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An "artifid.al silk" aystea, prepared under controlled condi tio ' 

was deTeloped. This was used for the study of the i.ni ti.al phase of 

rennet action on casein which results in gel formation. It was also 

u ed for a study of factors contributing to syneresis of rennet-casein 

gel a. 

"Artificial ailk " containing cal.chtm alone (60 - 125 mg% added 

* calcium) were shown to contain micel1es very simil r in gross structure 

and physical organi ation to those in noraal akia ailk. It was 

demonstrated b7 electron 1licroscopy that the presenc of phosphate ion 

in the "artificial Bli.l.ks "• whether as Na2Hro4 or a H3Po�, aharpl:r 

reduced the size of casein mic lles which were then quite unlike thos 

Rennet action at 0°C on both sodium caseinate and calcium caseinate 

••milks .. was found to significantly reduce the viscosi t7 and hydration 

constant 'K' of the caseinate systems. An ul trac ntrifugal technique 

using haemoglobin as an indicator, showed that rennet action on casein 

mi.celles ill calcium caseinate 11milks" released, at or about gel point, 

a quaatit1 of "i.Julobi.lie d" water which amounted to about ?o-X, ot the 

Electron Micro apha of calciua-ca eJ.nate "llillts", calciwa ea einate 

cL pho phate "ail.ka" and eld.a ail.k i die tecl that 1 fo!'llatio 

wa• ea eatiall7 a aio.l1e-surtace phe on. No iDd.ic waa f'o nd 

for '" 4iet rUo o� the m1 .u •• ue to .re.a et ti t 01' 4 re et 

• appear to re4uce ' . a1H f t a1 11••· 

le c eia . 071 tiDe ltlld • 

... ?. ' 4171 react • t 

.... •• 1� • • T la • • " 



of r The s iea 1a41cate4 that t • preeence t 

para-kappa casein in ita entiretJ, proba 17 on the aicelle surface, waa 

necesaary for •e 4e•elopaent of a 3-diaensional gel network. 

Modificatiou of para-kappa casein throush scissio of the disulphide 

bond was found to gi?e a precipitate rather th n a gel network after 

rennet action. 

Calciua was shown to be important for both gel for ation and 

syneresis. la its absence, neither phenoaena occurred in rennet-casein 

system • D spite this obserYed fact, evidence has been presented to 

show that syneresis was not a continuation of the gelation phenomena. 

Factors which greatly affected syneresis were found not to affect gel 

foriiUl tion. Both rennet aodification of casein and the presence of 

calcium wae found to be necessary !or syneresis to occur. In the 

absence of eith r, no syneresis was observed eYen when the pH was 

lowered below the isoelectric point. 

The level of calcillll in the "mil.ks11 was found to greatly influence 

both the rate and the ext.nt of syneresis. A sharp d rop in syneresis 

waa observed in rennet-casein systems containing between 125 ag� and 

1?5 ag% added ca1cium. It was po tulated that the addition of such a 

le'fel of c lci neatrali8e4 by interaction, the a'f ilable negative charges 

on the caseinate and that this caused the gel etwork to acq ire a n et 

poaiti•e c arge, t giT.1ug riae t electroatat�c torcea pro otiag 

8JDel"&e1a. 
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aaiDo groups of � -oaae1a, robabl7 t e epat.loa aalao gro pa f 

l7aine, in &Tftereais . The attractive forces causing shrinkage of the 

system after el formatio.n has occurred i.nitia1ly appear to be priaarll7 

electrostatic in character. 

It appears possible that free amino groups are exposed by rennet 

action on kappa casein and these are involved with calcium in the 

gelation phenomenoA. 

It is postulatea that both gelation and subsequently syneresis 

reau�t from the formation of co-ordinate coval.ant linkages bst11een 

calcium and the separately involve« free amino groups of the kappa casein 

tor gelation and r casein tor syneresis. 
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There ha been a general c oncen tration or e ffo�ts y milk 

chem� ts iD re ent ye rs in t rying to understand the nature and 
stability o f  the colloidal pha e o f  milk, namel7 the c alcium-caseinate 

- calciua phospha te coaplex . Rose { 1 ) has rightl7 poiBted out that 

the inability to "control gel ation . c oagulation and hydration of the 

colloid phase " ha s been the great•st iapediaent to the deYelopa-e-nt ot 

new beYerage lli 1 k  products . On the other hand, destnc tio o f  the 

stability o f  the colloidal complex is necessary in the produc tion or 

products suc h  as acid casein and chee e .  

The litera ture cone rned with t he ac tion ot rennin on casein is 

exten ive - there has been a particular surge in research activity 

on this topic oYer the p a st decade . But ,  as yet ,  no firm conclusions 

can be drawn as t o  the e xac t ode of ac tion of rennin on the calcium 

caseina te - calcium phosphate complex or as to what type o f  cross-links 

are formed to give the gel struc ture . On th � other hand , the literature 

is spar•e in d ealing with the phenolllena o f  " synere sis" or curd 
con trac tion which is so importan t 1n the manu fac t ure of most types 
o f  cheese . Thi s lack o f  precis information on two o f  the most 

funcbuuental and i.Jipor\an t phenoaena importan t  to the cheese industry 

is, no doubt , due to the aeagre knowledge of the cheais try and 

biochemistry o r  the calcium caseinate - calcium phosphate e o  plex. 

To \brow soae light on th two p enoaena whic could be r latecl 

to each o ther, or be inter epen4ent,  a atudJ waa 4ertaken on aspec t 
ot renniD action oD ea ein , lea41ag to a stu4y o f  factors coatributinc 

to \h syneresis o t  r nnet- aaein gels . The atud7 was �tiate4 on 
the lmowle4se that · ftal.oea '  aU.k, • in ao .. oo tries both as a 

e'f'.erage and t r aY•raioa 1ato ld.l.k pr eta, waa a t q 1 t• aa 
tief a of bar Tar�e�tea t 

•••• aa a. e e the rd 
• 
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PART I 

The Action of Renain on Casein . 



1 

ReTiew o t  Literatar. o the Action o r  Renaia oa Caae1 

SECTION A s  G.ENEIU.L REVI 

Rennin is an enzyae whic h  �ccura in the fourth stoasch o f  calve s .  

As far back a a  1872, Ha at n ( 2 ) had postula ted that the act ion of 

rennet o casein , