... , .,,.,, .. la ..... lac 

laterfuial teu1oa 1 tll• lt04e1 a,at•• aA4 tu whar protolu 

•••• al.l •howa to ha•• a alallu, tllnp l••• est• aS••• ofteet. 

onr, 4oee a t Mpreaa fHe •••u at tM 

fat/•• 



The etteot upon the propertiG of milk whi h rea lt from 

the a4 aorption of a ne• protein �•�ra�e have b.. widel� 

reported 4 review• of the t e�nolosioal literature ooaeeral a 
hoaoaeaiea\lon haYe been publi&bed by trout (1950), Jenaeaa and 

PattoD (19,9), and runn�r (1965). !t 1& autt1ole t for \b• 

purpoaea of the preaent review to ••l•ct a nuaber of paper• 

that 111u.trate the more iaportant p ropertiea of the h ogea• 

laatloa-oreate aeabrane. fheae propertiea ar.r 

Ho ogeniaat1oa of raw allk reeult- ia lipaae 

aotivitJ wherea a the normal a eabraae ie uauall7 1aper•1oaa 

to thi• enayae. Ae a boYine ailk 11,... haa been 

detected a e  a aiaor ooeponent of o aeein ( Fox a Taraaeua, 

1968) lipaee oould beooae a o aponent of a meabr&De wbioh 

couieted of caeei n aterialll. The ra te ot the reaction 

of a lipaae in an emuls ion of trialJC ride haa een ahowa 

to relate to the a rea of interface proaeat { Baazona aa a d 

Oeaa a lle, 196S> aad if lipaee 1• a4aorbe du•1�1• or 

atwr, hoaogeniaat1oa tbie ooul4 •J�Plai n the 1noreaee 

in aot1Y1t7 of ailk iipaae whioh oc ure aa hoaose 1aa\ioa 

pre .. u.re• eo.re 1nonue4 (Frankel aa 'l'uaaeuk , 1�). 
�tpe•• a4aorpt1oa in odel trisl1oeride eaulai oaa 1a 

••••r•i�l• (Beaaonana and De•auelle, 196,). Llpaae 

aclaorptiora can ocou under auob 1••• e era•ti oo ctiti u 

than lD the YlOleDCe of boao;enieatioa &8 ie lluetrate4 

by the fact that pupillg of raw eilk 1• otten autf1o1eat 

to 1a uce rano14itr. 

8) Rejuct&on ip Protti n St�ilitr 

Tbe e tabili ty of ailk pPoteine 1• recllloed after 

hoaosenieation. 'th1e te 111uetrated b7 the followi ns 

t-rop rtieac 

1) aoat S tabili tY - The homosenieatioa of butterfat 1a .................... � 

atlk will reduoe the period ot b.eatlag the lld.lk O&D 

ri tutaact before coagulat1na. fhla problea of 



heat 1 akbilit7 1• oaplex beoauee uq faoton 

infl oe it. aomogeni ation oou14 be iallaential 

thr uc two effeota. first, proteia • abil1t7 

co·a14 oe re4uoe4 tlurougb a1 teratioa of the aalt 

ba.luoe, tbzoqh the a4eorptloa of lou, 

partiovl&rl1 citrate and pho•phate, r �PO k 

ad orption of individual proteiae to --· a .. lJ 

cr�•t• tataplaaaa iaterface, or throu&b the 

�omb1Dat1on of both eftecte. SecoadlJ, the flae 

'· 

iapen.t.on or tat •isht proY1de nak oiat. r 

etruoturo• upo 'hioh o .. ein o ulatee (Roae, 196J). 

PHauaab17 the ia tert acial ettecta ue iap taat 

beoauae ao el a7ete� reoonatitu\ed tr butter oil 

4 sld.m mil.k oaa be etabiliae bJ \he ad41Uoa of 

interf ciallJ acti•• aixturea auoh a1 eaulaitler­

to the butterfat so that etfecta of the tat p 

upon heat a�bil1tJ of KTST-aterllise eyapoPated 

milk di�appear at • ulaitier l•••la ab •• � ..... 

pe' 100 1raaa ot tat (Ltviton ar.d Pallaaaoh, 1961). 

Appar ntl7, the eaulaify1Ds asenta preterentiallJ 

ad orbe4 onto the interface an4 t ereb7 preYent .. 

protein uutabilit7 troe thia eovoe. rut eraoM, 

neither fat nor hoaogenieatioa are eaaentlal to 

red ot1oa ot heat •�ab1li'7 of conoeAtrate4 allka 

tor the a441tion of in rt eateriale with lara• • taoe 

area• auch ae activatecl cu on filter papel' •111 

aoh1eve this etteot ('fhltt1er ud ••• , 19,0). 

In eeeenoe it app41ar tlla t while th a011o • -

l•atioa proeeaa will reduce tn. h .. \ at.b111ty ot 

11ilke thie nee4 not be construed ae ••14•1\ee the.t 
the Yiolenoe ot tae prooeee 1• an eese tlal factor 

but rather that interfaeial etteot• reealtinc tl' 

the laoreaae in eurtaoo area are dominant. 



11) !!!.!!!!l.!!.!!!.!!.!!!!!! _ Upoa treat .. at with 

,. .... ,, boaopa1H41 all.U thC'Ilate ••n rapldlJ 

to prodvoe a our with lower o teaeloa aa 

,.eater water b1a41ac apao1t1 tbaa ao..al (!relit, 

19,0SPeters, 196lt). 'rbeae o ••naUou ••••• to 

... 

1 41oate that a •baDe• lA protela properttea beoa .. e 

ot a eorptloa bad ooourrecl. If ereaa ia aepar•••lr 
b ea1ae4 and thea a4de4 aok to uatPeatecl akla 

llilk, theee etteote ou be reel ••• (tltteler aa• 

aatroa, 196,>. rurtheraore t e redYOtloa ot 

tenatoa oaa be aohieYecl b7 hoaoaeaiaatloa of ekia 

allJr. at pr•••ure a on 2800 , ••• 1. a thu 

la loatea that the Yioleaoe t 

autttoieat to atte t the proteina q.tte ••P•••••lr 
troa t • aclaorpttoa heaoaeao (Iwat,. aad teua , 

1962). It thua appears tbat otb adaorptioa 

41reot etteo\8 oould 1atlueaoe the he ... aoa. 

111) !!!�!!!!l.!!.!!!!� - Caeeia le a naU, eta le 

1 the preaea • of up to )5� &lOo� 1 at t 1• 

atalaiU 7 la aoaewhat redueecl after h a•nleati 

(fl' lit, 19,0). 

1Y) !!!!!�!.!�.!!!!!!1.2!!!!!!l - The teade 1 ot •llk 

to fa.. te enbanoecl atter ho• ceateatloa. !hie 

ette t eaa ale be produced b7 hoaoceaiaattoa of a­

fat allk wbioh ••1 •eaa either that eurta • aotiYe 

Hterlala or the allk proteiu haYe eea altered ia 

e ... •&J to eaha.Doe foaaiq (!-••• ltOAet a u• 
Pallaae b, 1969). 

41\lou ot hoe eaiaatloa clo ao\ latlae ee •�t• 
cl1a\r1 *loa of aitro,.a la ' • Yarloua •11k pPetela 

traotlo .. (�rout, 19,0) but •••••• �oaoceaiea,loa ef 

ekia allk a d of eaeelaate .. lutloaa (2100 - '100 P•••'• 



'· 

tor 5 - 10 •lautaa) will oauaa a daonaa• 1 tb.e oaaala 

aitrocea and aa 1Aor• .. • la t p�taoeo-poptoae 

aitroaea (lwa14a a !a o, 1962). Altarati a ill 

the fora ot oaaoia aioallaa attar ao•••• 

(JJOO p.a.1. for 6 aiaa\ea) h aleo beoa o'b anot 'br 

alaot. a aieroao P1 (Hoetottlar a %abot, 19J}). 
fbia obaac• i to .. oo 14 l .. ioata aioa11• aac�ratl 

or the foraatlo of fat/protein o apl••••• 

Ia • 1\ ap ear• t t oao,.aiaatioa doea 1AI1••••• 

the protei iD eoao unaar. It s.a, ... .,.,., 

41ff1o•lt to la lata whether the oauae of th .. e 

att• ta la the ieproYaf 41aperaio I tat, protala 

a4aorptioa at an iatertaoo, 41reot protoia • itloati • 

or • • oa'bi atio of thoaa oa ... a. 

aatiYat.acl otf-flaYov ie pro'bablJ Natad b7 rotola 

••aradatioa ancl it 1a proaotacl 'bJ hoaoaonlaatloa (lra or, 

196J). •• coaiaatioa pr•••u••• ., • .,. 2000 ••• s. • ••• 

otfoctlYo u are other proo••••• auoh u paatovlaatl a, 

la proe tiDC thia Aofeat. It aar ariao froa 40I1'&4atl a 

of a low oaaitr lipo-protet.a fra Uoa t tu aat al tat 

11 bUl! .. a'braaa (rt.alOJ, 1963). PPOataaa 1J tbarotoro tko 

S.aflu oo of haosaalaatioa llicht 'be alaplJ' t • craa\er 

axp • f tb.ia ooapoaeat to aualltbt -.oauaa of t • 

IHator 8 f&O! area of \be b. ocaaiaad fat &lo'b lea. . 0 

rata t1o of thia aatural fat alo le aabraao ... at 

ia aoaa to .. within the now ... ra • therefore •••.. o -. 

i_.t.oato•. 

l>) lhaeotp ibilitz !o Oai aUoa - Follo•1q •o•••1•at1oa ailll 

fat t. leaa auaoaptiblo to tat oaidatioa whioh 1a aoraallr 

o ppor oatal.7aod. To awplaill t!U.e • !hraa poael illtS.ea 

eslat. It ·� ooour beoauao the eurtaoe ooaoaatnU.oa t 

oopper ta re4uoed aa a reavlt of !be roearfaolac t r l 



'· 

a4aorbe4 protein binds le•• of tbie ion tbaa the or1ataal 

• rtace protein 4oee (tarraauk and loop , 1960). I aar 

-· \hat react1Ye aitea on the tat <•epec1all7 the phoapho-

. lipi e) u protected troa ox,rgen or oatal.Jate (Bruaar, 

19 s>. 4ho there is a lo•I!J of phoaph 11p1 troll the 

aeltbrane (see M low a) which •1 reduoe auacepUbillt7 t 
ontatioa. 

••uaa u.' 

!Atnptln t au1 blolo iaal aellbrau• i.oolwU ... tu 

natural fat lobule ae• �ane but the tat e•u�ioa of 

ho•o .. aiaatioa a1lk le relatl••lJ •table to t 1e tora of 

pht•1•al aaaae (le 'b1 1968). It treea1 1 ..... 1a 

prlaarll7 p 1•ioal due to the ric1d1t7 ot 1oe orJetala t� 

ai&ht iafioat• that the hoaogeaiaation-oreatei ... raae la 

. aore I' lt at but lf freeailll daaaae la pri.aal"llt due, to aa 

1 onue in aalt oonoentratio:n of the aerua u e.at•ot1o 

heeaia, prosreaaes then it ..., iadioate that the aaterlala 

of ho•oceataatloa-oreated meabr ne are .. relJ iaae a1t1•• 

to ro edurea that • uld n raall7 enature th••• 

F) bo•• of abl!J.tJ 5o Clwster - Nor• l tat clobulea oluat•r 

un4er the influence of fat lobul .. asglutinatin ta•tore 

th · pro•otlng iae cre4m1na proc•••· ! • aaterlal wbt•• 

pr aotee oluater.ing con 1 s at leaat eat• 0 • 

of th••• 1a probabl¥ euclo�ulln which will a4•orb o •• 
•r.al fat globules b�t not onto hososeaiaed fat 110 ul••• 

Aa oae iaatioa of a euslo ulin aolutioa do•• &lOt deetr " 

ita abil1t1 to clueter fat &lobule• in atlk 1a •b1 h 'be 

natural apluUntn has l)ee ••t:ro7e4, t hie • c••u t at 

the •ea�rane iteelf haa alt•r•d �\loa 

ot.the euglobuU.tt. A. second eo ponent ot tat alo'bule 

al tlnin ie po slblt phoapholip1d or lipo-protein aad 

th1e 1• iaaotlYated bJ b osen1aat1on or Yiaoroue agitation 

• 



Hoaoseaiaation therefore 

appeara to p�•••nt cl�ateri s through a oecbina\ioa of t • 

followlas• 4eatnctioll of a ooaponent. of the aiel U.aatinc 
aaterlal, eurtace alteratlou t at prevent• euglol)ulia 

atao.,tio • and pbJalcal ohangea auob .. inoreaae4 

Ylae 1t7 that oppoae glo\)ule aea o�iat1 • 

G) Bttepttoa ot PhoelheS14tt • A a -.. ot prot•••lal Seohal •• 

reault 1a a loa• 

slobalA ••• raae (ltoopa a Taraaeuk, 1959) &lld a MOhaJaiaa 

�7 Whioh looeelJ adaorbed lipo-protein uaita �lob o '-la 

a hiah proportion ot phoaphoU.p14 aad are a1tute4 at tu 

outer laJer of the alob le ean �· releaae4 hae beea 

propoee4 (H.,.,h1 aad Saith1 196SJ Peereb •• 1969')• 
H oseaiaatloa at pr•••�• of up to '000 p.a.i. proa Se 

th1a loa• of phoapb.at14ea (koopa an4 'l'araaau, 19,9) t 

at hi!her pr•••ur�� th� tr�neter of pAoapka,14ee to t e 

aerua la reYeree4, apparentlJ 4ue to iae rporatioa t She 

ph ap a\14ea la to a prctei.A/tat coaplex haY1q a cleui t7 

areater t an 1 gru/el {Greeabaak aa4 PaUaa.aoh, 1961 ). 
flle aediM tatt.oa ot hoephoU.pl4 4oee ot aeo•••uJ.lt uter 

that t oraati a of a fat/proteia oaplex haa ooourred for 

lJ.po-proteS.a ua:lt.a r•l••••• troa the utval -•-raae aH 

\ •••lfta aore deaae t.bo 1 p/ml (H&�•lll all4 Salt•, 196,). 
The • obaerwatloaa J.adioate t t the hoao ••l•atloa•oreate4 

aubraae t tat trlolnll.•• oata1u ••ba,antlall7 1••• 

phosphatide per uait of tat •�rtaee thaa the or1cJ.nal .. 

(Tar .. euk aad loop•, 1960) and S.afel' that the adeorbed 11po­

prote1a uraito tllat oonr the avfaoe of the aa al 1o .,_. 

ue replace4, or at leut beeo .. l••• p.roaJ.aaat, on the 

rea.,taoe4 lob•l•• 

H) L1Ji!a$1ep of Re- urfto&!J oapao1!r ot \b• M11k • Aa tat 

ooa•eat of cnue ia raieed the efteot of hoaoae leatloa 

la to deoreaae the atab:lli\1 of the fat eaulaloa eo that 



• 

ol11aa otf ooeu.a. Thia effect beoo.ee ao ti ea�le la 

•••au ooata1 ag a ••• !OJ fat aa inonu•• uatll a' � 
fat the e•ulaioa le brokea b7 hoaos• iaa,J.oa (lina, 19JJI 

Web�, 1968). Jreeua blJ there 1• inadequate eau�itrlal 
••••' to ai tala t�• eaulai a aa4 pro,ab17 • • o atre1 

of rotela to fat ratio wou14 be t Yal • la •'-bllla1ac 

..... for boaoaenieatioa. 

TJa • fat 11 b lea of ctftu tbat are re ... ufa •• attel' 

eaieatioa cSo preaene their la41•t. ualJ.tr t •1 t 1 

•&¥ tlocnalate. 

eftloia Of of •••uc t1o in clobule ei&e ie re4u e4 (G ultea 

Yiae u u the alobulea atta h to oH aao er tuo 1 the 

acSeor\ed aateriala (DolbJ, 1951b). 

Conoe1Yabl1 an ineuftioienor of aYailable roteia oul• 

lead to re-aurtaoina that la iaettloieat ( e oe lar •• 

slobule •ize) Clnd 1e not entire, lean h7 rophobl areaa 

o he via • and lea41Jag to •••ntual deat 'blU.aU••• 

iae .... • l1aearlf aa ho•oceaiaatioa preeaure lDoreaaee 

t 1• oaa be a oribed to p�e lJ phyei al facto•• relatiac 

to tat diapel'eioa but II&J' alao be oo tl"i u'M to b7 .... 

oha • la the aature of protein aateriale � 

reault. 1 a deoreaae ia Yieooaitt ( andereoa, �.a., 

roteia •1•t•• whioh ia 41atinot troa a4eor,t1oa p eao aa 
' 

ud t•o• the phJ•ioal etfeot of the 1 ore .. e4 ••• e• of fa 
alobl&le • 

J) 1 • Stel?llitz ot a BM er of other Prop•£!1e• ... A • •• 

ailk pi'Opertiee 4o not appea.r to be lafl • ••• 1 t • 



'· 

hoaoceniaation process. tbeee 1nolu4e titratable 

acidity, pi, apeci.tic gJ"aYi t7, elAtctrokiaeU.o poteailal 

ot the globule• and freemins point (Trout 1950J Br aaer, 

1965). A ooat�on factor in 4etermiA•tioa of theae 

propertiee ia the ealt balance of the aillc whieh 

preeuaab17 there fore hae net been aea•�••-17 altered or 

1• there a releaae of aci4ie ooapouade. NeYertbeleaa \hta 

doee not prec lude incorporation of •�tfioieat loaa to 

influence protein atab1litr. 

la ••• .. rt it is poaaible to infer from the etteote of 

hoaogeaieation upo� •ilk properties that the tat alob•la• 

are re ... surtaced b7 protein sa.terial and thie prooeee 

ere tee the tollo•ins effeotac-

1) Uadeaature4 lip .. e 1• either incorporated witbia .-. 

ho•osenieation-oreate4 aesbraae or le able to adaorb 

onto it and penetrate it •hereaa neither of th••• 

aoU.oi'UI ••• poeeible ri \h. the aatural aeabrue. 

11) !he proteine of ailk are altered 1a ... e aanaer 
whioh le detectable •• re uotioA8 of beat atabil1t7, 

oucl tenaioa. alcohol atabil1t71 an4 Y1aeoe1tJ of 

akia ail.k �onoentzoatea. and b7 inoreaoe ia fou 

pro4uotioa. The extent to wbich proteiD •o41t1oatloa 

oooure ie obao red b7 the oontrib•tion of the 

iaore ••� tineneaa of diapersion of the tat �ut $ba 

obaervatlono on skis ilk abow \bat protein eta ill\J 

te 4iatur�ed •••• in the abaence ot a4aorpt ion at 

•he fa\/plaaaa interfaoe. Direct protei 

deaaturatioa ie poaaibt. a• ia ex .. pl1tie4 �7 the 

iaaotivation of a eo•poaeat of the fat alob•l• 

acc1ut1u.tias JDaterial. 

111) !h& sweco�ti�ility ot homogenieed milk to aualiaht 

acti voted off-tlavour intere retention ot the low 



10. 
deaaitJ 11�o-prote1n upon the new �•bran•• thouc 

not aeceae ril7 in it• orisinal tore. 

iY ) !he aatloxidant funot101l or bOIIocenieatt.oa pr l:lab lJ 

1afere tbat th• tat 1• leea available to eit�er 

oXJcea or oat lJete of oxidatioa. 

v) The o,.a ed ... bran• reais\8 rupt� aa a.seaaea b7 

treea1q etabilit7 either beoaWI• it is robuat or U 

ia.a eittve to further denaturati • 

vi ) Tbe observe drop 1ft ooaoe tratioa ot p oephatt••• 

at the homocen1aatioa-oreate4 aurtaoe in.1oatea t�t 

the new •• \trane aater1ale aut tbeualyea • attiaiaat 

aaulaif7!Q8 asante. 

Yil) !be oapaoit7 of silk earua t proYi a aaalait7 

aaterial.a 1e limi te4. 

Yiti) ! e atabilit7 or propertiee related to t • aalt 

balance or silk infer• that it ia aot sreatlr 

altered • baequent to •••bran• oreati I• 



0 o eniaed �ilk Fat Globules 

Oireot ohar cteriaation ot all bi losioal •••�•aa• 

•�riala as ba n 11a1ted by diftioultiea of diee latlo d 

eolu: i.Uaati _ n. 

iap J"taat a ter1 l ot th• boao e11iaattoa-enate .. abrue 1• 

protein in atur and the etudy le rea\riote \o \beae prate 

ri lfl. 

tat globgl embrane has been reYtewed bf Xlaa (19,,), 
Je��Uea aa4 f>att a (19,9), naaer (196,), Preatto• (1969), 

.... 

par le-.larll ••luable for u ua er t.aa iaa ot tbe aatval 

aellbraae la Hlatln to aodera •1••• of the aa ve ol 

la aaa tatect bUt lioc••Phl U. 
alao \ee prepared (AA e. 1969). 

b) .Milk .Pl"oteiu - tatoraatloa. about t • proul • ot alllc 
.--.----·--------

haa �eea re•t.e•e4 bJ a aua er of aut or• 1a \ • boek 

d ... ntala of Dairr Cbeaietr.r" edited b7 le b, B • • aa 

I • Nature t Ifoaoats!a•!t�p-onat.t Met'brf!t M.Ueriala 
I .. A':i 

�•r• h .. �ea ltttletot thia aater1a1. la a aerle• t 

papers publlah.. 1 19'' Bruaaer aa oo-w rke,. 4e•or1� 

e_,erlaeata that were extended iA 1960. 

oreaaa were aepara\ed trn homo enised aa ao -ho •DJ.••• 

allka (•ppar•atlJ b7 no .. al •paration pro ed�••> a 4 ... -•• 

t'•• of ••rua pr teln Of eerlal dilution wit� 41a.111ed ••••• 

a't S0° a l' .. eparate• u\11 t e alti'OCeAifat ratiO ia ' • 



, . . 

With hoaoseal••• 

ailk ia oe urrod after oal7 oae ••• iaa bvt lix waabi 

were uaed ••••--• thia a .. ber waa ••••••••J tor t ao • 

boa ooieod ailk. The flaal aitr aeatfat yal • waa 

bish•• tor the •••••• eNaa of boaoaoaiao aJ.ltc \lwa tor 

va-taoa aoaiao4 ailll whioh waa explaiaocl la tone ot t • 

1 roaaed •urtaoo area of the fat 11 ulo• of b a • iao4 

ailJl. Ropoato • lYeat exvaetlo with otbaao1 ad otbor 

•ador eo ditlou up to a.o0 for 1' eia•t•• pnY14•• a 

protoia roaid.. that wae •••-r•4 tor aaiao aoi4 eo "•' �7 

alarobiolopoal •••&J• The a thora re osat.e•• that the 

preparat1Yo ooaditioaa were rLcor ua aad .. , wo11 bayo 

altered tbe aaturo of tho .. abraao aatoriale \�t ..... .-.. 

1oaa felt that thia waa t • aoet ••tiataotor.r to baiqu. 

&'tailable •• th••· 

!bo aatao aoid data abowed diati ot dlftoroaooa 

••••••• tbe two trpe• of ••bruo aateriala partin1u1J 

ia tbo loYole t otatiae, 11\ltuio ao14, aDd trrptop-.a, 

eo it •• ooaol11do that " •• or aoro of t pr wla 

0011 oaoata ot the allk p1aa• bad tteea adaorbe4 oa\o tlae 

•••17 oreated fat avfaooa of lloeoaeaiaect llilk"• 

Sab•equo t]¥ \be•• eatoriala wore •tadiod b7 •• ot 

Tlaolt .. ele tropbore•S.• apparatu. (Braaa••• Lll1oY1o, 

fr •• aad Duaoaa, 19,}). the pattoraa btaiaod bo••••• 

had YerJ thi le Uaea aad peake ••r• aot a!larp. !hia 

offoot baa .. a aeoribod to the preeoaoo t tat la • aplea 

•ith roteiaa (Tobiae aa4 ort, 19,9). the •••�••• wore 

aot prepare4 to ue tllia e�otropbOI'eUc latoraatl M 

1 ontifr tbt aatoPiala of eit er tbo aataral o� the 

h,o•ocenioati -onate4 ... -.rue• thoucll tber won ooatldoat 

that the .. uraae "414 not repnaeat the nona1 eillc prokia 

OOIIpla .. at aa ono t1ncla la •ilk"• 



---- --

,,. 

fbe .... aaterlale were aleo e\u le �� ltraeeatr1t..-l 

aedlaeata\loa cliasr ... (Bruaaer, Duaoaa, Tro t •-' Moleaa1e, 

1 9,J). the aedlaeatatloa obaraetertatl • of •k• oceal•••l•a-

o .. a\ed .. abraaee ••re aot read111 ooaparable wi\h \boae ot .., 

ot \Jae pure ailk protei thouab "pro'fiaioaal" 14• \ifleatl 

•• ade ot "euela, Kekwloke wbe7 pl'oteia, u alterecl laoto­

&lob•lia, beta•laotoalob•Ua• or a Ollpl•x t wo or .... of 

•� oa.tltu. t protelae"• The ... aaptlon ... .. ae that • ._ 

•••t•atatloa propertt•• of the laola••• aat•nalAt oo 14 M 

oHparecl wlt thoae of the aatlYe •tel'iala. 

!be oalJ la41eputable fa t to eaerae fr t e ••rie• of 

et ell•• wu that the aatural fat clo�•le ••braae aa Ut• 

hoaosealeatloa- reated aea,raae were q lte 41ati t la th•lr 

oharaoterietloe. Preeu.ablr .. aorptloa of proteiD aaterlala 

troa the ••r hae "ovrecS to oaue the haaa• la altroaeaetat 

ratio ad t • aai.Ao aoicl coapoeit1oa. 

That acl8orptl a ot whe7 rotelaa oato a fat eurtaoe 1a 

poa•t•l• wu cleaoaetrated bJ eaulaltioatioa of aeid .... la, 

wheJ ud b•t\erfat, follewecl b7 •ubeeq eat ••hlas of tale 

eaaleloa wltb 0.9Ji •alt nlutioa u4 paper elee JtOp oruia I 

t e .. abrue aatel"lale (Sdald. aad kOJua, 19") • ne a48 ltecl 

pro\ela aaterlal alcrate4 at the .... rate d ••\a-la toalo••lla 

aa4 ... 'keretore l4eatifle4 .. euok. Caaela a • other wheJ 

pr telae •••• 14eat1flable la the uawaab•cl orea .. •ut were • t 
retaiae4 after waabias •• there auat be u t tba' th•J •••• 

e•er atao�4 pr perlJ uader the eaulelfJlaa oo 1tloaa e8ploJe4• 

Ia u •xt•Deloa of \!le earllel" three papere tree beu4aJ7 

eleevophore•1• ••• eaplo7ed to 14eatifJ the a ••• e4 uterlala 

of aa hoaoaea1aat1oa-oreated aeabraae (Jaokeoa aa4 Br er, 

1"0). Ia tbia •• 47 boeoaeniaed allk waa aeparate4, 

apparentl.Y la 'be a ftl&l. taahloa, the reu wu ••• ed tb.ree 

t1•• with tap water, obunecl, and the tat ad eeru aap&l'at_. 



extracted with ethanol end ether. (!he reo ••r.r of aater1ala 

troa b ocealeed milk in tbia fashion waa preau.abl7 Yef'J 

laeftioieat ca�e aoraal ailk aepar•tioa will re• ver o � 

abou\ J� of the tat clobulee of hoa eaiaed allk a d Ohurai .. 

of hoaoae�ateed ailk le aillil.arl.y o 11 abollt 501 ettl ieat 

(Troll\, 1950) ao that oaq a proportioD, perhapa a ' uMr of 

the alo tale• oo�ald have releaaed aealtraae proteiu for 

IJ'eater th&ll preYicnaalJ reported but sUll oould a t un eea 

q t1tat1ve). roll •ins tat exbactioa the aaterial.a were 

with o.oa M JaCl and oentrttuce4. 

aa tollowaz. 

Fi.Ye tr otlou ••" taola\84 

1) An iaaoluble fraction whioh tor.. a reddiab rowa pellet 

and whoa aolubiliaed b7 peracetic aold, 1••• a atacle 

eleotrophoretlo peak. 

appearane and 1uolubS.lit7 1 t ••• 14e t1fte u a pae•to­

keratin and aeaumed to have ita eouree ia the aat�l fat 

&lobule Nllbl'aae • 

aute.oe adaorptioa of other eovoe aaterial..- ••• aot 

ooaaidered thou1h preauaabl7 this traotio oonatit• •• a 

l&rl• proport1oa or the ••traeted aaterial8). 

2) 'fh• aaterial that •ae soluble t 41lute ealt aoluttoa allow•• 

a ooaplea eleotrop oretio pattera a waa farther 

traotio ated 1 adjuataent to pU 4.6. 

') !he reaultant 1aaoluble material ••• ideatifie aa oaaela 

beoa •• ot ita preo1p1tatioa at the i oeleotrio poiat t 

oaaeiA and eoauae after aolubillaatioa 1# vel' aal buffer 

the eleotrophoretic pattera wu not too dlaa�ilar t ' t 

of o ... i • The diaaiallaritiea tbat did oov ••H 

aucseate4 to be 4ue to a beat·1a4•oe4 beta•laot ll•b•llaa 

alpba• aaeln eoaplex tbouc!l, ia ••• ailk, thi p aai1t111'7 



15. 
( I t  ie equall7 poaaible to iater 

that the 41eeimilarit1 s to ooaein e leotro hore tio 

p t \en •re a.s remarkable as the eild.laritiea ) . »1 

prepertna ar ,it1o1al hocogen tee of oaaei a ,  • 1 ble 

raae protein , and fat 1 t wu po•aS.ble to reproduoa a 

eaeetn ooaplex that w as aot too dteaiallar to that 

extrao table fro hocoseniaed ailk. ia terao tioa ot 

\b.eee eoapoae ta to create this tra t1on ot the ..... ,. ... 

••• JI"Opoeed • 

.. ) The •aterial that wae soluble at pi At. 6 wu heated t 90° 
tor )0 llia\ltea aad oantri tucecl at 2'000 G tor )0 aiautea. 
!Be reeultaat heat den ture •aterial 1a the ••41aeat 

ahowed a e1 le ehallow eleotro horetio peak and ••• 

.. euaed to ori1iaate tr011 the wbe7 protei D trae tf.oa. (! • 

reaeoaia, bebilld thia o lai• ia ao t aade o lear ) .  

5) ! • heat s table sat.rial that was e ti ll eo luble alao 

ahowed n eiasle e le e trophoretic peak and wa olaaeltle 

u "the a o lub le aeabrue proteinu l)eoauee atter hea\taa 

thl• protein ( separate lJ pre,are4 ) proYi4e4 a ultr•·•lolet 

ao .. p.att•rn e1a1 lu 'o that of the trao tiouted aaterlal. 

(Both pat terns were however tairl1 nor•al tor • 1 

proteiaa ) .  

thro 1 out thio tucl7 e leo trophoretio l1Aee were \hlok 4 

eeparatioa ••• not ••�"1 harp. aadoubted ly ,  ho .. ye r ,  t e 

hetePoaeae1t7 ot the boaoaentaati a-create ... braae waa 

eetabl1abe4. 

AAotber ton ot tat t pl'otei oo11pl x was deu etratecl b7 

obeerY1 tat which eediaented ou ultr 

Bo�iacer 1 O.aha and Pa llaaaoh 1 1960 > .  

oentr1 tuaat1oa ( ro•• 

the pro teiD preaea\ ia 

\ 1• o .. p lex1 wh1oh aoooun\a tor about 40� of the tat 1A •ilk 

boao eDiee at �000 P •  . 1. , wae deduced to be oaaeta oa the 



lhl le the e ¥1de oe ahowed tbat 

o aaela ••• preeeat la •h• ooaplex it 41 aot how tb t wheJ 

prot.la waa not alao preaeat. 

Coaplex t tloa la ar\llioial hoaoaeaatea of oaloiva 

oaaelaate aa4 tat ••• ahowa to depend upoa • o o  41\1 

preaeat at the hoaoaeaia atioa ••1•• an4 it ••• 4e aoe4 t at 

the violea • f the prooe • ... , activate tbe aloe lle . Also , 

tile aatuttal fa\ c lotnale ••bnu aat.erialA were ot ••••ll,lal 

to 011 lex toraatloa , arul t ta-.proteia liak • ... 

axplalna u la \er• of vaa der Waals tne aaaoelatioa. 

However , oalolu was involved la the ooaplex aa it waa p ••1-le 

to ooap lex 100� of the fat la •• laeatable f ora  1 boa a• taa tloa 

after e44 1ttoa of oal i.e. 

fbe ••'-at to whioh paralle la oaa �· d rawa be t•••• tbla 

ooaplex aad the tat a proteia ooaplex or re-eurfaoed al bvlaa la 
ao t olea.r. A raaaa of proteiJ U fat ratio• exla t havtna 

aptolflo s�avltlea be t•••• 1 . 02 and 1. 19 aad preauaaolJ \Ilia 

••as• eatenda taro h a ranae of lower pro tela a tat rat ioa taklaa 

t • fora of 1 1  bultta .  I f  a o ,  there la 110 laclioaU.o tMt 

o aple te lf cUttereD\ aaaooiatloaa need to ooov. 

'l'be exteat t wllloh fat/proteia ooap lexea ooou la t 

eoap letelJ o lear beoaaae llpo-proteia unite wi ' •• al tiea ot 

.... . ,.r \haa 1 sr-./al are deeorbed troa the aatural ,., alobale 

•e•brau b7 aai,at1oD ( Hara•bl and Saitb , 1965 )  aa.cl would 

••41• t 4er the ooad i tioaa ot aaperi .. at.  n.ae woul4 

oatribut• t , but ot doaiaate , the tat leve la ••••• ••• it 

t •7 did aot tb• .. •l••• haooao 1 volved in t • o aplea. 

Aa•oolat1oa ot tat and protela haa beea de•oa.trate when 

ailk i• oonoen vatect ( Mabb1t' and Che••••u • 1 961 ) .  '•' 

SlOb8le aealtraae aateriale OX\I'&O hd froa OOileen-..ated 111111 U4 

ezaa1 e4 b7 po lJ OI'Jlaalde eel eleo trop oreaia ahew tw 



oo.,o ante whieb are ad i tioul to the oaa that •• too la 
tbe aatural aee ran • These ware preeumed to be alpha8 aad 

e h.• aae taa beoaue t'be1 ha4 aiai. lar e lec trophoretio •• 111tJ 

la po1Jaortlaa1de ge l \o that of tbeee aateri•la la naliYe atate . 

Further e yidenee tha t proo•••ine will o reat• tat•pr tein 

eo•pl• .. • of ••r11ac deaai tiee and Yar11n1 proteia t fat ratio 
haa �een o taiae4 with ioe oreaa but thia 1a a�t onl7 aa e tteot 

ot h o en 1aati oa eo a paralle l  oaanot be too oloeel7 4rawa 

(lrea aa lulliaore , 1 96? ) .  

O'baer•atloa o t  the tat slob lea o t  bo •«•Aiae4 11illc b1 

e leo tre aloroaoop7 haa iD4i aied taat the eaaei �ioe lle• 

a aon to tae tat i•tal'f••• a o \bat a oae  b e c oae aprea4 aJ·ou• 

the clob•l• ucl •••• re taia 1a part a 4 ia torte4 11ioel lar ab.ape 

( eutra ancl Sohllld t ,  1 970 ) .  'thia iaforaatien ia aot qtd te 

aatlafaotor7 for ao ooapara le e l•o troo aiorosraph or the 

a tval atlk iA a howa . 

•••oe4 .  

I aa.aarr i t  appeara tbat lit t le 1 •  proYo about the 

nat'Dra ot tu aaterial on \he bHOien1aat1oa-created eurfaete "aua 

fire \ ,  the aeceptaaoe ot the lMe ot the aajor1tr of fat 

gl bulee b7 oraal eepara,ion prooed rea aad aVb•oq ' 

oharainc operatioae . 

See a4 1J ,  o particular oare haa bee n takea to eolu-lll•• 

the ae raae .. teriala tha t &l"e larae l;J 1uolabla . 

!blri l.J ,  the aeauapU.oa aa bee A aa.4e u prao tloallJ 

•••r1 oaae that aater1ala ac1eorbo4 to the eabree au4 

ooeple .. d with tat will e till haTe the eaae e leotrop•ore tio 

oharao teria t1ou •• he nat i ve mat9rial8 . I t  tho proteta 

la 1adee4 •• apread •� \he e lec troa uio rograpba indioa\e 



thia aae�apti oa needa to be teated. 

rourthll t 1' is iaprobable tha t  the denei tr 

obarao \era1 \1oe of •••braaea , a ttll aaao 1ate4 with aoa. 

fat , w ill be c oaparable with th� e  ot aatiYe protetae •• 

thia approach. 1a u likel7 to be ue tul. 

Flaally .  tbe teouiq.Yea ot pro te1a ohell1e trr la u• ltr 

preYloue worker• are •• h lee• •• 1 1Ye \ha& tboae 

aYai l•b le to4ay ••• a re-exaalnatloa or 'hie iato ... ttoa 
la ow desirable . 



Tbe f£00•!• o{ lttert o lal Dt!!t�ral&te �nf &ta 6iil!!!�1�1'J 
'' ty fat,! .,, Itterf•S* !( it!M• 1. !4 •�i.li 

The o sea ot proper iiee to be expeo ted aft r a aorptlo 

et ailk pro teillli t o  the f At 5 lobule S.D tertaoe will r•eumabll 
puallel \heat t• oih•r pro\e'u that b�u ettrter d avt.a• 
4•Daturat1oa. Solah le pro\e iD• place4 on e water ·� fao� or 

a liqu14/li uid iatortaoe will apreaQ to toro luool 1• aoao 

aoleo•lar ti� la a grooewa tha t is i•nor� ly irreYerei�le • 

.9•oh 4eaatva-.1oa 1• ae••r• 'but tae e tte \a vai"J• S oaae ena,..• 

are cteo•roJed while o\bers re taiA their biol�p. o al eo ,i?i\J · • • 

aoae tro te 1� ••� no ohaa3• is ao le � r weis t •bil• oth ra 

4ir�a oo1a •• iD to ••b llai ta {Jol1 • 1 96' ) .  

I 4 1 • 1chaal allk pr otein ' alaow •li tfere t reaoti u at 

aa lat•�faoe . At a "b t ter oll/proteia-tr•• •11k pla• .. " 

iaterfaee the a oluble pro tein ( e ) of the ailk tat c lo� le 
• raae •••1 etfeet1Yel7 reduce• t.ate rf•etal \eaaie • 1 

o .. parlaoa \he c lo�ulia• t ailk are q 1 '• etteot1Ye , --e 

albaate• of at lk are • 11ahtlJ e tteo tiwe , wbi le tke larse 

aiee ll•• of eaaeia • o  ot appreo i ab lJ 4epr••• t. t••• • •u 

at \he 1 ter faee (Jaekaoa aa4 Pa llanaob , 1961 ) .  C uoelYablJ 
the •u7faoe a t iYe proteiaa wi ll oaceatrate a t  h• oa ... l•atl • 

created iaterfao e .  I f  eo, caee1u coaponeata will •••d t b e  

re leaaed f�a the at.oellar fora to beooae aott.•• · Poaai lr 
the Yioleaoe of the ho•oa• 1 atlo pro ••• OaA e tf• t \bie 

ao Uwati • 

vibute M 

tae oi l twater 1a ter fa e r ice •••••• !hie pro uot 1• 

h a•at.•4 b�t ia d i t te ,• at fro• eilk b ...... ot the , ••••••• 

ot a ta�iliaere , aa &lr/11 ui4 1 tertace , aa4 aci tat1oa • ioh 

lea4a to fa\ ea tabiliea \ ion •o paralle le •�• be 4 rawa with 
care . 

aad &elatiA O&D fora a aiaed iaterfaoial l&JOI' l •hilh aaeia 

la tu •oldaut ••poaeat la 1 eri aa t aUJ"faoe .... 1 a 



ao. 

fat/aorua SJt.terfaco wi thla ooo acla whoroaa protein roq in 

teDt of •1a�tta or •••n hours , dopendias on their eo oeatrati • 

Adeotptioa ,.. .. •ixe4 aol�tioae therefore t1o l4a aurtaoe 

lal•r• oonta1Dia1 •••eral eoapoaeata aooordla& to \he apee4 of 

adaorpU.oa ad the ability of one o oaponont to npl.aco aao\Jler 

(Muaaelwhlto and Walker, 1971 ) .  

the exteat o f  uatoldins o t  ailk proteia. a t  aa air/water 

latertaoe depend• oa a nuaber of anYiroaaeatal taotora. 

rtrot , at low oonoentratioa the protein• untold ea\eaalyelJ ,  

wheroaa 1aoreaa1aa ooaoontratioa leada t o  a Yarlo \f o f  •• ... •• 

of uato14ial• 81oloa1oal act1Yi t7 ot ona,aea 1• aere likolr 

to -. rotaiaad la e o  oeatratod tilaa whore uat ldlas ia leaa 

e x\eu 1Ye .  fhla ooura �·••�• uat 141 oo ura aaaiaat 

aurtaoo preaauro • 1oh 1a aet lara•lJ b7 the a .. oara of 

looulea praaaat. Saooa4lJ 1 the ab11ltJ of a protala to 

a,read 1• roatr1oto DJ toro.. which will taad to ea1Dta1a the 

natiYo atruotura < • • I •  Ue d iaulphicla bOJada of ka pa oaaela 

raduoa ita aurtaoo aotiYi tJ while alpha and e ta o aaoin apread 

• re raadi}J ) .  fiaall7 1 denatured protalaa ( aad prea 1r 
4ia01'4ore• proteiu ) pro bl7 haY• a peatel" ll or of 

h7 rophob1o rea14uoa oxpoaod aa4 ao w ould aaohor to an ta-.rtaoe 

aore rea411J t han aatiYe p oniaa (Mikhe l l ,  Irou u4 Palaor , 

1970 ) .  

la Pelatio to tbo proeeat e t  47 thia 1atoraati oa laada •• 

tbe axpee\atioa th.at allk protein• will •••1•• 11  d•aat d 

or •••• r•p\orod 1 a aorp\io to the hoaosaDiaatloa-eroate• 

1 tertaoo but th• ••tent of alteratloa will Y&rf wltk a ... er 

of aaYiro .. eatal taotor• - parti �larlJ with \be o a ea\ratio • 

fh• pre4lot1on of which pretel .. will appear at 'h• ia\orf••• 

u pro-•�»11 idle a •iu4 lqen ot all aft1la1t1a protalu 

( mott ltled fru the nt1Ye ton ) 1a •on 11ke 1J. 
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21. 

Moe••al-7 to ••••lop •• • octa ltJ • io •• ••• aahl'ialAt o .. 14 

'- reoo••••• aa4 t ea to oharaoterieo tbea �� a ... -.. of 

teohai••.. wbiob ••�ld prowtde a raace ot iaforaatl a •• -.... 
It, .... expeotri tha t \he ••ltra• aatel'lat.. of _,.auo4 

allka •• lcl ooataia pi' teiaa \hat or1claate fr• t)ke aatval 

fat llott•l.e •• J'aae aad/ol' e llilk ••••• I t  lA p olttl.e 

, __ , proteiDI of t • allk •• aisht retala •••tr aat-.al 

pro ertt.. after ado rptl a oat • •�•t•••• of tat alett•le• 

of ... ,..,.. allk aacl 4urlas aubaeq .. at ,.. .,.,, •• , ......... . 

..... . la wklo oaae ollar&ote.rlaatloa ""lcl �· aS.aplo. It J.e ,  

alao poaalttle at all.k protei• aq M ao altere4 •r tu 

taoaocaatAtaU.• proe••• aa to t.e UHOopleable oa • ..,.. .... 

"''' o b  ori&laal ,...,.,.,, •• aa aat a1 pro tei•• to ••nl4o 

a111 ta, le "ataaclu4" aatoriala of kaowa ori&la tor o ariaoa wl 
tu ..... , ... •••nale ot koaoaeaiao4 ail&, an alao to 

laweatlaate the eft•••• of oaoaeat.atloa poa th aatlYe allk 

protelu , o\ucli .. haYe beea. aade ot aatual tat loblllO ... -. ..... 

fltoa • ole ail'k .,.. ot "aoabraaee " taolate4 froa artlfioi&llr 

prepared hoa •••'" which ooataia oalt oaHia or •ur •• toia 

u tao protola oouoo. 

la .. t llao the lavaaticatloa haa •e•a po•tor.e• la \be 

tol1ow1aa aaaaer a 

( 1 ) Or&dt ., !!tt.•tl•\1• 
To eaaue nlAYaMo •• o .... ntal ,,...•••lac operatlou 

allka •••• trawa tr.a • r l.al eour•••• 

(a )  ! :&11. !l.lJI& • Te pllou ot whole 1111k waa 4ran tna 

bwlk • ole ••• ailk at t.ho ,,� .. , •• •••'' Hilk Tr••• .. •• 

• .,.., •• that. oh111111C and aci ta•toa will lla•• atteoto4 

,.. ..,... et • tat clob•l• ... braa• ot th••• allka la 



a •• !I" that 1• J-FO\tabq o 

of •llk. 
a la o-.Nlal aQpU.aa 

(lt ) _ opJ1ll•! llk!. • lf.t)d.a a 110ath ot \lla abo•• • ha 

aallou ot h OI!AU!4 1 UpUMUJ'U!4 ailk wu 4rawa t .. 

the ••• • •un• ae t • whole llilk oa tuee ooo .. tau 

wl\bla a fortals't. Ho.oceaiaatto -. beea pert .... ..  

aoraallr pra tlo .. bJ the Palaeratoa lortb Mi� trea-..a\ 

, ,.,, ... 

(e ) !•111ilf.al-R I.Ua.t*V • Wtpeaa1ou t •-•la aact et 
W 1 W!H fl'!paJt.. 4J"OU batWI"Ia' ... heucoa!Mt 

lato t� to fora a otab le • leloa. 

( I )  f!tlm\'ft £D!!fK!II 
( a )  !•a-£•11J.'- • • Yal'lou llllka •••• !!pUa\e4 1 M 

o ace ,,..,, tile fat 1 to ...... . b7 a tara allll •• ..,..,._., 

fila tbr.a ••• 1••• allko •••• eaob rrao\1 ,,. , a ,_. 

...... . , fat c10bul• ..... . lato , •• ,, •• ,...... Oae 

traottoa la eoaparable with aoraal ai �  a ,.. .,,lfiolal 

•-••••" as· lt ••• ••,...•••• la the aonal -aer ( .. 

abna > .  he "ooa h' .. tl · o tat.ae• ._ller fat 

alobalea ''a t weul aot eeparate '' ••••••U 1 Mau , 

priaarill baeawa• th•7 ba4 ...... ,.,.. 1••• � o. a DM ... 

th.,e ••�"• aapuatelJ pNpar.. b7 ua ot aon riser ... 
ooBill U.aaa ot oea,r1fqat1oa •• tbe ... ,..,. allll" tree 

t • allk •••arator. ftu latter traotloa b• -..a 

•••1,.•'•4 .. ' • "•iaor" t.rao,loa la \be •••' ••11! ''• 

t ..... r traotloa kaa bee a  ••icaate4 the "••par•'l! " 

traotloa. 

( ) !A!.h.la& . '1'b! oNaM nr• waabed bJ 4lla'l .. wit a 

aola lloa of laot••• ia ••••r toll!wa4 �� reaeparatioa of 
\be •••aa• • nte r• ... •aa Hp4tahd uatil it •aa 

t.p..-a�le that ,.,.al o aaeta aad • •1 protei&* et .._ 

• pro•••• •aa riaor u eo that 

22. 



--- - - - --

otb ot theae requlr•••••• are ••••••ar,r aad oo .. lataat 

Wl\b tile ai.d Of tile iDYHtlsa\lota. fte Waabed fa\ 11 11lH 

••re t.r••••-4rlo4 . 

(o ) 1•1•.t•11t.•-•! 11l! !J'!.'.tlA - Me•braao Pl'oteiaa •••• 

ostraeted tro. tbe trae .. •4rle4 ereaa ow4a,_ '' .aa I 

oo14 b taaol and aoet • bJ a teobal' I •• .... tor 

axtl"aotloa ot •••1M• troa oe ll8 . the o 11 ... .. 

pl'ooe.. ot obvoiq the waa ed oraaa .. a fiJ'a t otaaa la 

tbia , ....... ... ao t  , ... ,.le for tbo •••11 a1• ul .. .  , 

h ogeai .. d allk will aot ohara properl,. 

(4 ) ! i•!!.11v�•!oa ... ao aa ' •aatltatl••lr ro laaaa ......... 

.. tariala • ta. '" an4 •• sa • aahriala ••r• aolulu..ao• 

aa etteotlYolr aa p al 1• la '- •  ditter••• ••1• •r ... of 
utoat.o ... aoa.t.oaio ••••••••• · no proportlea or • tl& 

ot \be roaul•aat dotaraoat/pr tela ... ,1 .... wore tboa 

atucU.o4 aad roaulta iatorpre••• ltoarlq la ala• '" 

lialtatioaa of ''• oato ' ot aolublllaatl a aokl•••• • 

<J> CltvyMrUaS1oa AA t • xsu•w P£•b1M • 

(a) S.ll.toaal• m. -•! ! ��-C!.lluloa.• - Col abtea\o_..a Jq 
... uao4 to aoparato the protola aa•oriala prlaarllJ 

aooordi 1 t tllelr harce . ?bia teobalq•e proYldoa a 

•••1-quaatlta•t.•• .. tlaatloa or tile •• et aatarial 

ot dlffereat ebarae aad aleo prOYidea traotloaa �' oaa 
be reoovore• tor t.rther lavea\laa\loa. 

( b )  f.•sa•u1.PA•..J!.l_•!O \,to lltJ'!.*l- - Eloouo laoraat.a la 

po}JavrlaatAo 1•1 waa ue4 \o tha&"aOMI'lM Qe aol•l»1Ua• 

••••riala aad aleo t laclltato \ • aa\.ro of 'be Y.,io .. 

t•ao \lou aopuatod •1 olal'oaakah h1• 
ae 1\lvo aa a aoparatlo proood-..e beeauao ot ite 

aoaa i t1Y1\J to ohar,. aad i ta aoloo�lar aleYiaa otfeo • 

b11t l.a.rt• pro teb ooaplona are eul docl t•o• tale ••all 

o•e• of · • a•l ao that la 'bia roe •• lt 1a leH 

•••ta taotoi'J thaa ' e ouoaa,opapll j.c ,. ...,, .. .  



S e c t i on 5 

1'! baisnaea tar @•conr,z gt fat Gl!�il•• troa MllM • ·  
Reooyer1 of fat slobulea fro• •llk le perforaed r �tlael7 

�� coatiauoue oe trituaation , the teohaoloar o f  whiob ha8 been 

adequate lJ 4eaor1 ed (MoPowall , 195, ) .  A prop r ·loa ( lee• 

tbaa 1 . ,. bJ weight ) wao ,  1n practice , ot reooYered la \bia 

....... The eajor re .. on tor t le ... that lob lee bad.aa a 

4i ... ter o f  1••• thaD 0. 5 aa oae ,er ( M )  are t o aaall for 

reooYei'J' �� no:ntal aeparatinc uohlaerJ ( • tts Y aad Ro1•• • 

1966 ) .  

o f  the tat la aoraal allk (Walatra, Oortw1ja 4 de Graal , 1969) . 
F�rtber tat loa••• ariae froa fa t &88oclated •i tb •aa•iD 

aioe ll•• (Cerb lie , 1 969) and troa fat aao oclate wi th a bleb 

4eaa it.J lipo-protein trao tio (F1Dl•1 • 1968 ) e1tblr of wbl� 

would be 41aplaoed lato the ore.. traotloa aeparatioa. 

Althou,b th1• t t repreaented aly a aaall loea , 1 ter .. 

of •el t ,  t-. 41atri �tloa o f  slob�le e1z•• •aa a uo tbat a 

lars• proportlo ( poeaiblJ 501) of the total •�• r of slo laa 

repreaeatS.e.a a elsnl.fleaat proport1oa of th• total a\U"fa • uea 

Wd eYidaaoe that the YerJ lar1e DWIMJ"8 Of eaaU 410 alee al'oM 

aepuatel.7 durlag ••c1"e t1oa 1Ja the alYeoU t the oow ' •  aaaurr 

11 d and aa, haYe had q�l te uauaual prope�ti•a < •ala\ra, 1969a, 

b ) .  Suoh loaaea haYe al•ar• beaa aocapted la a tu•t•• ot the 

ailk tat lobule .. abraae whloh \hereto .. relate lo \he 

aapara�le fra tloa. 

�hlle auoh loa••• ••7 be aaoep\able wi th aoraal allk, t • 

slob lea in we ll aosentaed ailk ooul4 haYe aa aYeraa• 41 ... \er 

of aroua4 o. , naaoae tera {Walatra , Oortwija 4 4e Graaf , 1969 ) 
leadiag to loeaea of S� ot the we ight t the fa , aa4 b7 

iaferenee aD eyen cr•ater proportion of \he gle�ulea , wbea 

uai s nor11al aeparatioa procectur•• ( 'l'rou , 1 950 ) .  The exteat 

of auah loeaaa woulcl •••1 wl tb tbe exteat or slobule a1H 



o on41,1o of the hoao 

•1• ••• ot h ocealaatloa (Uoul4e d Plllp , 1964t lalll va, 

I ad41 1 to tat lobule a lae rat otioa , 

h c• iaatl or aol"aal ld.lk at preaellHe aeu 2000 1 

create tat a protela o aplea•• • npr••• tla' 10.1,. of tbe 

t tal tat , t t aedlae te la t • oeatrlf�al fie ld at a 

deul\7 of 1 . 026 p/111 aad • woul ooatrlbate fat loe ... 

( t  •• lalace• • Oaba 4 allaD8oh, 1960 & Cerballe , 1969>·  

Loa••• of t b.ia  .... 1 .... u•• peauea 11 -.. • ••• ,... ... 

preY1o a tu t.a of the aa\ure of tbe aaterlal ab rbe a tbe 

••• ll tor.. fat •�fa •• ooaaeq .. at to hoao eat..atlo , I • 

t ere le ao • tloa of epeolal preoautlo.. •tac ••• takea 

while eepuatiaa tbe b.oaoceDieed ailka ( 1"\UUlel', P aaa tl 

.,. 

boat, 1 5)1 Jaouoa u Br\U1Jler 1  1960) .  l a  the pnaeat a t  1 

aa l.aYeatlsatloa of a • e tf•otiYe aepuatlon teo 1 ua for 

hoaoeaal••• ailka waa oarr1e4 o t t r 1\ ... oa e ivab � at 

t • aaalleat tl -lea , be tas aore etteotl•• lr aub41Y14e , oul 

•• ado •'-•• protela ut.riala differ• t q  to the lal'pr 

11 •lea. For e JCMpl.e , larpr clobulea al t re .. AAbll' haYe 

oarr1ed a sreater pr p rtioa ot orlsiBal fat alo ale ... r • 

than \be aaaller oaea . 

tor a t  lea ot the art1f1oial preparatio tble oonel e ra\1 a 

••• of 1••• tapor\aa • toF , ao aatter wha t e ise t • cl b lea •••• • 

th•J' •o 14 pre .. ' a o lean tat t. terfaoe 

otll4 ooo v .  There w oa l  be AO oo plt. ation t • aatertal 

orla1aat 1ac aa aatiYe ... rane . Alter preparati th••• 

aawr ial.a ••r• he lcl la a ai lk oaa at ,• tor 1 8  hove . Darlq 
th1a perlo , iao aple wlf ho•••• S..•• tat · 4 fat 1.D laJtp 

aix 1 ohea ot 11ca\li4 ... poued ott ther•�1 eu\lrl a t at o lJ 
the a • aat• ll boao •aioed m te ria l waa aeparate4 . 



1 .  Kllk! • 

Chi lled bulk raw atlk , obtained troa lh• Palaeretoa Nort 

Mi lk 'rreataea! S !atioa waa eeparated 1 at J?0 , ia aa Alia 

La•al1 diee tTP• • e tainleee •••• 1,  tar• aeparator. 

a6. 

2. isig ••f ''P!ltlioe ot !!!••• t••• Mtlf! -
Cb1ll!4 bu lk raw milk waa w ar .. d to �,o an ho• eat••• 

( two et •• 1 850/SOO p. a . i. ) ana reohill•4 at Palaera toa 

North Milk Treale nt S tation. a.oauae tat 74P0 1JaU 1 

lipase wu then poaelble '' wu traneportecl ia ed iate lJ 

to the Ua1Yel'a1tr and aepaJPati&a ... t..awa witM.a OM h v. 

There ••r• two teohaiquee -

(a ) Ut! !f ShttPl!! !p!t•O!D\[1f¥Btt (trpe I 3J1) 

Varto operettas cond itiODe were atteepted . !be aoe t 

eu1table oond 1t1 ..... , Bowl a ,.e4 1 401 000 r . p.a. , 

..... of a. a •ll••ooacl. Outle t  4aa r No. ?. ,. 

( lt )  U•! et Dlttenet!Jl Setarettop • 

I t  ••• pCMeible to trac tioaate globule! iato two else 

raasea b7 d i t fereatta l Separatioa. The • .., princ iple haa 

bee applied to aormal ai� ( Dolby 1 19,? ) .  
( 1 )  B!Ptrtkl• Freo!toaa 

The atlk ••• eepara!e b7 !he Alta LaYal, die ,,. , 

waahe4 aD4 treated iad•p•ndeatll of t-. Mtaor tra tioa, 

( tt )  Mipor Fraotioa t 

Put of the "ak1 • d "  •1lk 1 (abo.a• 600 ela ) troa !lw 

A lta LaYal eeparator wae cea trif.a«•4 1D 

1D.G!F wall ot eaeh "bottle . e o  �at the aerua frao ttou 



�ediae t alao , waa re •• lr a t • 

baaa ot the \ottle without d ie urbl., t • oaka ot 

oreaa, Tbe • tire ope�aUo ••• oarrie oat a\ Jt' 

S.a a \ noe ta\1oall.7 ooa troUa rooa. nu WM 

ooaaia taat wit the priaoiplea t e ff1o1eat •• aratloa 

(MoDo all , 19,J ) 4 alao aiaia1 .. 4 olllas tt ol I•' 

al bulea wbiah oould t .a a cake wi thoa •lal 

aattloiea\11 wara to fora a tloatiAI ll••' la7••• 

!!lt.• 
Uae of hip .,. •• oeAtritua•• wu oo t •••• ba\ 

be aua Tia lda t tat lo ula •• ua ••••rlal an 

t allk )  lt woul4 •• beaa 

•••••••� to aad le laraer , ... ,,,, •• of •llk t 

wu poaalltle lA alloh aqd. a , 

'' Prtpars\&op aa4 
( a )  £&!.•1•-h- 1!. A'!. - Caaala ... prapand fna ald.a 

ailk 1 ao14 pre lplta,loa at p -· '· A .. lo a\e• 

Autoaetto fltratio appara\u uas.a. Jf, Cl waa •• 

aad ' • flae praolpl\ate o \aiaa 7 oe trlfual .. t 

alvJT ... ... , .. ..  , •• • ,, 4u,tlle4 ·water • 

... bed preotplta\e waa re-4taaol••• la 4la tllle4 

wa •• • ad juate4 to pH 8.0, aa4 re-preolpltate -7 

a441U.oa of 101 to 8 at, 6. ftla aa ••tal waa ,,. .... 

rie aDd a toM 

rt•• call of ata le eupeuloa oo talaiq J ....... 
· wae P•• uoed ut a 4 u ttUe4 water , acl3u••• to 

pi 6.8,  aJU1 wl b oalol• a4da to cl•• a o aoeatratf.oa 

of 60 - • ( Al7al't 1969) ,  After 14ial Ye.rupt 

at ,
o to eNlt bJdl'atl •• ooa .. ralall.J' ,,..,..,.. 

..., .. tnat terfat waa • laitle4 lDh ' • o..,ia 

• ,. ioa •' J0° to st•• a oaoc•aa•• eo tatalac 



a a. 
tat. !hie •� done by paaaln t e • apen.1 twlae 

thro a einc t• pi•to Eapire lab rato17 ho•oaea1Hr 

but after e tan4 1 ag overuisht at ,
o • .. fat r e t 

the top ot the 11qu14 eo t e pper 1� of t e liq 1 

waa d ie ar4ed , Poasi ly ein al ae 1a not a 

••rr aatis tao tory • •  laitytna asent , or poaaiblr 

the hoaosenieer ia 1m.•tta tactof1• Af,er OYeraia t . 
e torase at ' homo,.nate ... aepara\84 aa to� oraal 
mi lk .  

( b )  !h!J_h�S$��tt • O oa  roiallt ... fao •  d la tl 

ac14 wbe7 powder ••• aed tor thla preparation. lt 

ooatai.lled 14% p n teill ,  1 1 . 9J  aeh u4 62" la to" ea4 

••• reoona t1t ted with water to st•• a• • 1i • 1 e 

reaoneti t ted whey. I t  ••• ooMiclere to M ... s.a 

tre• becauee iaeoluble oaae1n tlaee were oea\rit • 

out 4ur1D« ita produc tion .  D rina aaauta ture .._ 

pl'otei u aa, ba•e bee altered to ao .. l1utef1ub1e 

exteat howeYer ae a· ooue,uenoe of \he preae ee of 

proteinaaee oricinatiag troa the a1xe4 la tio 

e lturea ueed or aa a e oneequeace of ite beins e ate4 

to ?1° in tbe evaporator8 . 

Whey pow4era prepared troa reaeet aae1n •� e eeae 
wheya were aot ob en becauae t�etr oate t of 

eioet>ala· would no t be in the aaae bal.aaoe u la 111111 

( i . e .  caloiua wo �ld have been retained b7 the ae•in 

A reooaatitute4 �d neutraliae4 ao1 

oaaeill •h•7 however provide• all •h• aoraal ailk 

oaet1 tunta (eace t odeia an fat )  in earl7 aoraal 

balance an eo prov14e• a aui table a taad&rd aaterlal. 

five sallona �f reoou t1tuted w her waa prepared , JlaO 

a4decl to l'lliee tbe pJl to 6. 8 ,  and be l for ) Ollft 

· atu:r Dlixins to �rai t proteia hJdrattora alld lllneral 



aquilL'-toa\to • Anb7drou tna\terta\ ot o ... rolal 

rlsta ... ad••• \o ci •• •• fa\ 1 tb• •� eaaloa. 

Hoao•••laatloa at ,0° br ••• paa••• ' r•••• a 

• 1acla ••aa• la •••• laer ••• \o flYo aoalull.J 

2000 • • •. 1. ... ,.,.,_.... . T • onaeaiaal' ••• 

••• 41flaroat to that wh1 b .. , h&Ya 1Mea 

aaaatlatae tor.r 1 preparlac .... la h ....... ,.. Tao 
Haultut tat aauleS.o •• aa\S.a taatorS.lt •••"1• la 

\bat it a••• tllo .... tat •••' at top u4 bot\oa t 

Attar •••rnilht a tora,. at ,• \be ........ ,. • .. 

aepara\e4 aa tor aoraal allk. 

Moaul\a ot !b• ltpsratlfl P£9f•4!£!8 1 
1 .  8opara\ioa of \ aoa•lloaoc•n1 .. 4 allk ... tsllr oftoo •i•• 

wit 1•• ot 1 . 11 o f  \ho fat.  

a .  &opara\1 of ttt• h ...... , ... llllk. 
fal»lA 1 1  

rat • atoat of 

.,... ...... .... ld. lk  ,.. .. 

'" .. ,d. •• <•> 

1. a UplH ,. , .. ... , •• anaatrttqe 

a. A1ta LaYal '• ' 
'· " ·' · · ·  1.1 

e a  lat1ft1J, .a + J ).J 

,., ..•.. ' ., 

lttluat ••na 

<•> 

a. o atailha 

1.2  

o. ft. . o. 6 
o. fe. - o.a 

Iota 1. Pat 00 tea\a Q0\•4 ware aa\iaa\ed 1 Oar'-1' 

7aobi.4 • 101' b. ocaaiaod all.U (lrS.tull s ,  ... .,. 

····- · '" ,,,,) . 

lo\o z. fa• fat reooyery .. ,,•••• bf uaa of \be Sharp�• 

a peroeairltaco ••• poor aa4 tbia waa partlJ to' 

••o'-Aioal ,...... . fka eft•otl••ao•• t the 
a hi• 'ap141J cleoftaaad aa aetiaeat lnalli •P 

•i,h1a ••• bowl ancl aooa blookaC oft ••• ao..a 

ouileta .  Th••• oou14 oalf be oleare• bJ haatiaa 

ia '' phoaphorio aeld aol•tioa. 44 1t1eaallr 

'ka ..... pro4uoo4 ... bacllJ ••••ab111ae4 



tr•• �11 ••••••• t the Yloleat aaoe laratl o 

reoa 1Ye4 _, ' clobule• ., • •ntrr •• ' e � .. 1. 
ror tu pupo••• o f  t�1• a \tadJ the .. Ilia• ut a 

Yalue ao the cli ttere tial •r•••• ... eaploJ•• · 

'• Sapara\1 of the artitialal aJ8\e .. -

�. 

Uaiq • 1J' tlt.a Alfa LaYal eaparator Jl.e tat leYel of "• 

oaa•ia a ta\ b ... ceaate waa I'O.UOet fr� 8.Jt \O 0. ,. Wblle 

t wher • tat ll•oaeData •aa reduo•• troa ·'' to o. ,,. 
fll••• flcv .. re floot \ • iaattto:leu, of h.oaosanua•toa 

aollt•••• oxparlae tallr pe latiYe to that .. toYed 

0 ••1•111. 

aeparatioa ia t ••e o .. ee . 

Dlftl•t&tl1 
laoaue of t • hf.cll apeeta t • Slaarplee S•teroaah'if.,. 

it ha4 •••• utlolpate that it • ttlcl M auo atftotea\ t aa 

the t1ao trpe eaparator. !be prao tioal tlttto�tlaa of 

obaoare \be \roe a ftao \1Yaaeaa 

of tu ••peroaetrtlqa \tet ena •• 1\ appal'• '� •aa .. aoH 
otftelea\ ., ••paratlaa tbe aaaller ,., alo�ulte. a ...... 

oata� ltobet appropriate opel'atta, oo 1 t1oae tor tbe ceatri,.... 

1\ •a• poea1'bla to ooapaaoe \be aeparatiq offl.oieaoi" "' 

•• 1•71 a tJl.a ustcaa !beorr" approaoh ( �brt•ae , 1962 > .  

4a or4 1 to \hie Uwor1 a Yalu • iP•• aq u oa1oG late4 

••t•h u aqalYaleat to th• area ot a 1ra•itr •e tt11.. 'aak of 

aq lYale t ••ctlaeatatto obaraoteriatioa to the •• •rttut• • 
f-1• YalQa 1a • 1fla4 br tbe flow rate of llquia &�alae 

tllro la e aepal'a\ol' ancl the haraot•rt•\1 .. of \laa fat 

par,lo1••· 1 \  la th•a p alble '• eal• la\e a ••1•• • P ,  wlaiok 

la \ha ., ... ,.,. of \b.e "••'-pola\ partto l•" (\hat ia ,  D • tu 

as. ... ,or t arU.olMa , h&lt ot wb1oh rill 'M r•aoYacl la pae•ap 

tlaro b U• ••n,rlf•P • &ad halt of wM.oll wlll ao\ tte NHftt ) .  

n . ......... . ,. ...... .... la •!d.• a ttadJ •• 1111k • •  ,. ... ,, 
.... . _,.,. .. ia tatt le 2 • Detaila of tbe oalolllatloa of \lle•• 
.. 1ua an •• • tou la 4 peadu 1 • 
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hd\14lt1oa fl"oa tlleae ttsu"• woe14 '"41ot tllat t 

harplea oeatrtt.,• aho�ld ,.rtora a11sht11 better ''* \be 

A lta-Lat'al, tor tbia liaited parpoae , but tbe 1apro•e .. at la 

et ao ••l • .. it le aecated b7 the pra� tloal 41tf1oult1ta 

pnri.ou� ou tU..a. The M .s . a . ktoh •t•\d dU , la fatt t  

pft Jte etteetlYe aeparatioa aa ret'liotd '-1 tile abOft YalM8 

ta•t the ••r• after oeatritusiAI a till eo tallled o. '" tat. 

fte ... ton , a nt 16J of the tat la • 111 ut noOYei'H. tllla 

doea a t ladl••*- that a hie prop rt1oa of tbla tat la la 

cl• :a... "''' ........ " or leaa tiad o.o, ... . tor "• l&lt'llatet 
•al•• at ... u part1ole •1••• beooae t.aeaot beoaue ot a 

a •• o f  llaS.Uas raot n ,  aaae 11 •  
( a )  fhe 41"&1 etteet of 151'owaiaa aotioa •lalob a l  .. • tu 

al ... atlo of partiolea ( !rowbl'i4ce , 1 ) . 

u � >  .. pH'f'louq elated , oaopaiaatioa i .... tat a 
pro wl.a o oapleua tb.at b.a4 deu1Uea tbat ...... .. 

1.026 �al . Preauaablt other ooaple .. a exlat 

ha•iac 4eult1ea raqla1 t.et•••• Oe 91 aad 1 . 016 11'1•1• 

(a ) A pnpor\1oa of tat 1 aatval atlk ala• 1a la a 

ton t�at will aot •• ,.,..�. lato a on .. 1&7••• 

(cl ) t e eftll"' nevfaoe .d partio lee of h •••at••• llllll 

.., onoe1waltl7 !&aYe rath•r lffereat pr.,.rtlea ' 

tiM aatval ae81"&1le aa a ••ra•••••aoe ot \be MW 

• I•••• •• itferenn• are aot oouYeH4 la 

the .. dt.ea\a\ioa tora•lae aa oo•ld llal' the 

applioa,loa or th• oal••latl oaa . 



-------------- - - - -

tbo proeodare• oeoct tor p.r1triaa tat cl•••l• ... raao 

•••••tal baft t:.aon r•o• tl7 nY1d•·• ( lnaaor , 1 96J t  lwope aD4 

.......... 1961 ) .  la o t U.ae , tollewi aop•aU. of a oHaa, 

ooatutaaa•·-' ahrJ.U. orlaiaa,l q fatoa tba •• ,... uo roane4 bf 

n oat•• 411 tl a ancS ••••paratl.. C "Waa lac" > .  Dtll1.as tllia 

,...... . aaterial •hie le looaelr •••• ,. •• , to ,aa.. ,., clotM&le• 

oaa be 1 \ t • 4 11 \loa ••'•" or daaor •• b7 aattatl a 

(Bruaaar, 196'1 Preatloe , 1 969 > .  It le tJleretol'e daeua• la 

to lliallllae tM naber of •• •• at••• eous.••••• wl \h a4et ate 

••••••1 ot ooataalaaat aater1ala . OD the otb•r ._.. .... .,,loa 

of ..... ,.la .... the ••• -..... et nac haadliq la p aittlo .. 

eaapUtled ,, tile • •••• of lipaa•• ta ... ,.. • et tnall 

ld.lk (» .. •••• lnaa•r aa4 PlstlJOt , ,  1967) lnat a U.paae • h 

ll"nenlblt adaor'-•• oalo ta• aoaltraaa followlq ooollAI 

( faruau aad Praakal ,  19,1 ) .  tllo poeo4 ..... • a4opte4 ha•• 

aeao .. arl l.r tt.aa ..... at ar lh'a•r aaf aeah• eYalutiea. 

Bleotropberocr ... of t • 4 ll• tloa water• abow tbat ..... 

pntalP are pra tloallr u4eta•ta• le la tile feu� waabiq 

water (Swopo aa4 lruur, 1968 )  aact actaorbad 11p .. e 1a 

• ••taatiallr ••• ••• alter oalr two ...... for lt ab ... •• 

aa UYl \J 11 a tale waelau onaa ie •ue•�•••tll lloaotaalM• 

( !araea.t ••• Praakel ,  19J? ) .  

•••••• atoriala n ••••• dviaa ... ial an t&lfbll 

411•t•« • t'-ir ••••etloa te aot reliable ,  ao a .... eattat .. te., 

aeau of OYalvatlq tbe waeb..iq \eohalctu la '• oNano .U 

aaterial •••• nll&lu aftel' waatliq. ftta ••• M ao!d.•••• ltf 

o-.orYatloa ot tbe ratio ot al\r ••• \e fat lD \ke era ... . 

T1ale ratle· talla aa tile • at .. iaa t aoru pro wlu are ... � .. 

••ar •  A poiat ••• •• aeloa M a \  wlalob \bu ••tlo la .. t, 
• lilh tlt altered bJ tu,laer ... blac la41oatt.ac 'ha' oal.J tlae 

a\raaclJ •••ortta4 a altraae aatel'lal reaa1ae aaeoolatad •1•� 

•�• tat ( Paaaer , »•••aa &ad fro•' • 19,l ) .  

Lrat\oae le laol .. M l Ule w .. bt.aa ••'••• at • le••l 



eoapoeltl of allk aer.a rat�r • • ••• lb •t••tl1et water 

alo.. . !bo lao\oao ala aaiataiaa \ • aoraal 4oaa l '' tllfe,.aoo 

••••••• fat aDd aor.. aaa ia \iaa .. paratioa. 

A441U ... 11J , it hd a1 •• ttooa allowa t •' ••• ,. ... .. 4ltloa 

to waablaa waton Het•••• the oroa.t.oa ot •- •• , ,. ... ••P u 

( wope aad nuor • 1 968 )  aad altlo ...... • la noo�•I'J' · I 

••• ,. .. la \llo aotiYo lcwa (Dowlea , BI'UHr aa PUlpott ,  196?). 

I t  le e.,eo\e4 tha\ la o t  • • 14 ba .a  a • 1ar ottoo•• ... , 

,,..., ... •ol'kon 1a \ la llolct taa•• oa\raeted ... .,,. ... aa\efl.ala 

b7 oll.llllq , tllea ohuDJ.q tbe ... aaoct onaa •• \Jao ..-raao ... 

onouS.••l7 n \vu eo that 60 • 8o.6 of ' ta\ loa .. iw 
a lob 1ar ..... (lraaao r ,  1 96, > .  a •••r-oil ( 1  • • •  prtaarilr 

triclJ'oorldo fa\8 ) •aa • beequat}7 roaoft4 afhl' .. 1\t.q ... 
••••••• The ohat•• .. • ... .,,. • aa••rla l •ae �·• ooaooa '-4 1 

0011110al7 1 ooavtfqa\io , aad e oae Mau of l1pl4 oa\rao tl.oa 

... •••••ta .. atlJ oaplo7ad (Bnaaor , 196, ) .  s la aa ap aft 

le of U.t\lo Y&lH with h•oaoat.Hd •!llul a t  •• it la •l•.•� 

hOotalae4 �at a 11 fat t 1obuloa W:Ul ao\ .... llJ Oh a 
(!,."'• 1t5o). Chvalq ao u .... atlallJ to h tue --. 

•••au of the 1u,.r 1lobuloa '-"' \hla tuo tloa oaa alao be 

1 

pel't ftM4 '' froo•lac• r.-..alaa ot rou u lu.OWJa t ••••• lUH 

fat alob•les e o  \ha t  ap;prodaa tell JO • �- I ••• fa ' wiU 'M 

teatablllaed a ••beoqvea\ tbawlat (Webb t  1968 ) .  •bllo tko 

eadea of t la ••••• 1 Uaa,1oa appeu to be .... ... aa4 hob 

re \ioaahip •• oae aao,bor le aot alaplo (teye l ok , 1 17) ,  

., .. ,.. 1 o loo\ron aioroaeo r haYe ah a tha t t • ahoeta et 

fat 1 le\nal.e • •ltraaea appear u oaptr •• • ri. "'o t eat• elYO 

frao ,U'laa of \u ••b .. ue aa\ertal (Done , lr or t 
P�llpo'' •  1967 > .  aoo t aetla otter• a •eo�iqae wklo' 

Od lte ooatl en\11 • oo\o \o rteU aeauaae aaterial ._, Jaae 

qoae a •W•u Rditleau.oa. 



,, . 

,,, •. , •. 
n. aepua\!4 ...... ••• llu _. () t 1 )  wt.t• a 

eolutloa of laotoae la 41atlll!4 ••••• at ,,•, atlrr .. 

•tU 4la,.r••• a reae,..at.o . flaie wutl 1 pr·-·�n�li...,.. 

wu applied fov r t1" tlllea . 'rt.e pi'OHduo t 11 o 
..... thaa thr•• hoare ,... \be ,,.. or t!lltt\1 ... 

•• 'M'ill ,, A• msr (Ed\1!p .... I 

•• oreaa ••" Mparate 1a\o tall•• a t • walla 

or t oe Viflaa! bot•l••• ! •7 were 4J.late4 ( _,  .I"'dMtelJ 

,, , ,  wi th a aoluttoa of laet •• 1 dlatl11ecl ••••• •  

rtaol'o 11 ab.akta the lae14 for a ••• 1 0  alaatea to uatat 
tat ... iatwl-.tloa, aa r••• \rlf•a•• at JOOO ••P••• ler 

)0 alauUI• . fhla pr • ve wu tal'rlo4 "' f.l•• U... 

la a rooa be lA at .,.,. • 

! • o att.e pro•••• of aeparatl .. aa4 .... ,., waa 
ooaploted la a tl••·•••• ,.,., .. aad aoae 1l •• aatt .. 

.. ... .. .• . 

c. Dt:tt!lal(llff th! !I!••• •r•"'• 
fbA waalte4 or• .. • ••r• po11ncl la\o eaaUo ... .,.. 

••• tro .. a wltltl tkree ko_,. la a •• ,,_,,.. ... ••�'--' at 
•1,00. fbe fro••• aat•rlal ••• traaaterrecl '- a , ...... 

•rlor &14 dried at aro• • 0° uater a ••••., of o. , ,. 
!!rourr tor aj ct.,a. 

D. Mfk\l •A !J•l••»a• er !M •un&M RWdH!• 1  
Nitr ea leYe le •••• 4e\era1 .. 4 -� X�o ldabl 

proeed� ia a• eral aoeordaaeo •i'h ' ... alaa• 

ltiot 

to eut a 111el'o-4 1e ,illaUo proo•4•r• ( tor toWlA •" 

Apfeatb 2 • ) • 'to • \11 t ' rooe UN ,... ..... powten 
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Figure A. Evaluation of Washing Procedure 
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J6. 

were dllQ\84 to si•• approxiaa\alf a 40 41aperaloa f fat 

lA water <••• too ooaeeat oa u•• of lja l4abl deteralAatloaa 

u seetioa 9 . ) .  
fat leYal.a of the powder• were deteraiaad b7 tbe 

Roae.Oottllab .. thod ia close conforait7 wi th the ew 

Zealand S taa ar4 Method NZS 22" • 1 969. 

R!!!l!a t 

Fiev• A ahowa the affec t• of waahiq up a the Yartou 

aatertalAt. 

The aitrosea to fat ratio of the ore ... falla eYe 11 aa 

the waahiqe eoatlaue watil,  after the fifth waa , a naa aablJ 

ateadJ leYe l haa b .. a reaohed aad lt •&1 • a capted hat 

plaa .. prote1as ha•• b .. a reaoYe4.  

ExperS..eabl aateriala were pnpared la b•lk o \be ltula 
of thaae f1ad 1asa aa4 oa aaal7ala sa•• the f llo•iaa reaalta 

(!able 3 • ) which alao laol'de the ex\eat of Yariatt.oa tow . 

»y !!alep z 

,.e a1trosea to fat ratio• proY14e aa 1a41oatloa of t 

e ttlcieaeJ or fat g lobule reooverJ la the Yarioua aater1ala. 

The Yal•• for the separable tract1oa of the hoaotea1ae4 allk 

18 a little cr&atar ( abo�t � ) , and the Yalue for the alaor 

traotioa la 9. 5 tiaee .,reater, thaa that tor tbe aatural 

.. abraae . !hla ntlecu the lncreaee ot avtaoe area par ul.t 

of fat that occur• after aub 1Y1a1oa of tbe slobulea . Tbla 

la to ••1 that oa hoaosea1aat1oa the aYeraae 4laaetar of the 

fat s lob�lea ie red�••• b7 a out oae-th1rd which reaulta la aa 

1aoreaae of aurface area ( tat/aeru illtarfaoe ) of approd.aatelJ 

5 - 6 fold (Jean••• aad Pattoa, 1959 and aleo oaloalable froe 

the obeervatioaa of Walatra e t  al , 1969 4 Walatra , 1 96Jb ) .  
the obaarYad illoreaa• iD the proport1oa o f  altro.enoua aaterla1 

••••elated wit tbe tat proYidea eYidenee that prot•la ad8orp\1oa 
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Suple 0r1c1a 

•• IOD-Iloaoaeai&..S 
ailk 

at . Solto&•ldn• lllllt 

B11. 1.-o&ealeed ailk 
alii. Sld.... fl'1lotS.oa 

of tbe aM'Ye (Bii ) 

Treataeat 
No. of 
tt .. u. 

Alfa•l.aYal ' 

.Sbarp lee 5 
Alf&-laYal ' 

tt .S . E . 5 

)to. o f  
Pn�aration 

• 

1 
.. 

.. 

111\ro .. a/t•t Ratio 

.AYe ..... 

o.o,, o.�, - 0. 099 

o. o,, -

0. 119 o. 1 09  - 0_. 1,, 
o.&U 0. 5).3 - 0. 786 

I 

,.,. 
-.3 
• 



at tke •••11 to� lntewtaee .. eeorre4 .  "• •••ller 

clo�•l•• of \ alaor lraotloa (lilt aboyo ) ha•• ... •�•• • 

protola ,., aalt of fat aa • troYlde a rleher ao-.oo ot 

.... ,_ .. aa\orlal thaa doea the ••para lt lr •tl ( il a ••• > •  

"• • aoPYe4 altr • •  to tat rati .. lll .. trato • 

laettoetl•• .. •• of t • 8bar loa a..-rooatrlt •7•••• � ..... 

alo�ale ••• tabl�at1oa ourrod 4.,lDC ... lal d ... , �·• 

••proNl. t • al troan to fat rati • 

• 

Ybe doellao t t • a1tr.,..ltat ratio t r ••• .. alaor 

fl'aotloa la 1••• r pl4 tllaa \Ut I 1M otber fraotS..u ... 

\Ilia pro�•-lr re fltota t •••.. I a llAa (bat� ao,.ratiea 

ts ooatia�ou ) ratll•r tlwl .., •halla• la proper\f.H of t • 

•••rla� . tu oltll'* of the i U-al lat/altr a ratloll 

la o aoh euo nfleot •••11 tla• tat ,.... I tlla iaf.tia1 
....... . .. .., ....... . 

IIlo ••lf ••• an'le •••lutl a ol the ... lllq pr"o4vo 

tor �ao .. ,.alaod ailk tlla\ • beoa p• liall.. ••• a •ttlereat 

patten <••• rtc. B ) al lao ll tlao pat ton 101' aonal llllk t.a 

••ututlallr' th .... (Bru••• • Duou u4 "'" '•  ' JJ ) .  

fko � tlaal 1••• 1 ot t • ait. •• to tat ratio ropo.-.. 

'' tlleM •• ora tor oal•-' allk Nfleota •• 1o•• • ..,lew 

oeparat:lea aohlon4 ud le reuo blJ oosp.,..-.l.e wltll t 

c1ollt•1•• of .... ••parable traau • la tllo , ....... .... ,. 'tU 

laefteotlftaue of t • •uhl.ac pl'o edtaHo attor t • tu•• ••la 
la uoaplal•• · It ooal• • iatern• tut •�• .. , ... 

aatol'lal of the ' p lari a:llU u ti&Jn 1r be · .... 

aot oroto oa ooatS.a••• wuhiq. ftlo oaplaaatloa la iad••• • 

tor ooaU.qo• ... hiq a tope ehnU r•• lt la ool'ial jllutl.ea 

of plaeaa protelu that net s till ..... u wit the •••aa attor 

he flret ... aa. ileoti'Ophoreo1o ot tlrot. waok water t • 

aatval •••aa• ropuatl aa a •• tlla tlaia •••1• M •• 

( wopo a • Braaa•• • 1968 ) .  t • aor• ara4aal oollao t 

aitroa•altat ratio fo la .ao naoa t • •••r 1• • UorH 



''· 

!1•!!! !. &fleet o f  W!!hiAI (Brynel', Dyos IJl4 ko!!t• 19U) 
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reaaoaule. 

!be R er t waabias• that baYe '••• eapleTod b7 Yarlo .. 

• rkere h• bee d lo• •• oee <••I• flale7 • 1968 ) ua4 .. llilla 
•• twe lye (Old.oa ea Riobal'4a a ,  1967 ) b•t la •- l,J- tllhe 

haft beea iaa4equte for tu b.oa oalae4l aiaor lraets..a •• 

fov u4 t1Ye w•r• ••• (as allow la !'able 3 . ) . . . . .... 

ot e cl poiat la ..... hat ar�l,r&rJ aAd la tbla e\u4p .. 11 lkoee 

.. terlala 'Ita' at-e •troeclJ a4aor'N4 to be tat iaurfaee •• 

relld.a. I t  u aoat walik.el.J •••• lo•••ll' held r oee l  ••• 

\urallr oeourrlac aa•oriala will 
baYe �eta reaoYe eo it la reooga1ae4 that •�• oa\rao\e4 

aatoJ>iala are aelt er quat1ta�1••11 aor q a lltatl"lf 

14eat1oa1 with t oao ortc1aallr pro••••• 

• 



feoV;oa 7 
!ECIIISVI OF BIT AOT101 or !US PIO!JII 1211!! !191 
!@E HPlJ) • .. ,BGtJII CO,f!!L!p! or !DE YtiJQD'S •• sp .. 

CBJ!il PQIII I 

,,,,,.ll,,.,, 
'lhe •u-1o1le r•q•lr•

. 
eata fof' tile extraetlea are tiNt 

•�• tat la the owter haa to -. ••• •• aa • .,letelJ .. 

, ... 1'-l.At • •••• 4 17  th• Yario llpt.• a pro tela • ada ••••Kat 
lla the •••l'i•ahl hter1 a 1a Jaaft to • '-rctkea • tba aa 

., ..... liUpeu ioa ot �· proteia u. teria� eaa M aate , 

tlaS.rd q • tt:a••• a t • 1t ainiul. 4uap t -- pr tela 

aaterial. 

1' m e  t th••• Nq\&.1" .. J.a aot at le aad a - •• ot 
eom�14tratiou ..-1... !be•• an : 

( a )  teolmlgn• wnou\z •• • ,,, .aawal ''J.k , •• •lf!tlb 
,. rye eaunal •• ,. ,,..,,11 '!t!!! ,.. •tt•l .. 
1'lM •••laa1quta tor t..olaU. a et alll& ,laele • raat 

•••rl&l ba•• beta reoeatlf n•i•••• (a er , 196J ) ,  

'fhe 4:lft1o111t1 .. o f  eauaotioa e t  the pl'oteia .. ,.,,. of 

·� milk ,., clob 1• ..... ... lll .. ,,.,.. , \be 

tarle\7 ot eaba .. tlte teebat u•• tba' bate -••• ..,1.,.. . 

tho - there � llttle 1ator .. t1ea abo•t ' • p ... iblt 
o tt e t• tbeae treat.. \e .., bate apoa th• a\ar• •' tkt 

p� tela •ol•tJ• 

Var1o .. aolYeat .,. ,  ... �a•• �·•• ••t•• · tber ... , 
u .>  !•!. .t'-•J.'lA•sl_l1 a• •�: 

Up •• ,, •• ,loa of fat c lobal• .... HA . ........ 1 

waa car�ie4 o t ,  in a c l  .. a l  al • •7 • bJ •• tl•aiaa 

t� saterial wt tb kot a aol•t• ••haael t•ll •!4 .,. 

hot extrao \loaa w i th a eoluie e\haaol lA ..., ..... 
e ther wbieh waa ooa tl aed ua'll fat ... ao 1 • 

••••• tab le :l.a tu ex\ra te (Pa llier aa4 11••• • 19JJ)•  



Tbe t•oaaiquo wae lat•r laproYod bJ ual., \be 

aol•en\a oo14 ( '0 )  ( &runfter , Duaoan aa4 TroQ\ , 195J ) ,  
aa4 elaoo the \be eaae a ol•en \8 baYe b ea ••r.r 

eoa•oalJ eaplo1ed ( eral4 aa4 ar er, 195?J 
Jaokaoa &ad Br uer ,  1960 a s • .,. aad Brua .. r ,  19641 
flaltJ , 1 968 ) .  

(:1.1 ) !•!. .tt_CJll,tl"Sts.ra._M.t\_l&!,O! .P.f. !C�tt.•£ 

A ••••at lJ ut•och.aoed al \ernat-lYe hae bMa eftl!'ae,l.a 
with ohlonton n •••taaool rlix\ues ino llldt.aa � I l 

eol�tlo• , followed br three ... bee wlth •�• ao l•••• 

aistta" at r�a •••p•r•'•• , aa4 fiaall.J &A aoe\_. 

riue (Swope ud Brau.er , 1 970 '  Swope , iUl" aad 

!I"Uaer • 19'8) • 

c u.1 > �� ,tt_a.:.bataas.l. 

!be ol •• a oolYeat ... 1 •••tiaat .. 

ut reJeoted !a taYo.r et ''� e t  aaol la e\hJl .,,.,. 

oa \be ar ..t• that l1 14 l••• la ot •�• aat•rlal 

ex\rao -.d �, ihe a-ba\aaol were h1a�•r a aolablll\7 

1a water ... oo .. equea\lf lower ( ral4 aa• 8raaaor , 

19,7)•  �eeuaab lJ the l••• e ttoot1•• tat reaeYal 

•4llll•• • obaoned low•r eolul:J1Ut7 la •akr. •• 

aaa�hl•• o&ia... aa• a lkallae phQephalaae abowe4 

meaeural:Jle ae \lYi\7 1 the ex\rao \ed -.terlala atior 

•�••••• full7 •• to extrao t ,  aad \o iaYea\iaa\e , 

\be '"•• fo�a of alkalla• ailk pboaphat .. e 

(Peer•' , 1969).  
( 1y )  !•J. J.f-•.!•lo •.a. �'l•.t AA! �·!-.•\. 

!he w.e of aoe \oae aatl etlter enraotl.oaa • or 

ub,Jtrou ooM i \loae , at '0 , ... ua•t\ll ll\ rea Y&1 

of tat aad a fal'\ber tl'ea, .. nt wt'h •·l:J•tuol , at 

5 , ••• efteoti•e 1 f�ther red elna the lipid 
unl •t pnpa.red ... l"aae aaterial ( Zittle ,  



tbue f1ti •• 4 141 � .. to ••• loe• I •••,.. 

ao\1¥1 , , pa.t•tio"lulr tha ' ot 
( b )  D! If• r'Pfc! !t\er al 

'· 

' 

to � o lve nt 

so\t.oa 
A tat • I' t•iD ooapl••• U.latect fro• aeata .. 

llilk t U4 haYi a 4oU1 tJ areat•l' hart t a\ f 11111& 

••r baa been 1 yea ticated with re peot t e\a llitr 

to aolYeft\8 ( Fos , olsi ger ,  Oaba a • P 1 h ,  1 ) . 

�re taat wit a-ll•ts. ol o eel • • t the twl.al 

Uaaa -

sed iaeat•4 1a .a uatreate4 •••ple • to� wo 14 -· 

oout.a•••t wi Ul l:l4 sau.pUn of re al ot 1lpl4 
I• • eo plts with eo •••• t 1 ...... 1 .... ,,,, 

W..at8eat w1t• 2,_ ethaaol la e\�1 at ••• bowe •• 
. 4Mb s.uaett o ' t ' •  , .. , ... •••'- t1q ••••nal 

ot tu • plaa a ttau toned a �.,. 1,  wlaie• 

ao.U aet '-• n41a ••••• 1a tai"OMl tnaffel', la Ule 

b ''o. ot the oeatrifus• ee ll. At 1 aaoe t tkle 

latter eol.- •1•••• 1 •u• pPee$ ' .,_., ia 

t �•to la41oate4 beoa .. • aatel'i� a ao • \ 

be fat 1nterf••• _, la orealaatl •• ld .... ' 

ease eft••• •  ••• \bo t le aol•• t •r• ••• ... 

•• aeoep • for •t•41u f tile aa\ ••1 tat alo 1l1e 

... .... . 

(o > I•Me&n asp 1•• ot ''' u•,EM• "''r1t\ f "hd 

aolt et f!£ \ha\ !litr1tl 
( 1 )  :t PS �t- ::.t..a -•.11-!J: !. 

7he ••• of a-�at ol to l•o lat• t • pr \eia 

• 1.•\J t aatural ... ltraan tau '-••• \llor•.,t.lJ 

!ate•tlca\et • � .. • r' wi\ t 

aaterlal t blocd •17•b1"oqt•• • 

.... ... ' ' ' .... , ( 1  '·  1 

·� ... 
• te•UJ.•• 

> null 



a-luataaol at ·)0 wu ebakea w 1 ta aa aq eou 

••·•peuioa !l)f ina ol b le er7thro ,,. bo• n •  l'he 
butanol .. 4turs.te aqu.oua pba•• ... oen\ritu,allJ 

sepuated . 

o t  the eembr&A e pro tein la eolub le fora ta the 

a utanol e aturated aqueoua phaae after 17 a atacle 

••trae �i a •• po••1ble <a., •• , ••• • a... . • ... ... 

r•••ltee 1A • •iaiaal 1�or•••• ( S� )  ia P••hl �o­

••reurl • •n¥ 1• lphonate-t1 tratable aalpht4P.F1 
aro�po and eASJ••• tha t c� llJ real�• in t 

•urue were reoove.r•' to the e xta t of �·•••• 

'l) • 'W1,$ at'ur butuol treat a t .  

of eaa,.. ac tivit7 as • appareat ( U. loea 1D ... 
oaae ) waa 1n ,erpr••• to l lea te that \be ••• , ... 

atfeote4 4epead oa the P�"•••••� t an 1atao t llpij­

alJeopl" toia ooaplea f r \heir a tiY1 t7 rather t 

that \he7 • ffer apooltia 4eaatar1DC effeet 4.a te 

\he D•b tuol. 

� aaiao aoie o apo•l ti o� or t • uatreate4 

•rrthroo7 t• sh \ material was a t •1ta1f oaa'lJ 

d i i' fe l"eat troa that ot tu buttaaol. ••l•b1 11ee4 

••t•r lal ( t•aal and Vaa »••n••• 1 963a ) .  w-�•\aaol 

e�l.-1lieed pr o t.laa have b .. a �•d law••''•••• 

\he 41ffereaoe 1 t�• •rtthroorto ... �,.... ot 

••�ioaa aaieal •peoie• b7 obearvlaa \he J&t \eraa 

prod \a  •� \tJ' ouo elao tl'opbonai.c { .. waal. anct faa 

Dee ••• 1968o ) .  Cea\ri facal frao •1 •••l a foll .. •4 

lf.r a aeooa4 e lee tropiaore•i• of \he eolubiU.ae4 ••••rlal 

in ioateo \ha ' artifa c  

fbare oaa be litt� do•bt taat apeo1•• 1 ffarea• .. 

ob••••• l •a h a ooaparatl•• • •�•1 ware real. 



( 11 )  Dt 4••l£1b1Utz ot ogb&ues a-bptygl wt.» • 

••tcmcl ••lv•et 

A ltbouab butanol •a• aa •••• 11ea\ tat a ol•••t re••••l 

r fat troa the err�nroOJ\! eh te wae aot .,lete , 

tor )• t tbe phoep�11p14 reaa1ae4 alo wi t- ,-. 

pro tela 1a tu aqueou pbue ( kaal 4 Vaa u ..... , 
1968b ) aa• , la putloular , pbHpba\1471 ''''" wu 

poorlJ' !avaoted. Aoe toae , aa4 al.ao .. tbaaol a' 

50° , aub!!fl\lta\ to bl&tuol tnat•••• , baft '-••• et 

to laproYe llpld r•••••l ( o eider 

19,3 ) .  

the uae o t  aoe toae a t  low teaperatarea (.,, O )  la 
reoo ... a4ed tor reooY!I'J of •••1••• with •--'• .. 

aotiYl.tr (Mortoa , 1 "5 )  aad it hu b!eD eapl07!4 M 

1eolate pi'O t4t1a t. a tu •at»I'AJW !J!\ta ol the 

ohloroplaa t (Ori44le aad Park , 196'> · 

(111 ) 'f ! ws&St!tl11\z ot ll!ftl a lyenM ftr !t!!V ,tt \)! 
trzthtH''' , .. b.raat 

la ooatraat to th• aboYe experle •• t ••• haa t»eea 

uaat�ooeeetul • of ether ,  eklerofora, ·e t  ... 1 ,  

heptaD! an4 tolvtD! t o  defat !I'JthrGOJ\! Ckofta at 

rooa teaperatv.a or' M low ( Aaea ,  Orr aa4 Std \laie! , 

1 96, > .  

( 4 )  Jbt c"''! o( • iol•t•S ''''' 
Ia •1•• et tl" • • eou 14!rat1oaa tJae 1h ••• teahai4U 

waa , .. ,4 •• eatraotioD with •·'•taael aa4 ao•to .. aa 

••plore4 oeaaoal7 for ext•aotio of •••18!• t• btoloclaal 

••'•r1alA (Mortoa , 1 95'} . CoDfldeaoe ill Ule teohaiquo 

bad beea eetabllah• la a a t�47 of ob•••• prote iaa (Peaw1ek1 

1 9,J ) ocl th! reaul • obtaiae4 ••r• t 1� o aparab le wi\ll 

thoae ot Me laohoGrla aDd Tueker ( 1966 ) aDd of 111har4e 

aad Cnuer ( 1 969 )  wbo ued itt•reat extraettoa 

teohat' •• • \ko-cb taoh bae iaterpreted t etr 4ata 

41tl•reatq. 



A eaaU aa \ t '"• ••-4r1•4 • ••h•d , onaa-p" ••, 

( uftr aon Uau 20 .,. ... ) , •t· .,,• , wae ••• la a pr•·• le4 

Wanac leador ju , w ith about 150 al ot a-� laaol •• .,,•, 
•• aedi • epee4 tor •are• alaul•• · f� alatare ... ,. .... 

lato ••-•ooled oentrlt • bot t. lee aad oeat.rit .... •' 2 00 

... cu ......... . Aa eooa .. poee1�le 1 a-.ou\ 1JO al ot ••• • 

.. _,, . ... . •.• • 

pl'oteia p ... lpl,ah , wu tr ... !el'n4 to uo ttaer ,.,._.eol•• 

tut.a& & lea Ol' jal' ia wbl la 1\ w aa  • •• tOJ> a fut,er 1 at.aate. 

Without d e � ,  to eaaure \bat tile aix\ue "ad.ae4 eoW , i t  ... 

ti1\ere4 tbroask Whataaa Jo. JO p •• oa a baobae• tuacel. 
••• 1\ut pow4er ... be ld uader .... la a 4ea1o••••• 

u\11 all traoe ot aoe toae ... .olet111ee4 . • '" •• ... 

\ •• held ( for aot a H tllaa l aoatbll ) la the clan , la 

atoppered ••ttle� � at •1,0• 

D•l'lac title proo•4 r• , the treat••• wit •·b•taa 1 aleH 

••••• aoa-aqaeoua eo 41 tioDI 1 aa•e a a ti lteJ'able • 1Ya\e4 

aa\erlal whi b ••111 eo \alaed a prep rti or fat .. la41eate• 

b7 \!W apJearuoe of �llow ool v aact fat. al 00-*14 M 

•ut.equ ll,r HaOYed wi tll ue \oae. J'ut er ,,..., ... , wlt­

aoetoae prod uoed a dry p ·der t t ool• be rea4111 le• 

aa4 e tore41 aDd it alae red .. ed tile fat at.eat f llae aa•••tal. 

!M •••ulkat powder di• aot eoatal •••••l•• U 1« •l 
lt 41 OH,ala 801H hi1h ultlq polJat tau (M . P . al»oYe �0 ) .  
I t  a• eea •1••17 •'••ned \hat fat 110 .ale Hat.raae aan•lal 

1• . ,, •• aa• 1., •• •1 • iall ••lt1 1 1Joer1de , ••• ,, .. 

• orlsia or  •uoh .. t•r-lal ie open te 

•Q••'1 .. tor, la prepare4 clobul•• eoa,alaiac oalr trlpalai,la 

a trloaprla • o oolJ. •• eel •I'J•talU.eatioa of \he �lllwl' 

aeltlaf , pe�at aoleou�• at tbe c lo ule e.rfaee , (I oke t. ,  197o) , 



aad t. la alao appoara t.o oooar •1" he hilh aeltl., alJoerl•• 

trao tie t t. -.rta\ o oooll&� • �· blah aeltlaa llreorl4e 

trait '1 Jl u pi'Obabl7 •• • ea tatecral put ot U.o aatval fat 

Sl 'n&l.e •abraae (Vaole aa4 De Maa , 1966 ) .  I ll  t.hla a\Uf t 

bip Hltlq olat aa\erlal ••• to whea 11p1 -pr t.ota 

•• raaea <•otll aa\val aad utltloial ) wore preparo attal' a 

.. u.q • to  • aa4 l te reao•al bf ao1•• ta ••• •s.ttt.o•lt. T • 

aa\ertal• of t • hie .. lt1Da alJO•rlde traotloa are pro'-'lr 

1uo1a lo 1 aoe\oao ( llat aooa , swartllq aad lileaoa ,  196 ) . 

Prea b lr  t le laok of oolubillt1 haa et•• •too t •k• •••• 

tor aultlple ea\raoti a proo•4•"• .. o ... oall oaplor••· 

Roaoyal ot \hia • tel'lal ... Hadil,r aobt.o•., d lq ouM•fl•••• 

a ol lllaatloa preoo4uoo roporto4 lat.or la t)l!a ••••1• 

o aaia pelata arlol tr • t la 1a•••tltatloa &I'O J •  

( 1 )  T • trooae-41-le4 onaa p 4ora ha" Haa fat-e rao-.. � 

•tacl• •••••·U..a1 ..... , ..... wt ' •·ta•tao1 ... ... .. .. 

•• 1 .. ., ........ . 

( 2 )  !hia tooblll,u prod ••• aoabraao aa\orlala la pow4or fora 
whloh o t.t.U ooatd.aod a all&ll .. out of M.all aoltl .. 

potat. c17oor1doa whieh ea bo rea41 lr r••••.. at a lator 

o\ap of prMoaaiq, 

(')  Varlou • raero ha•• • oo ... tall7 uaod t ,... ot t!d.a 

for ODAf .. ox\raot loa a t.u•io• aad for o\�l•• 
ot tlao aeabl'aao pr tel • ot orrtuoor•••· 

(4)  PreYioao at. 4leo ot ••• allk tat alo ule ... b•••• " 

.. ,1•1•• repeated eatrao tioaa ei\ o \baaol la e\hor '•' 

tloro la eytjea o \ at t t. •t• te• wou14 ao � 

oat.lotae torJ t r aaterlale fro. b eo '-•• or artlllalal 

.,., ... . 



f pre are ... �raae aateriale are 1ff1o lt to 

aelublllae for fur her aaaly \ioal 1aYeat1ca•t � .  Nat.,al 

.. �r ·� - &how 1aao lub1lit7 �··· phJaiol aioal 0 1ti•ae •• 

a oo .. o proper\1 tor b•7 h••• a truo tural role to plaJ la 

their aatl Ye enYiroaaea.te . !he .. abrue pro\eiu are la a 

olaao t their ow 1 tb.at they l ok oro•a llald.ac dla ael4a , 

\h17 baYe a iCh proportion Of 74l"'phobio .-iao &Oi .. , ... 

the aaiAo aoida preeeat are pre oaiaaatl7 ao14lo ( • .. a, 

1 963 ) .  

therefore \o be eapeetad tor i t- orialA •AJ ••11 •• la t•• 

p�aa ••••raGe at the apex f tbe aeore torr oel la t \ • • •rr 

alaad (Pat\oa and Powkea , 1967) .  
o t  .. abraae aater1al8 1• that the aaa l7t1oal preo•••••• lr 

used ill \he •t•d7 ot )U"oteiu require tllat tiM aatel"ial be 

la e bble tore. �olllb1 11aat1 o ad t el'eloN to •• e fteet•• 

aa ooaplete l7 ae poeet•l• •  

Milk fat &lobule .. ran• ater1al8 haYe •••• ... , 

eat1efaotor1 l7 aolu�l lia 4 b7 • ot either ' M. sa&Ai41 .. 

hJ4roohlon • plus 2 roaptoe \haaol, or 2• la2a , •• • ao41 

4o4eOJl ••lpha'e (Harwalkar aa4 ruaa•• •  196, ) .  la ao .... . 

h ••• r ,  ••• o •ple\e eolublllAatloa • tteo\e4 •• 

fh1• fra •toa o 14 • of P•• •o-

ooataiae a a .. ber ot lip -protela • ,._ (C lea aaJ Rioba aoa , 

1967) \be eo1Q-111eatio ot whio� will pree •11 -. iafl•••••• 

ear�ie• ••'•r •olub le aa\erlala aaeh aa a • oop•o,•ia •�lob 

•oatalaa elaaio ao14 , heaoao 4 h• ... ••1•• (Jaokaoa, •ta•a 

u.,o protei .. tha' aH wa\er aol•�le are 

theae ooapoaoata are �11kelr to •• •• dift1e•ltJ aa ao.e 

aolu ilit7 le to • expeetod wit- a ll 41aperaaata. •••a.• 



or lta UllelJ orlai a eoaa.ee of lu a• el"al ••ltru• 

ro,.r•t•• • eoap..taoa of t • fa' cl '•le •• raaa wl'h o •• 

aa\llrall.J ooo rrlaa ... -....... la prolta�ll ot r•la• •• to 'hie 

., ,. 
• r ltlea ot ar•lal .. altraae 1 aol 111t7 tau be•• 

•••Ho .. la etuc1iea of •rrt roott• • •• bJ ••• of J..e loNOt 1 

at 1• pi , when 1 eoeple te aol· 11.1 7 ... •�•"• aa4 • 11• 

pkore•l• t t • ., ... . ,. aol 111••• ••• poaal�l• ltat t ere 

... 1•• or ••• , .. aot1Yl 1 ( �ahlel', , 8 ) .  fill• teo , .. 

bU ••• et la the p Naoat at 1 a lt wlll •• eaa tlall.J 

4iapene t • laao1ub1At .. erial ot ' • aa,ural la' alolt le 

.. rau . fha c11apei'H4 aaterlal waftl' wo 14 aot eater tlaa 

.POlraartlaa14e aela uad t r a lAe trop reale .. lM ••••• 

OOtllA ' H reaU.aot. 

• ... ,.... tonal la hereto" ooaplaa a a o ltlaati a 

ot • •lab1Uaiq te ui ••• aq lta ra,111.rM .  The aatorlale w 

H a olabS.llae4 tr t a tat/ U.aa latartua of oauet ailll 
... ot utitialal pepuau. •• ot fa' ut o eta, of tal 

aDd whaJ p•otoS.a , are ••• aore eoa,lex aa i ltl al\ \ •u •• 

... YU'l ll aeaat .. 11a1 wa ll a kia -WdO •tel'la� 

arielq ,.. •••••1 ta t clo u• ......... ·� lh , ........ . 

aa\val or daaatvet oaaai u4 wbOJ JJ' Hi .. , aa4 llJl./pHM&a 
e..,lena iUue ._, •u 01101• laa,toa proo••• •• 

be tollowlAI ta�le ..... rS.••• • • ,,,.. ot � a41aa "-' 
oee_., r po\aa\iallr .., eoDtrtb • to · \ o leaea ... ..... 

• ..... ot 41arqp\ 1ac tbeaa •• whi•a •••• eapl r•• ia "'-

•• .,. . 

.... 'frJHt 

�Oti'Hktio 
.. . 

a )  1 ale 

'419R�"!\t1u • I o  pail" b .. 

1 11 0 , ..... ,.. ••• , ... ,,le 

l:ua t ao like )¥ to o•a tri M'• 

ataa1t1oaa 11' (C nwe11 u4 

.... � . .  ,,,,) .  



aeid aaloaa o row• to a • 

ta\erta • n o D rlbu\• t 

eleotroa tatio tie l«e (G�d , 

1 960 ) .  lonio 11 tlal" k t•••• 

' oa olltl4 an4 · protela baYe 

••a • ow to o 'r wit" t e 

' 

o apl•• la eo •t4ored t o  '-

both e leotro tatl .a noa-
olal". 

!!!taral r1t ,Silt• ulo '!!S'UV • 

Pol llpi a (especiallJ 

,boepholipide ) o contrate •' 

t • lo�J le • rtaoe . •1 

are eolYa • ud/ r o o  l4 be 

aeaooia._. w� .. 

t pro eina (!rUAA8r ,  1 ,) . 
,rt1�1.!,1•\ z!\t! - 5t\l4lea 

ot r\it1o1al p oap�ollpita a 

l1a .7., ... 

haY• a wa \kat iat•••• tioaa 

( ayOU t 

19S9) • 

., • u.tval fat alolna1• 

whioh .., atr1bute •• 
uaooia i osa f t • aatert.al 

tu qla aal t U.ak..-• 

( Peen'- • 1 969) . oweYe•• 

aei tlaer oaloiu aor aacaeei 

la oo e atrate4 the 

•••'• ... re latiYe to \ke 

ear ( wope lt ua••• 1968) 

• the •••••' o f  \b1a fora I 

5Q. 

pH (alkallae ) 

Eth7leae 4laalae 

, . .... ... . ,. 

.. ,. ., .. 

A )  •' 



ltn ·�· a-y ao\ be ftreat . 
fDTA will •iaeooiata a 

h'ao tion o f  be pro\eia 

aaterial trom \ho · ooeplea 
o! the erythr yte 
(�oaenbur � Gu14ot 1 .  

I 

19,9) aa. eai�lJ a parallel 

CaD drawn. 

•a-.rtala ,  wbioh 1ao luda 
oaaeia , and tat c proteiA 
coap!exea , are reo� 1 1t 
4 1elolve4 for aubeeq 

aatraotloaa b7 aoakiaa 

I:Dtl ( 'fox e\ al , 1 960 ) .  

t tat 
ia 

Mj\k F o\•in • S alt 11 a 
w1 ,hlA the o el aio• lle 
\hro h ealol a 4 ph p�te , 

o r and e oatrie \a '• 
•t oe ll� •t•• and atabilttr 
(!  �aaa a Dd  �ebb , 1 , ) . 

All slo ul•• ••• a aatl•• 
okarc• •blob •arlea w i \h pi 

auss••ting ready a aorp 'i a 

t iou ('l'jepkaa aa4 
I t  •111 

'• ooa.tdered to haYe 

colloidal proper \iee ot 
d orpt1on <rarent. , 196� ).  

:;e.sm:•l rat GlobJl.f xe.eb•.tM - v.ea 
' M ,aaa14 tae hJdroohloride aad 

'1 M una ... la, 1aper•1oa of 
••braa• uaterlal aa4 eo 

ia4 ioa\e \ho 1 portaao• of B 
••••• \o thia ••••rlal 
(Banall&ar aad Bruaur,  196, ) . 

a\val 

ooata1a I bon4e (C r ••11 � 
a •roou .  19'" > · 
Adagrbtt P£ott&pe • Protelaa 
adao• e4 at iatertaoea have 
proN.blJ ..ntol.de4 wbleh wo 14 

aue• ru tv• or lA\r ole .W 



.. 1 .. 

boada &Ad 7ia l  •1'•• tor 
in�naolaoular -o• • • ••••• 

p�ot•1 aad fOlar 11 1 •• 

ta,•z •ole ulea s o  1 , bo eYer, 

pe \e tor R boad t 1\•a 

( Corawell ac4 !orrooka , 196� ) . 
q ia - urea i YalQable iA 

d1aaocla ting t e oaaein o plea 
prior to e leotro,h •i• which 

1a4ioata• tha t �he oo plax 

a tabilitr is epen4eat 

bld�ogou b ont1 na  (� k� nd 

1 961 ) .  

t '!'dOle \llaJ" 

bJdr pho-1o ade bat ••• no 

pelar aaia aolda oatrl� te 

a uoagl: \ a t  billain1 t" 
to14e eoatlauratloa (lau�aaaa, 
1959 ) .  
&!R• l!t�!&aa • Xat� le •lar 

ll,l4 : llpi aud lipi & protei 

hJ4ropboo1o bon�e are probaol7 

.,.., iaportant in Upo proteu 

aaooi& �loa (Cor ell a d 

orrooka , 1 96, ) .  A oa-ioalo 
deterae i ,  f�l toa 1- 100, 

(a pol,oxrethJl•a• ··�·· or a 

a lkf l  pheno l ) o oabinea wi th 

''• lipi4 ie t1 of the al ba• 

lJ. o p.M \e1a of bloo4 ee ru• 

&Rd r aovoa it f�oa th 

aa iatioa (Boanu aa4 Orieate , 

1961 ) .  

o., ....... . 

.... tq 
p at'blJ 
•• .-•• tll••• 

.... . 

(itallH 
19,9) . )  

t 



n ue .. ta ttoa , •o4 1u d ••11 

aulphate 1• e tteo t1Ye a aleo 

• ••a-ioate •• ••r,.a\ �••• 

10L ( aa •.th Qlat• al.JQ'lo-

aal•e ) iAt ot eoae Yal • •  hie 

1at•r• \hat �4ro�ho 1 b..._ 

are 1 r\aa\ to ... bra 

lntecrttr ( Karwalkar AD4 

Br aaer , 196') •  

A!!oJi!\t PrUl!• • A e \  e 
1 olu le , is ••lt iat 

(ab ut 4'0 ) 1lpids ar8 

1•pereant poesi ly b7 

pre•• \ i  ooat..e t wt th �• 

aa terial. Ll 14• aYe beea 

touad to tloat ,... one• 

7 &ad 8 . 2) .  

!11!.• ne trane ter o t  u 

allphati ei4e ohaia of a 

protei troa water to a ••-

polar recto ...... aa eaer&r 

o ace ot 1000..2000 oaloriea/ 

aole ot 012 p upa (lauaaau , 
19,9 ) .  !he Y&l •• oaleulated tor 

••• d er •••� toroe• JiYe � 
oalor1ea/CI

2 
11' •P ( CorDwell 4 

Horro u ,  196� ) .  reeu.aabl7 

the two attraotio •t ll 

..... ,. 

to• 

''· 



Loa • -

\'U te• Waal.e 

, ...... 

I.lpo•pro\eins - \he•• 

tore•• r�q�i r eatiutac tor, 

a\arlc eont1aura,1oa to 

liYe loee approao t •7 .. , 

• t• crtan t  l n  � t�ral 

lipoprote1a 11 _ a  •• 

(Oo�ell �ft4 Rorrook• , 1 � ) .  

ia •tNAtlJ' intlu. o 4 bJ 

tbeea toroee ( • �o.r, 1 950 ) .  

( Pree bl;r t.bia • ill 1nf1t.tesaee 

the aa ture ot aateri ale 

•••orbed < • • C •  fat\J aoi4a , 

eaa, ... , e tc. ) .  fhia eo 1• 

be ··��··lallJ tr e or ' • 
la\erfa • �••'•4 DJ hoa • 

saas. .. ttoa . 

u1t8., r�. 9\•l!�l• �·•brm -

Duri aeere tion , \he t t 

dnpl t ,  aa it t'oru 1a tM 

ettop laam , uar ••• • lipid 

aoaol_,.r at i ta •�I�e 

ooD taia1 1 •• • t•n 1al ._ 

ot �o1 thi• ana an 4or�4 

�•r o f  pr o ,•i.a. Oa a;prM.O 

of tbid drop le t  to ' • plea .. 

•••brut a t • apex of • 

ell •u der ..ia&l.e fl.)re•• aq 

roYi • \be oalaaa� teroe 

oauaia1 toe pla• a •• .Or e to 

attaeb. u .� 1! to �· protein 

layer ot tu 4ropl•t (Pe.tt D 

aa4 t wke.a , 1 96? ) . 

Svtaee 

aeti•• 

.... , . .  

( AoUac ,. 

la•"•• 
hr •• ,, .. 

' M Will 
net • .. ,. 

p •• t.al) .  

. ,. . 



•r!�f\•ltl R�"•aarmtiot! - Vaa 

er aale toroee haY• been 

propoae4 to e�plaia tbe b1n41Ds 

toro• oreatias oospl• x•• that 

are t d 11 fter )tc o ni.aa\1 a 

ot •i ura l oi l :lnt 'l  akia lli lk  

( fox e t  a l ,  1�) . 
•how th at l l k  �roteine oan e 

adeor�cl ont a aiapl• h74•o­
earboa eu e t rate -at thia .... 

aot e llmiu t• \he poeei b i U \J •t 

J4ropbo-i boftd iaa wh1o le aot 

•• arately oonsid ered b7 tn••• 

a-. thon . 

Cooa14era,io of tbe c�ple xit: of b ma teria� t 

are t o  •• •olub 1 �4 ln t • Yarioue ••• �--• leade to �· 

a o  o luat oaa tire\ , ta t ,,..s �u• w�rker• baYe aoht•••• 

iaeosple te eucoeae ai e hatac te 1 •1mc rat clo�•l• �raae 

aaterial btoaua• CO.J l• t  a olub 1 1 1�ati�e haa pr�Tta 

1Ul&O!lleYable , an4 •eooa4 1J ,  Ul"t e.tJtqn . tt e o lu 1 11& t.lou wlll 

re ·aue a aasbe�· of c.. lub!l�  .. vir£(; q�en tt. thn t a t eo  ea to be 

o pleaeratU"J to one ti.l�ou t� t• rather than �.,.. O•no• oa ju.et 

�a• aa •  t. 

ID new ot '5heue o a rti;e t.ic.ns u s� ricCP. of t Qe rlaenb 

nre 4evl•.O t o  tind A tce l\1.'!:' q, t' that '!!fOt1ld i.Ytt \btt eat 
OYerall aol��ilis tio� �f �� m e t •ria . •  

''· 



or 

Stot1op 8.3 
! .  �����·��YI�--�������������� 

-

.ta , .... "'• of , •• pn•••• • •  , ... to u••• •l•• .. ,,. 

aa'-rial ..... �• •••• the tat iatertaea •• a .. ••lt et �· 

' •••IAiatlaa ••••••• •  a ,, .. , .u.• at uw IIU1nll 
aol�ill•atl a ot ••• raae aaterial f �· rlala ... •• .. •• 

ratlaer tbaa a o-.para 1•• at 7 ot "- aol•�lll\iea of 

•••• a of t'U'l u rlli•• 

l!ltltAmt 
100 .. of a ... ,,... teria1 , l•olat•• r. tlae •• araltla 

a 11d• •s.a• •ltla abo•t. 2 ala at a ••l•tloa t •s.. ..... ,. 

fila alvrt.e4 aataP1al ... waall•• iato a ••• •  tt&M aa ••• •P 

to 10 � wit •uperaaat aol loa aa alaaba tor I v la • •• 

,. .... , _,..ra\1 a of protala aatui.al. Balt of t na•lt.aat 

41•pera 1oa ... aaalr••• for ait.ro1aa ooateat. t • atlaar '-11 

... pre-fl lhre• p a Jto,J elateHd al.Ma 111\ett (atak• 

\0 laY! a MWia pOH .l ... MI' f � • JO_rdl ) \ .... ... 

enplat•lr 41aa ... , .. ...... ial ,  ••• • u., ... ,lJ ' ..... . 

lo. � •later .. tl• .. filler < • tat• to ba•• • aaw1 , ... 

4la ••• et ' • 10�).  the fiaal fl l\rat• wlate eoatal ... 

oalJ that aatarlal • iela lla41 a partlela l&Mter et M lM 10 ldl 

... ••11••• tor at uoa• ., ... ,. . ... 

f11t•r ... ...d t r all a art..aata . fhe 

t'a laa .. .... 4 1 0 !!A\1'&,1 

en tatatlea t 

material t.o 11•• a Haa� ot ao1111t£.litr . 1M ........ la 

ml\l'aFJ a.D4I uab la 0 1¥ for ... ,.. ...... p .... . '" 

•o l 'loaa of expul .. Dt art e ld atta 7 whila elaaa1t.aa ••17 

tJM 41Aperaaat. 

lot• 1 a  
-····· • ., ... ,, it 



lewel for anbrue •• ••l"lale .,.. cU. "'*• la a\ve 

aa4 a oou tut •• l•• auo .. &. )8 woal later 

uueaeoa 11 ' t a\ural protela le lte lq ........ . 

n • 3 :  Wh••• �TA w • ••ed ae t.,.r••• ita at u  c•• --
• teat waa e lt•r caloula\d 01" •uve• fr 

I 

ao1ule •U.C so l»laa the reeul\a 'I cS.riaa 
\ 

laproportioa•'• ll kiah lewe la of a1-.o,.a 1 the 

flltr•••· . 
!�!!.J a Niwecea · l�Niaa• i1oa. 1' • e tel'll1 \loa t 

' 
altrop a\ .· 1• �na ( erhape '0 • iOO q. 11 b 
the t iaal aaeple ) iap ••• dlftl •lt1•• • Ia ,. eral 
t • t.ohuique 4eeor1 • •r the Mew alanA lt&A4arl 

'hoie tor Oheai al A a l1•1• t Llq 1• Milk t 

CN ( . z .s . 22� I 1969 )  WM t llftM •• ... 111•4 

to ••it miero 1atl llatloa pro ... ure . (for ••••ila 

••• • ,,. 1z a ) .  prec1• 1oa ot .�. .... �. ... , ... 

cl lloaw 41•\i llA U.oa of tu ...... , .. Mtel'f.a,_. waa 

ever. x• wu l•ar••• 

t liSt t 8HiWI thloaulphaM to re l••• ... IIOala la 

Oh• • t» t lllatioa a tep •*1 oa oo• .. loaa lead \ 

borle 14 eolutioa aad lDterf•.r• with ••b••••••• 

1\r.atloa. fhe alter t1Ye �• t • s. .. _,.,-.. le 

pro••• a n eatla tao tUJ • RHulU of etenl at 

on the oreaa ,owaera a••• the tollowiaa •itterea••• 

u .•• •• 

al, o. o, ml, 0. 05 ml, o. oo 1,  0. 01 al. S ab 

4 S.ftere cee are 1 thi the erro!" oaut�ed �,. • aeve t 

t \he 11qui4 tb.roqh th• burette u4 J.a ••••••ut • 

euet ea4 out t e 1 4 1oa,er. O.ue \le \l7 

o4 1  • lQ'popboapblte waa .at4 1u wact t • l• 



t loa lphate tor oo • r the nitr ea 

ctete:raiaotloa.e ro lattut to ":l• waalliq pr oe• e 

(Seo tio 6 ) and all ot t he !ollowi inYea t1cat1ou . 

fr atmeat tor d la peretoa ot 
ea,raae aaterial tros 

hoa e i•ed ailk. 

1 »iepa•aed iD 1 • C l  

J »laper .. d la 1M KCl + 1 Drop 
., •• , 1 . ,.,.,eat + o. o1 a• 
t�fA ( Ola lu aalt of 
ethtll .. diaaiae \e ra aoetle 
.... ) . 

J Dlape .. ed 1a ' 4ropa Teepol 
<�•t.•raeat 

4 Dlaperaed 1a ' •�opa Teepol 
+ .01 p D'f.& 

' l)laperae4 la 1• u iu D .. eorl 
thal at. (s • .o • .t�: . )  + . 01 p 
ID! A 

6 JM G*aa••taa b74roohloride + 
2-ae aptotthaaol 

1 J� Alco!aol. 

' I paealaa the Ko. � 
ti lt•r ( aaa. pore al .. 

' - 10 ) 

" 

,, . , 

�o roalllt - pr tela 
tlo ula\e • 

etbaaol ear b&Ye beea aatio tao tor1 but cou14 aot be 

aatlafa t••ill •••1J•e4 b7 K j e l4abl procedure tor at\roaea 

rooo•e•1 troa tho ,uaai41 e ar •P la ao t o p�t• (Bra4atreat, 

�he aa o  o t  ICl whioh will d iaa elate a 1Jooprotela 

troa aa\aral lat c lo�ule .. ran• (Swope , Rhee aa4 rue••• • 

1968 ) le ui\able beoauao the reeultaa\ aolu l lieed aa•••lal 

•••U l'laYe too hlah an ioDio e trenc tb tor eatt.elaet rt 

ap 11 aUoa to DEAl elluloae ohroaato,ra llJ or e l•• tro pll •••fA• 

2-Keroaptoe,l!laaol alo • ••• of ao appueat •al• a lupee \1 

t • d1apera1on wbiob eoaflr88 •• earlior rep rt (Sarwalkar 

In the abaeaeo of ••kJ'a•at �· ••�raae 



aateriala •••• aot eui tabq we tted bJ the d laperaanta eo \hat 

a • \r1a1e oarried o \ wi thout dataraaa\ laol .. ioa pro••• 

MUlqltaa , 

Dlao»!•loa - fh• rea 1\a abo. olaarlJ that •• •••a••• haa a 

ooaai4erable ••1 la laproYi 418pera1 a. Thla la ' la 

aoo�aaoa wi th pa�1ia •• raaulta ( arwal� aad ruaD••• 

"· 

l \�b) � 19,0) ud waa la\ar • on to be •• aot Olll.7 to 1\a e fteo\ 
4 ..,..-::::;:::: 

we\\1., ''• aataria1 bu\ alao to a • eoiflo reaotl a "''' �· 

aatel'lal . I t  la aot ot ""' araat nl • w •• •• al • 

Tbe •al • of ED!A ta ooa iaatl ll wi th •••••••• < ••••••ar1 

to aaaiat wottiaa ) la aotable and haa beaa praYioualJ ropol'\o• 

u a paouUuit7 et 'h• caeaia-11p14 o l••a of boaoc•Di••• 

aad paatauriaa lll lka (CerbaU.a , 1 969 ) .  Ita YalH la 

diaponlq tlle aaaeia ooaplax la alao aowa ( ft  ape a ,  KidCJ , 

J blla!oa aad lelab.,l e 1 96� ) .  Poaalblr \hia 1a4ioa••• ' • 

praeoaoa of ouela ta the .. abraae aa••rtal of boa ea1ae4 al� 

aad a 41 \1. aalll' it aq 1 loata 'ha' ID'l'A ualata d laJHJral 

t aa,.,al .. abraae aa a-.saata4 abo•• or •••• •hat ••• 

pro,a1a-llp14 ... plax ie e tabl liaad bJ loaa that are oba lata 

bJ IDTA. 

Saotioe 8,z 

Tba Iefl •!! ot H••• !R•• th• D!fpt£a1 a ot Matb£!9• 
Mt!tritla (�"!! Bf!lleaiat4 Milk 

Prootf!!!' 

The prooaf.ra ot axparlaeat waa al.tlar to that •••orl •• 

1 Part 1 exoapt that attar the ahaklaa atop the 41apereioa waa 

heated prior to tilteriac. 

.. 



a••s1!• • 

!able 2'  

o. 

. . ....... tU 
Jlo. 4 filter 

200 .. of a fna 11 
pnpue4 ••ltraae 
p�&l'att a troa 
.... .. , ...... le 
alo 1 .. ot ..... 

eau•• at.a. 

Me raae torial 
t•oe • • eaalleet 
alolt•l•• ot o-f••l••• allk 

Ill r traetloa ) 

6)  Ad4 1. SD , + 0, 01 .. 
TA , etaake , oll, 

ool ,  ti lt••· 

?)  Aa aboYe but 'llt.re 
b.ot ( abo t 90 ) 

I)  Aa tor 7 b1at beat. 
,ad t1 lton4 at JO 

9 )  la t • '1 

Dt•ts••t ea I •�• aerlea ot ree•lte the •••••• of 

.I 

.,..,0 

aol lt111aatloa lt7 • ot deter1• t a ED!A la aft.-.• wbila 

••1 .. abraae aateli a l  prepared eeparat• lr troa a 4111••• t 

allk. fbe aaterial , whea heated a o led e t..- fllt••lac 

( Expt, 6. ) ell •• the .... eolubill ty aa a ao -•••••• eaaplAt 

( lxpt. '· ) but it the aa terial la la"'" a tilt•••• ll t 

( xtt •  ?. ) tb.e I' portion that caa pase be tilt•• ia 1 ,. .... . 

ODI rt atelJ fi lteriaa wbi le t laa a ualt•• t 4••• ea. .  

oee a ' appear to • • ••11 

41apene4 at thia tea eratve ( lspt • 

.. peratar•• will lea• to eaaturatlo t •••,..• 

ther aealtr&Ae eoap ate (aa • ., • l 4leate4 bJ t • 1 • ?a l .. 

t ,.,,. 9. ) 1 a 4 t lJ' 11 ,  t • ue t •• u to ••• the 

• ,.,.,..,.. ' 0 the filter wtaile it 1a ta t aa4 eoa tal .. 

4eteraeat leada to trothiD& • i�h •lab. t t \bel' 4eaature ' • 

· eol 1 11••• rote ia aatel'ble . l t  1• ala •• ' t beatllla a 4 

ttl•••taa to ,o• •111 attll iapro•e tbe •-'••• t eol llleatl 



Ceatrl tuaatioa aleo proYidea aa 1nd1oat1oa of the reaaoa 

•hf eat la of Yalve for aot oalJ doe• a aedl .. at of 1aaoluble 

, aaterial appear at the baae ot the tube but alao a d lao t 

e ol14 white fat appears at the t op .  la pre•1o .. 1r atate4 

( • tioa 7 ) the butanol ucl aoetone extraote4 aeabrue 

powder• ontaia a proportion ot lata that are b t aoetoaa 

iaaol•-1• aa4 ot -ish aeltinc poiat ( aboYe 40° ) .  fh••• fate 

haYa beea preYi ua1J reoocniaed aa bei ag aaaoo 1ate4 with tbe 

aatural aeabra e but are probablJ aot aa 1aiecral part of lt 

( Vuio u4 D e  Maa , 1 966 • Matwaoa ,  SwartUac uti llil.Uoa, 1969) . 

Ia the aoetoae dried powder• the1 appear to proY14e a aatria 1a 
wbioh the protela partlolea are 1abe4ded aa4 thoe the prota1a 

ounot be wetted b7 the a olu 1Ua lac asaAt. Oa .. ltlac t • 

fate , puttiolea of aoe tone powder oaa be euilr &M a to 

4 laintearate an 4 1apereloll of the ro tela b7 th• reqeA t au 
thea pro•••• · 

Thia pro?t4ea aultable explanatlo tor the aboYa reaulta 

for while tat 1a J.a the aolid atate i t  looka the ,.,.. of tile 

filter aDd ao re••••• the pore a lae of the filter •o that leea 

proteia aatarial oaa pa••• !b1a 1• ladioated too bJ the taot 

that e ther ou etteot1Ye l1 leu the tllter. P att. lr alao 

the lafluenoe ot heat &&1 be 1a pa�t to aaalat \be aoti a t 
the 4etar,.at. Aeauaina that the•• act prtaarllJ \hrowah ,._ 

toraa tio of hJ rophobi liakare• wi th roteia a 14e oAaiaa aat 

alao 1ncnaae tile order ot the protein aoleo ulea (t'ufor4 , 1 968 )  

heat will tend to aupport th1a ao ,lon for the \r ... ter o f  aa 

allphatl a ide ohaia troa water to a an-polar res1oa la a 

proteia 1• ecdothent.o to the oxtoAt of 1000 - aooo oal • 

aole of ca2 ••• pe ( ka aaaaa , 1 9,9 ) .  aat.ed teape�atu.e alae 

ta roYea 4e\erseat ae\iYi\7 �7 alt•rin, the nature of \he 

aloollea toned (tlwortllJ , fl reaoa aa4 M ,farlaAa , 1 968 ) .  



62. 
YiDS eetabliahed the Yalue ot heat 1a iaproYlnc 

sol �lliaatl a a auaber o f  res traint8 are placed upoa the W87 

la • 1 h other aolubiliei · qen c an be used . I t  ie ot 

poeet-le to keat proteine tn the pr.eenoe of urea because heat 

iaoreuea • lill!lihood o t  oarbaa7lation of uiao and 

e ulp�•Jl sroupe of proteins b7 the 07anate that fora• u a 

\»reakdowa pro4uo t of vea ( tark , S tein Mo re , 1 960) . 

ruth•l'll " he • of 24er aptoe thuol prior to heati la 

ea 1 de tor it 1e hiahl.J' Yolatile u wo 14 • loe t. eae 

two "qe u u ,  howeYer , be ad.&ed after the b.eatiaa ataae 

whea required tor aubaequeat anal.TUoal prooed rea . 

eetioa 8,� !be T•t!!ig· e 21 S olu  illaation of Mt•brM• 
MatttJ.!:Y eua So4tu Dodeozl glah•!• 

ta liaht of the a Ye inYeatigatioae the tollo•taa 

aol bilieatio teohaique waa adop ted . 

. 
·JOO ., of a .. b,..ue nterial , 100 •• of S . 1>  .a . ,  aa4 10 ac 

of D!'A were tr1tuated w i t  the utter eoluttoa tl\at wu 

apprepriate t the arti ular aaalJtioal prooe ure ta uae . 

V lue waa .... \o 10 al •1 th butter aacl \he e uapeuioa 

w .. abalcea lo• 2 ... ' houra . l ts a�q ban tbea ••• held for 

u to 20 oura at ,o aocor4tns to oonYeaienoe . The auape at 

wu wuaed to '0°, then while a till hot oen trt tused at ,.000 

Thia 1an a 

tlra pellicle · f fat aad a •• 1 .. nt of tneolubl• aa erlal. 

S • 8 ala ot the ea tral o l  47 ll,uid la7er wae wi \h rawn •t 

pi tt• and urea waa ad ed to aake the ao lutiou 4.6  Molar •1•• 

•e• ot \o · vea. Thia a lutio waa he ld for n t · re tJlaa 2 

DOlll!'a • !wo 4ropa of 2•Hroaptoethanol were a44ed ju\ pl'iOJ" 

C Mlyaloa 
C aiatea\ wi th \be OODO lWiiOD \ba t U a a&ahr Of UBI 



toroea are t be brokoD a num er ot re eata w111 be •••••&rJ 

tbe aolu,lliaatioa t chaique eaplor• ao4lua o eorl aulphate 

(s .o  • • ) to wet the aaterial, to break r4ropbob1G bo 4a and 

weakea Yaa der Waala toro•• , 41-aod iua e t.hg leae 41aa1 • tetra 

aoe tlo aoid (EDTA ) to · o he late oalci.a AA4 aaaneai -. ,  urea t e  

d iaper•• k7drogea boada and weaken hyd rophobic onde , aad 

2-.. rcaptoetha ol to break 4 iaulphl4e l1Dkagea . Th••• laa t 

\wo reaa• \e are emplo7ed a fter ceatrit atioa eo do a \ reaot 

w1 \h the "iaaolu.b1e " trao tloa. Ia aclctitioll the . aol \1 a la 

waned to '0° to ae l\ ad erl'aat tat and butter p are betweea 

9 aad 1 1  d t ill• ua18 g  tile ao U.oa of ID'lA u• aae ia ta 

prote1a e olu.t1oa ,  

S e c t i on 8 . 4 

!he Vae &(11 J•i '\' Detersegte f' 8oiJ'1l!•tt+0p ff'ftiJ' 
Beoauae o f  its ionic nature s .D .s . atte ta the reeulte •I 

experl .. te _, ba u.rlaa the aative arse ot p•oteia aaterlala . 

T• l&ia iafor.a\ioa l'e latiAS to t hia )I'Opel' tJ the U81 f Dl -
1oa1c de tercent to ••r•• the a aae tuaotS.oae ae .s .P .& . la Ule 

eo1ub111eat1oa procedure ••• inveatigated . !he aoa-ioalo 

deteraeat Aa14ox 10L (an ethoxylate4 alkrloaai•• > haa -·•• 

ahowa to be of l1111ted Yalue ia cU.ar-ratob·; ot aatval tat 

110 ala ... J'UI ( BanaUlar and BI'U&De l' ,  1t'O) . 

'rrea tM a t  ot fat globul•• w i t h  aod iua <l•oX1 hol4ta n••1te 

ia the eaorptio ot lipo-proteia partlo lea wbioh aooo .. t tor 

,.,, ot ' • total ••i&ht of the -tval t t sloltula .. . r ... . 

!he 11eohaal•• of re laaaa of a uoh parti c le• la uexplai •• ut 
laok or daaaa• clue \o U.• d a tersea\ le lad S.oatad lteoaaae 

e1m11u putlc lea raleae•d troa the aeabru.e b7 ph.Jai oal 

( charaial ) prooe �•• have eia1 1ar properti•• • !he partio lee 

e xhibit aolub11it7 in wa\ar ( wh1 h eo ld lte eo tributed to t 

bou.a4 daox,oholate ) ,  �ltra-oen\rituae ae41a• tatlon haraoter• 

1at1ae , preoipitatioa obarao terlatioa wit o aas•• la pH aad 

with a lli aulphata ooaoentratlo , • 1oh 1.a4ioate that 



ao tiritt.ea ot alkal iae phoapllatue and xu M•• oxt.•aa• 

autter llt'le retuotio after r.a tioa wi t • e teraeat 

iaola•e tro• the tat alobule .. abrane an4 ....... wl tb 2J 
ao 1u eoQo ol.ate (or a auber of other U.po-pro\ela 

• lYe t.e )  eaa t • obara teriaed b7 eleo tnph Hate bow•••• 

( A lesaader and L••eaa , 1 961 ) .  

ae•braae• bee a daa •• bated wt th baoterial .. 

1968 ) .  

o •rl pbe ol) wu uee• aacl alth .,h extent of a olablltlatloa 

cloee t ap eal' to be aMat tt cU.d lea4 to t • releue of 

... ..... o•po••••• ri tlou\ loa• o f  blolop.oal u••c•l ,, 

( ouaU aa4 u.t , 1966) .  
haa alao eea treated wi th the ao -to io •••••••• aariea 

"L\llarol" ( a  pol7 JQ'8th.71eae e ther aertea ) to ct.•e aola 1U••" 

t a to ,OJ of the proteta ( wan•• , Bradford •• Mellwala , 

1 96!t ) .  

ao ·1 alt ••••re• u 

clapelld laJ'&elJ upo the eat• t of b)- ra tioa aoh1•••• aa4 1 t le 

kaowa tllat • ab eteraaata ooaple••• o • o er • •  ao tlriU .. .  

Oae o f  �e t. or\aat propertiea ot 

a -teal 4etara•a'- that oaa be uaea to ... ,., e ob 1 • ol 

&a &JprO rla\8 len ot d eteraen ta ta the h74J'Op 1le•l1 phllO 

baluee ( ILl ) .  

relate• prl..r111 to the proportio of 74JOp obto aa4 
h�dro 
�ph111• the aoleo lea . ror e yer, aatel'ial 



fbe H.LB of a •1aal• • le1tier au 

� oc1 1f7tas ibe a:ppliea tioo. of the HLB •7" t•• heweYeJ" a • 

the 4itter1 mo •• ot o t ion of the Yarioue eaalaltl•r• ter 

wbioh Y&riou• eodele haYe bee propoeed ( Nakaaa•• • 196? ) .  Por 
+1. 

exaaple , e1A7 leae oxide clertYetiYe• baYe t • proper\7 of 

hJ4roaea b�acl formation betweea tu e iher ollicle aa4 water la• 
ereatiq a hip dep" of b7clraU.o .about the • l\1 tU••• 

aate�al •t i eol�bili•atioa e t feoted �•• •• a ,.ak val • 

taatea of iaoreaain , aa length ot poly a,e \h71•�• ohaia � 

iaoreaaed (Sheraan , 1968 t Maa k&wa , 1f6? ) .  . .... 

baer?a\io appliee to t • eolubil1aat1on or a1oroao.. •••-raa• 

(SwalDeoa , Brad ford and Mol lwaia , 1 96� ) .  

!he nuaeroua fac tor• tha t  ia tlue oe ett1o1ea 1 t 

ao l•btlleait oa baYe beea recently revi••ecl ( £lwor ih1 t tloreaee 

4 MaoVarlaae , 1 968 ) . 

To a o1Qb1 11ae tbe Y riou mea'braae eate.rial.a t<»r t • 

ot •• 1AJ1f1en. 

ooaaicleraiiou s ( 1 )  Aa the .. teri a l.a  are • 'ronal¥ h7t1npb ttlo 

i 8 8e of a pOlJ'Ox;JO ihJle ne eriYatiYe h&Tiq i M4 h7dl'a\i 

propertlea ••• iD ioa ted . l t  ie kaowa that t • aoa t ett• tlYt 

aGrfaetanta ot \bla aeriee con tain a relatiYelJ •aor \ a beP 

et e th7leae x14• uni te ,  n. e .g.  (N • ao ) ( �l•ortb¥ •' al , 

1968 a  waa.oa et al , 1 96� > .  

( 2 )  le oo. inati&D , sorb itol icp�o••• polJ• 
• .,. tbJlea• de tercenta . 

( } )  •u1Mi f1era witb aide ohaiu that are 

'· 



"· 

aterioally differe nt tor mixed aioe llea that do ot paok 

tilh\lJ &Ad eo ino luai o of solubiliaate into the ai ellea ia 

taoi litated (tlworthy et al , 1 968 ; N�&kawa , 1 967) . 
( 4 )  S o  that a wide r nge o r  RL8 Yaltte e  

. 
oo•ld be tes te it as c ouveniont to oho oee two compounde 

Oa the" baaea tho two e�tule1 f1er oho:�en wen 1 

fWeaa 20 (p  1JoXJe\ r l.ae 20 $Orbi tan mouolaurate , iLB 16. ?)  aa4 

S paa 8S ( s orbitan trioleate , HLB 1 .  ) as a u  plied bJ Atlae Oh••ioal 

I 4 u triee Ino . 

Proaed!!£! tor cteteraiga!ioa o( !epropriete iLl yal!Je a  

Maabrane aateri al iso late froa eeparab le alobules of 

-oaoaeaiee4 ailk aa4 troa na tural •ilk fat clobulea ••re 

treated . The ••uleifJing -.en t4J Tween iD a.a4 Span 8' were 

diluted 1 1 10 and aixed in Yari oue proportion• to liYe a r nae 

of ILl Y&luea aooor4insl1 to tbe relatiouhip r 

(Uta f •1xture • xA + ( 1  - a )  ) 

where x ia t • propor tioo of the 8urfac tant haYiaa aa HLI of A 

)00 ac of ee•braae Nterial and 10 q ot B�A were a1xe4 

wi\h. 1 al ot the d i lute ••ulaitier , tri turat aa• •••e up to 

10 al wit wa�er. ( �hie gaYe a 1� oonoeatratloa or •••laltler 

whioh exoee4ed cloud polat la all eaaea ) .  The rea t  of the 

1nYeat1catioa •• carried ou t ae for \be lnYea ti atioa of other 

diepereaata eacept that the d i epereion wae o leare4 atter 

beatlac to 50° b7 oea triruatna at 6000 • • P• •• tor ' alau\ee 

iae tea4 ot tl lteriaa on a c oaree fi lter. 

clAaa fi lter ... ag&la ... a tor the fi aa l •••oval ot aaterial 

illeolub le a\ 50°. 
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Figure C. The Solubi l ity of Membrane Materials in Non· ionic Detergents of Various H .  L . B .  Val ues 

0, 
' , 

' , � - ... Q:) / "Cl)' / ' \  / \ (8'  I \ I \ I 
\ (±) ® 

3 5 7 

o - - - -� 

�- - - - e 

G) 

Sol u l l l l r t res of N. t t u r d l  Mt�n rh r drH� 

So l u l J d r t re� o f  MPm l u drw o f  l l o n u uw n r st�d 1 1 1 1 l k  

ISepar a i l l e  q l o l > l d e  f r  . w t r t > l r )  

.... - - - l'i"\ 
/ 

- 'V 
/ 

-

/ '+' '- , 
I W , 

I 
' 

I 
' 

I 
' 

� 
' ' 

\ 
@ \  

9 

0 
\ 
\ 
\ 
\ 

\ 
\ 
\ 

\ 
\ 

\ 
\ 
\ 

/ 
/ 

1 1  1 3  

0 "' / 

1 5  

'Et) 

1 7  

H LB V A L U E  O F  SPAN 85 TWE E N  20 M I XT U R E  



Ala , tor ooaparat1Ye purpoaoe the eauleitlere , fweea 60 
( p•lJ•qe""leae aorbl\aa au ateuate , L8 11t. 9 )  aa4 Spaa 60 
( a  r lba sa 4. 7>  ••r• ia••• •l••••• at 1.1 

�Ye la  ••• 12. 8 u 14. 9 b t t u4 \o pM a eolta lU..\1 

of .... ........ aatel'ial leolated ,,. .. ·- •• , .... �le alob•le• 

of b a aalae4 ailk. 

P1.atMtloaa 
,.. ••• lte la Plaure c • ow tba\ the e lteo\iYe ••• of �· 

a a-lo le ehraea\8 1• •• oa4ea\ •• • UMI' .t fa.o \o,.. . 

' .. .... .  

( 1 )  

Solubll:laa\lo of the aata..S.al a\ \be • t appro ri.a'M ILl 

Yaluee 1• ae e ffao tl•• .. that aohie.e4 wi\b eo41u o411Jl 

e ulp ••• · To tl'da eateat a aajor ala ot tbe iaYea\laatloa 

•••• a hu"•· A\ \her Hta •aluee Hl b111ea\loa le p • or 

aot aobiaft4 a '  aU. f • 3 .D .s . aoleo•le 4oee aot fl \ ••U 

b\o \ • Rl.l ooaoe \ ( Wlo !l 1\ eu 'M aulaae• a aoelaal 

Ya lae of 40) ••••• lu priaart diffareaoe fl' \he o \!lel' 

•••laltl••• la lte ohar,.4 •••�• · Fro. the reeulta , h ... ,. ,  

l t  le apparea\ \hat Ul e  reaotioa of \lie ... raae aaterial wl \ll 

�• a •loaio aaulaltler la ••• ua\o \ ptoY14o � 
eolu�lll-.tloa without a ooa tributloa froa • • ••• aro P• 

••• reeulu ia4 1oate \h.t the o �a&rae• p p of s .t . , aM 

\alce ao 4 1Ho \ put la the aeeoo1atiea with \he .. brua 

aa\arial. 

I t ILl ran1• o f  J - 6 eiiUlaifien ao t t aaela\ water 

la oil •• leio (Baoker , 1967> &Ad are Mabl7 h74 plaoblt la 

• �•••••• !hie apparaatlJ eal\e the atural •• •aa• • It 

aa7 be to• \taia "aeon that bta\\arfat onl81fS.oat1oD la 

reooa la•• ailk plaa'- le aoet eatiafao t rJll .. eYed 1 oaa 

of alT••••l aoa ••••rata •hloh ha4 aa BLI ••1 of ,. a. •• 

•••lalf1••• are ao' readilr die,.ral la 1a water wld.elk 

\ 



ladioatoa that tha .. rana aatorial lt.alt a.at pro•t.•• tha 

aaoa .. ar.r bJ rophlllio er pia,. t tora t oil la water ••�•loa 

of 'hie axparl••'• / 

la the Ll •&DC• 1 - 9 aaulaifiara act •• wattlac ac•••• • 

While thia aotloa la of .... Yalaa \hie oaaaot ba \ha •lr 

tuaotio •••••• b7 the aaulalflara .  

I a  t u  IILB raaaa 8 • 1'  oil ia water aa� iou ton a 

aa.lalfiar aota to proYida aulflolaat hJdrop�obio aro•p• � ta4 

with \ha a 1 blliaata aatarial aad a bich pr or,loa of 

h7drophl1Uo II'OUpa to a tabi liaa 1 t la water eupeuioa. ftla 

••• of o ••lu to the nattanl ... -..... but waa illpol"ta.at M a 

ooepoaaat of lbo ... �raao troa hoaosaaiao allk. 

Lavio a 1 la tba h74ropho io ooep zaent of "' 

•••••••tal ••••r .. ata (s .n .s . aad fwoa ao> but aot 1D ''• 

•�•••••tal dotarca t eoataia. a eixtura of fat\7 ao14a (elate 
aad lauia ) whtoh wo uld laaYa dl ftaHnt a terio oharao teriaUaa 

aa ao I ra aa opaa aioa lla \ha t w uld raa4117 iaoo,.orate 

• lu iliaata. Tba uaauooaea lul alx\.ra ooa taiaa oalJ a taarlo 

aold aad would fora tisbtlJ pa ke4 aioal lea 1••• aui tad to 

aolubiliaatioa .  

Tha 1 or\aaoa of .alas a b land of noa-ioaio ater,.ate 

le aatabltehad froa the toraaolas oona idoratiou ud tllia aq 

ox.plala •ll7 p"n• • raporte , ia which oal.J •1ac le nulaltS.ere 

••r• eap loJH , •la" o q artial • ••••• 1a • 1 billaaUoa. 

Tlle Mature ol the Sol bl liaat.e - the ua'braaa ••t•rtal 
-------�---�---·------����----��---�-----·-----

The ••••lte •how lapertaa t cli tfaranoee bat•••n tta• 

reaettl aa I ••• ranee t.r aoraal aad hoaos• lead allka . •' 



' . 

an ao1•1tlll8ed •r eaulaifler b lea • llaYiq �"' le aharaat-· 

erla\loa •• t • aaterlal fro• eaoaeatae• -'lk appar•••lr � 

aa extra o eat • lob u l»eat aolu 1u .... 1t7 •• UliUI' 
ltl.e • baYlaa bJ•• pbilllo oban.o tel'iati •• ftia . ..  lte • lalM• 

1 .... a., �at t aateriala • atala aatel'la1 of t aatval 

........ lt t b aeaiaatioa •• •• •• ddltloaal aaterial 

to '• •••••Mt. luoh aaterial .., oulat of a a HI' of 

baoti Yiq YUJl•l US nt1llM .. ata. M aOI'e tkaa 

of t • altl' sea la ao1•1t1e at low Ll Yalaea 1a •••lti 1 

••• '-•• •tel'ial aut baYe • • 1• 111\J wl tta ., ... ., le 
eaalalfl••• alae. 

rroa • lderatloa of the ••• aiaa at •••laltler eo ti a 

1 t aaa • oebla ••• that the aatual -••aa• •••nal 1taa u 

•••' M a_,l•••• et lardre b11Uo 1nupe • •• ll.Ua '' la 

water au,.ul a 4 \be tuao•t a of • enlaltle• u •• 

•••t•tr • .... Ja74Npb ltlo pcna • ._, o•plealq ' a wltla l\8 
ow a  ILJdnp._eble •••• • • ..Uorlted aatertal ot ' • 

pal•" allk oa •ll• otller hall• ia lltlr aa,4ro ll lo la 

ut re re 1llr1 .. aa eaulaltler wl t exo•Uea' properUea t 

••••r cU.apeniltlU'7 ' b.Jdrate ' '  aa• a tai»J.Uae t u  ... ,. .. , 

la ....... 

Cm1J!lM 
• reeulta la4ieate a ..... of artlallJ lraotleaatlal 

the ......... ··••rlal of ............ allll. a, ... . , .. 

•••lalllel' alatve baviq 1.1 of 1 1 .6,  aa,terlal pr••_. 

\ llave hea adaer1M• •• \a h ....... u , la re dill a 1 1• 

wllereaa atlYe ... raae la aot . 

C • ue tlr ... raae ••t•rlala .... a 1• lllae4 �� the 

I UHl •••UJ.4 • •  

JOO .. ot t e • raae •••r.t.al wd ul'un'e4 wt. tla ' 

- tier appP riate to tile partloular •• I •  0. 01 ,. l»fA , 



�. 
O. ), •1 ot a 1 1 10 d i lution of Span 85 and 0. 66 1 of a 1 z 1 0 
d i lution of Tweea 20. The procedure then followed that 

de tailed for e olublliaation wi th s . o . s . ae the reaae t .  

Sec tio! 8.2 ='h•e=-••t•f=e-=====�--==�.a&m======�--�:M..a 
»pg• the Meabrane Co•g••eata 

!he preparat ioa of solubi lised .. abraae aaterlal ino l ea 

w .. h1a1 , treeae-dr71 , tat extrao tl a ,  heatiac to )0° aa4 

i t  ia poeai le that proareaaive a lterat ion t tbe orialaal 

aater1al• could occur. lval tion ot the e xtent of auch 

haase• c annot be d irec tly aade tor there ia ao "e ta ard " 

meabraae aaterial wi th whioh to coapare . One indicator t 

aeabraae s tabilit7 is t he enayee a lkaline ph phataae the eta 

fora of wbicb ie preaent in the natural fat globule .. abraae 

(Peerebo , 1 968 )  an which a hould remain active in the 

eo lublliaed material. Thia enzyae 1a fairl1 ea a table aD 

would not ba destroyed at 50° (Jeanea and Patto • 1 9,9 ) thouah 

a • all extent of dena turation oould occur. Staple deteo tiott 

ot the act ive eaay .. woul ind icate that eevere dena turation 

d ue to laborator1 procedures hae n o t  o ourre • ecauee o f  t • 

posal le d irec t effec t of de tergent oD the a ubatra e1 de teraeat� 

eolub111aat1on wae no t a tu41ed in this •••ner. 

£rooe4 urt i  

o. oa .... o t  aeabr e aaterial ( approxiaata lJ equivalea\ 

to the we iabt of ... bran• in a 10 al saap le o f  milk havinc '• 
tat )  wae added to 1 0  al o f  oarbona te/bioarbo ate b•ffer. warae4 

to 50° tor 20 eeo nde aad cooled rapid ly un er a e treaa of 

water to air t eape rature . The phospaata•• thua e xtrao te waa 

the 4e\ermiae4 fr its ac tion oa the eubatrate d iao•1ua ara 

aitro pheDJ l phosphate accord ing to the technique of 

Aaobatfenburs and Kulle n .  Eaoh t7pe o f  terial •aa 

avai lable from three separate milks . 



ciD 
ot 

tnaya• Ao t1Y1t7 ( eapr•••• .. aloro­

II'&U of p-aitro plleaol .-alod•• ,.,. 

al of a upe l oa la a llo1U"8 ) .  

Mea raao 
Mat•l'lala 

OIIOita1 .. 4 ll1lk 
• alaor lraot1oa 

l 

Free 1J •atraoto4 

•teriala 

2,, Ita , Ita 

25, J5, 18 

Material a fter 

1 aoatla . .. ,. ... 

., ,. .,. ,
o 

18 

0 

0 

T • r•••lta c learl1 • ow t at the alkaline p pu-... bae 

�eaa rat&1ae4 tro• tbo orl aal allka •1 Y&rflal • oea• -·• 
•1' out to tal cleaaturatlo • !be a •�1 1•••1• t ea•t • 

ao t1Y1 tr 1 the Yariou pn paratioaa o ot • ad \o •• t 

ooaolaaloaa a�o•t tbt preparatt oaa ••• • \her .., -•• 11 

re llett Yariatioaa 1 o apoaitloa ot • br 

A ooas ta t ••ilht of aa torial taken 4ota aot •• oaaarllr retleot 

· a oou tu t ••1 t t ••tJraat froa tile o.ri&iaal ldlka aH 

etfioioat e a,.e oatl'ae tt.oa tr • the tel'lale la aot ••rr 

liktlr bo auee 41eperaaa M were oot wsod. ..Uaote wore 

prtPQ't4 lu aeall quantltita be auae of \be d1ff1oQl\r la 

pnparaUoa aa o•poai toul aaal1••• were aot atteapu4 . 

�a. ....... th• • •  , •• haa loat ita ao ti'f1t7 an \hia liiAioat•• 

\bat aatorial8 • o•ld bt troahlr extrao to4 before aaalrttoal 

prooo4 vaa are perforaecl .  the •••111* appeare t • abblt 



ia oreaa powder• for it could -· extrac ted after 2 70ara 

a\or.,. at •1'0• 1' la ia41catoa �t reaoti u oaa ooov d \llla 

the powdered , fat extracted aaterlale 4ur11la etora,. at -1' aad 

it ... futher been•• that iuolubili '' f aaaplee or 

aaoaaloua reeulta 4 riag e leo trophoreela or ohroaatolrap'r 

o o.ld be eorreoted bJ preparatloa of freeb .. abrane aateriala. 

Slailarl.J , naeiiri t7 lea iq to iuolubllitJ wi thla ) dqa at 

5° baa beea reported for pr too-lipid ea terial t t &ad -. •• 

fat extracted aad powdered ( Teaenbaua and folob , 196, ) .  

7he reaulta alao abow that hoaogeD1aatioa aa aot led to 

pboaphataae iaaotiYattoa. Fat &lobulea of the alae reeoyeJ'Od 

1a the "aiaor" frao tioa did aot ooou la. the oriataal ailll Jet 

tore•• whioh baYe beea euff1cieat to oauee adoorptioa of protola 

_ aaterial troa the aerua oato theae glObulea hae ot pre•eated 

ao tiYe •n•,a• fro. betea e1t er ret&iae or treohlJ adoor ed 

·trOll the oeru aloas with the other aaterial.a . 

cgolvtog 
S\u41eo ot tbe ool bilit7 eharaoterta tioo t t • aeabraae 

aateriala auppo�t the follow1aa ooao lualoaa a 
1 )  EDTA 1• of Yalue ia 1aproY1q the 4 1operet of tu ... rue 

aaterial fro• boaogeaiaed allk. Thio oo 14 arioe fr .. 

ao.e ooabiaatioa of at  leaat three facto,. . 

aatval ... raao aater1a1 aq •till be preaeat aa• e 

otruoturallJ depea•••t upon ioae that oaa be obe lated bJ 

b7 &D'l'A .., be preoaat oa the newlJ foraed .. abra e .  fhe 

toraa tioa of fat/protein 11Dka aay be otruatarall7 ••pende t 

-.poa tou that ou H ohelatecl b7 EDTA. 

2) Deteraent• an or Yalue in clupereiou of \he aaterlala u4 
an ao' tbrouch we,t1 the aatarial ,  breakina waa 4er laale 

attrao t1 u ,  breakiaa rctrophobio oa a ,  or •o• oattiaaU.oa 



------------------ --

of a. t •• Beoauae aoa-1 aio 4etercenu , at tlt.e 

pro tl' Ll Yal , are apparea.tlJ .. e ffeo tlYe u 8Mlu 

4 •••rl aulpllau it la oono lwte4 t at ohuce u aot t 

Yibl 1Qort oe t p tbie la ao t t aq Ga.at lt M •n 

�that it b.aa o Yalu. 

eat la ot Yal in 1apera1q t.be aatel'1a1. I t  ao te  

t o  1l,.ttr tattr aaterlala preaent aa laproYe the 

eauleliJiaa aotloa of the de tergeata . 

s> •• the •• raa• t hoaos•at.••• IIIJ.lk la ao1 1e • •• ltl 

reaaia1 he ol"i,al�aal aeabrua . I t  a the a4aol' H 

•• tl'tal 1• probab ll brdropll lo 1 ohara ter. 

6 )  o. the baate ot n latlYe aol• i l1 t7 tbe ataorbe• aaurtu 

a&J �· aol•bl liaed pre tarantlal17 to t • reaaaat t • 

atval aatel'lal b7 ue ot OD•lo lo ••tare• ta lt. •1•1 aa 
LB ot 1 1 .6  aad oatalaiA& b th lauri a olele aos.• 

rae14 ••• 

7 )  At a r  •�• extraotl prooeae i t  1• 

a u .. alka.U.ae p oap tu• in all ... bran• pHparati.oaa 

• tht proo• uea aunot be ae .. relJ deaa t•naa. 

pnaenoe of tbie ea•1•• . a the Ha'br or t • aaal1eet 

eaiaed allk 1D41oatea either that it le 

a t 4eat�ore4 bJ t • prooeea or that it  o 

troa t • ••raa • bat ueatl7 to t • h , .. iaatloa. 



Ch!raoserlaaUoa of 'M I£!!Ji Mat•n•&e 
'••&tti4 11u '" YHt.at !ftbnu• 

Ctaaraoterlaatioa t tu pr tela .. teJ'iala •• ,.,., ... 

1»7 two rlaoip&l , • .._1quea. !be aaterial tba\ ba4 beoa 

aoltab111Mcl 'ri tll l aio aact wit rao •i 1 o\erpnb waa 
� \ 

tra tl aatecl '»1 uo t Did (di ethrl aat.ao ) eo11uloee 
ohr atoarapbr cl She traotloaa were ehaokecl t r pGritr ttr 

aoanal.. at ultra•l let waTelaa&tha. Ala e leo\roph •••t.• 

polfaorr�lcle aa 1 waa ue to eeparata the pr tel of tu 

• rue •terlala an4 ot tla• tJ'aetloaa. 

4iat1a t pr rU.ea of the prot.iu 1 the obua• 

• aa ao l f1a4 bf l.Halar a1H 

aalde ela \rophoroala . 

n. rtao.lplt of IOpUatloa bf ool 

t at .. 1\lpla eleatroatatlo boacla to.a betw .. a o�C 

ettoa a tile acta �beat aa at.too boarla op ita �-•• 

oa the aurta e ot t • prote • B\UIH'I of 

"quiroct tor nle•• t 

•• a4e • a t e protala '• oharce cteaaltJ , the pr tela '• 

ohart• dle tributio ( where 1t atfe ta ''• aYal1ab111tr of 

ohar1•• to • a4a rbo4 ) .  Oa caa1 

t roea .., Plar a part. 

Pro o1u , aclaorb•ct oato sr v.laa of the IAE oaUv.loae , 

are relaaa b7 a buttered e luate oatal laa r rea•t.•elr 

1 oraaaiJac 1eYela of eoctlu oblorUe. ne le•t at.roaall' 



boua4 proteiaa 4eeorb at low aodiua chloride eo entratl 

and t e aore atrona11 boua4 protelAe are rela .. e 

· procreaalYelJ ae the ao4iua chloride coacentratloa ia 

incnaaed. 

flow of utter and can be .. aaured and collee ad for turtber 

iDYeatlgat:l.oa. The seaeral taohaique haa been wall 

4aeor1b�d b7 Peterao. and Sober ( 1 962 ) .  

T ,' · te �lque oea not appear to haYe beea pnrtoual.J eel 

ill at 41 ot Mabru.e aateriala thouah ion-exohuce reab 

cbroaa\' raphJ in t • eteraent Trit l-100 � .. �eea •• 

paPtlJ • ooeeatullT to purifJ the ... rane roteia of 

.L. � (lea eciJ • 1969) . !he apeo1t1o te bal • eatla,ecl 

ia the prea._t atud7 baa beea aucoeae tallJ uaecl to eeparate 

ud oh.,.aoterue uaiu (Th paoa d lid 1 •  196 .. 1 fhoapa •• ' 

1966 ) .  · It  waa aaau•« that auoh a technique a o1llcl be 

aati•f•ctorJ eoa e caaeia and/or other ailk proteiaa •' ld 

be acla rbe onto the tat/aaru. 1 tertace as a result t 
I 

homo a8iieat1 a of • ole llilk and the•• proteiu • auat • the 

oriai of the adaor eel ... bran•• ot the artificial 

prepar�tiona. l t  wae further aa•�• t t auoh aatariala ,  
I 

oe e�lubiliae woulel eh w adsorption pro ertiea a D5 

Thie ••uaptiora appear• to haYe beeA ucle alao ln inter• 

preti� ; \h free bouadarJ e lec trophoretic patteraa of 

"alpha�aaeill" a 4 "beta•oaaeia" oa •••�»raae aatenal t 
oa a•Dl•ed eilka (Jackaoa aa4 BI"Wlaer, 1 960 ) .  

' '. 
Slaoe th� preeeat et 47 ._. initiate a teohai •• t r 

aant��atiYa 4eter•1nation ot oaeeio oapoaente a D&AI 

cell loa• after alk7latiou of the protein haa been 4eaoribe4 
/ 

• ... .,, to giye •atiefactoi"J reeolutloa of the o 1ll 

o oaeata but quaatitatiYa atudiea of he o po eata 

uai .. 2-.. rcaptoetbaaol wit un-alk7late ... plea ••r• 

iaa�ffioientlt praoiae , tor emall peak• of aeterial that 
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wit t-e reeulta . !he •1• ••• uae4 ia tbe preaeat e tu4' lDola4 .. 

the uao ot 2-aeroaptoe,haaol 4ireot17 aa4 • lateflpreta\l of 

rea\ll.t8 na t allow tor tal• o aenatioa. t' .... ••"' at ut 
aahriallt •• ueed ia the preaeat a ta4J " beea e lot .. w P.•• 

aeu auU \atift iatonatio about the •aria 1 of ouaia 

,.. •••• ••rtaa t • ailll p odutloa aeaaoa ( deN , 1 70 ) .  

,,,, .... 
Mater1al8 were prepared aa tollowe : 

latter waa prepared in ulk an oontaiaed 0.01 M �aaole 
aed ' • '  M urea aad wae a4juete4 to pi ?.o. 

UNa • latiou wer • • up to 6 Molal' , fi lwN to reaoYe 

1apvlt1ea , aacl paaae 'uo h a oake of fS.lle DIAl oel l � • oa 

pn-awollea ) waa pnpu•• u atS.palate41 1 \ • uadaot n .  

f • ohroaa\ •••pbr w aa  pert rae4 .. t 11 ... , 

fore aaoh ... \be oallaloae aatertal ... •1••• la a1k wl\k 

b tfer 1od allowo t aettle , the •fter 4eoaa•• , aa4 trea 

waa r• eatt ·••••ral \laea \o 

naoft all p tela aaterial a e 11111 hlorlde t a\ o 111• l"eaala 

tN• el:U'lieP •• · !lle alUI'J of oell•loe• ••• thea r lata a 

•••••• ehroafloa ool (20 u 4:1 ... .. r • .500 .. leaetla) 

paoked b7 ,aeplJll butter o t 1 t for 2 hours ulq a ic• 

,.rte taltlo puap. 

fto pn an • le ooataia1q JOO q of ••rue • el'lal, 

fNall17 al•• • l *  1-aeroaptoe\h ol , waa ,..,ed oato • top ol 
the ool.... fk1a ••• followed b7 �Iter , .. ,. at \he rato ot 
'' ·� vr froa a 2 baaber sra4le t 4••1•• (� al � tter 

2 4n,. 2•ae"aptoethaAOll � •1 'buffer, 2 4ro,- 2_..1' aptoe,a.aaol 

aDd • iu o 101'1•• ••e p to 2 • lafl )  wb.iob fed a liaeul.l' 1 reulaa 

• 

.. 
... oarrt•• ••t at t • teaporatare for abou� 1 houro ._..,., whS.o� 

t1.. \•e aod1 o lor14o oo oeatratioa la • ii�tr� roeo •• a ut 



1 . J  Molar . The e luted proteia aolutioa wu aont••• a• 

80 aM bJ paaaSaa thl"oqll a Unlou (SP '00 aeriea i )  apeotr • 

pkotoae ter eqvippe with four t low-thro ab oelle of •ar11Dc 

patlalerastb ( , .  a .  ' arad 10  - ) . t'lt.e .,.. ,.. hotaeeter .... 

pi' ,....... to reacl e••r1 ' •laute• and wu oo plecl to a s.,. ... , 

reoar er ( •o4•1 Slta ) ••t to reoord , optloal 4ea•lt1ea betw .. a 

0 ucl 1 .  Tbe e lute thea paaeed to a Glla o •• uea tial lrae tua 

oolleotol' , •• • t aolleot ' •1 ••• lee . 'l'h1a proae4u" 

as alae ' u... aatl 

aa eYent ••rker ldeatitied the poiDta at whio1t. the traoti n 

oolleotor •o•e4 the \u'b•• • 

!he liquid ooatainiag the fractloaate protein waa �•ll•• 

ta•o i te  trao U.ona and chlorotor• ... a eel .. preee:r'latt•• • 

ao trao tlo wae 41alraed at �0 tor ) d.,a , aaaiaat tou� 

ob&a�•• t diatt lle4 wate r ,  to re•o•e • fter. file fra tt aa 

at this etace had a Tolu•e ot abo t 20 - � ala (4epea iDC 

tlle alae ot the oriciaal eak ) ucl ••n eoaoenvaw '- altos\ 

' •1• b7 plaolq tn. o loeect clial.Jaia baa into a aaall ju , 

aprlokliac polJ• thJleae 1l7ool oYer i t ,  o loeiaa the jar , aad 

boldtac a t  �0 tor abou• 1 �  houra . late� ••• •�••• o�t ot the 

dialJaia aa 4uriac thla pe rio4 an4 tbe e o  oea,rated ••••rtal, 

preaerYe4 with ohlo�otor. , wae e l4 la 1 oa. M Cartae7 ••••1•• 

.. ... .  

At a oaYenteat tt•• ( al••7• w ithlD 1 week ) fraetio .. were 

eeaaae4 o•er \�e wa'lelenltb range 2'0 • )20 aM lA a e o-... D 

reeor« iaa apectrophoto•• t•r to lnd toate puri\7 of \be trao ioaa 
an4 to 1n41oate which f�ao tl oaa eo '•1ao4 protein. rra• ttoaa 

were thereafter he14 at ,. ia the preaoaoe ot e�lorotora for 

e leotrophore ,1o iaYee t igatloa. 

»t•o••ttl 
Maj r 41ffereaoee be,�eea aeabraae aaterlala aa4 oaaeta aa 



pr tolaa •••• not adoquato lJ 4oaorbod at • 1¥• o'l ri • 

eo eo tratlo of O.} Molar w hich 1 • tto tac to•y t r o .. eia 

aad oo aequeatlJ the • of a e 41 chloride sradieat hat 
r e to 1 . 2  M wu 1ntro uoe• . IYen at tl\ia level t!l re 

ap eared to be pr te1n a till edaor to the e l luloee. 

baerYaiion auat 1 4 1oate that the ma ter1 ale , as a ola 1 11ae4 , 

are au aore hi lr aosa iYelf oharged ban the aatt•• .... , 

at pH 1. 0 ( •• seot1 n 1 0 . 4 tor further ta,uaaloa ot tilia pout > .  

Vrea tor uee ia thie prooe d ure ia au-jecte4 t o  a e ioalaatloa 
O t: A E.  

atop b7 p .. eias thro h a  o4 o t Aoe ll loee . 4 deioaieati 

a tep t. aaid to lap�••• reeolutioa ot rote1a ooapoae te 

ncluoe the Ulto 11hoo4 of a.rb Jlation t �sine 1 OJ&aah 

ioaa ( �h paoa, Qord a ,  oawo ll aa4 rarre ll , 1 96� ) .  

Conooatratioa of �ho trao ti oaate& pl"oteiaa waa 

atorial 

hi a the clial.Jaia •abr ane . PolJe thJlelle c l.loo l ,  a W&Jq 

llak1 aubat&Ate wit aoleoular wolsbt ot 20, 000, waa e d .  

t la prlaol ple b • been uaocl tor concentration ot eaa,.ee • 

ao eYideaoe of 4aaaso to the ena7 ... ••• • • t.4 (Ko a ,  19,91 

The te ba:Lque wao e iap l1f1 b7 re td S. g 

• 4la1Jae4 pro tein rrao ti 

roaaia .. wltboQt oeal i llt7 of ooat .. laat1oa. Re- • of t • 

pol,.t.b.,y�fte llJOOl -ttel' I"J' l  8 1 hea'lq b &a OYaa a\ 

IJQ0r ••• ao• 111 praoti•••· 

Preeerwatlo sgaina t  �. erial ao tiOA ... aobie•• bJ 

old1 tr etioaa cold and by a�ditto of o orot ra. olu • 

• 

• teehaiq • •• dHcrt ed ooa:atai •o1 atepa ud ia tl .. 

uualna eo that oal1 two or thl'ee eaaplee wepe haa le• pal" 

•••k· Mi r 41tf1 u ltlea au h •• eohaa1 al 4efo la could 
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41ftio\ll. k •to • A• •m u ..... 1ale 4 i \lall7 

en ,,..,.,.� 1 •npU•••• . it wu ao .. , · 111 o•••• to 

•�p11eate iad1Yi ual ru th lk hia ... oo .. , 111 �led 

out to oh eaulte ••• 

J.nteJ'pr•t 

••17 •rlr la the elutt. a thrn (He pa • ? ) ht thia 

a taaorn ia atwUea o f  oaaein for '' on lAM o •'• 

&A •• apparen,l;r clue to •• r .. e\ion of i• .. r.Oapt tba 1 ft 

• a�t ot the bo tt•�· I� \be p•e• \ •'u4J \ • 

uk 41d oa o uio o a 

phoreeia an U .  Y .  • a!Ul1A • ao l t ne •• 1 ft4 • 
-' 

r the f,.etiooa .. paret•4 1 oh to..-p 1 b oaua• aa'eriala 
naa atatla.r barC• but di fferent l•cu.lar aiae oaa • 

• aeoo t• t a  o.,i41 onnll p\t•r 

• 

priaoipl•• t aone eleotrophoreaia ill s-lA an la 'h4t ,._. •• • 
ot  urea •• b•ea recea\11 4e&Or1�ed (Poollk t 1966 ) . 

DialJaia of tk• t.r.ot1 sated material• • baai4 .. r• Y1AI 

batter • wo 1 be U.kelJ '• ,.. , Ye .6 • fl • .& • 11'011 pN\e&af, .n .a • 



ao. 

a fter \he n l.a UYe17 abort d ial7aia perio4 of three 4•18 • 

Coaplexee form bo tweea pro tein and nca-ionio te teraeat b lend 

wo ld aot haye al \ered in thic faohi cn bee aue• the lJOx1• ,htleae 

tail wi th eoleoular w eight of 20 . 000 would be I' talaed wi thla 

tberetore 1a oharao \erl•ia the pro e i�detersent ooaplaxec 

aa aot mere lf the prote iaa . 

The 11atvral ��ea'brue proteiae of ailk have beea pH1'io\&elJ 

ohal'acte rtsecl b7 e lec tropho�tds and 2 or .J co•poaeate lA the 

aaterial ha t 1• s-eadi l7 e olu.b le have be en d• teo tecl (Pre tic• . 

1969) . the Mllbrane JD&terial o f  bol!ogenieed alli haa Mea 

aubje o t•d \m free bound ary e leo tro phores ias but the Yalue of 

tbeae resulu ie limited bec ause the resolution aohleYa'ble with 

tbia te ruu,u ia ot great C .a runne P ,  Lillevio • !rov '  an4 

D.aoaa , 1 95J a Jaokaon and Brann�r , 1 960 ) .  The uee t • • 

e leo trophoreaie on e �cb mem'bran� �ateri ala ia liaitet either 

bJ laok of 11eab1'ue sol'l&bili tJ or 1>1 t!lte fac t tha t utual tat 

lobule •••braae protelaa mat be e o  ��· th•J do aet all· eatoP 

the ee l. S tarch ge l eleo tropho-Haie haa be en to • to be 

uaa\ia factOI'J but use ot pol,.aar,.laaide ge ls in th presence of 

e terse a te 1e re aaonably e t!eot ive. Even under these o on41�ono 

a proportioa ot t e protein ie too larse to enter the gel• 

( Harwalkar •�• Branaer , 1 965 ) .  

Deep i te i te potential the ue e  ot polJaor,laal4e sol 

ele trophoree ia to eharao teriae 4o te rse n t  a oluh1liao4 •••braae 

material haa not be ea re �or ed tor OJe tesatio uae 1a e t8 ieo of 

the ailk tat sabule metlb soane • R .. ) .$; . e olub1li•o aollbrue11 

h••• beea exteaa 1Telr iaveatiaatecl by aon.e ele trophoreeia 1 

a t• 1 o t  er1t rOCJtea (Roaeaburs 5nd O �idot ti , 1 969> . ri'b .... 

{Shaplro , S •hartt, Kaiee l and Uar, 1 966 ) , poli oYirua (s .... ro , 

Ma1ae l aa Darnell, 1 �'� ) and t � e  bac te rium �•a-!r1ohla !!A! 



tbe ae•�raae ••••Plala are •ore eo• letel7 eo lu,lltee _, 

deteraeata thaa b7 otber dieperaante an aubaeq•eatlJ ci•e a 

rea ter oua•er ot e lec trophore tic band• th n oan be 4e trate 

with other d 1apera1 oa aethoda . ReooYerJ o f  9Jj ot tbe rtataal 
ce mbr D protein o r  ade nowlrua atter Q ,D .$ . -soluoiliaatioa ... 

p ly ceyla id o ge l e leotrophore•ie hu beeD ea tra\e4 

( •1aa1e l ,  1 966 ) .  1 t is ra-co n e<i th t uoh ball a J'epreae t a 

pT'ote1ll/f· . n • .r. . complex an� to thi.e exten t. o no ' repneea\ tJa• 

ori,tnal 111aterial. t-or uee aa a �ool 111 o e•pua\1Ye a\wU.ea 

o the ature of Yarioua .. abrane prep&ratio tbia • nat••••tloa 

need aot t.e a Ullitatioo. \'ha' 1a �o aq the ablUtr ot *• 

materials to form protei�S .D • •  eo plexe ooul be 41at1 otl•• 

prop&rt, $f the m teri le and thia �ropert, a&J well • eYideae.. �� 

t no abi li ty of the oo plex a to ai r te iffe�a\lJ oa p 17a•rJl­

a�1de go l e leotrophoreais .  

the uae o f  proteiD/ s . o .s . oo.plexea \o i n  ioate the 

aoleou ler weight ot uaknowa roteiaa an4 po1Jpep,14ea haa � ... 

propo ef . I t  has been susges te4 that the tora8ti a er � 

prcteia/S . o .s .  comp lex mini11isea natiYe oharp 41fte re oe 
be tween protein• and co.nse q_uentl.r a ll protein• •t«rate 

ion• ot appro x1m4te lr the � ame c harge beea ee theJ take the 

d oaiaat ing charge of t he s . n .n . icae . Poly crrlami4e 1 

elec trophoreaie o f  the complex ahould oouequerttl7 snow ��tis•atloa 

ra te� which re dopend ent m er$ upon the re tarde tioa of aicr•tt. .. 

y ·· gel ere 1 se than by pro tein charge. oa thi• buu a 

re � ti onahip b t'e n aol$ :ular we igh t an4 re l t1 • _a1 ratioa of 

tbot e ap lex has be en p.ropo eel (uhapiro , �ln.ue l& 1  Ma1ae l1 1967).  
1• teebai que has e e a  eeplo7ed t o  1a41cate the M . � . o t  a 

protein 4 !8sociab le from • h• er7throc7 te mec raae (Maroheal , 

S teer , roh .. 1 aad Tillook , 1 970 ) nd alao tor the m .. �raae 

pro t e in  i Eac�riohia c oli (lennedJ , 1 969) . Tb• applica tloa 

ot the t•ohai' e to tbe trac ttoae separated by DSAE ohr .. a to rapbJ 

appear•• 'o be ••r1 e xcitiag but . as will • hown (6ee t1oa 1 0 . � 

i'a re liabili ty ie open to d ou t. 



•• 
!he • l•o t•opho�ea la ot •••bra • pro\eiae treate4 w1\b 

Deta•ioftlO detergen t• hM been leaa wJ. • 17  eaploJe4 . 1 au'Oar 

ot &Q\ho� < • • I• So u and Orient• • 1961 ) ha.e ,uoted wltb 
approYa1 an aupp�ted a tate a� tha t non�lo io de ters••'- are 

w�thout •tfee t  on protei .. ( Putaaa 1 1 9,, ) .  Thle ta no\ \�a. 

tor lipopro teine , ��� �rito l-,00 al ters t • lo ••rua 

lipoprots ina •• that their e lec tropbore tto •• ilitr 1a atare� 

a• l is alte�• . I t  w aa o�nsid . red tb�t the eJ. \e of at\aok le 
tbe 11pld 11ot•t1 anct reeto•al o f  U.p 14 oau n • •I 

e lec \rophor•tio mobility (n oan aL4 Ort• te , 1�1 > .  f ia .., 

ao\ b• \he eo.ple t e  re.aoa b�e ••r tor n� toalo polro .. tbJl• .. 
rie terg�a\a al•� al er the el�otro phore t te • bl li\1 ot a a -.r 

of pure { cry•tall ed ) pro t ins when s ubjeete to p per 

ct eta rge 8\S rea lta io a srea &e� so l•ation o f  tb� pr�tela 

atole ale llae beea propoiiCJd and thi.a offe o t  B l tera it eleeuo­
phore Uc pl't�pertiee ( tlowoe» , X othl.er .and 3•rr1aux , 1 961 ) . 

Solubi liaAtion ot huaan red cell �mbr •• b7 1r1 toa l-100 

h �.• 'be eu touud pr�ctioab le aad Si••s prote iu thc1t l"ee • t 

e lec t� paoreeis , 1 thi� teob�tque 12 t pro te1a 

baa4a h ve been d e t o a te4 ( Sehneid&r-aD , 1 96' ' S ahaei4ereaa ... 

J' �,a , 1 S·6a ) ll�lioh o ollp!Jr•• • i ta 1 5  - 20 e o•poaeJtta ••••• M• 

• en tnia ca\e rial 1e eolu 1 11•• w ith s . D .l . ( I  en-ura 4 

Guide t U . 1 969) . 

incH ea tea • • 

poteatial u• ot p oltacrtluide 1 l a leotrophoreaiiJ of •••••,.••· 

••lu 1U•ed tat e;lolntl eab:rane 0 t  ao:naal and h en1••4 

ai lk& io oharao teri�• th•• in • a4na e r  ft o i  r•Yleu•lt a\ teMJ\ed 

an« t.o an •xte !'lt. no t p.r• Yieuel1 aohi� Y•4 • 

P£��j!£� 
Tbe equtpmunt ��ed for d t5o a le a tro,ho�esia � e • utaot.,•• 

a t  the Un1Yerai '1 anJ onera.l ly f ol lows th� �ls.a. outliaecS b7 



It ••• ouplod to a Sbaadoa 
J. 

tria (I aabo - 2 hJ4rOQ1I•th71 po au - 1 1 )  lol)/Borate/IJ)tA 

b tter at p 9 a the � poJ.7ao17lallide/�. ' M area .. 1 u 
, 

deaorlbocl bf fh aon , lid f e  JohDatoa a Weia .ra ( 19 � )  ••r. 
,. ..•. 

polJ&OJ'flaalcle u preaor1be4 7 »ana ( 196,. )  b \ o a iaiq ''­

trie/b ra\e/ID!A stter waa prepared a ••• 'h• ... 11 po" 1e1. 
0\herwiae \he •• haique wae that deeoJ>ibed b7 DaYia ( 196' > ·  

Suplea of wh le •ateriala were prepared t a no• t]¥ 

fa\-enrac\ecl pow4on (e .. .SeoUoa 8 . � ) . 2,0 111 roUtr" ' of �u 

aelatt.oa, or t tlae oa ea tl'ato4 DEAl fraot1 u ,  •• loat•• u 

\ \be top ot the sol oo111111l ucl 2 lliorol1v•• ot 2-aaJ>oaptoet 1 
wae a44ed '- la an a few clropa were adclecl to ' • b tt••· . 

luplea were ru la dupU.oate , a\ l.eaet, u wan ••er h•ld 

ia vea tor aon thaa J hove. 

a .SO 111 l'oli ve auple of oaeela wu l'aa aa a he•k ••fen•••• 

llleotnpkonala . ... uriecl ut a\ ro wa,.P\llft wltll a 

atab1Uae4 el  .. wlo ourre11\ of a • up per '"" ap lied f 10 
IliA ••• aa4 \llea iaoreued to :J a Aap per t be tor a tu •• 

aoakiaa the aela iD 0. 2% aalclo 1aok la 11 aoetle aai• for JO 

111 utH. DeooloviaatiOA wu aellieyecl b7 a ue .. alye waatd.,. 

la aoet1 aol4 for I • J •r• .. til olear. 

r•oonecl 1 clrawl \ ea t baa4a ••• oo"lcl be aeen while 

atlll tnah t r • lal'i\7 of and• •••reued alter • '  .,. 

lA '•b•• ooa\alaiaa ,. ••• •t• a l • 

»M••••e 
e teobJ:dqu cleeori eel u bee ae4 tor eaaela , • 

pr 'ela, aad \be Yuioua ... rue• aad • rue prepara,to .. 

aacl aa•e re .. oaable auoo••• wl\h all. Varlatloa of \be 

ooaditLoaa ot ele 'rophoreaie •• &1•• ole&l'er aeparatloa •l'h 

.., ae aa••rial ala t be poaaible b•' the ala f the e t  J •• 



to e apare all aateriala ua4e� the aae ooad 1t1� of 

ia••• t icattoa ao •••• laok of e larltJ waa uaYOi able wi th 

auoh a wide Yariatr ot protela .. teriala . T DIAl 

trao tloaat .. uterial OOUtOalJ saYe a har b • ud .. '"••• 

were ooM14ore4 to be tu "pun e taadal"CCe "  ia whloh protela a 

pr tela aaeooiati • .... aYo14ed tb• oadi tioaa wore oboaoa 

to au1 t thee• traotioae .  

!he • •  o f  bia/Bonte/&DTA butter ., .. ohMea la 

..... 

protere oe to the dieooa tiauoua Tria/HCl a rrta/Borate ••tter ot 

DaY1a ( 1 96' )  Meaue it 1••• 4et111itelJ' o learor baade 4 a 

........ ....... or baade. fh• • ot a •s.eooa\lauo .. - tter 

•7•••• b.. a partio lar Yalue wbea .. s.ac p lJ&oi'Jlaaide ,.le 

( Po� . 1966) aa furthe1'8or• it iatertered with eaparatioa 

baoauee a pretola oo11p0aeat ot \be aatval aoaiN'u• alcra\84 

w l U.  \he Nrate bo• ar, aa4 oould aot be ie \lqda •• t•oa 

The S..p rtaaee of ED!A lD 41eeool atlac 

... ,..... aa••rial hae alreadr beea a t.d aad appar•••lr \bie 

la tne dulAa e leo troph reeie aleo .  the Yal• o f  ID'!A la 

the •natter t r oaeoill eoparation hu beea aatab Ua d 

(fh aoa et al , 196, ) .  

!he tlae a ll .. e4 tor eleotr phoreeia ie ooaao 1J 

ea tab Ualled lt7 oDaonatioa of a a d of Bf' orea 1 p le 

whioh whoa ad4od to the eaaplee tor.. a hi blJ aoltilo Yielblo 

aad &bead of the pro tein aad e loo tro,horeeia oaa be atop • 

after thia band hae traYe lled a oo a tan t  4ia tanoe . 

t the Id. ratioa ot prote s.n ooaponeato ou be oott,.� to tu 

aS.aration ot tb• 41• to eetabliab a relat1•• •• 1 11\7 tic11N• 
la tile preaen t a tad7 aroa oreeo l  purple tone• oal.J a dl ttue 

band who run 1A tbe preaenoe ot deterseat and th1• pra tioo 

eaa not ooatiaa••• Reoorda haYe been kept 1a tor.. ot 

dla taa • alarated duriac a aet period of e leo trepborHie u• 

+ 
tlcur•• appear to bt acourate to • 0. 2 ... whoa o par 

•1srat1oa 41e tano•• bet•••• •• le .  s� ••• lea , • •  , •• s.al17 



.,. 

\ oae arr1i&l s . � .a . raa •ery rapidlJ wbilo o\kere , prea.aa-11 

the 1ar1er aoleo lea raa ••r.r elowlJ ao the \iae of e l•otr • 

'Jlor•ala , whiola . waa aoraall7 60 ainutea , ••• YVied froa ,.0 • 

90 •1••'-• whero.-r 41tficu lt7 • to d ia de teo ttaa baada 

tro• frao ,loaa\o4 aatoriala . 

� a441\lo of � . D . & . t o  the gel aixt re baa �eoa 

reo ue 4o4 ( arw lakar u4 Bnaaor , 1 96') -ut tla.U wu DO' 

fouod to be of •alae la the preaoat a t  1 aad l\ lo prea .. o4 

\ha\ the uee of EOTA 1a \he •Je\aa elia1Date4 the .... for lt 

la aou ••7• fte Wt e  of 2-•eroaptoethuol ill \he ael aiatl&le 

waa alao foud t tM uhelp ttll aAd i t  aq -e t t \hie aatarial 

••••• tat the s• l witk utter d urina 'he o leo trop� •••1•• 

Atteapta ••r• alltle to a td.a 11poproiaiu w itb fat a t.a1 

after e leotrophoreoia . s aa laok in propJlea. alTool ••• 

uaed tor 2� hour• aad \hea \he se l waa dec olouria• wi\b lJlOl 

aad the reaultaat ·ahrunkea a•l ••• •••• llen ia '� ace tic aol4 . 

fhis a,at•• waa part1all7 e tfeeti.Ye ia e taia1f18 aterlal fi'CMI 

,... utural ... bran• but 1 t leo le\•• a dlftuae oraaaa• ooleu 

with the de terseata which ••• c oatu•tna • I t  lad ao Yal .. 1a 

cl 1et1ll8uieJd .. q th• ooMpoaeate ot tb.e hoaogeniae4 •atel"ial aor 

t • d1aeoo1•'•• protet�sns,  trao t1 aate4 aaapl•• aD• a o  ... 

•••a\uallr 41•o•at1n .. 4 .  



S e c t i o n  1 0  &h• lff:ct of l>rt•rsret. JP'' Pt•••+• Mateqal 
To uDclere taad and iDterpre t the reeulta ot the reaeat 

atuciJ 1 la tlrat ••••••trJ to appreoiate thr ao tioa of 

86. 

I 
clrterp \a upoD protrla •t•rlal.At ud to appreelatr tlr tJp!t 

of eoapl•••• that fo.. betweeD proteiD aad cleter1••t cl 

whiol are to be ellarao teruecl 1 ohrout raph7 aa4 • l.t  tro• 
l 
'· 

Partioelar iateree t wi ll be at••• 

to the aotloa of aotiua d oclecJ l eulphate (s . o .s . )  aacl •• -1 aio 
\ 

1 0 . 1 : The tottoe of Detrr1ent• oe '£'''lee 
Yhe aotioa of deteraeDte •• protela 4ena turaDtl haa beea 

reoeatlJ 4iaoueee4 ia a reY1ew ( !aDfor4 , 1 968 ancl ' 9?0) la 

w ich there 1a DO auca•• tioD that cle ter.,ata reak oheaioal 

boacle withla protelaa but there le eYideace of t • ooo.rreaee 

The o oao luioa clran 

le that Hpro telaa are partiallr uafo lclecl after oaat.ratloa 

b7 oteraoata aacl that exietlal ordered resio a ,  or •••lr 

foi'IH •••• , or poeal'blJ •••• laolat,. llJdroplaoblo aide ohd.u 

eaa laterao t wi th the hJdro . llo'bic aoietiet of tll! claterceat 

!be aatare of the d eteraeat aotloa ap eara to be atepwlae . 

lDltlallJ a eatiYe protele aoleou l• bleda a clla tlnot a .. ber of 

deterceat aoleoulea • 'b7 oae ucl thle ... _,,, la a 

Be ta-laotoslobulla blade 2 

or ' ao leoul•• of de terseat , probablJ la a tai l-fira t aauer 

aa potal'blJ 'b7 Yan cler WaalJI tJpe of ••• o latioa (1111 aacl 

Br1a&• , 1 956 ) .  A e ite tor h7drophoblo bla41na which la able 

to lacl b taae exiate at the eurfaoe of beta-lao toalob lla ,  

aacl le pro'ba'blJ a elaal• hJ4rophoblo re1ioa ( Wiabala and 

Jlacler • 1 966 ) .  

will 'bla4 1 0  aaloa• o f  allt7l tulphtte on oae or •r• ••'• of 
altee (ReJaol a ,  Berbert , Pole\ aa4 S te iabard t ,  1 96? ) .  



Different a ora of aitea on thia protein ar a..tlablo 

to cllftereut 11& nda and those ha ina loncor hJ4rocar a tail 

leq-\ha bin4 · ore atl'On817• JJ"urther the b1ndlq ot neutral 

liganda ia p dependent ( Ra,- , Ro1nolda , Polo' and iteinbar t ,  

1966 ) which pr�aumabl7 lnd ic tee that eo�• a itea b eoo•e 

acoeaa1ble a pro ein aonformati o� alt•ra . ' hi�• the 

hydrophobic moiet1 of a number of 4 ters nte contribute• the 

••3or ehare o! the bin4in , th vttect of ooulombic force 

troa anionic d ters nte do•� provide a �ubeidiary contri bution 

to the biltdi.nc fore s ( Ra,- et al . 1 1 966 ) .  lni ti.all1 • h weYe , 

ooulombic foroee euat be relatiYel7 e ll tor the nes&t1Te 

4et�rgent io� would haTe to i nd t o  th� protein ion whi eh �� 

a net ne ·a ti v� oht.tr e ,  ( I t  the paaotein haa net p 1 ti V«> 

oharae , ae at pH l evels below i•o electric p lnt aDi ale 

lipide 1 well oaua& pr cipitation throu h obarae 1n41aa , 

and in euch uaee non-ionic deterseuta •111 proY14e ore 
aatiafa \or1 solubilisation prior to l c trophore i (�r ua 

an4 Rad1u • 19G9) . 

A iho nw1b�r of deterse�t leculea reac tins lu 

1noreaae4 the protein �oleoule beaine to open up eo that aew 

bi ia i �ea beco�e acoea ible and change in the propertiea ot 
the ai tea b come o ervnble as e�ll apeo i fio Yiacosity ohang.e 

end ext•tnt o:f euch opening up var!\.ee \ifi th the t7pe ot deter4ent 

and the tJpe ot prot · tn . The 4riV-tJ.8 foro toJ> any ttear • ot 

unfolding a y be ono or & Qo bit tion ot the tol1ow1ns s 

( a )  electroe t tio repulsion betwe n oba»gea of t h  bound 

detergent ions . 

(b )  penetr tl on o f  the hydrooarbon ta il of tho de targent 

into the a olar regions ot the protein , an4 
{ c )  b1nd1 ns•induc e4 cb�n!ee in lhe prote1n z hydrosen ion 

equilibrium { • 8 • a obango in the iao-ionic point ot the 

detersent a protein comple x )  roeult lnc in an incre •• ln 

el•e\�oatatic repulsion betwean ch�ged parte of tbe 

native pr tein and so altering the protein atruot�r• 

, •  



1 0 . 2 :  

18. 

s • t tbe polata of a ttao ea appeu to be la Ula 

reaioa of t bld r  pbobio � o a 1 l7ro•ta. aa4 trJptopbaaa 

(lice low u4 Soa�aeatnaf"l , 1 9&2 )  ucl 17•iae b.u alao ••• 

lepUoatad aa a aiw of zoea U.oa ,,..,.k , t.oYe a Wl•• ler , 

1 • ) .  Suo 4iatvbaa •• o f  the hJdropll b lo .,. ... of tile 

protaia altel'tl the oontoraatioa eo ae to laoN•• tu ••'-•' 

ot fo.-.tlo of alpha halioal restona witbia the p telaa 

( faatord , 1 968 ) .  I a  be ta-oas�ln whio baa a t.ol'darecl 

• �o tuH ira �e aatlye a tate , reao tioa wit detarpat onatH 

about 20 - �� of alpha helical reslo (J1rp a oae ,  1 967 ) .  

fhie proareeaiye ooatoraatioaal o haac• ie aooo. aai .. _, 

Ai& lJ 00•0))81'&t1Ya biruliftl of eletel'lell t aolo alH beoaua 

albltaaeou17 aa4/or aub•eqda 17 a thud tn• of .... tlo 

la t�ia t • d atarsaat a lao.t .. , alreadJ to 

the prote1a poaa1blJ aaa oeiate wi th de ters• t la .. lutloa la 

a ..... ,. aaalo to that o f  ai oe ll• foraa\ioa ( ill ... 

Blue , 19">·  

P aaUtlJ the deter,. t 11"••• uo cl the lacliaa alte oa 

a proteia baok oae to f ora a •lo elle wboae eiae la lleitacl bJ 

the • e•lo al a 4 pb7alcal propertiea of t • 4e tarseat , bJ the 

ioalo eaYf.l"o ... at , and bJ aterio hi clraaoe . 'Ill• ead n•ult 

a1 bt be that there are eada o t  aioal lee a t  aloaa the 

• tela aok oae ( Plt t-Ri.era a lap1 ato , 1 968 ) .  Aa 
a lteraaU.Ye poaa1b1ll ·&J for •1oelle etn tva la that the 

•olaoule roll• up aad la aurrounded b7 clet••a••' (M leasla , 

1 911 ) . 

( a )  qo essrstloa 

Da te�s•••• are d1atlaot1Ye •• deaat rant• la that .-., 

naot at ••"7 low oo oaa vatlou noraallr we U 'Hl • 1• aacl 



• 

ea tloaa ar• 0011 17 ooa leted 'tle low r oear t • l"i t1oa1 af.oe114t 

orltl•al aloelle o oeatratioa tor eo4iua de Jl ·� ••• le 

8 - • 10-J 11 lar at tea erat rea beweea 20 a 4 �0c 
e 1• • lutlo ••• 1a t • pra .. at atwl7 le 

( ) D! ££!88!10! o( Dit!ll i.de Li!kyta ' 
la- iAc of laalp 1 • Uakas•• app .... atlJ opeu ' ' • 

rot• u ao a to • .,... ••• bt.ndiac ai •• an re• a\ a wl ... Ua 

a pr prlate aceu'• ia the pr.eeaoo ot deter ea •111 rea lt 

lA b iao.reue t � amount t •• terse t ua4 'o protei• 

whiob ooat D la lphide llakaa•• (P1tt-11•••• a Iapio 

1 968 1  C eeaan a Jeftooat , 1 910) .  lD \be preoe t tu47 

( ) ft.e! et ., •• uoe 
llecaat otudlee of the reaotloa t s . o .s . wlth pure ••la8 

b••• �••• ertoraed bJ peral''iaa t • s .n .s . la aol \1 ' 

•l•lr•• l to \be proteiD euepe loa wbile lt 1• hel la a 

41alfa11 ••••  V er • b .,. ,... 16 houra wae eo ldered 

ado uate t r reaottoa with a ra e o f  pro eiaa (Sha lro , Via •la• 

an Jlaiael, 1967) ao4 48 bours waa GOM 1·dered adequate tor 

re aotioa w i th o aeein (Cheeeoaan d Jettooat , 1910) but to-, 

otber proteiaa • u111briua was reao hed after reao tlon t� 

Yaninc tl'o 't t.o 10 4aye •' room te peratu• ( P1tt-R1ftfl8 &lld 

Iepioabato , 19 8 ) .  In the preaent atudy t e aatertala •••• 

ahakea dil'ec'lr with s .D . S . at oonce trat 1ona in e xcea ot �· 

u •••ar1 1•••1 to:r about 1t oure e t  rooa t perat 

< • > b•P•.£ •m 

• 

l t  ta a 1• eral prope:r'tJ of ••••rae ta t •' tor a auMr 

•t pbJat.oal ••••• aolu•tliaaU. 1• 1aproye aa .. ape:rat.ve 

ia :rat••• ( Wakacawa , 1967) .  lxo•••t•• te•p•rat rea .., � 

pro,elDe ll t • of 50° in t • pr••••' at  J la ao' Ukel¥ •• 



o ao aad 1• •• l.OJ!d fer naaoae other thu Ulprni 1 t • 

4etera• t efteo t  aa will • uouae4 later. 

( e )  ltttplW.Utz ot l>et•••••t • Protey •eul!a• 
s . n .s . s Proteia eaplexe• art 4laa iat•• r eaha-•1•• 

4ia1Jala aa tke propertiea of the pr tela • ., ••tara to 

aoraal ( 11 aa• Brill' • 1 9S' ) ·  Prote laa the' ••• aot •••�1• 

la �e ·�••aoe of s . D . s . wlll, bo••••r , preo1pl\ate .. a .D .I .  

la reaove4 troa the ooaplex ( PJ.\•- 1Yera and Iapl ale ,  1 8) . 

Ia t e pre .. at a t  41' traoU.ou S..ola••• troa •• -.,..., 

material• 'I obroaatopapb7 •••e 4tia l.Jae4 acaiu t 41atiUet •ater 

tor ) a,e at �·. 

a ta\le la the abaeaoe of s . u .s . beoa .. t e7 aol bilia! r1J 

la ite abaeaoe aa4 1 .. preo1p1tatloa ooourred J"Ue 1J 1  it .., 

b! da • that thie tnat•at cU.d ot oaaae c oap l!te 

diaaeolatlo of the s . D . I . s Protela ooaplexea . �he tuao tloa 

of lhe lal7•1• atep waa there fore '• reaote utter prior o 

ooaoeatratlo aad ••�••• • 

I tbe oaae of \be ao -loa1o deteraeat t protei o .. ple • •  

pnolpikU.o ... aot o-Hrft4 afhr 41aqaia • tbe aue 

ooac lualoa a&7 be 4rawa. Preauaabl7 la t • lars• po1J• 

oqetbtleDe aolectu.lAta (MW • 201 000 ) wo 14 aot pua \hnqla • 

e al.tru• t tile 41•17•1• ••• • 'lbe aat•n ol llae ooapl•• 

toned \M \weea d etercent and •• raae protei .. haa b!ea ....... 

to be ooapara le wi th tile ooaplexea that for• with pro te lU .  

fl&e t e olmlque of S .D . s . eol blliaatioa baa beea wt. • 17 •4 I or 

4 1sa o1atlac alolosloal ... braoe proteiaa prior t e leo tro• 

phoreaia u haa al.rea47 beea 1aouaae < ••• Seot1 A 9 �:2. • 

n1ao leetrophoreala OD Po1JaorJlaa14! Gel ) . 

1 o .  3 :  !Jle '-!\&91 '' D•!•£«,!" R§ Mt•b�e• Pr•t•t.e 
Reao•t� ot s .D . a . wi th the er,ythr ,,. eh t ••� .. • ettaa­

lat1oa of aoae of t • ena,..tio aotitit7 but .. .o .s . oo .. ea• 

\J'a\S.oa la la ••u•• tu •••1•• are cleaat.n4 • loae ae tiri il •  



,, .  

DiH8 t •aav••••' o t  other o tfoo w of s .t> • .s .  o \ho aho.u 1• 

aot •la lo • a •• of the ialolabllitJ of aeaDr&De aate•tala 

f. the abt•eaoe ot' the per\ur �•• an aao the eabraa• , ttetaa 
a s  

betoroa• ··�· · ber1n• t o  d ia oo!ato ae4 -� a. , ...... . 

ooaoent�atiou tftore aes and disrupt• btdropboblo t.teraotlo 

Dlaaoei tton of 1olog1cal .. bran• aateriala w1 tk aoa­

loalo detercenta h been �reTioasly iacuae•4 (••• 8ectloa 

8 .. 4 .. ' 

The oo eq eaeee of thia reactto haYe rece ived little at teatloa 

<••• Se tioa 9 . 2 "Di•e !leotrophoreaia in PoltaorrluiM Gal• ) .  
soneral doteraea ao tl oa 

I'OMi 

4etorceate • uld be reao t1Te with eebraae pro te lae  b•t t • 

ooatrlbutl a of a oh.r e4 group to tb• pro4uo-. of the 

reaotioa la auent (Swt•b.or , 19'70) . Poea� 11 th••• 4et•r.. *• 

aet bJ alteriac the •olYati n of tho prote1e mole le la 
t le •&J •&J aft• t i ta roper ti•• ( now en , loehler •• 

� b aftaota are like lJ to be .. h 1••• 

4raaatio thaa lA the oaae of . D . S . ,  ho•••••• 

In view o f  lhe toresoina di uiou it ia rauoaa le t 

• .,.., t at , under th• cond it1 ou or e�ri .. t uaod 1 tile · 

pr•••ut • •udJ , deter e n t  will be bound to the protei •ater1ala . 

T • ooaple:x form•4 eboul l;e that havS.ns the ux111\111 dear•• ot 

�1ad1ua whic i• cb arao teriatic for the partioular protfla 

eoauee •he e te r  eat• are uaed at a suitablf hilb • •• tratl • 

Ohareo ter1eatioa of protoiaa eol bill•• in thia aaaaer wlll 

obaerYatio aade t • properti•• I 

"• 11aal prod o'  ot deterseat actio oa pro 1• ot 



92. 

bee we ll obarae t.riaed (!a ford , 19?0 ) .  I a  u eft rt to 

aia ao .. kaow ledaa of theae ooap lexea , da teraaat a aueia 

aoapl•••• •••• pnpued la the fubi a tlaat la real to tbia 

a t\1 1 ud waN t ea briefl.J' eualaed . t'IU.a eaaiaatioa 

&ifta aa ia ioatioa olll7 of the a Uoa of deterp t1a 

pr teiu ut cu be re lated oal7 ia a p eral wq to 

ror e uapl• 

ouaia la atable ant water-4ia peraa le aa4 t1 u 41lffel'a la � 

t i ta pr pertlaa froa the .. abrana protaiaa. Yha iat raatlo 

obtalaad la ot aarciaal Yalua and 1a praaaatad aerelJ \o 

1 ieate tbt e ttec ta of dataraeate uadar the o oad ltlou I 

,, 1! '· Gtatr!l £repartlaa ot DaSa£1tp!!Of!tia Of!pl•"! 

Pl'opaHJ 

pi t praoi ltat1 a 

S \ab111'7 •• Ca++ 

( 0. 1  al of 1• CaC12 
a de to 10 al at 
pi ?) 

Nonal 
Cue la 

4. 6 

S tab la 

Caaaia a s .o .a . ... plax Caaala 
ID c_,lex 

1 . 6  • •able 

(S lia t ppta. Mli a 
at pi ). 6 )  

Vaatab l.e a ublt 

The redueti a of iao-e leo trio potat la readi lr explaiaad 

b7 aaaua1aa t at t 6 .D .a . b1a4a 7drop ob1oall1 o to tba 

proteiD aa this d oea a t atfe o t  i ta  1 lo ••• to that 1 

o atr1butaa 1 laoreuiaa the o•erall alaetroaaaati.ttr t ''-

ooaplex. The e ffect of oaloiu. eoul be oae I rat• till• 

aleetroaaaat1Ylt7 tbroac� lea b i  41 I• A aiailar t uab laee 
extaa.iYe re4uotioa of 1ao e �ot,lo poi t oura with bo.tae 

aar albuaia ( Pallaaao h  aa rias• , 1 954 ) .  

T • reao tio o f  the NI D c caaaia o lax are ooaala\eat 

witb \ae Yiew tha' the datarsent · raat•• aa h74ra,lea • Yalop 



1a tbe •••troaaeat of the proteia aoleoul• ao \bat a tabill "  

1a aalataiaed eYea wbea e pro\eia 1a 1a 18 .. 1 le o adlt1 • 

• •• biled aatve of •aa. s . D .  ./Pro tela o lAta u 

'-•• partlallJ el• 14ate4 tro. a a -.. ot appreae •• · 

a )  Catrc• tf \!at CO!)!lex 
eut.3•otS.q t • .D .a . eoapleaH of mae ••r. 

a1t.at.a (Pallauoh aa• naa , 19") ... f M ta-laete-

clo .ua ( 11 ... na•• · 19" )  to , ... bo .,, eleotH-

pbo•e•t• . t • .. 11lt1ea of the o..,leaea to�d are 

toad to • ll'•ater tkaa tor the aaUYe r elu . hie 

la prea 1.7 a o oue eaoe of o\h t e cla.u"p of "•• 

o plea . D .  • d tu ntift huae of the proteiu 

aottas toce t ••· la the , ...... , atudJ , • 1•••• pboreata 

ud .D AI chro•topa Jar f the s .n • •  t froteta ooaplex•• 

•• 1 41ttereat1ate bea aoeor41ac to the oa.r,. 

0 utlaated tna �oth •• ,. ••• • 

• taot that \be 8 .D .s . ao1ab111••• b1o1ealoal ..... ,. ... 

pre\elae wtll lli1rate o e leot phoNala aa pr teu e .D .a . 

pleaa Ha ea NO &aleed laJ a &uahl' of WOJ'IION 

( LaYer , 1 96ft a  laaen , Matael 4 »aneU ,  1 96, > .  

1Jltra oeatrifqal a tuci 1H o t  the apl.e• t .D • •  /leta­

laetoalo .. ulla ellow aet er aa••tatloa aor tr.,..aktie 

of the ,roteS. ( 11U aacl rigp , 19" )  aad • ..,,..,,...... 

pro •rU.ea of tile ooaplez iacUoate that 

eapaut.oa of the doaaln of tile proteiD leo•le ao .,..a. .. 

deaat.rati a b7 4eteraea\l (f&Dford , 1 968 ) .  The ,... ... 

ot \M · .D.J . oeapl•••• o t  ouela o eau thr p 
aepha••• (J aoo .. la alao ahowa , ••• la a , .. ,. ... la ... 

•1•• of \b .. • • p e nta (C .. eaeaan , 196 ) .  

file elM of \he ooaplex will t ere tore • alllllar to t .. 



, ... 
a lae of the aatt.Ye protein a 4 tbie alae would -. 

iadt.oa-.4 �7 t he e le o trophore tto •oblli\J of the e..,lax 

A good eat iaate of pr tela 
/ 

•oleoular weiabta caa �e .. c�. �� obaerYina the a ffe a ta  ot 

Y&r71ac the a• l ooace atratt.oaa upoa the e lao tr pbore tt.o 

•obt.U t7 , whi le hol•t.ac the o b.arao oa the pi"'tala oaaa-..t 

( Je tter, , 1 9'70 ) .  

A alaplitloatl n o f  t h  a procedure 1e a a  lan• bJ aa1Mlq 

( .. haa eea 4oae b7 worker• 11ate4 -.low ) that tka 

ditfereaoea la hare• be teeaa the Y&rio .. S .D .I . a Protala 

eoaple .. a wil l  e 8lal•al aad that the ooaplaa will 

•tcrate thro ah po1JaOI'7l .. t.4e ,e la aa aa aa1oa with ita 

eobi1lt7 hia4are4 oal1 bf tb.o oie.t.aa otfeet of he a• l 

a tr • ••••· the •• S. lit7 of the s . n .a . aProtaia oaplaa 

a 14 there fore re lat 4 1reo t l7 to •oleoular alae. 17 
-tJ"�I"l.w 

a tu471as the •ob t. litr not a protein ot uako .. a • leoular 

••llht oaa be ••• u••• (Shaptro , Vi ua la , Mat.aal, 196? ) .  
S ucla and approao.b au proyad useful la ••t•ralaiac t • 

approxi•ate •oleoular wei gh ts ot uDkaowa protota. 

( Maroheai , Steara , "arobaaiai and f1llaok 1 1970 1  laaa.., , 

1 969 ) .  

The aaa .. ptioa that protei n• haYiaa the .... ohara• •t 

t. ttorent at.••• can be •� paratod b7 th• a1eY1ac e ffec t ot 

poqaor7laaicle se le haa b�• aubs tant iated ( Hedrioll aa4 

S•ith , 1 96  ) b ut tlaa aaeaapt1oa that the S .D .S . ooeplaa 

w i th a Yarie tJ of protein• will haYe aaarlJ idea\1 a l  

oaarse 1a UD&Qbe taattatecl . 

o )  fb• Bu.ber 9f s . a .s .  1..- boug4 to PPotal 

fto aaxiiiU aua er of s . D .a . ioaa that oan �· bouad \o a 

pr te1a •oleoale oaa b e  d o\erat.aed a appear• 'o be a 

oharao tert.•t.1o of the pl'otat.a. S o• uxt.•aa ••lar ra\ioe 
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F I G U R E  1 .  E F F ECTS O F  DETERGENTS UPON CASE I N  

1 . 1  Casei n + S . D .S. + E DTA 

1 . 2  Solvent treated Case i n  + S . D .S. + E DTA 

1 .3 Solvent treated Case i n  + N . I . D .  + E DTA 

1 .4 Casei n  + E DTA 
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F I GU R E  2.  E F F ECT O F  DETERG ENTS ON NATU R A L  FAT G LOB U L E  M EM BRAN E 

2. 1 ,  400 mg me m brane + N . I . D .  + E DTA 
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1
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N I L  
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2.2 ,  300 mg membrane + S. D.S.  + E DTA 
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F I G U R E  3. E F F ECT O F  DETE R G E N T  O N  THE M I NOR F RACT I O N  

3. 1 Membrane ( M inor fract ion)  + N . l . D .  + E DTA 
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3.0 4.0 4.7 

3.2 Membrane ( M inor fract ion)  + S.D .S .  + E DTA 
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I 

of .D . S . t Pr tela are t 200 - 210 • 1 to� oYiae ••..a 

alb .. la, 50 a 1 tor lJc oproteia '7& f lood (Pl\\­

RiYera aa4 Ia loa ato , 1 968 ) ,  2�4 1 1 tor�aeela , 

1 07 • 1 tor Alpba
• 

oaaeia , 7) a 1 for the re4uoe• 

•·oaae1a (Cbeeaeaaa a 4 Je tteoa t ,  1910). Tbe•• a .... ,. 

are •aria-1• aocordia, to th• •••lroaae t la w bio� the 

tea \8 are pertoraed which could be due t ei ther the 

propertlea of aice lle foraa tion or to •aria\loaa la the 

I t  it ia true that the nuaber ot s . n . s . aoleoalea oua4 

\o pro te la i• a oharac teris tio of a proteia \hea it ab alt 

t llow that the obarae of t.be navltaat ooaplea woul• •art 

wi th t • auaber boua4 . Tbie o�sht to influ•aoe the 

e l•e tropbore\i aobil1 t1 ot the o aplex aad ao \be 

oat atioa that the molecular wei ht ot th• pl•a oaa lHt 

•treo tl1 i f•rred from i ts e lec trophoretic aobl li tJ la 

\'he patun t 
•llar,. 4U.a tri.bu ion oa the pro teia o ouequatl¥ ... •• 

artio lar 1atereat for the iaterpre tatioa f •••�lte la 

the preeeat •tudJ . fhe o har1•• •xhibi te4 1 oaaela aad 

.. � ... pro t•iDe ia lllua tra ted bJ the patt•raa of 

•••orptioa of tae s . D .s . ooap l•xe• fro• DEAZ • 1 .... . 

B•• Fiaure• 1 ,  2 and ). 

( fo ••• ta t la iat rpre tat1on ot the fiaUFee - ••• Appe .. la ' 

ucoaY•atiou eaplo7ed ill pr•••u.tat1oa of araphioal H8lllta ) . 

••t•rlal wi th a wide ranse o! o hara• oharao teri• tioa � beea 

4eeorbe4 fro• t� DEAE cellulo•• · B7 ooapar1na the pa tteraa 

ot o .. e1 , •• 4 iasoela tecl b7 vea an4 S$roaptoe thaaol ( rt.a .  1 . Jt )  

wi th t hat t the pattern• or oaae 1n d iaaooiat•• 1 ti,.t trea•taa 

with s .n • .  ud th•n wit-h Ul'ea and mercaptoe tll&Aol (fie. 1 . 1 ,  

1 . 2 )  the iaeaeapable ooac l u.ion i• that the proteiD ••terial 



baa been ••rr aignt fican\17 lter� •�4 tbe . D • •  a aaein 

ooaplex wblle · t ill aepar ble into ooapene � ooaplexee havi 

var1ou h.&f'IH , hae a hip Jroportioa of i. b prot-ein in a 

hiplJ obarcect t , • uoh tel'ial t! .. a t 4eaor at 

oaoe tratlone of aalt ( elow o., Molar ) that would cause the 

4eaozopt1on of urea-die ocia ed oaaeia. This ia conaia ent wl \ 

th view that .D . a caeein complexes oarry the o barse t oth 

detergent aa4 protein and c n be eeparate4 aocordiRI to the 

charge associated. w i th the e com ln•• • lleotrophor tio 

inYeetigation of the S .D .B . acaa•l• o� plexea (Fia• 0 )  eupp rt• 

theae conoluaioae . 

that the electrophoretic m1poe t1on i ·  intluen e4 o l7 b7 

.. leoular di eu.ioae ( eee a o•• ( b )  ) • o euo h an inf ro�oe 

1e not .rawn in the re•ent atu 7 •  



Figure D.  Effect of Storage of Membrane Powders at - 1 5° 

I j :1111 1 I (1 ] B E FO R E  

D , 1 

1> , 2  

J), J 
. . ... 

1 
A F T E R  

I I! I : e£ FOR E } 2 

.A. F T E R  ��� :  J ,,. 

�----�----��------------J] B E F ORE 

( 
- -- - 11 H 1:! Ill 

1- - - - - j - - - � -- - - . .  

la a aa\erial $Xtrao ted fro 
lloa aeaia•• ailk .  

11 
A FT E "  

the aiaor fraotio ot 

1• a aaterial ·····�t· fna u-!ao aezd••• ailk. 

... a aaterial exvaote troa whe7 !aoaoseaate , 

1• a aaterial estrao t.4 froa aaeb hoao .. a.a\e , 

3 

4 



f re further 4 iaou .. ion of the influence of 4eterc• t 

upon proteiDe aa4 ••�braae proteiae i t  la .aluable to 
reao niee eoae of the proc edural tao t re that can alter the 

na tur• of the pr tei n a deter ent colllplexe and therefore 

intluene e the interpretat ioa of resul ts obtained . The 

procedure tha t aa been deYeloped to 1nveeti ga te th e .ari u. 

••t riala hae been carefull7 e ta a dlee ao t�at eo•pari e  

o t  reeul t ob ined fro� d i fferent a teriala ean e • t 

the o nfidenoe that 4itfere cee obaerYed are n t ue to 

41ffereacea of teohni� • •  In the oo rae of the inwea t i  tioa 

the followln tac t ra haYe been reco n io e4 •• i aperta t a  

a )  fh! !ftf�! tl lt9r!IJ. 9f.Sbt ipl 1Pl•t£t!S!4 M!JbE!Rt 
fo•<�ta 
A fter extrac tion of fat fro the freeze-fried cr .. • 

powders b7 acetone nd but ol the prepar d e brane aateriala 

were e tore in ai r•tiaht �o tlea in the dark at ·15°C . eYer• 

the leae interac tion o f  the oomponeat teriala durin1 or 1e 
w e det ectect . Gradual inaolub i l lea t l on apparentl7 oocurre4 

and the p�l1acrylamide sel elec trophor tic patterna of ••• r e 

powdera etored tor over 1 aoath d i ffer fro• thoee of treahlJ 

axtracted powders . !hie wae ahown -y inveatisatioa o f  4 

i fferont types o t  mAteri la be fore and a ft er atora e ( lis• D) . 

It ppea rs th� ftor etora e ,  41 aoc tation o f  the terlala 
1 lee$ compl ete ao that eharp 4eti n1 ti o  of the prGtei baa4a 

ia not achieved . la parti cul r ,  c l ear de fini tion ot the alow 

eaTi ng b&nda ie aot aoh1eve4 a fter atoraa•• l t  ooul be ••• 

'hat t riala havias larp Hleo\llar eiae ha•• aeaooia\84 H 

th t tbe7 oen o longer •nter \be s•l • (Th1a enlir.a tke 
e ffect noted on loa ot enz1•• ac tivit7 uri etoraJe ) .  
There ••• no eYidence of an1 auch effec t of a toraae poa the 

free •e-drio4 cr. • where preaumably aggrep U.oa r•actlou bet• .. • 

protein •ol eculea are inhibited �rouah their pr ior aeaooiatl a 



,a. 
with the tat .  1m1larlJ e drie4 aaaeln 4o•• not ehow ohan ea 

4uriDC cold a\ora,. •n4 i t  ie apparentl7 a 41ati na t1Ye 

propert7 ot the ho ... te that thia our• • A atailar 1 .. 

t aolubilit7 o f  fat-est�acte4 proteo•l1pi4a t a\ baYe b.-a 

a tore4 a alr .. dJ ••n not•d (aee Pas• ?i) .  

On he baaia o the•• oeerwatio onlr eateriala \bat 

beea f�eahlJ estr ot were eeplo1ed 1 the ln••• i \1 • 

) Tht Alfes• of 3olvtat Tr••tc•�! !POa frol!in !ettr&alt 
The e ffect o f  eolYeat tr.at .. nt _ a emplOJed baa • ._ 

ahown bJ r• t�reuce to the 11 erature ( eetio 7)  to be Qali�lJ 

to a ffect the propertiea of the proteine . Such •ffec' 
oannot be obaerYe4 i th m brane protGins for there la no 

reli�ble way to pre e th.. in a fora which ould act aa a 

tandar<l . a l adio tioa that aolYent trea taeat aoea aot alter 

tbe proper\i os of pure p rotein ie toun4 howeYer DJ obaerYatioa 

o f  the ca tv r• of \he s . D • •  a oueie ooaplex on D&A ellulne 

be fore &n4 af er treat• eat ot the caaeln bJ aolYeat ( a•• 11&• 1 � 1 

a 

en. pl• tbe r�ughrleeo of the graph liDe at h1sh aalt 

con entra.tioa• ie alaoet certainl7 4ue to d1 ffioult1ee with 

Me bran• ateriala aol ubili eed bJ OA•ionio 4eteraeat , 

urea and butter ( but not m•roaptoethanol ) show ohaac•• iD 

0 
elec tropho�etic p•tterft after etorase a t  S aD4 in th• �. 



Figure E.  Effect of holding Samples, in  Urea, Overnight at 5o 
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l i t 
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o d ___ __:___,jl I I: 

o l Jlll !IIJ 
t t 

B E FO R E  

B EFOR E 

A F T E �  

1 

2 

leth patterae repreaeat aaterial extraote4 tr • th• alaor 

t.ra tioa of oaoaeaiaed allka . la pattern 5. 1 a ••• 4 bee 

appeare• . • .. re4uoti a 1a .o�ilit1 of ther �an4a la 

·�·•r•a-le alt ouch thie • ., be attrlbu\a le to iater-ael 

la pat ten . 2  two • baa .. haYe a peare4 

after etorase and there ia a loee of 4ef1ai tioa of �e two 

taetee t  • rinc baacla .  

Suoh o eerYatioae oaa be explaiae4 1 ter.. o f  t e 

oubaatlation of �eine aro pa bJ illp ri tiea 1a una u haa 

ea o eer.e4 with other protein •1• teae ( aee Seetloa 8 . 2 ) . 

AlteraatiYe lJ lt ie p oeel le that the non-loaio de teraeat 18 

a l.- la reao ti.Jaa with eoae ••brue o oa  onente and hae oau•• 

their eolubiU.aattoD or alteratioa at\er OTel'nisht a toraa• • 

r r theae naaou l t  la iaportaat , . ... the aaapl•• 

wi t 1a a few h are of preparatloa, !hia waa partioalarlr 

tru tor the e l.eo tnp ore Uo obeenatiou , the obroaatoiJ'ap lo 

teo�que '•lac le•• ae .. l tiYe t th1e aouroe of error. 

! ! - .,  . l 

Mt � :: - - :� y  



F I GU R E  4. E F F ECT OF 2-·M E RCAPTOETHANO L  ON M EM BRAN E ( M I NOR F RACT I O N )  

4. 1 M em b rane + N . I . D . 

4.2 M em brane + N . I . D .  + M . E .  

- - - - - - - - -
-

- - - - - - - - - - - - - - - - - - - - -
- -

- - - -- - -
- - - - -

- - - - - - - - - - - - - - - - - - - - - - -. - - - - - - - -
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the '"'' oe of •t• lpM... lHt • 1a tile potela ., erial8 

la lo -. eap .. tad lr • •••t.oualr pablt.ll!4 lato ... tl.. <••• 
l eott.oa 8 ) . fte •al.• ot red110tS.oa of t ••• Ma4a u 

1Uutratet -, the DIAI .... u loa• ,.,,,,... t a JJD-aol••t.u...• 

•••beta! aaterial t.oa the ai r fraotloa of a•a1.,4 -'lk• 
Ia the a •••• of 2-aeEtaptoe tbaaol ( Fla. �. 1 )  t la aa\erial 

Ilia aeparate4 u two 111',. peau. Attar a lea'l&l! of t e 

diJnal llide b • ( rtc . ... 2 )  "" peak ooataiAlq low-ebara,. 

aat!rial , ..... • naUMblJ' at • ,.,,.., of aateli.al 1a ' • 
JU.alll.J olau,.a ale. G eet.•&bll lar.. ol•o•ld lla't'e ., ....... ,.. 
leadtac to �ler 0011p Milt! hrias a tra tloa ot tu a Mr 
I ollar... • t •• 

• 1eadt.aa peak oa tbe patter. of protela eoatat.at.., 

2...,reQtoethaaol ( Flc. 4.2)  appean at nlaU't'!l7 low aalt 

otaoeavaUou la '"'' t la the ttena of all tu proteia 

•t•rlal.a ••••••• fM .,,.rt.al that eluua fNa • ool 

at tllla poiat U. ••• o oUeo ted and l ••• Ucate4 1 ,.lrH.,l• 

aal4t .,1 ele tnpllonal! oa a aut.er of ooouioaa < • • I •  'la• I)  
•ltla ••c•tin "'tal\! . l t  •oe• llo••••r 001180Aq all" a 

lalrlr t1Pl!tl U . Y .  a aorptloa pattera f r rotelae t 

' 1• la aot alwa7a a • I t  be beea o lden• to bt ,.,.4oftaalatlr 

aa artltaet ,.u whea l �•• U ated •vt•a • •  iH wltla auet.a 

(&aDdtraoa . Pen.c • ) ud th••• "aalta tead to o atlN •� 
' ut. 'bat the ' ·' ·  .... ,.,, .... do btioate , •••• w 

pro'bdll' •au that \hen 1• a aaall eawa,loa of Htela 

whioh •••o.-e at t ia polat aad ••1 .. • t • baae·llaa of tb• 

••••� b t wbioh la iaauttlole t to 11•• a •• osaia.-le eleetro­

ph retlo &D4 . fkla la aot a�ar• ,,.. , t • .. teia b ada 

"" ooeaaloaalll 4eteo tabl! (Flp • .J. 1 t  1). 1 ) .  Alao tu 

deeot'ptioa of oteia prlol' to thu poiat b Ha. ,. a nkb� 
l .. ieatea a eiallar ei,aatloa. 
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pviea Cbr!utocrgtq 
Aa 41aJ.7aia la e tteo Uv• ill 4taaoe1at1al '" 4e teraea\ t 

p�otela o aplexea it 1a poa•tble \bat whoa ,..., .. ••tter 

..... ... ooapl••• while ' 1 .... bou4 to �· na.-..oall 1 ... 

.... 'hat the:r alpt besla to dlaa ia\o ••rial ,._ ,.no 

ot ._, to,rapbJ. · suoh partial 41aa la\lo of a I . D • •  a 

Protela ooeplea would ••� loaa of ohar1• f ' • ooaplea 

u\11 it 4eaorM4 tor thla rouOJa. Oo ooal'-'11 ••••"''' .. 

w1U alae u oovnaa eoauae o f  \he padul lae,..aae 1a ao4lu 

ohlor14e ooaeeatratioa. S�oh roaaoalal •••14 well eaplala the 

aaterial whleh appear• aa a 1 as low pr tile la \he hll• aelt 

eoaoaatratloa • of the patteroa ot the a ,D .S . a Pro,eia ooaplea 

( Fll• 1 . 1 ,  1 . a ) .  lailar loas low profllea appear wltb a 

auaber f tbe ��a terlala coap lend wt th s . D .  • auoh ieaoetatioa 

o�d be oalJ partial beoauae .. abraae aateriala woul4 be 

... table 1a the abaeaoe o f  4eteraent aa4 would preolpltate . 

rvthenore ...... 4eteqeat 1• preaeat ill \he aaaple aa4 wo•ld 

b1D4 oato the DIAI-oe lluloae 1 the •1oialt7 of , .... pr \ela. 

tl-e. 
!hla would aeaa t hat 4 eaYlroaaeat. of the o d • lea 

would aot be ••• 14 of 4eterce t a 41aaoo1atioa of ••• 

o aplex alaould aot beet s.a .. d1ate 1J ,  

aeparatloa aa atteapt . ..  aa • to e l  te t • s .D • •  a oaaela 

• aplea ia the , .... •• of s .D .S , The aol"'l&l pr oed\lft ... 

followod exoep t tbat ,, . D .& .  w .. ad4ed t tbe •l•tiea ,.,, ••• 

fbe preeeaoe of S .D . s . ••tiDitelJ alter•• the reaulta < ••• rta. 

,) . 1 '  appeara that 1 the preae oe t S .D . S . 4e•orp,1oa , .. 

ooourred at lower e al t  coaceatratioae thaa when it le abeeat. 

!kla doea aot oontor.. to the &boTe e xpeo ta,1ona for tke 

pr•••••• ot s .D . G . ousht to h1ata1 the s .n .a . a Protola 

ooapleaee •• that tbeJ retaia their bicb obara• aad ao •••••' 
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at a later o\qo . That the oppoalte etteot lad oeoUH• aa 

be explained 1 aaawd. that the s .D . • aalo baa adaorn• la 
ooape\1 tlo •1 "l the p.roteb oo•plex an ao baa OOilbi,na\ad to 

1 k rapid a l  tioa. 

At thla oiat althar teohaiq e la auita le for •• atl 

of •� pr tela oapoaeata proYida• the 1al raatloa • talaa• 

18 eorrao tlJ i ••••••••• · fho P"forra4 \oebai .. ... deal • 

. -, •••o tloal 41ft1oultl•• • fila leftl of 1• f r . o .s . . 1a 

._. �ttor ea8ea4a the orltt.eal aioelle oo ea\ra\lo tor 

Ilia ••�••••• at reo• ta•pantue ad l t la pHaoat la 

lll .. llar ton. Addl U.oa of 8 . D .a . to the ntter aoapal'._&, 

oo td.alq the 2 Molar ao4lwa ol!llerlde eaaaea aa uonaae la 

aloolla aiM auo exteat "'•' the IIS.oelles lteooee na•tJ., 

(Thia lAoNaae la .toellaJ' alae with iaoreaataa 

oleotrolf\e ooaoentratloa la a p�oal p portr o f  .t .. llea . 

(llwortllJ , Fl enoe u4 Maolarlue , 1 961 > .  Aa tile ao4i olllort.•• 

le•el •vl14a wp 1 ' • o lutlac -utter ao.. .t 11ea .... ,_ oa\o 

t • \op of the DEAl ooluaa to tor• aa 1aaola le laJe• of 

de ter,.at wbioll pr 1ft• 1••17 t. looka the fut •• flM of tt.tfor 
aa• a \o.- tile ••JMa•aU .oa ••11 beton 1 '  ia OOIIJ)le\e4. 

Ad41tloa ot f.ou.o dat•r•••t to • ll ftor w lla ewtiq 

tu HID ••1• l11Hcl utel'ial alao ro••• la raat1oa1 ........ 

the llixt\lft a ...... altra-nolet u,b, ., ..... lJ ... tile 

pa,tara •t the pro el trac t1oae 1• •-••.red aad la•�r,,.\atlea 
of ••• 1 u HOOIMO arauble . For ' p • ot '" 

laYeatiaa\loa , t enlon , elut1oa wttho•t cleter .. •' la Uut 

elaUoa ll.aftal' i.e •••• AJq e tteot o t  41•• latloa et ,-. 

•• ••r,.at r p• tela ... plea • oald be • .... tor o..,ara-11 

paaka la 411fanat utoriala •• oo•,...Uoa ot t pattana 

o-\alae4 fro• 411toro at rotala a rooa ahoa14 eti ll  lla ••11•• 

ftat pattena of Mtel'iala a lubl lia..S ltJ aoa-1oalo ....... , 

•• ao t allow tiM loq low profile• at bta:h ealt o oeatl'atioa 

whiob ••p•ar wttla .n • •  I PI'otela ooa lex" aapporta .-. 



la\erpnta\l Ulat le•• of oharp 4ue to 41aaoelatl a of 

t s . » • •  t�• the • plea d ea oe v. 

Ia \lae e luti a patte of tile WID t h  telA ••tle • Uae 

•l•tl of • •••• MD orlalaatt.aa t • t e • pl.e aq 

ooatntt•t• at ... bt to tlae aupe of t • tte..... lo 

• ob etfeo t oo.-aoa to all expertaeau la , onYel' , ••'" 111e. 

fte at\el'a o11talae4 w ltb tu ID a utval • ..... rori.dee 

eritioal lafer.atl a la tbt. .. ,,_,. -. .... , t re le ._,., 

little pro toia aot 1lJ pr••••' a d e1a • tile patte•• doee 

aot •ll• u aeaplalau peak oarJ7lal o protela , tile eftee t  

oaaaet 1lo •iaaltloant ( fia. 2. 1 > .  

ne Yalidltr et • lq tile ou .. , .. pu ... •h•U.· 

'' .,.,,_ pattel'aa elt Wa .. 11'011 dltfen., •Mrlala de ade 

.,.. the exteat of "plleati a ot rea lte that 1• aoll1eYa111e. 

Not oa1r t • ett• ta of Yarlab1ea 1 teobai •• b11t alao 

Yal'la11W" of operatioaa lakeroat la the oatin •r•te• t 

••• to be ••alut•• ·  'l'llta U. ltoea 

pe.rloi'IIH la a ••be• o I wa,a cl • 1lo de u vatri et 

uehll7 b7 fi" ' •  baernq t daplioatloa of .reaulte et 

ouftatepap)q f a . D .a .  aPntol oaploa, aad eeooa4 1J ,  tt1 

ob .. rYiaa the .. plioatioa of reeult• of NID aolublliaatloa I 

tu•• aatval fat alob le .. ran•• aa • •• bJ p 11• I'Jla•t•• 

ce1 tlto tN la nala . A441t1oullf tile fti'J tao t of 

cloMUUati.q the etfeou of t • Yaria lea a • alto'fo 

lll .. trat .. the aoaa1t1Ylt7 t t� teobDi • e4 . 

tl Wjt s .u: 1 owl••• of Jvlov MattDtll 
<na · ' >  

file tattt .. • prea•ated re •••at •� ... ,� ... 

.. ,.�iala that Jlaft -.. •• aolabt.U..ed aad ollr••••• atlut4 



F I G U R E  6. D U P L I CAT ION O F  CH ROMATOG RAPHY PATT E R N S  O F  S.D.S. COMPL EXES 

6. 1 . 1 Natu ra l F at G l obu le  Membrane M ater i a l  

6 1 2 D I .  f 6 1 1  
- - - - - - - - - - -" I . . up 1cate o . . 

_ _ _ _ _ _  - - - - - - - - - - - - - - - -- - - - - - - - - - - - - -- - - - - - -- - - - - - - - - - - - - - - - - -

6.2. 1 Membrane of Whey Homogenate 

6.2 .2 Dupl icate of 6 .2 . 1 

6. 3 . 1  Membrane of Case i n  Homogenate 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - -- -- - - - - - - - - - - - - --E!! ::"1 
6.3.2 D u p l i cate of 6.3. 1 



----------------- --

la 41lp1l ••• tr the .... • lYeat ••tne e4 •••" • 
1 

D p11oatl o were aa4e with1a a forlail t of ••• aa ther. 

�e ldeatl t1 of the aater1ala a.e4 wae a 

rt.,. 6. 1 A aat.ral tat clobule aeabr ... aat .. lal 

n,. 6. 2 • brut •••rtal fr • 7 .... ... --

rt.s. '·J t dtlll 

ns. 1 . 1 ,  1 el V� lO b eu.s.a. 

!wo rlaelpal Ob80I'Y&tloDa aD be aa4o. ftfet , .. . 

• 

leatt.Da peall (lrbl le probablJ aa a:rtifaot t a ... ,. .. ,, .. 

• thaa 1 )  wuieo la eha.rp ••• a laelalat . .. '' ... 

,. .. , 4lotl e t  (preaua�lJ ko••• o f  a low leYe l ot 

a ... roaptoetbaaol ) (File 6. 2 )  the 4ofialtlo Of ... 

pro,ela aka 1• t ••r.r •••tofa tor,. Tble tea4o to 
• rt tiM new .Ut ea"u Hroapt Uaaaol u .. eeatial 

to altar •• aU • 

Sto .. 11 .  the aeparatioa of rotela o ...... la , l 

ce eral ,,,... , \lle ••• wi ,Jlla •••'1"1 pair u cl lftore .. 
� 

appear p la ipallJ la the d,.fl ittoa o f  alia. Oleult, 

aka wua oapari the DEAE ohro•toar.,.. r t.ltenat 
aatel'lale after .D • •  aoltabiU.atlo • the alpttloa 

of the•• pattel' ree te oa two J'l •1& 1 di ffer• ••• la 
aa3 peaka aad 41ffereuoe• 1A the t leetrop oretlo 

barae hi'UU. • o r  fraotl aa oolleoted trca tu ••�• 

Ptflal,io ot \be s .» .s .  coaplex.. t eatir• .. _.,..., 

.. toriala -.,. e leothpl&on•t.• wu aot aatt.f .. '-17 ... 

ooaee ••atlJ •�• •  reeulte are not preae te4 .  fkt 

ohan•t•r1eat1oa t \heN ooaplena \lltnfol'e •• eda 

•po ehroaatocrapb7. 

p"puatloa 1••• fair tlefini. U.o ana waa repeatable tbo ta 



\heh Wtft a llilh pHpOI'tiOJl o f  ftJil" Ha.1U e  

gygoter&ed -., Pollyul$4t G•l ll••BIP''"!M 
(Flpn F )  
7he aoat aeuitt.•• eheek aYa1 1a le oa \!le l"ellat.I.U.\1 

of the r•••lk ot the iaftatiaatloa u •••ou watt4 .. 

f•llo•• (Pta. r > e 

Figure F. Characterisation of Natural Membrane, 

Solubil ised by N. I .D.  in polyacrylamide gel electrophoresis 

I H I 1 .  

I I I I 11 I 2 .  

QL_..!.!..H ,_..J.I _,J.,I ___ I 3.  

Kaut•al •••Pea• aa \en ale ••n '""'"cl fna t.bet 

•u-.a••l••• dl.U , ae1.al»1l1••• aa4 olaarao\eri•"· 

rou ... ,.,..-� bu•• of prowia a pear 1a •••la oaat qla 

la ••• .... <r. 1 )  a tl tth taut ltaad u beea • utuauallH . 

The alaratlo •l• taaoe of the foul' prla lpal baada la 

''• · r. 1 aad r. 2 ar• t••atloa1 ' o 1a a laleh•�" rate t 

algratloa aa ooo.rre4 la rta . r. J. 

•eh 4et1ait1oa of the e oapoae te ot aatura1 fat 

1 lob•le ... bran• hae ••t b••• pr•Yi 1J rep rt•• • 

ObYio •11 t tal aolub111aat1 a ha• ot ••• aohi••• tor 



106 • . 

aat.rial hae �ee he ld up at tu polata of ••m u 

eaok e•l• Tbia inter• that tbe aatural fat 11 bale ... �raae 

protei 18 qui'• heterosea.oue �elaa elaila• to aaar 

aatval aeabraue ia thia reapec�t .  The parUoulal" nlenaee 

t tbeao naulta to the preeen t e tu 1 la tbat the e til'e 

.,atea of .. abraae 1aolati o  , preparatioa aa4 aaa1Ja18 

� beoa oheoke4 b1 the aoa t aenaitiYe te al,uo a 

to ai•• aood ropeata i li tt ot "aulta .  eo ara 111'7 ot 

.. abrane aate�iala ia there fore aeaure tbo h .... 

••••r•at1ou a t be re tai&ao about tllo 4 1ataaoe f 

aial'atioa ot the ooapo e&ak aa a out the a1Jil1f1oaa • of 

taiat baa • ·  · ror th••• reaaoAa the e loe trop oreaia of 

ID a olubiliao4 ••• raa• aaterlala ••• 1 Y&Piablr oarrlet 

out ia chaplieah at leaa t. 

It ll.u "•• H k-.Uabe4 that , ( a )  tlle uo of .» • •  to 

aol bi11eo aeabraaea ••�•• 4laaoo1attoa aa• oreatea I .D • •  a 

tela ooapleaea oarrrtaa a Yario tJ of ohara•• a whlob ... 

be aeparate4 bJ ohroaatoara oa DIAl oellul • ·  A toolaiq•• 

to diatlftaatah t ••• ooapl•x•• h.. beoa 4oYalope4 aad 

a taa ardtaed tolloel .. reoo Di ttoa or the iaterplaJ t tho 

•arto.. fao tora aft•etias the propertioa ot the •••braae 

••'•riala , Ut ) a t•obn1qae tor the •olu'bil1aatloa of ••raa• 
aater1al8 1 a D•1oa1c 4a toraont 1xture h.. tn •••lo •• 
... $he aolubiliaod .. teriala oaa be harao t•riat b7 t lao$ro­

pllona1a aa4 ., DBA ohr atOII"Qh7• 

S t•47 ou aow bt u.lle of the a ttto ta of 4t\era• '- aa 

�••• ia \he preaea' a \u4J v�oa a YarietJ of .... raa• aa eriala 

aa4 a 1aterpro\atton ot the reault• oaa be doYe 1.,.4 . 

1 2 . 1 .  f'll '''''' o( ••••m•'• !poe gtln Ml;k ID'''" 

Tile aia t tllia .. ,. t of the • t  47 la tt re o  aat•• .... 

ot t • proper\ita of detoraea\ ooaple••• and \o •••• li•ll &a1 
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F I G U R E  1 .  E F F ECTS O F  DETERGENTS UPON CASE I N  

1 . 1  Case i n  + S . D .S. + E DTA 

1 . 2  Solvent treated Case i n  + S . D .S. + E DTA 

1 . 3 S o lvent treated Case i n  + N . I . D .  + E DTA 

1 .4 Casein + E DT A  

I E D 

---- ---- - -- = 
,; 

- - - - - - - - - - - - - - - - - - - - - '-� 

.- --D i rect ion of I ncreas ing B u ffer Concentrati o n  ._. 



ailliwt•r ot ellari.o of ttM .. aae .. -.rt.alll. !M 

ett••• t .D .s . up• oaaeia le t l luvato �� 11.&1 ou-.a• 

,., •• ,.., ( rla. 1 . 1  and 1 .2 .. ,... •• \o 1 . � )  4 r olAetl'o­

pa. ... s.a <n..• G ) .  
-- - - -- - -- -

Figure G .  Effect o f  S. D .S. o n  Casein 

9 C A S E I N 

0 

� S D  S - T R EATE D C A S E I N 
-

- -

0 -

aataro et ' • o&Mia. 4 lli.ah•r o:barp .... '-•• ....,_,._. te 
• oa. of \ e pi' tela a t.h1e ia ooula\eat wl a -tl&ILP 

that Yule •• ,. au 0011 iu wt tll •t.tfeNa\ ....... of 

S . D • •  &114 tlae oo le ... an • aeq.aeatl.7 clla U pia 4 a t o 

b la t thou 4lfto" t ollarpa. 'lhta u •-.porM4 laJ' 

D AI patwr 

• ,. ... . ,. .. ,,.,.1� \o . .. ..... .......... u • llap ...... la 

aka la•• ot .... altered b7 \he preaenoe of s . o • • '-' 
tbla la ahowa bJ' the eleotrophore\io patterae ( rt.a. G )  \o ._ 

oolaelclo \&1 • ••• ' eoe h ooan�oneau •U. llialael' tJaaa 
aofa&l 
a u at \lie aaae olata oa \ • outo,... aa ,...,. •nl• 

t�e-.op� ... ,. la ''• pr••• • of . o . s . aader \ o 41 \i.o 

aoe dooa aot prod •• • arp proto b • • 1o aar 1 1 ••• 



\ at s . D .S . z Proteio complex•• lAte ract wi th o e aa \ er 1D 

a..- ••1 4.r1 a e leotrophoreeia . 

••r.lJ 1ad1•ato \hat the e lec trop ore tio oa 1 tl • e4 wore 

... u te t aaparatloa o f  the•• oo•pleaa • 

Tu preaeaoe 1 the ohro��a t araa• ot pro la haYi 1 

re latiYo l,  low ••••a• la t .,. .. noraallJ rop�eatl 1 

uppa-o .. oie .u erllapa avpnataa be ••• all eoapleaa • ld 

b• eore kiahll ehara• t an aat1Yo aaterlala aa4 ••a • ••r,r 

Uttle low •••• •krial S.• repreaeatecl 1a tile o lootn-

pllo .. \io •••ul\8 . �be e ffeot of a . n • •  ooape\1t1oa tar 

bl lq alto• a t • DtAI-.. 11 loao aa beoa ... ,.. •• aact .., 
oaplala aHil ••11 ... pti 11 of aoH o _. • ._ .  

the 

ohnaatoa•- lUte al.Ha 1 eo a ..... •• 1apo • I t  _, 1 •lea 

htahlr • ara•• a .o .a . that pro,.•••i••lr oaorb 

t • jolat latluoa • t iaon .. s.. ... l ehlori•e eo eavati 

•• 

... ••••• .. l•a s . l> . s . left ,_. u . o . s . 1• loa tr tu o .. �. 

to tile e l\l ,io vtter thereb7 oauiaa a pnan••t•• 1 • r 

otlar.. of tu o aplex. 

!he • ol lo 

S .D .s . oaa•e• a .. jor alteration to ataral protela 

s 
aatab lloha• that the reoaltaat S .D . J . rProteia o 1• .. • a r e  

of noalw whieb. u aobieYable doe• ••pport the uaupU 

t�t the a'illtJ o f  a proteiD to biad & . D • •  ta a o ..ae .. rtatlo 

t t hat pr \eta a ••• be .... _." 1 o ae. 

�· pre•en e o t  the aoa-loaio 4• t•t�•nt eiature la a 

o .. es.a ••P• a ton aa uaed oa.l7 a alaor 1 1• l the aa tve 

of t ouela aa deteota le 'bJ ohrou\ocnphr ( N.a 1 . )} . t1M 

alp'-••aaeia peaa appeara to haYe bee altere __. o • • 



'"' r\1 ol •M•lal U.Yhc btabel' '" .. aonal oau.•a• 

< •..,.•• rs.a. 1.4).  'lhu 1a uU.k•ll• 11 ooa-1 • 

det.erteaM d.o ,... elate -Jc&l'opb -.1n117 wi til pntei.ll t • 1IOH 

hJ4H ta "'• l»e , .... ueia 1• men 11kelJ' to lte tae p la' t 
••Mla\1 4 ala a of ....... ail ' 1te • ., •• ,., -. ...... 

�· alfe t wCM&ld be laonaoe of • 1Yatioa. , ... ,,� tile 
etfe·ot iA aa arUf&Ot 101' , u pn•lo 1J ••••• • \lie I la 
utter abaor · U.pt at 280 aM • troqlJ aacl ••1 •••• ba Mea 
ol:ttai 't&a\ ' · idD ue · «U •• el• e at IIUA 

e •tt••• of . li) wla•J 1"0 ela bd HIA 1D .. aUpte4 
'-l polJao•rlald.te pl e l  .. v pll •••le < n.a .  ) .  

Figu re H.  Effect of N .  I .  D. on Whey Powder: 

1 .  Whey Powder 

2. Whey Powder with N . I .D .  

'1-.. Haulh p••• t• ao•••• n tll Ne"atlou u • 

U ••••••" t t ttae aoa-1 o dtJhl' .. ate 4o aot baYe a •3or 

efteo t oa the roper•l•• of aatiYe protei • •• o-.er.Yed 'J 

olaroaat poaptq or eleotropboftoi.a .  oae o a  U.oa 11a¥ M 

1 41eate4 ill lAMrpi'e tiaa the leY• l ot o a Jl7 peak• tlaat 

4eoo.- at ab t o. � Molar oo4iu. oblor14e .  lle error at 

ttau polat 11a1 M la ortaat b abaol \e teru • 1\ will l'o•t.•• 

a kat .,.,. ooatr1lnat1q \o oaoh peak• u4 will M 

ao .. pta'-1• tor o011paratift p •••••• N•••rtilel••• 

jM ,lf1 aU.o • bJ � 'I'Ophoreau of trao'l•u a\ 'b.ia t.a, , 
la laportu\. 



F I GU R E  2. E F F ECT OF DETERG E NTS ON NATU R A L  FAT G LOBU L E  M EM B RAN E 

2. 1 ,  400 mg me mbrane + N . I . D .  + E DTA 

- - - ------------ - - - -
A - 1  

- - ---- - - - - - - - - - - - - - - - - - - - -
N
-;-

L
- ------- - ---- - -- - - - - - - -

o ........,.. n 0 fl o 
1 .9 

2.2,  300 mg membrane + S. D .S.  + E DTA 

1 .2 

2 . 1  

0.7 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - -- - - -- - - - - - - - - - - - - - - -

N I L  
N I L  N I L  

P R OT E I N  

- F R E E  

4.4 3.8 

- 1  

0 � 
15 

2.0 

3.4 
4 . 1  

W H O L E  MATE R I A L  

WHO L E  MATE R I A L  

- 1 
0. 1 

4.3 
4 .8 



110. 
1 2 . 1, !lt !fltt' of 4t!fE1! \ »PO! l!,if!l ''' ll!.al! !!lb£11!! 

< rs.p . a u4 1 )  
tlw ala t till• • tudJ la to proriAe reooaaS. U.oa et U.e 

••n•nhU. a \Ut • ••teraa t aatval clo�tul• .,.., ... , 

t••te•u .., llak! tile a•tena of e 11111brau et a.. eaia!4 

1111& aa«< ••11 aee 4 .. 1 �  1• i t  a atuflr of the aa\111'! of 

aa\..-1 la' al •1• aeabraa• .. ,,rtala. 

Eleotroplo .. ala of a •hole ., raae aaterlal ••• tl4 

froa •• .u-..as.aed allk and aol11•1Uae la ' ••• 

de\!Paeata le••• to .,,, 41ft••••• ••••1'- C rta. l ) .  

Figure I .  Effect of Detergent o n  Natural Membrane 

1 .  I n  Presence of S .D .S .  

0 �� Cl 
2. I n  Presence of N . I . D .  

Ill 1 

. , ....... _.:..L....n ---&-I L.--1 __ _JJ 

4eliai'1 a of baade ba! aot -•• aabieve4 . lever .... 

leaa rat er re oo • • ' -· a ap,ear aft!r s .o . s . aol illa­
atloa th after NtD aol'llbiliaatioa. this oeorda eltb tbe 

r poa! aol 1Utr la t • JUD hat • ohoae l»eoauao ot 
tJI.la pH P\J• 

!he •l&alli oaDoe of th1• re••lta 1• t .. per•d 1 t • 

!lrnti a tb.at obroutosraptq < rt.s. 2 . 1 )  aeparatea tu•• 

peate troa ••• WlD aolub111•• aeabrane an4 that o 111 tw 

p�ol'!!la th••• eteroseaeou peaka J1e14 ooa • •  • uv1Jac 



1 1 1 .  
4ltterect aob1lJ. t1 .. t o  th e 4eteotH 1 tile aaterlal prior 

to ouoaatopapQ . 

Ooapoaeat N • Peak reo, Migratloa Diataaoe 

1 1 ·1 
\ 

2 1 0. 7 •• 

' 2 ' 1 . 2 

ft { i  1 . 9 
1 . 9  

' a . 1  

' 2 2. , 

I t  ., �· that e roaatosra hy aeeie \e ee atloa 1D t 

ooap eau that are able to uaooi.ate la t whole •terlal 

aa4 poaalbl.J oauot eater the ae 1o , are aepu •• S.ato 

tneti.ou bf the a4oorpti r 4eaorptioa o.nd ltloaa •• t at 
lll 1 oaaaot thereafter reaeaooiate there 1 ,. •1., .. 

lA4tv1 uate aTing th 1r owa eh acte�1at1e• on polr .. rrlaat•• 

o • tratloa prior to e 1e trophoreeia of t • traot1o .. .., 

alter \heir e le o tropkoresla proper tiea . 

' • re latioaahip be t•••• the • 1• \r p oretio tterae ot 

t • whole6 . n .s . -pPotel .. terlal aad t •• of the traotieaat .. 

aAter1ala bae alae -••• dleturbe4 ( F1s. 2. 2 ) .  Oall two 

OOillteaea • t \he traoU.o a froa ohroaa o ra at tlle . D • • 

o a 1txea are 4eteotable b7 e leotr pk ree1e . r e 4ialJele 

pr •••,. la ••rJ like lJ to have reate tbia e ffe t tor .. 

a .D .s . ia 4 1•11••• tree ot t e ooa lea tll oharse a 

• tbe aisra tioa cbarao terla tlc• would a lter • 

rarther.or• • it 1• poaa1ble tha t reaeeocia\io of pro\aiDI 
-tlc. 

la the ...... oe ot
,..

re lat1Ye l.7 lower 1•••1 of s . n . s . o •14 



112. 

••••at ea 1'1 of the ooap.lea into the sola aacl thia would lead 

to a "111" reault . lle o trophoreaia of t.raotloaa la therefore 

uaet 1 to d e tec t heteroaeaitr of traotio • and to pro•• the 

p••••••• of protein , bat ia open to coafuaioa lt atarati a 

l"atea aloae are o aaldered ohara ter1atio t a o oapoaeat 

, ...... , .. 

'fhe ohr.atopou ot the JUD-a olublliaod Mabnae (J'ia. 2. 1 )  

ahowa a low noOYoi"J of pro tela troa the 'tOO ... of aeabraa• 

.. terlal that waa iaiti allr Qaecl. fhia ob8ecYati a oooara 

beoaaao the BLB Yal • ohoaea tor the liD W&l oae at whio' 'k• 

••�raae •"•••• b7 hoaocolliaati a waa ettee UYolJ aolablltH• 

but the natural aeabraae bad YOI'7 low aol•b11itr. � 

e tfeo tlYelr fltaotioaate4 the tw .. abraao tne• • The S .D . S .  

aolu�1liaed aeabraao haa alao JiOldod low leYOla of pro\eia 

'nat la t)da ouo the peaka an 1••• ahup u• the toul rotola 

eluted la sreater. 

Ia ltoth oaaea , but aoat aoti ea 1J la tu ohl" aatq'aa 

o f  the s .D .s . aolub1Uae4 .. ab rue ,  aaterial tllat abaorba 

lisht at 280 aM ooatiaue• to 4eaorb troa Uae ool.ua \o ••rr hip 

ao4S.u o hlori4o leYe la . Exteadtaa the ueuaptioaa preYloulJ 

clran 1 t appear• tb t hipl)- o:taarc• s . D  .s . a Pro telA aotetiea 

t \be aatural tat alobule aeabran. are forae4 troa pro\elA 

•ote u ... that are hishl-7 h7drophoblo la aatve uc1 wbloll 

read117 aaaoolate with o ther bJdrophoblo aaterlala .  fkla 

would ea.pl.ala the bua• ot proportiea tb.at ooou ••••&�• 

aa be lJII due to the srac1ual build up of b)'cll"opll t»io Uak ... a .  

Oa expoaure to 4e teraeata hfdrophobi reaotioa ooul4 r••411r 

ooour which aeoor«a wi th the e ftec,iYen••• of 4e t••a•ata aa 

41aponaat• ot thoao •ateriala . 'l'hia 1• uue o f  Aoa-l ale 

clotoraeata wllioh are aot aor .. llJ ao\ecl tor their l'oao ttoa 

•1 tla proteiu ( thoqh tho7 o reao t with llpo-protelaa ) aa4 tu 

reaotioa la aoa t aatiafaotor,r tor de terseata haY1a8 llJdropllobio 



1 1). 

propertl•• • If \bia la o rroot t • aore br., bo�lo 

aoloot&l.eo uo 11kol.7 to aeaooiato wi � a kip auHr t a .D .B .  

••1• •1•• al•lDa • ···•••tio o f  0 1•�· witb hi .. .  -.,. • •  

okroaatoar..-r t ••• dlaaoota•• alowlr •• the offoo\ I 
it.� �� ... �i".'\ 

•s.latioa ltJ -'•W tnaffol" u4 oftat..u,- 4oaw' ae t a iu 

• lorito lowol laon .. •• · flaia otfoo\ ap art oa tu 

t:llo �doliao 

aad p lto)¥ a t all aatorlal aa ••••'N4 •••• a\ Uao 1 . 1  11 

la ' 

a • OMJ'latlo of o aat •••Pill • o to puul aluntloa 

of �aeoU.ao , 1Mtoauo \Ilia o ftoo t  1a t apparo ' la o pa\tona 

fol' uola la rq. 1 . )  ant 1 . .. ) .  la \bo P"•• •• ot ID tU 

..... , of blc1al.J olaucod •torlal la 1ou aD4 t • a lepo of o 

pftaoa ,.,. • ,. •• u.oa ot IIJ> wit .... s.a le ... to .... dO'O\ 

t \ • YallcU \7 of • P' ll f.a \ la ropoa ••••• llD alao 

-�· . • •  , a8o ... .., • o 1utiq la \Ua ........ 

.,. 0 1 l ... .... ' ., ' . ... . ....... a .. .... . 
4S.ffonatl.r •1 ua tual fat al tnale •a ••• aad oaob wlU 

pr Y14o laforaatloa t at la o .,1o .. atarJ to \bo otbor. "­

oloo\ropbon U.o olluaoMriatlea ot wholo •• raao .. ,orialo 

11•1• o•paraltle Wonatloa. .Aftor ooeploxlq w.t. a .u .s .  

a pnporU a of ' • aaurlal oxta \a u hS., 1J ur,.4 t ra • 

prote1a has booa traotloaato aa4 abowa t o t . ........ . , 

pr tela aoio tioa , tlYO of whioh baYo booa 4o\ootod. la 

1 1oat•• ,...,., bot.roaeatt7 of the proteiD •-'•�•• thaa 

••• eeatr1fqal1J Hpu-ato4 tro11 tbe zaatval ... _, .... (0 loa 

• l�thuf•oa ,  1 '7) b"t • abowo .-.eat nton to OAl7 

'h• �•all p perttoa ' at 1• ••1•-1• la • ID .... ) .  



1 2 .  J. !M lfht\ of DtH£•••! PM S!!t Ksurw lt\tJ1tl ol 
ID!J•H• MlD (!!iaor ,.,.,, a> 

• ala of t�• ••••r le to rtooaal!t tht laflat tt t 

dettraeata • oa the propen1.. of 'Jat potua .. tel'lala tlaa' 

1ft ltMa i!Ola\t. froa \be ! .. llHt llob1llta tt ha ...... 

oUO.t.tpQiaJ latt't ltMa tbMta to pro•l • tltll' laforaaU.• 

ab •! !Mtt -'-'rill! . AI a taMcl earlier !har •••uatloa ol 

the ... , •• prottla ... aa!ural ,,, slobult .... • •r 

alatlu o a4l'loaa bat prMta -. bt &4•••••• b•S ao! ldtal• 

llee !rop�rtaia of a aiaor fraotlo ... ... , la tbt ••• 

•• ••••••" waa t uootaa tal ( Pis• 4 ) .  

Figu re J .  Effect o f  Detergent on Membrane o f  Homogenised M i l k  

(Minor G lobule Fraction ) 

1 .  I n  Presence of S . D .S .  

2. In Presence of N . I . D .  

I !INIEII I 

laob 4tt•ree•• bat acted ditftrta\17 •' b tb b&Yt 

) 

••• •••••• 8 ooapoaeate. Partloularl7 olear baada baYI beta 

ptod ••• but o • aaaia She eigalfioaaot o f  tbttt reaelta a t 

bt Sftpert4 '0,- the "' lta pnpll"tcl tr• o aatopap lo 

fra tioaatl a ( flpn J ) .  

fllt ouH&tearapb7 aad tra tioaatloa ot tu BID aolublU.etd 

.,. raa• ( Fta. ,. 1 .  which it aot of tbt •aae oricia at Fls• I )  

bat Mta partio larl.J auootttful. E••a the loweet peaka 



F I G U R E  3 .  E F F ECT O F  D E T E R G E N T  O N  T H E  M I NOR F RACT I O N  

3. 1 M embrane ( M inor fract ion)  + N . I . D .  + E DTA 

- - - - -· - - - - - - - - - - - - - - -
-

- - - - - - - - - - - - - - - - - - - - - - - - - -� - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

G 

3.0 

4.0 

4.7 

3.2 Membrane ( M i nor fract ion)  + S. D.S .  + E DTA 

0 

1 . 2 
1 .0 

1 . 7 

H 

1 . 1  
1 . 3 

G F 

2.6 
3 . 1  I I 4 . 1  

F E 

-� 1 .8 N I L  

D 

E 

, , n , ,  1f - 5 3 

3.3 

D c 8 

1 .8 

3.5 

c B 

2 . 7  

3 . 8  

1 .8 

A 

3.8 

A 

N I L  

2.6 

3.8 

4.5 

5.4 

WHO L E  MATE R I A L  



,,,. 

ooa\ala prote1a \bat O&D be deteote4 e le  \rophoretioallJ. 

fte ohl'oaatosrapll1o eaka are heteroseaeo lt ut the f.rao ti aatka 

haa lad to the 1 aat1fieatioa of a au.ber of oompoae ata that 

were t preYioua lJ  apparaat. Also the .t ration 4 1a t  oea of 

fraou.ou ucl of the ooapoaenu of tbe whole terlal are 

ooapara le whi h poaaib ll  4 18\1 iaheo thio aater1al fr a 

natlaral aoabraao aatorlala. Proba 11 1 1  oap 

4otooto .. follow• • 

Coap eat 

1 

2 

' 
4t 

' 
6 

1 
a 
' 

10 

1 1  

rraou 

A ,  I 

I 

I 

0 

J) 

c 

D 

I 

r 

, 

Q 

G 
0 

to hYO ... 

Mobill\7 

,. 

l. ? 

). ) 
). 0 

,. , 

,. , 

2. 6 
2.6 
). 1 

... , 

). 0 

... ,o 
At. ? 

Material8 that 4eaorb at w14olr 41fferea t p ia'• oa t • 

ohroaato raa ha Ye Yerr 4 1fferen t ohua•• a therefoN , i f  

the7 haYe the ••• e leo trophore tic a 111'1 u one aao t  er , 

theJ aua t haYe 41fferea' aiae , aad eo the7 h&Ye beea 14oatlflod 
•• lftereat ooapoaento .  ror euaple the ooapoaeat • lit 

1 t 1• abae t froa traoUo • Oa t e otbor 4 \he 

ooap ae�ta 7 an4 9 haYe aiailar a bilitiea ut w14elf •t.ttorlaa 

ohars•• eo haYe beea 14eatitie4 •• clltfere t aateriala . Theae 

thre� ooapoaea-. are preauaa blJ aaake4 1a the whole .. terial 

bf oolleotiaa at the aiaale �4 with ao illtr ot ) . 2. 



la tld.• pa\ten then 1• ao doubt that proteia 1• 

o ata1ae4 1a the loq low profile of the t.rS.ala ••• 'I lq 

at bich •••1 ohlor14e ooaoentrati oa8 . Three ooapoaeata 

are 4e teo tab le at haetl a G aa proba1:tl7 aon esiat at polata 

., ... the , ............. ' ut .  £ye ..... .. , nll -·· 

•••ortte• at blall•r eo41 ollloride lonU aa4 tlae 1 1  • ..,. eau 

14eat1tt.•• .... perbapa ••11 • , ... , ,.,,.. r , ..... \llat .... 
aol•ble . 'the oolle tl of a �Hater aultel' of fraotlou le 

opea to 41fflo-.lt1oa of laterp" tatl •• • for ea_,J.e , it l8 

aet o le .. w1letlwl' • ap eat 6 wltb the .... HbllltJ at ••• 
•anr fl'ao tlou le ta faot two o oap ... ate or oao . 

tu ,.ttona of he a . D .a .  eolub111••• aatel'lal <n.a. ).a >  
,. asaia ., ... , 41ffel'eat .. tbat of the JIIJ) ••1• 1 11  ... 

utel'ial. � teohalqae 1a leoa oatiefa� r� tor the ••-.!Ma.-• 

t craphU peue are len etaup ,  elAtot phore tf.o pat •r• I 

the wbolo aaterla1 •hoft4 eneut.•• bl.....S.ac of ttaa4e ad 

•-•• M pre .. ate4 , kada of tbe o011pneata la tbe fl'aoti M 

... falat , (pr ttabl7 lteoaue a .D • •  late•t•n• wi th Ule ald.4o 
ltlaok atdalaa reaotl a ) ,  aad aobllitiH of '-'• baMa .,.. J.e• 

reliable ••••• of Ule Ukel7 e ffeo u  ot •tal:rale ( .. 

preYl .. lr •-.lalaed ) .  Deaplte tba reaePYati aa it alcbt lte 

poeoit.le to ••• aaL•• 1 1  ooapouate .. tellHe a 

ONpo oat Ho . 

1 

' 
.. 
' 
' 
1 
8 
9 

10 

1 1  

Fra Uoa 

A 

• 

c 

l) 

E 

, 

Cl 

(J 

H 

K 

I 
1i 

MoltlUtJ 

1 .  
1 . 8  
'· ' 

t.l 

1 . 8  

1 . 9 
1 . 1  

1 .) 

0 

1 . 0  

1 . 2  

1 . 7 



1 17. 
ft1e la Ulft ••• utter u detected 1 rtiD eol: ltlU..ati 

•Jaloll la iatena ia1 but perhapa to!'\ \d. to • fio ldebl.J 

ohupd o.-poaeata llan re latt••l7 low ll0b111Ueu ao uoe 

appaHatq lua• . fb.e oautioae expreaH4 about terpM ioa 

of roa•lu for the BID aol !tlliaa4 uteli.ale preaUII&'blJ aUU 

applJ aad • •• o\bor pota-. aye boo .. appare t.  

C aeat ) u ron1t17 a rea l • .., eat. 'f • oJaroaa-

toll'aa doea a ' ahow a 41p • aa4 '"• U .  V .  •••• lad1oa\U pl'ohlat 

•• tu ••111 .. ••nlt .., alapll' ••aa that · • protela , or 

JI"OMlU t ... too lal'ae to OA\el' \be ae le ftla M OlearlJ 
OOOVJ'Ocl wit ... ,o .. at 8 ,  Whol'e aaMrial la ONOI'Yablt at \M 

s .D .a .  ooapl••• ud lt .., be ttaat •lalpt• u.a Naal••• la 

a 1 ... of e \a  l11t7 aad/o• aubee •oat aaaroaat1 • 

The • .., ... ate ot fraotloa G aa4 I uo o lou aJUl "" 

aoparato4 41atlaotlJ. fh1• tau t Mea • ., .. ,.. •• for .-.,. 

uteriala eo 1 t  1• uoful t o peoulate •poa the aatve of �· 

o roaatoarapbJ pro••••• It a h7po,hettoal aoleosle A fo,... 

a ooaploa with aoo aolooulea of s . o .a .  ( •A t 200° ) 1\ alctat well 

appear 1 traotioa witb aa oleot,.phoretto aobilltl ol 1 . ?. 

Poae1ltlJ the o plu ttA s 1JO• alAio oe9U'e aa tt •• 1• •••••• 

at lower aocliu ohl ride oouenvatioaa aa• taa•• le••• 

•• 111\J I at •• 1 . 1  ill lrutio o .  'flaat l• \ h7 \at.at 

o •poaoau 6 . d 1 1  aipt ooa•at• the .... p&Nat pntela. 

ft1a d. l.l ••17 ooou it .. xt.aaa bS.Ulaa ol s .D • •  Ja• ao\ Mta 

aellieYed bat there 1• ao reaaoa .. ••ppoee \Jlat ttddl le ••• 

� 

A.lt•raaUYOl7 t world.q acaiu t  'Ilia poaai1t111'J U tu 

propMal t at u the elat1aa butter paa••• OYel' tU ••••••• 

ooaplex 41oaoo1atioa proa•••••• Jl'a4ua11J with loa• of . D .a .  

flle lal.Potbotioal ooapoaeat "A s 200" 'fiq \he ehuaetol'iaUoa 

ot • .., .... , 1 1  ooald Dot thea poaolblJ 41•• o1ato to bee •• 



1 18. 

tke eoaplex "A &1'0" unt1 l eoao point after t7actloa • fhla 

.. obaniaa \htre foH ac ta \o apee4 deeorpttou of ooraplaue 

YiDI hlabi . D  • •  tProtein rati oa and ao to 1a o oneert with \be 

laoreael 1•••1 of eodtua ohlor14e . On the othe� ha • •  the 

fonaUon ot s . o • •  oo11pleaes wi th Yarioua s . D .8 .  leftle n t • 

aaae proteia o�pone nt la eoa e1Yable b•t leae 1lktl7• 

• uauptlOil la aa • t at the s .  1> .a . a ProteiD 0011Jle• 

ae u t onate a hlsh ohar • aa4 \hie will 4el.aJ el tloll ot ••• 

o•ple c. thlle thia la protaat.ly tne 1 t oaa 1te nea tu• \Jae 

oharae ooatri ute4 bf the otola ltee lt la Yer, as.aa1tl ... t •  

for tU.• oo��paeata w1 t h  Ilia ohup u4 llip eleotppll•••l• 

ao-llit' appear aaoaa t • liD trao ttoae . rurther •�•• 

rill be aade os thia pout . I t  1• al.eo 1'0 oud t •• the 

aon b¥di'Ophob10 proteiD •terlale Wi ll l»1Jl4 a lft&HI" AU1ter 

of . o .s .  aoJ..o\ll.u aad eo ellhlbl t a lft&ter ollaJo,. . Late 

deaorptloa on the ohroaatocra .. woul4 thea 1a4 loa•• creater 

h74�ophob1olt7• If tbie 1• ao the aaterlala ot the 

hoaocead ... d .. uraae eahlbi t a wide raqe of b7d"p o1tte1 tr 

tho-q the ohuae ooat.rl1tut1oa of the aat1•• pntoia .. terial 

... t ot.••ure \be eorreotne•• of thla 1 t•rpre\at1 ... 



F I G U R E  7 .  CH ARACT E R I SAT I O N  O F  VAR IOUS M E M BRAN E  TYPES BY TH E I R  S.D.S. COM P L E X E S  

7. 1 Membrane o f  homogen ised m i l k  ( minor  g lobu l e  fraction) 
- - - - - - - - - - _,. - - - - - - - - - - -- - - - - - - - ----- - - - - -- -- - - - -- - - -- - -- - -- - - - - - - - - - - - - - - - - - - - - - - - - - --

7 . 2  Mem brane of a second homogen ised m i l k  

( m i nor  g lobule fract ion)  '"-- - - - - - -- - - - - - - -- - - - - - -- - - - - -- - - - - - - _ _ - - - - - - - - - - - - - - - - - - - - _ _  - - - - - - - - - - - - - - - - - -� _ _  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- -- - - - - - == uuuol 

7.3 M em brane of a th i rd h omogenised m i l k  ( m i nor  globule fract ion)  

7.4 Membrane of same m i l k  as  7. 1  ( separable globu l e  fract ion)  
- - - -- - - - - - - - ---- - - - - --- - - - - - - - - - - - -- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - -·'-------..........j 

r- · ' 7.5 N atural  Membrane of unhomogen ised m i l k  
- - - - - - - - - - - - - - - · - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

7.6 N atural  Membrane of a second u nhomogenised m i l k  
· - - - � · - - - - -· --- - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

. . ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------� 



S ec t i o n  1 3  1 1  • 

Oharaoterta•tioa ot the " .. a�raae" that la or.ate _, the 

h .... e leatioa prooeu IIM been perfo ... d 1 tbl'ea dlaU.. 

teobai ea. fbeeo are •  

1 )  Ohr ''II"&Pil7 • DIAI-co111lloao of U.. .D .I . tP,..toia 

ooaplasea ot ... .,,.... uter1ala 

2 )  Clanaa '-srap)Q' oa DSAI-oe1111loaa o t  liD aol•ll1U.e4 

••brue aat.l"iale 

J) lleotropboroaia iD p lJaor,rlaaido 101 of the liD 

aolu111eo4 ... rue •• terlala , 

�· reeult• of 'heee tevhAlquoa haYo been ooapar•• \o 

the bl"oaato,rap�o and e leo trophore tio o araoterlatloa I �· 

.. a-raaea derlYe froa hoao,.Datae I ttertat with &lela an• 

with • •1 po .. er. A4dltioaa11J , \be eolubllllatioa 

proportlea of the hoaocenlaed " .. •bran•" haYe •�•• 1 boeD 

I'Opol'ta. , 

1 3. 1 )  �!aro!•Hcrap 1 oa :OZAJ1-aellf19!t of 'h' s 1D .a . ''''"'' 
C!!plOIO! o( Me! ran• MattEialf - ,,..,.. 1 &Ad a. 
he oricla ot aateriala npr.aoated b7 \he ohr .. , • .,.,.. 

11'0 1 

'laU• , . ., . a. , ......... aaterial troa the alAor fraotloa of 

a ala 

nave ?.2 

,, ...... ,. , 

aeabrane .. torial froa the aopara�lo fraotl 

ot the ape allk 

aeabrane atorial froa the aiaor trao\1 a et 

a eooond ailk 

•• bran• material troa the 

a thir� ld lk 

or tJtao Uo et 

Flaare ?.6, 8, 2 ... raae materi al from a eeooad KAhoaosea1ae4 

ai lk .  



F I G U R E  8. S I GN I F ICANCE O F  D EA E  CH ROMATOGR APH I C  PATTE R NS OF S.D.S. COM P L EXES 

8. 1 Membrane of homogen ised m i l k  ( m i nor g lobule  fract ion)  

o - - - - - - - - -- - - - - - - ---

1 . 2 pp .o 
- -

1 . 7  

u 

1 .  1 
1 . 3 

8.2 N at u ra l  membrane of u n homoge n ised m i l k  

N I L  

1 .9 

N I L  
- · 1 .8 

3.5 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ":._ -===== • 
N I L  

1 .8 - · 1 .8 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - �=== :=I 
N I L  N I L  

PROTE I N  - F R E E  

4.4 -4 3.8 



.... 

Coaalclarlaa the .. -.riala estraotect fro. ' • aaall 

a�olnlloo of ho otea.iae4 llilk (lliaol' traotl a )  alallaritJ la •••• 

to e.tat ._tweea tbe pat tera. t Fig. ?. 1 aD4 ?.a. c ... t4or.Lac 

t • •-'••• t ••tli .. tloa a biaYa�l• thoao alah\ •• o 14•••• 

to -.. • ..... ft• thl .. ,.,,... ( ?. J )  la , ........ .... , 

•ttforeat. Ia all ••••• aatorlala baYtac a •t•• 1otrl1t tloa 

ot obarc.. .,. appare t a alao tk••• la a o 18\eat l•Yel 

t ••••nal tlla\ ... or • late 1a t • ol•tJ.oa patwn ..._ ... ,, 

Ulloattq lu hip olaarp. !be alcaiftoaa • of tla• Yal"iou 

•alle la U.loa\84 la:r • e le hfJI'etio • aote.S.oUea et 

l•uUou o Ueotect < ne. 1. 1 > .  CJleal'lJ' tittenat prokllul 

•• •••• la ... , t the aka obooke4 ... _, aN 

oaopae 118 to o�otropboreaie ( rta. 8. 1 l.a a n-p ... oakU 
of rt.c. ). 2 when lt ••• propeeo4 that 1 1  oapoaob n "­

••t.otect ) .  

��· 41ffer••••• la lite ... ,ran• aatoriala of rtc. ?. J 
fo .,.,. .. t 7. 2 a cl ?. 1 )  an uaaatlo lad UleH oaa u llttlAt 

cto•'-' that a dlttenat •terial 1a HiDe iiiYootlaaUct. a 
of the aattrlal ••• ,.._ ra lcllr (at aboat t • •• Yel ol 
Ul• ••1 

tile 1tea4a ) .  .s .- o f  ••• aaterial la p ba1alr pe oat ia t • 

.. ,. .. '"\Jluol artltae\ JHtak :r•t \Jle balk of tlae .. torial 

oaal'ba later thaa la appareat la \be \ r \w .. .,.,, .... 

ClearlJ alao • pattera 1.� d iffer• fr \ t t 1. 1 
t •1 oriataate troa clobul•• of 4lfteroat •1••• la • 

.... llllk. I t  alao 41ffen t • aU of \be ot er pa\wru. 

file naettoa of .D .a . with aatval •••"'aaea (?. J  aa4 

?. 6)  pi'04hae•• two patteru that altho p ao 14eatieal wlt.la • 

aaotller aro ••FJ aJ.all.ar. seperfioiall.J' t ., an alao ahiw 

to \he ellroaato....- of 1. 1 an d  1.2. 'bvt the aatvH of •hriala 

eltbia • .. la ut• ittererat e leotrop •••ti allJ. ft1a 

1• .._ 'n'-4 :r partaoa of flp . 1. 1 aa• &.a. U.ao 



F I G U R E  9. CHARACT E R IST I CS O F  N . I . D .  SOLU B I L I S E D  M EM B RANES 

9. 1 N atural  Mem brane of Unho mogen ised M i l k  

------------------ - - - - - - ------- - - - - - - - - - - - - - - - - - - - --- - - - - - -- - -- - - - ------ -- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - -' I 

9.2 Membrane of Homogen ised M i l k  ( M i nor G l obu le F ractio n )  

- - - - - - - - - - - - - - - - - - - - - · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - -- I 

9.3 Membrane of a Second H o mogenised M i l k  ( M inor  G l obu le F ract ion)  



4ittere ••• la \be l 

aater:l.all can be ••••· 

low prot:l. lea t b1 17 ehara•4 

la auamar7 it a peara that -

a)  All the aeabraaea are heteroseaeoue 

b )  !hat t • three or1c1aa ot m abrane provide 4l tteren t 

materia la 

111 .  

c )  !hat three hoaoaeDiae4 ( aiaor ) ••• ranee differ , tboQCb 

this •••4• ooofircatioa 

4 )  'lba t t • ••• rue o t  larso s lobv.le d itten fztoa tha' 

aaall alobulea ia the ••• milk. 

InteFpretatiou will b e  oarr:l.od f�\Aer alter the 

proaea tion ot other eYid ooe . 

1 3. I ) CV!g\!I£Mhl 0! DliAIIOflluloat of Q• Ill> Btlu-iJMtf 
U••Vu• Mator!•l! .. r:l.cun• 9 aDd 1 0. 

!he aateriala repreaented ia the tigurea are c  

rta. 9. 1 ,  10. 1 ,  2. 1 a natura l tat alobul• •••b•••• ot aa 

uahotl ,.aiee4 allk 
Fla. 9. 2 a aeabraae aaterlal troa ••• alaor 

fra tioa of hoaoaeniee4 llk 

711 • 9. J ,  10.a ,  ). 1 a .. aae aaterlal fro. the a:l. or 
traotloa o f  &Bother hoaose laed allk .  

Conele teat w:l. tb. the reaulte o ta1ae4 7 the .n .a . 

teo lque clear d i ttereaoea be t•••• t • patteraa t tb••• 

aaterlall are pnaeate4 . The 4 l tferenoee be \weea �· two 

hoaoaealae4 allk •ater:l.al! ( Fl«• t.z ,  t.J )  are 4 ia tlaot aa4 

there la total 41aaiailaJtit7 wlt the aatual tat 1lolnale 

• •  ue aaterlal. Cll• '' rap 1 hall 110t , .. )low•••• • pron •• 

exoe llea\ aeparatioa ot the pro te:l.ae •• all peaka are 

e tenceaeou l»ut it eftrthel.e•• •• Yalue la allowlq 



F I G U R E  1 0 . S I G N I F I C A N C E  O F  D E A E  C H R O M A T O G R A P H I C  P A TT E R N S  

O F  N . I . D . S O L U B I L I S E D  M AT E R I A L S 

1 0 . 1  N at u r a l  M e m bra n e  of U n ho m o g e n ised M i l k  

1 0 . 2  M e m b r a n e  of H o mogen ised M i l k  M i n or G lo b u l e  F ract i o n  

2 . 6 3 . 1 2 .8 3 0 
3 . 0  

4 . 0 4 1 3 . 1 

4 . 7 
5 . 3  

I I .....__; 

-] 2. 7 

- 3 . 3  
3 . 8  

0 

2 . 0 

4 .0 

W HOLE  M A T E R I A L  

0 

2 .11 

3 . 8 
4 . 5  
5 .4 



112. 
traetioaa\loa and au ••u. t • ration el • eo•�•••• 

aa\erlala (••• • 1 1 1  41aouaa1oa ot lie• • 1. 1 aa4 ,. 1 ) . • 

aa\ a1 fat alobal.e AI' e tie l4a 6 0 p e \a w NU 1 1  ... 

4e\Mkttle la \IM aaterial ot oaoaeal.ae4 111111, 

..... 

tr the a . D . S . pa\ el' ue a'tlppor\ed 1 ... rea 1\a, Thia 
\e baS.qu le uet 1 11t. e.U o'b\aicecl are •••n.. u aa 

a•• et 47• 

NID eola 1liaati •�••• ••• • •• aaetal tor 1' 111 -. 

p .... re ra 1417 &D4 wt er••••• "plioa\1 ot ••••1-.. 

Con••••••ll DIA.I olln•••sraph7 ... 4iaoo tla H 1a la• ot 
�¥••1'Jlaai4e a•l a le  ' pbonala or ' Bltl aol•td.ls.aa4 • 1e 

... ..... aat.eriala, 

!pPU !t!Kj,!l! 
ilao V.,  na t.a  or t. · s . D .a . e le • wu ' 

putlo lull au oe .. tul • a .. t •••ulft talUq 

' • ••1· la aeaual. , ... 

rea lu oleu� • • cllaaiallarl ,, '-••• YUl 

b•t aa Haalb •••• ao\ olear out t.her ... aot prea 

I ., WO ........ or n.a. k. 

••••ri.ala 

. . ' 

Figure K .  D istinction Between Natura l  !VIembrane and Homogenised Mi lk  Membrane 
( Minor Globule Fraction ) - - S. D .S./P.A.G . E .  

1 .  Natural  

2.  M i nor 

\. 

uu 0 Ill 



12}. 

a on iSOro euoo all f\1.1 though r ·-1lt" are atill not o J.�u d 

t r ti Ye prote 1Nl .  ':\uch. laok o t  o lari ty l'li p  be 

a' trib�t.ab le to prot•in denatur-.t !on tter e vta.ct ada orpU.oa 

• ioh ••�•'eft a l ck of oharaotert. tio com�ouent · .  

'!'he natural mbrane e ra td into to r oottpo e nt& ua4er 

t e c n4itio ot �nvee tigatioa Ad t •• rss-lt. hav lrta4r 

'••n pr. n tecl ( Pis. p e 1 05 ) •1th � o  t about t 

_...-- -::;:::;;> l"epnod.uc.t'bi Uty o f  h:Julttt from er'llb.rae o�1s1 t c tro 

t re e  •ilke . C na ide�i t� eroeion o t  ora •a\el"tala 

t t. ia lnh Hrlt 1 t e wasbi:te o f  th c�a t e e illi.lari\7 

of t tese t �· result� rovi4ee eYi enoe t r the rella llitr 

of the �17tical 'echniquee employed . lG3p o tioa t ... 

resu lt• d ocmparia • wi h thoee of oaoceniee4 a1lk \ 7ia• ' ) 
••pporte tbe oonal eioaa apparent in all tbree a proao •• to 

the pPOblell that thtt na tural and bo•o ell1eo4 a an fti"J 
cli ffer.at t on aother. 'rhe abruee ot h • e.U eel eilk 

ontaia aaay •• coapoaent &D4 1\ 1 aot rooaible to 1�eatlfJ 
the c>r1s1 1 •••brue c poneata ri. tll oo ponenu in the aew 

u•brane. 

E�o,rophoretio oaarac tel'iatioe of the HID aolu illeed 

mcabraue aat•ri•ls extrac ted troa t�• boaoaea1ae4 allke ar• 

pneu \ecl la Pf.c. 1.. a.oh pat iera repreaeau tu He\&lt• el 

4�pl1eato4 e leo trophore•ia . fhe 1dent1\7 of aa ••riala � 

wae t 

L. 1  ! • ... ran• extraote4 troa alo�•l•• of \le alaor frae tloa 

ot aa bo•••••t••• .tlk 

L. 2 The .. abraae extrac ted troa 110 ule of t•• se ara•l• 

frao tiOD of the s aae •llk aa L. 1 
L.J fbe aealtraae extra ted fro• t� ainor fraotioa of a 

...... ••• ...,... ailk 
L. lt ,.._ Halt•u• ••truted froa the eepualtle frae t1oa ot Ule 

••ooad �oaos•nt••• atlk 



L. J !be ••• raao oxtrao••d froa the alaor frao•toa of a 

tMn lloaoaeat.aed ld.lk 

L. 6 f e aea\r.ne extracted tr a \he ae arable frao'l a of 

the t�l,. hoa ,.aiae4 •llk. 

Figure L. Comparison of Fractions of the Same Milks (N. I .D./P.A.G.E)  

I=: · .. t ff .. :�::l I! I L. 1 

I IJ£.:}5111 I 

Cl 11111 1  I 
I 11 iiH I 

Cl lli{};lfll 

11 I I 1!¥11 I 
----

m 

I 

-

1 

I 
J 

I 

I I 
- ---

L.2 

L .3  

L.4 

L.5  

L .6 

- .  

Th he tero ene i t7 of the •esbraae of the hoaoseaiaed 

allka ie onf1re cl partio larl7 ae the trao�ioaatio ••u lea 

Coaala\eat wlth the e-ricleaoe f the two hroaatopap le 

approaohea there are 41 tiaot d iffer• oee etweea the three 

1a t1 e t  41 ffere oea e tweea the aaieriala of the eeparablo 

ClObUlta Ad \ho • &ller slobuloa of the ainor fFa0\10 W io­
&0001'4 wi th the .... 1114ioa\ion interpret• fl'oa the S ,D • • • 

Ia all oaaea • ••• aaterial. 



baa fallet to • ter the ael and \hie ie preeuaa•lr eltbtr 

lara• aacrecau4 uterial.a that " i:uutequatelJ aol b111ee4 

or o a o eat aoleo lea tbat are too lar�e to enter the sel. 

la •oat oaaee a 

wide raaae ot a1arat10A ra os ie obser•able aad aoae eoap ..... 

ha•• aial'ated ••17 l'&p14lf tor the tiM of eleotnplao"•'• ... 

oal7 60 ain\lt•• • 

Ia •• 1'7 •  all threo appro ehes ••• eatabllshe« la 

··- ' ., . 

a )  !he u tval M•'bl'ane u 4  th• m• b!"ue of · •os•auet ailk 
dllter wltlelJ' troa ouo uother. Mo eo 011 propel'tJ la 

obaer.ed . Thic lack of e o  on proper\7 la t • 

oa .. q enot t \he intention l e of the •to aolablllaatioa 

teohalqae wb1oh deliber&te ly exc luded the •• 3orltJ of 

atual ,., slob le • •bran ll&toJ!'ial. 

b )  fbft a ol le aatel'iale t •• are heter 1• •• 

p to 1 1  boon eteote4 troa tke •-U•• 

&lobule• pl '0 t (poaaibly 4iff&Pen\ ) eteotable 

froa 8 eeparable lobQle • 

o )  llhe ... ruH of d1fteront h osen1ae4 llilk (whea 

oo pulac a11111ar sloblll• a1sea )41ffw.r troa oae aaoth••• 

I t  1• tmether iAterJ'ed bu t wl th le•• eappcwt (OAl.J fl'o• • 

t · o approaobse ) that • 

d )  ! • ••all aftd larao alob•l•• ot t•• .... a• ••4 

i lk  carry •••bran• ka•ias d ittereat o ooe te. 

• )  The ytJte ot propuat loa 1• ao t UkelJ \et hat'e ooatrl •••• 

t tbe o'b•erntt 4!tterenoea becaue aatval tat alobllle 

eeabraoee f�oa three a ouroea 4o ot e xhibit ob wide 

41ft r•Dcee and are t fa t re•arkablJ ai.tlar t ... 

an.o her on pel;racr:rlald. • s•l e leo trophoreete , 

t )  r a uteJ0 1a.ls of 1lo•osen$.eecl ad.lk ooataill a propol"'i a 

ot oc o�aeats t h  t ar• h1shl1 oharaecl ( a  i.ndioa t.H DJ 

tiAE ebr matoarapht ot the llliD ••lu 111•• aateria� aa4 



116. 

tbe �a,id i ty of e lec trophore tic migra tion ot ao me  ot 

IU.lk nteia 

ute�iala ooatai!ltfl8 •1al.1e cio llli1,Ch \ proYld.e • aovea 

or ll1p l:f  oharae6 oompoaan k oa the hoaosea u•• ••�n••• 

a )  A DU.ber of O�poae ts oo�plex wi th S . D .S . '0 &lY• bil lJ 
ohar • ooaplexea . The abt litr to ooaplex wit . D .s . 

le apparentlr a oharaoterS.a tio of the Rterlal8 aa4 S.f • 

•&7 i ad i eate th• •••"• or hy4rophoblot t7 of tlle •••nala. 

Ia tJaa t ue ao ot th e &ta teriala ue Yery 111 ropho l e  ia 

aat.re wkio la a vpporte4 b7 the proble .. of 

eo11lbi UaaUo • 

S e c t i on 1 4  

Proos•s 

The ohara te riati • ot the •••b�aa•• ez•r••*• troa 

'ftde S.• 

aaexpe ot d t r a material reo&gntaed as oate 1a b7 preoipttatloa 

at p.tl lf.. 6 ucl e lltot.-o hore tio pl"ope rti ea haYe been deteo ted 

fJ"oa ta. aeabraae of boaoaea1ae4 atlk (Jackaoa aa4 l,...er, 

wher protein after a4e orptioa onto the fat/plaaaa iatorfaoe 

while iade a4eat ot each ot. e r  an o f  the nat ual t t glol» le 

tha;t. t ora;e 4 t o  • 'ao.ilise the r eu ltr.n t 11ulsS.on wer xtract•• 

aad )r � d in tae am• � ner aa !or who le al lk  aad c jtc t•• 

to cbr<.> a to&.r&JAJ and lea tro� horesis-- . 

1 4 ) )  Tb ltteot of h2!2&opl $ation 3gon Cte•!• 

A a .. ber f ,.••••1 baerYa\ioae oaa be a.te •�•• ooaparlaa 
. 

oueta wi \h 1•• oM ... , . ... raae . Caaeia 1• na4i17 



F I G U R E  1 1 .  E F F ECT O F  HOMOG E N I S AT I O N  U PO N  C AS E I N  (S .D.S .  C O M P L E X ES )  

1 1 . 1  Case i n  + S. D .S .  + E . D .T.A.  
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'''· 
aol 1• • enu ' • h · eaate ... rue u ltlall' l .. ol•-1• · 

E••• 1 ••••raea\ aol \tou \M,a 1 ol •t:U.'J la aota'l• aa4 

larlal p para \S.oa a pro r\toa ot \ • aa\erlal S.a •• t•ttac .. 

ola\ I ala a p.ro rUn of • aola lllael · uh:a-lal w&U 

atlll a ' • ... the ••la tor •1• ••• , ..... ,.. c�· la ... 

e lee t•op nUt Hperttea t t.u 1..-il ..... 

whloh 1dloate aaa ola'l a ,  .... witla tM a••••• •• • • 

whonu , ... s.a la ata la to ' to U.a • t ( rlt• D ) . 

fto .D • •  ooaploaa wl� oaM1 <rs.a. 1 1 . 1 )  d •t•aa 

ho•oa••••• .. una• •t..S.al <ne• • 1 1 .2 u4 1�.2> an 

C1ear17 \!la hot1 aaiaaU.oa a-oo••• hall eauol a MjOJ' ah ... o 

la t • aa tare ot t • , .. eta ao a a te.tala • 1tla ••parate 

aharflJ 1a t utlYa a ••• exh1,1\ pa4 1 •• "''' 

. ... . ,. ... 

•• eata bari.q low alau .. ue 4eaoaatn.'le (flee 12.1 ) .  

hia • tae • laiaed ._,. .. auaiDI \hat eaaota eo.,...ah 

........ ... ,,,,. •• that th•r aore •• tlr uaoatate •l" . � .  • 

ealaa\S.oa \he eaaola 

baa ........ ..,. hJdropko lo -
. <."o...lJ � lo it oaa roa41 1r aaaoolato wi th tla• br4roplaa,lt tat 

utorfaoa . T�• {  :s ; ... .£ueJ b��o. ... sc : 

b) tt aa ••• 111 uaooia\a wtt . D  • •  to ton tai&hl, 

obar,.d oapla .. a 

b )  Jor l \  loa•• , .. aat1•• aolub111 1 la •••••• 

• 1a , ... 

ooal .._,loa of .... s. fro• • a ta la al•ello ta aa eato •• 
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128. 

ne .... , .. eha••• that do ooov are t tur 1Uuvat•• 

b7 tbe obaraoter of NID aolubll1aed oaaeta ho.o,.aate .. raae 

( Fie. 11. ) wboa ooapared wi t t • oharaotertat.loa ot NXD 

c e aaaia ' ••• ••• 

aaj ittereneee 1 \be pat terao . 

b .. aot • tri te4 a troaclJ to aar baale ot the • .,.o\erlatloa 

ot the oaoaeaate eabraae eoapoaea\a it appean tlult 

ooa enta tor.e• haYe a wide yartetr ot ohar,. �aot.oriatl•• · 

.. aatertal ••• rba re rap141J thaa t e oraallr loa lac 
aeroaptoetbaaol artltao t peak. IatoreatlDill • • a tra ts. ... u • 

the aoro roadll7 deaor 1Da aatorlal la t 14e tll1a'le 7 lr• 

aor,laalde ee l eleotrophoreata ( rta. 1J. 1 )  aa • ., well bt la 

ton• that are too larae to eater t e ,. la .  

tbe aajor proportl a o f  the hoaoae te .. abr e .. torlal 

1• h1ablJ ohar .. d an4 4•• rba late la the eluttoa. 

' hie 11 arced ooapoaeata are cleteo\able u , .... ,, ,, 

and tbla ia ot UkelJ \o repjo•eat all ot \be ooa aeau tor 

about 1 1  are eteot•�� la the whole Hterta1. ProbablJ aoft 

aaterlal u bo · to tbe oolua and llu · t •••• e ewea at 

t e 1 . 2  • ao41ua ·alllorldo lewe l. 

no third pie e . ot o.oat.ribut.l • eY14eaoe ,. •how &.a 

f'll• M .  

Figure M .  Characterisation of Casein a n d  the Membrane o f  its Homogenate 

1 .  Membrane of Case i n  Homogenate 

2. Casein 

I=-::: 11 1 1!1111 I I 



119. 

'l'he eleotrophoreo tic c haracterlatioa o f  the ll oae:oate 

aeebrane re •ery di fferent troa tho e of the aat 1Ye o .. eia . 

S epar•t1on et th oo� ono s o f  hosog ouat e  aegbra ne was 

4 i ff1 ul t  wh ich i ad i c  te4 aoooo iatio of  the d en. e4 aaterlale . 

lntereetinslJ t the to• ot i&ra t i o  are not part 1cularlr biah 

though th e h.1U' ii '-ll the cO!tiH'JO eD te of tt-e h oseu. e 

•• ia41eate4 �J D -cellYloe e chrom t o  phy , r bilb whl 

• sse•t• that the mol ec ular dime iann ot .ny � t  the -

o • enta are l.&J'se or xteu4ed o thnt tnig tton ta h i  der .. . 

A nue er o f  on 1 1 ne caa be trawn from 

a )  rb oas•i ia alt ere bJ h en1aati a a t t \ e aewlJ 

tor ad ¥1.U'face taantlr onaiata o f  bilblJ o 
u •r1 la . 

b )  fte la k o t  a tin1U .on of th h mo anata ae brau 

oo ponente indica\ee a lo ot ohara tu aa woul be 

C4n•tetent wit aee 1Ye 4e1Wl\UJ" tion . 

) The tdentltJ of caeei a fter h OJeniea tion oan o t  be 

iaferl"ed b7 o arn ti a of properties tha t appear t• • 

the ea e aa for oaae in. rreYi oue work ( aee • 11 ) 
tha t haa iden t i t 1 �  oaaein ia the De"-b�a e t 1• t••• 
milk is , eith r in orroG t bee uae th� t ehniquH - .. 

identlfJ the teriale are leaa e lec ti?e tha t • uae4 

1 thia •\udf • or the caaeln 14 �t1fl a4 ••• 1 

\o the create4 aem rane llnd wu pr .. ot i i u  ti•• ' ra. 

fhe ele · ron phot 1erocrapha et tlte a bnn.e ot oa 1 1• 
e1lk ebDv how thi6 a�uld ooaur ( Benatra and oha14 ' •  1970) . 
Tbe oaeei» aicellu in t l�fle photos pp&a�a to be either 

ooapl• t•lr 4e ture ontu \ho tat lll'face or to t i ll 

retatn. aueh of 1 • inte,ri 1 aa looeelJ h 14 1ce11e• 
a tt o • to the &lobule b7 por 1 ot i • aurtace , If 

tbla ia true it io poeeibl o that 'b• ri ._ .. waahina 

eo d i ti ena applied ia the preeent atutr might haYe re oYe4 

all 'race ot nativ oaeein from the globul es b"t le ft the 

tilhtlJ adaorb �ateria la . fhe 1 pre•e4 aalect1Yi t7 ot 
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3.8 3.7 

7.5 
7 .5  



1)0. 

e4 in th1a atu 1 la faY ure beoa e the waahlaa 

1 4 .2 ) 

1�1o •••4 part1oularlJ tor \he separable traotioa , are 

t ••rr 41ffereat troa thoee aoraallJ eapl ra4 b7 thar 

iaYeatf. atora . 

A hoa ,.aate of •her protein waa prepare fi'Oa wher •••• 

t at 1 the etfe t of the remainin o poaeata t t • o .. e la -

fi'H af.lk ••,... in oaae eo e eaule1f71DI asenta t er than 3 

\he protei h&Ye an iaflueaoe up the ••• raae fo�tioa. 

ure aadena ured whe7 roteina ia the q-.atitlea required 

in the appropriate alaaoe were aot aYailable . 

In oo .. a wi th the • ••r•atioaa ... e for oaaeia the • •r 

protein• haYe ••ttere• aajor alteration beoauae of he 

h ao eaiaatio prooe•• · The aolu 111 1 of the rote1D8 ... 

asai eau iYelr re uoe • The alwrati u are ••• 

4raaatioallf illustrated bJ po1Jaorrlaai4e e leotr p real8 

<rt.s. • > ·  

Figure N.  Characteristics of  Whey Powder and the Membrane of i ts Homogenate 

Solvent-treated Whey Powder in Urea ( 1 00 m icro. 1 . ) 

Solvent-treated Whey Powder in Urea and N . I . D .  ( 1 00 m icro . l . )  

Whey Homogenate Membrane i n  Urea and N . I . D .  (250 m ic ro . l . )  

I I I 
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NIL  
- ·  2.0 

6. 5 
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3.2 

6.5 

7.5 

5.9 H 5.9 

-� 7 8 

-· 1 .3  

- �  2 . 2  

-· 1 .3 

N I L  

5.0 

N I L  N I L  

N I L  



----------- - -- -

1)1 • 

.cn.•ea\1.7 a lua• propor\1oa of the u\erlal S.e a \ 
<2tl 

AJ"aeterl•"- after hoa aeniaatloa ( o  17 ' aa4a 4eteeta•t• > 
fl.'4S 

aaa l'be \erlal -.... DO HaeablaaOI \O \ha\ of \ e aatiYe 

.. tel'lal. 

the wller powd.er, beiq ao • a pve r tela •terlal, •s.• 

u t  le . 1\aelt to eb.J' atoaraphJ eo oalJ \he 

... � ..... ... okaraoterlae4 la tbi• t .. lll (Fit• 1J. J ) .  "' 

liD • 1•�111••• b o • a\e .. abraae eoatata• t•• • ..,. ..... 

t•• \ltlable , eleeti'Opkoftala .. acala eatalbl\a • n•• 

..... ot oh.,p ehuaoteruttoa. 'f • s .t .a . ..  oapl••• an 

r u (Jila. 1\. 1 > 'b t .,., b:t.chlr oJuuoa•• oeapleaa 

&1'1 •••••••• 

fba eu.-kab• ot the la aos•••••· ·aeabraaea of eaaela 

aa4 • •'1 •• • .,.l'tlolaUr eildlu lnat Ud.e 1• .. ,.� 
e hot••aW 'beoauae a . 

1 )  • traetieA8 t \he liD a 1-'llta•• wbe7 aa eaaela 

..,eaate' ·Ha ruaa an eleetn rettoall.J 4ttlenat 

<.tt ''•· 1). 1 ... 1). 1 )  

11 ) fte 11-aoU a o f  the . D .a .-o 1••• t wh•7 aa4 , ...... 

hoaoaeaa\e .. a'braaea are eleot�pbore \ioallr 4lfferea\ 

(o/f ''••  1 �. 1 d , ,. 2 )  

lU ) fbe eleoW.plloreUe ,.,._ne e t  \be • le •• • 

aatal'lala 41tfer ( e/f rta. I •• I )  

fte laftaticatloa o f  the •11•7 hoaoaeaate •• :raae 1ea4a 

to tM .... eo ol 1ou aa for oaaela hoaopuM •  
na. ,,, ... .... ,.,,, •• to tb• tat • taoe ' . .... , , ......... 

e*it.lt t 

1 )  a •t.•• •ar:t.e \7 of obup OJlal'aoteru,ita ws.t• a U.p 
,...,.,.,s. .. Juan lltsh urt• 



lll ) a aajor 41tfer.aoe la electrophore tic pr pertlea troa 

the aatlYe •••r p•otelaa 

1Y ) a aajor • ..... ia aolubilitr. 

Alao 41"•' ooa ariaon of whe7 ll0110seute Mabl'ue 4 

o .. eta koa ena\e .. abrane ahowa that they 41 fter tr oue 

u tlutr. 

1 4 .  J ) C!!JKl•e et tg l!o••••n••• •• m•• ot • z, oytia, 

• •••• darr ala of preparlag artltlolal b.. • tea 

1)1. 

waa aa at-.ept to l4eatltr \be oriaiD ot the aateriala ,reaeat 

I t  .. ""• 

a•aate .......... • • 

"a -..4ari aatel'lala" with wbioll to o•pal'• tlle po,.rtlea ot 

ailk lloaoaeaate ... ,,.� auat • oaaaia aad •tt•r hoeoseaate 

••• raaee t aot the aa\1 Ye pl'otetaa. 

fhia 1taJ be ,.rtorae by o�Jariq eleotroplaoretlo 

patte . a ( Fie• • 11 ucl R OCMipU'!d � Fil • L) 1 or bJ 0 pariq 

ohr aatoaMpbio pa\ teru ot the s . D . 8 . ooapl••• ( I'll• 1 4  

ooap&H wit rt.s. ?) , or b J  aoapuial ohroaatoara.phi 

patwru ot liD eolu.,l11H4 ... na•• ( rta. 9 ooapua4 M<..Jd� 
''•· 1)) .  

&11 o&roeatoa••Pbi pa\\eraa •••• a ooaaoa abili\J t the 

.. abraa• aatertala to o .,1ne wi th . o .s . and pro4 •• 

ooepl••• wi th hlatt ohu .. that ahow a t7 ioal upwar e lope . 

�beT ... 4lft1e•lt to aol �ilia• la t • abaeaoe of ....... t.  

••• pro artlea are • re4 wi h t aatal'al fat alo ule 

........ 11\ aot •1tb the aa'l" •ilk protelu • ao ue 



pr• l7 oharao t•rlet io of the ut•r1ala acleo rbed a t  the 
tat/plaaaa iat�face .  �h$y probably 1 nd1oate b ! shlJ 

h7dr pbo ie properti.e . 

teriala t t exhibit h! b narae 

a are detec table bJ polracrJl&ai � ael eleotropborea1a t 

hea ao1 �ilia eter •nt , are 1• 
all b aeaat• •• •• b�t thia ia ot t . • tor tur l 

•• n . • · r tor tive pntelna ( hishl;r bal-l• aaterial. la 
pa-e .. at in the u �1 • .-,,.. • "'' it 4oea ut ah • a 

OD al 

X • reapeete the artitl ial a• te • ..... . 

titter urketlJ fro• the •tlk os•u. .. ... bn.n• . •hi h ... 

be •apeote t r t e ilk hoaoaenate aeabranea all i lt 

f • one anot r .  !'be n ber of  aponeau •tec ta le 1• 

b ctiou fr the ouo topu t he oue1 a d •h•r 

te aem rea•• 1• 1 ... than \ • a -·• d e  eotabl• troa 

atlk ho sena te • bra••• • P .. 1bl7 tbia retle • • 

p•t•r ber ot ao ce protelu la • aUk .  ODe 

nurlcable p �t ot . i tfe� ne e ia the o \olftp 

obaracterla \ioa ot • I �  eolubil tae4 .. ein 

... rane • iob · earriea a hi&h pro ort1oa ot hi hl1 ohara•• 

N \ eriala . 

A a be� ot ••••riae ta l reaa ne 1 tatlue o e  t ta 
r oain.a •nd. p a.Q lf • U t ter .. u y  n t 1'•1 �ecawa e a 

a)  1 ilk ,  ouel» 1 •  o t  aeparated IPo8 Wbey ooapoa•au 

h the nat 'Al t.a t H e • a•tt • • fh• 

poaalbl l i t-7. of OtDpleae forelq etwee the•• • u.H• 

rot•laa • • recoan1•• • 

' )  the p a p  olip14a and polar llp14• o f  ailk fat ul4 

aeeiat .. l•i ticatlon la a&lk A l•ni .. tloa but woul4 

a t be preaant 1 tb• ar\iti 1al � 

) the .. ,.,.i .. ntal ha.o5enleatioa wae n t aa etteo• t••17 

perton.d. u t• waa in the o oroiallJ opnat•4 



Dea l\e th••• ••••r•atioaa i t  la oloar that t • • .... ,. 

•«• bed to the tat ap�aa la\ertaoo da. to h aleatlo 

oaaaot be 14eatltie4 7 .-tereaoe to the propertLea of aaiiYe 

oaeeill a whe7 prohiu . 

Roooaa1tloa of tkl• faotor .. pro. .. a 41ttlea1 r tor 

, .. wlo worke .. la tbia field. Free bouadar7 eleetwe o,.aie . 

4U aot peni\ ldeatifioati • of t ••• •• enala u • ., .. , 

(Bnuer , U.U.ri.oa, tro11t au D oaa , 1 9,:J )  •• proriaioaal 

ide tifloatioa of t •• Mteriala wu aade the baal• t 

ae418eatatioa • arao to.tati.. t aati.a protei (B er , 

Daaoaa, f.o t aad Maole le , 195, ) .  J a  aaother • 1 a 

" aaela ooaplea" ... 14• ti tled b7 reforeaoe o tbe tree 

ouadarr olootrophore tlo ohara teriatto• ot aatiYO .... , ... 

to the 1a _. leotrio pH ipiktio 'i)f t la aatel'ial at B '·'· 
n. 008 lex ,  how••••· ooa taiae4 a. ,. lipid while ... aaet • •  

rea 4 ao effec t  poa it (Jaokeoa aa4 8ruaaer1 1"0). .. 
laat baonatlou a ool'4 with Ua • ot tile reaeat ., .. , that 

oaaela ' a  aatl•• prepertlea are loet after •alaatloa • 

\lae ooaol .. l a ran , that the o aplox ... oaeeia ... , 1Ht .,.. 

to 4 ut. '.hao preparat1oa of aa oaoaeaa\e of ealolu 

.... , •• , . . ....... ... ... ... .... .... 11 .,,. ..... to •• • .. 

••114 a pnull (Ja llao • a 1 960) . file ... t , ... 

ar.r eleo-..pkoreaie t o  14eati f7 the o oaplex , .. alblJ 

iaYalidatod t • 14o tifleat1 a e .... of •� laaeaalt1Ylt7 ot 

the teohaict•. Sllli larl7 • a oOIIpar&bili t7 MtwH lle • .. 

ohuaoteni tlea of •••:r an oaaeia hoe • ate ••ttraaea (u 

•••••••• b7 obnaatos•aphJ ) waa alao a tio•a le la t • pnHat 

at 1 b t ••• ahowa to l»e 1 Yali• 7 aore aeui U. •e too s., •• 

l4eat1f1oat1oa ot tile whe7 protelaa after h aopaiaa•l•a wu 

atteaptei bQt ot a ieye4 (Jaoka n an4 Br er , 1960) aa4 

\bie la lA at nit7 wi lh \he reaulu of tile preaoat •••r· 



1JJ. 

Ia •1UIUJ7• it ap�ar• that the altoratlo '• the aatve 

of t•• pr ,., .. ot 8llk oa.-.• eaiaatlo la eo eatee.1Ye 

aad tlle utUH t \he •••rue ot h011o euaed llilk ia •• 

YUiat.le tM.t ldntilloatioa of the oriala of t t.•• lJ 
daon•• ut.riale la ••' f••Uale . 
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S ec t i o n  15 r 

. ••aa1'41 tH aat•:n of tJlo .. ,.,.,_. a4aor H - the tat a 
I ; 

retota 1a '''••• t alllt .. • /r•.�� t • 

, ...... . i ' 
i, 

i 
I 

z• � �·rYe• 'h� h �oceaieati� aa4 • � .. 
/ I ' , ! ' 

a4aorp\io eau� -• .,. • .,,.... oa.a.,. la' tu ,....... eriatt.. ol 

.' 

,..,. .. u. •• .. t 
.. � ' 

eo t at tbo, • .,., of t • ...... ._ 
' 

ia•al.U.aUti 11&117 I · • • olualo 41' � '-r pori ua • rileH 
/ 

aa. t.. the _s: • tt.t7 of aovoo aatoriala t ' adao 1» t tllo 
I I 

la ••f••• • % \  la , . OWOYOI' t pouUtlo l ,f l'e•lBMI'pi'Ot eu:q 

"••1"' b (tor of \bo •t tfi. al\loa ·oa \UlMN ud t 
/ /  . I U9e!•• •• ewft4 ud tia npp rt tJ \lae eoaol•l • of 

I : . 

• ...... 1 •t•«r· I ' . 

I 

t •i• / u . ao ondnoo '"•' ••• u..a ta apeotfte t 
; ! 

1 ,., . ti • fto llo oaiaatlo ne••• onat ... a 
i \ 

pnpoi'U iot •••nala that an n Ilia lJ �"' '''' •• ! ' 

""/ -�� olaup4 thaa uao tl•• • .,... pr w1u .  '" 
• I 

•••
'
tJ'o .... , •• woalA -. oouiateat n .- aa ,., .. .,....., ia 

�·� I' . .. r•t•• •• ••• ,..,,,..., ...... . • ... la • ,..., ot 
i' 

I 

iltoa. .Sla11ar1J the pn tot• of \ • ...... ,_ 
aao are •• 1 aaer 14aa itla lo la t • .. .. ... 

/ •• •n•l/rl �oao oai••• atlk. ••••• of the , ........ ... , ... 

. · ·/7 ar•� 1 �loll. ·�·· of ..._.. uo• dlk • aa•ual ..... ... 

· / ooqpe. � -�� • cU.l ••• ltJ 
j i f i . · 

1, UoM. tacu ixol do t • pro iU '' of \Ilea .,........ la · 

)' . I I . J 
aow ... ._ ..... :. all••l \ 1a u al\•••• t •· 

i1 i . tf i ' 
I \ 

I I 
f , •••• of a oqti la a paroa\17 .......... tol' • 
I .I' 

•Y•ule �·' • tttt•• uoaa as.lD ... '"ll •••••• 11••w 
I . I 

·�••• I '  ;- • .._ .. , .... lte •• 4 \ha' \be ol'lpa ot 

.. #<' ,  



aaterlala ' ' are •••orbe la ot a peelfio th p al�lr 

,,,. 

pr tela uwriala t at ••• u enlelfJiDI ...... ( or whlela are 

••• Nadi)¥ o •••rte4 to nulellflal eaM ) al t M 
preternd 7 tile eaft.N .... at of the lroa 17 toned fat aae11111 

ta"rfaoe . Coaoe1Ya 1r the prote1ae are apread o••r \be 

aartaoe of ' • 11•�•1.. at••• aa UDfol41aa of • e.riaiaal 
atrue t... la a aaaa•• alailar te that whloh .... •• ••�• 

,.,.,, .... . 

la •1•• of \booo oo iderati aa it ' • lalor"• f ... 

the latortaolal ao tt.ttr of the •arlo allk pro"laa at 

larora oo tallllAa alxtu.Na o f  t " r• .... t u a1 alo la 

•• raae pr telu • wllo7 protelu • et oaaelu will • v. 

YUla W 7 oltaonod pr ltabll ntl.eo ta tllo iaper\auo of 

he oartr ea of t • iawrtaoe u,.a the ton Ulat ••••I'JU · 

wiU take. 

• ••• 11 r.,.s.red to rfora tbeae otfoeta will -. a 

ooapoelto of •ollaat.oal aad avtaoe OMPil•• • Yariatlo of 
.. obaaloal ••••11 would ao to alter 11 le alae aad 

ooueq eat� avfaoe aroa. Booa .. Mohaatoal ••••11 la 

offoetl•• la alterlaa t • propertioa of akla ailk it pro altlr 

• aftoot tllo tola o kbilltr 41root17. PJt telae an •�• 
prolta�ll .oro • aooptlb lo to latorfaolal a4aop.pt1oa alter 

dout1lfttloa. I boo oaeola ln aloollal' ton haa U '*lo 

aurtaoo aet1Yitr aoehaaioal dlara tloa ..-tor diatortl a of 

the lliooUo• would Mal.at tho avfaoe ••• rpUo of aaaola. 

T • oouequaooa of tllla proo••• are that prot•ta 

a tablUtr of tile aocoatae llilk la llko lr t M " .. u 

t at the rea \lri\7 t the fat la Ulcel7 M alMI'O ltooa • 

of tu ao• oo••n lqor of cteaatUHct rotela Uae alolt1&1e 

avfaoe. .s h efteou ha•• bee wt.••1T aerY04 la the 

eollaolealoal Utoratve tJto• whle a ••'-• et lafereaooo 

oaa 4rawa ' oHplew \bla rtow of •• • a•ill•a•l• 



proo••• · tbeao area 

1)1. 

1 )  ltoau• of the aut.•• obaapa of proteia properU.ee .. 

lteor"d it la Ulle l.J Ulat Upaeo • uld • 1aaot1nte4 

it S.t ••r• 1 oorporatocl wi tllla the o eataatl .,..., •• 

... braae. I \a  aot1oa 1• t erot re probablJ ot 

la opeadeat acleorptloa aubaoqtaeat to t • la1t1al 

•••urta lac pheaoaeaa. 

2 )  !U •••u uo of protei atab1 l1t7 .., ooov ••••• el 

the cl•aatvaU.oa of a roportioa ot the ; tela thl'o-qb 

da .,"·•• qb S.u la•ol•••••• 1a tU .,.oatloa ot 
uuo lat aprotola o •pl•••, throup •treot altora\f.oa 

ulas.a, troa .. olaDtoal lor••• , or • 

Ua••• ettoo u .  

o iaaUoa el 

) }  fbo ••••lope o f  cleaatuJecl aaterlal .., well protoot tat 

qdut odclatioa bJ blacllq l••• ooppel' , b7 le•oriq 

the ooaoeatratloa ot phoe ba\i4e at the • faoo , aDI./or 

•e•owal ot 11po-proto1a ualta tro. tbt aUI'Ia••• 

a.)  t uool"poratloa ot a o•p at ot tat alobulo 

•sslat1aatiaa taotoi'O lato the o roatocl .. abr ... oould 

... tro, ita abilit7 to pro .. to alobalo luater1ac th .. � 

dou.tvaU.oa ot t.ho tutor lllabt alao la••• ooourr .. aonlJ 

.. a ooaeoqaoaoo ot the Yloleaoo .. aoo1ato4 wl the 

,,. ..... . 

') ftut pr tootloa ot the allk fat onlaloa aaalut heoalaa 

ct-.o le oxplaiaablA oa the aaeupttoa tllat the 

••••loptq .. abnu to •• d eaat\&l'e4 .. \o M t.uoaaltlYo 

to tvther cleaa tuntloa. 'l')U o ooul a lao ••••ri-uto k 

••• a ta�ilitJ of hoao en1••• sl�ulee to oh-.aiac. 

6)  The eaatur pro\eia ••••lope aota •• a 10ot eaula11Jlq 

aceat •• t�t tbe red oed eoa�entratl oa ot pkoaphatt••• 



., 

1J9· 
ot nn lt ia onl.Ail a taata 111 7• 

7) tu 1.111$. o4 oapao1 tr of pr te1 to ata 111•• •• 

onlaloa of hllll tat eoateat 1• u4oM �).o ttee ... aa 

·a- fat onaa • 14 ooataia oalJ. uo•t o. ,. pro et.a •U.Il 

c..U w•17 pnri4o aa oan loplq ... ._ •• • tu 

11&&7 fat 11••u•• 

a) - fto ••1 alaao• -., llllk ...... ... ,,. ....... 11 al ...... 

to oekttU..Ja tbo o plez fi'OYl4o4 b74n t.S.• lat/: r. la 

... tl are ...... to liNt Uao pn• ... hi .,. • 

1t thla 18 \ne the nl• of IDIA lA laperaiac tM 

••na • • t M reatri.eto4 tte •alH la &poniq · 

utvallt "ovnq 11allqoa withia tile aatval ...... _ 

aa4 ,.,.__ .... ,. ltakaa••• 

la · a.--, it la pM oeo _..., t priMrJ aotl a of tilt 

ll epa1aat1eia ,,.._.. .. u to onato u ana ol • ... fat/ 

u,.... lak•t••• - oa to •b$• aufaoo 4oaatua loa ot • , 

""'• of llllll oo oeev. fbla neulw la .... , .. � •atl 

t t • , .... ,.. ttaa t ... ''' tlr -. , •• ttaat uaor .,.. 

ao � ...... 1doatitlattlo � ... ,.,,.. wtt • �.,..,, .. et 

tu aatt•• pnhtu. aotul ton hat la klloa '' • ell 

a4aarpt1oa ta • troll•• b7 taoto,. rolatlac tbo tat/ll•.t• 

_ 1atort••• - aM!& aa ovfaoo pnaaan , aa4 t U.o aat1lft , ooHO&• 

batl awa11aa.1U t7 t all •�taeo aottwo •tena� tlaat 

uo preHat la ita •••1roauat. ftla r•••lta 1a YU'la,t.ll.,. ' 

la the aatv. of tbo utoriala t t eaa be u laW boa 
..... •• •�1oh rtalaate froa • itforea' atlko or wkl• rialaate 

I 110111-.J.•a Of •t.ttoraaat eiMO wltbia ' ·- ld.llle W• 

•arla,tlitJ ••c ... ta t�at pro to .... tt.al a .. o,pt1 ot .., ao 

prot•la d •• t oco_v to •117 ooaavablA oa:toa.t . 

alt•••• 1»7 ' 
lloa ,..uatia pn�••• � '  appoua at a ••••u•r aoU.ea ol 



laoaoaeaiaatioa la aa al\eratloa of proteia e truo\Ve wbiela 

•&7 proaot• • • .tao• •••o..,tio pu ••••· 

• tal ettoot la to oreato .. oua• tke •••1J fo ... c fat 

tl.M.alea a e ell of cleaatue• I'OMill utenal olob laaa 

propertiea t at are U.Uaet tr011 t •• of Ule OJtipaal 

... �rea• &Ad are a� letlao t t• tlaoee of t • aatlYe 

pr telae ot at.llt. C ••••••• •poa theae uaa•• aOM · t t • 

p�opertiea of -'lk oaa be o ••r.• to baY• altered. 



ftffiJfDIX 1 

1 .  ,,,. •aa• Ali•·L!••l sopv•ur 

I t  s.. pfta that Q • a Va E 
•ul'o Q • flow l'aM \!lroqh aopiLI'at r ,  

Ya • te .. taal ae41aoata•1 ••looltr of 

\he alo •le · 

l: • the area of a ,.aYltJ •••t llAI teak 

of O(lUYalAtat aodllle tatt..oa 

ohara ter1a \1oa to • oealr1f .. o .  

ror . dleo - 1 •• ,.,., I' .  ,,. 11 81Yea & · 

� • lr 2 Jr  a c�l· <•2' - r1' >  

'J I t  0 

• re lr • a ooutaat rela,e4 t laaa I a , 

ee tri tua• aad haa •• • owa M 
o. , t r a 41ao bowl •• ator � 

n • utter of 41eoa 1 owl • �. 
w • aaplar •• 1 tr , ra4laae/••• 

• 2 ••••I••• • a • ,,, , 

,. 2 • .. •• s... • ft"lp • .,., t 1• .... k 

• 1 •• • 

' . 

r1 • ra41u to la,ernal po1 t of dlao a taoll 

Heaoe 

• 2 •• • 

0 • the aaale to the Yel'tioal at Wkit� 

the 41• • ne t • lt0°. 

L (41eo ' 1 )  • o. , a flT x llo x (11T' 1 1JJ)2 x <zJ - IJ) 
3 1 981 x tan �0 

Now 

• 
• • 

• 1 1 . 9() X 106 
Q ·• 2 v, � lq. 1 

where Q • flow rate • 100 ·�•e 

v, • ....!L 
z l:  

• 100 ' 
2 X 1 1 . 9  X 10 



a .  

�� ---------------------------

• 
• • 

Eq . } • ioh 11 a 
ata teae�at of S t  e • a 
Law 

where » • iu.ter of the eut poi t 

particle 9 

• tae dlaaeter ot par ti lea 

b alt ot wi ll 

reaoYed ia paa•ac• thro� 
the eentrltuae bow l  an4 

hal t'  of whieb. will aot 

Slree M Dowall ( 1 95, ) 

'l • Yiaooa i tJ t the af. lk 

• 0.010 poiee at �0c ,  
tJ.P • difference i 4eaa1 tr 

• • •  P • ?. 91 x 10-5 oa 

be tw ea fat a d mi lk 

aer • 0. 1 22 Q/al at 40 c • 

Fr tbie o loulatioa i t  ay be ooao lu4ed that the Alla­

LaYal aeparator uaed wi ll a a tia fao torilt reaoYe alo ulea 

fna the s• iae4 ailk that are lara•r tbaD • aYer ... 

ia 11 ia aatiat torJ aare ... Dt with the o ••r.•d 

fat reo ••� ·  

u •• 

t u.atio 1 1  



•ll•" V • Volue of U.q111d b ' 

• 2,0, 8 al 

l,l • Ansulal' ••1.0:1.''' racllaaa/aeo 

• 2 11  Nn/••• •  

• a rr  -.olgoo • a • 666 

HI Ma bi.u r -

.. t••• wit tu o. ?. , ., Jto,ooo ... , • •• •ith u 

iatlow rate ot 8,8 al/aH . 

.1 • later l radl of oe1- ' allk· 
• ia\eraal ra•lu 

4u, • 1 .07 ou 

•a • latenal rad1 

• a.21 

Jfow '• • ...i... 
� �  

• 8.8 
2 • · "  • 106 

• 0, ,1 J  X 10•6 

. 
l'f • D2 • Vc 11 '\ 

tJ. P a 

of oreaa OYerfln 

of oeatr:l.flap 1 

1 

• re Yal•• ue tbe .... .. e fo"• 

• Qs215 I 10•6 I 18 a Ot912 0, 122 X 981 
• 1. ?9 a 10•10 

, •, D • 2. 19 X 10., oa 

:9. o. , aior aa 

hoa thla 1' aisb\ • ooao 1udecS 'bat asetu1 aeparatloa of 

·-· tat , inolu41aa ' . ... ller th&D ........ 1 ... , •• rat 



practice boweYer thia wae not to wRd to be o .  eparatioD of 

a tr otion o f  homogeaiaef! mi lk o ontain1na 1 . } tat p r  4uori a q.r 

o tainins 2. 8. tat . whi let 1 . 1, fat &pp•ared 1 the eki allk . 

The oper•t1on of the c h i ne eo 14 the retioallf • 

i prowect 'b1 rectuo 1nc he n41u of \he viq claa ia 

proportion of U.q 14 tlowiD& to \ e reaa outle' 

thereb7 recluo i s the teet t the oreaa •••n fUJ't er . 

I t  a larser ring 4aa waa u.e4 the er••• tea t woul 

1aproYe beceuae a l o••� volume of l i qui d would ,... 

to the oreaa �utlet but the fat content of t • 

effluent t• ld. " a1lk would etill be unaccep bl7 

Be auae ot theae fAc tors it ••• ry to aba n  on th e  • •  o f  

ont i auoua contri t 11 t ohniques t� obtai n  the ••all ia .. •• 

alobule fr o tioa . 

fhe 4ia eter of the cut•point part1 le 7• for a baeket 

e ea\ri tua• • be c l c �la tert Moro d i reotl7 fro the f llowina 

toraula & 

t • 

01' Da • 

I l§ !:i 
AfJD2 w '  

ln 
r., 

o .  

!I 
A f t c.J 

2 lll � 
r ,  

w�r• t • tiae , ot eatritu&i aa { t 1caorla 

apeect-up aact low owA tl • >  

• }0 ina • )0 z 60 ••• • •  

&J • r i a u  travelle per a.o on 

• 2 7r reva/sec 

r2 • ncUue to ut er wall ol eavi tup 

bottle fro oentl'e of I' ta tio 

. ,, ., Clll8 

r1 • racUua to inner •all of c entrttuce 

bo t tle trom o entre of rob·tioa 

• 5 .02.2 a• . 



In arriYins at valuea tor r 1  an4 ;2 be 

w�ich t • o tlea lie 1n ho deatri ru,. 

�e ooui ore4 • ) 

le at 

d auat. 

The ftlve tor AP• 0 . 1 22 ur 'be la error Clue to the 

protein aeabr a• •hi a la proport1o 117 more 

ill rtant ,  altel'ing \11 e! teo tiYe neity of • 

fo.t . }  

..... D11 • 1 8  " if.��\ z :;o : 1o " (u;. � y 

• 
• • 

. - 1  
• }0.)(> • 10  

-6 
• , .,10 X 10 

tb1a ••ut inter• \hat th••• 

will alaal ti antl7 ia ro•• .. paratioa . 

�b. '' �'••alt , • • • 

( a )  fhe oaoaenian ailk aa 'be epuate ia • Alla•Laftl 

aepantor t.o • a areaa trao,ioa oo t.aiai 1 

a roaica�•l7 hal t o f  the tat wbi h esiata t.a 11 lnalea 

that are -.likelf to be 1••• t.haa o.a as. r t. Clt.a et.e • 

( 'b )  'the erua troll t.hl.e oan be re-oetlb'i fu at. bwi .. i 

an oent.ritu.s• at '000 �" • P • • •  tor JO al • t. prori • 

a 2n4 tractio aontainlas slo lee ot •••ller •1•• • 



Dt\!t!lat•&•• of 'E•I•!! - l�tlf!h� "'troll• Pt,e'l&a•llop 
fetch out • oUhtelJ an appr.,riate ,-..tl\7 f .. tenal. 

x ... ,., filter paper and eaapl• iato a kjel•akl tl&lt . 

»!uti&• 
•• abe • 2 ,.. of 11a2ao,. raiae t • iliac ,.ut , J al8 

Alao dct two alaU Ma • to pn•••t b piq. •• , .. '17 , • •  

t w •• trotb1DC oe..,a tura p eat aa oil 

aeok ot tluk 

wS. tk bo' 418tllle ••••• and heat to t •• of 
a

ao�. c 1 ,  

diaaoln pN lpitate la d'i \i lle4 water. 'frauter ta\IUti ._ 

•tt a water \o ft.ue o t 13t1 ul fU.k thoi"' .. Il�. Mix, 
re .. jut to •olue . if  aeeeaear7. 

Die»llttig 
f.r fer 10 al a11tuot o the 4S.ettllatlo tlaak , .... .-1• 

tu appU'at aa• na 1a 1' al of 6� NaOB/lta1 1oJ aol U a. 

< •ote • •  Prepare tllle aa follow• • ·  
6o .. laOB a d 5 .. la2 2o, to 1 00  al wt water ) 

( Alnnat1•• 17 • ·  15  al of � MaO& aa ' a1 of 1 ,. • 1• 

" , . .  

4user ot the t naUoa o t u2s beua 

produced •h•a ulna t S.oaulp te . ) 

teu dla,ll oa llloro-41a,:1 Uatio apparat for 1' Ill••••• • 
oelleot ias dS.etilla'• i S •la aatvtlt•4 (ftj) bor:lo acid ,  pl 

' •1 ...... 

f; 
�ate borto ao lu tioa wi th O. Ol K C l ,  ua 'l ... 

i.acli ..... to •• .,.;, .... . d poiat , 01" tiret .,,. ..... . of nolet. 

( ladieator 1! z puta o. a• aeth7l r•4 ia ethaaol wi\h 1 put 

o. M tlaJl• l»lae la ethanol ) .  



,., ar ,. 11 ea ••••• bJ tbe re orter ••• •eea ...... 

re4 oed '• alt alae . The X ext. re eaeata • laero .. taa 

ra ioa' of a odiua klorido with tiae aad la �•• troe rl&ht t 

left. once la the 1 .. at  traoioa of ficv• 1 e e ort .. at 

bealae altchtlJ be fore poaltioa A wit all of tile pnteia . 

et • lA aeph.a••s eada aDd ao .. 1, 1a tile • Iter. 

Pro,reaa1Yell tbe aa1t coa ea tratl a 1 ••e ••tter 
laor••••• aa the arapk liae ••••• to the le ft. The firat 

proteiD la eaor ed at the ••l' o eatratle roaehet at 

poa1 ioa c a d all of be r tela , .. «eaer-.d ••t re , .. ltl 

D. laonaae 1a aalt ooueravatloa ooatla eo U l  lt 

reach•• 1 . 2  Molar at 1 •1oa I attar aa el ti a period of 

16 h .... .  

!be l axla la a aoale o f  ptieal de ''' aa aeaa.rect '' 

tko abaorpti a f Ucht at 280 aM .  A8 oao pr tela ta•••• 

t roach t • oell it la .. aaure a• ) ala to iaterYala a a 

reo r4 of tbe o . D .  1• aade . aob poaJc nlatea to the 

be peak poa1,1oa ia 

rooeat 1a e•err crapb &A re reaeata a retere oe oiat t 

wbio� all t • arap� are a11caect tor coaparat1Ye purpoa••• It 

la aot oaatdered to be a trge proto1a peak . A horl aoatal 

clotted Uae 1a tool ioato the -.ae 11ao. 

la rtavo a \Jle srapha ue ooapl.e•nted b7 a ob.uaotoria­

atio ot • proteia aaterial 1a oaoh aak aa ab. •• bJ polJ-
aerJlaei • 1•1 e leo trophoree1o . 

• owe t aa\ure of the whole aeabraae. T e d1reotioa ot 
f • proto1aa eater the 1ara• pore col 

•• p ltioa •1 aad eater the aaall p re eel at oa1t1oa 0 •�oh 



le •••1 ... , .. .. ' • ort.au. The aa4e t ,,.o ,ela ••• 4raea 

•• o eene4 wl tll dot 'e4 liMe repreae t1q faia\ or OU.Yecl 

11 e• • aa4 abadecl .,. ... represent broad baacle ot protela. 

D&ft U •• a t  the oriaia er at -1 r present )l'oteJ.a material 

t t 1• laautfi 1eatl,J •t.•• 1ate4 , or na tlll'al17 too l•••• • to 

•• ,.,. the a• l ., that polat . • • "" wn tte beai • 

eao protela baa4 repl'eeeat tbe 4t.atanoe o f  alsra-1 a lo 

oeaUHtNe aoh1eYe4 af ter 6o •ia\ltea o f  e leotn oreas.a. 

!he term "pro tela-tr••" ••an• at ao protein t. 

e teo t.ble . Tke ter� "Nil" eeaao that whi le tile u . v .  

abaorptloa attern of trao tioas oolle ted at \hat polat 

1a4ioate the pr•••nee ot pro tein ao hara terlatie �otaiA 

Hat appear• n e leatropb rea la .  flaS.• tera 1• ao\ uetl uleH 
4•p11oa\e , r •o7e fteu tripli a • •  e leo rop•ore� ,. ... haY• 
ta.il4t to cla teet protela. I t  oe11lcl aeaa that • . ,. 

a )  the rotela uterial 1• 1a low ooaoantratlon or 1a 4 1 ft• .. 

aloq the eel eo tbat the e talucl Mterlal la aot ri.el le ,  
01' 

b )  the pa-oMia aaterial 1• in -.o lua• a partio le ton M 

eater tile gelAI . 

Ia "'• tic""• where the polJC'a.rJlaalcte a•l 1• •�"••• 

llori1oatall7 the 4ireotioa o f  •1arat1oa 1a fl'ott le t\ to l'lah • 
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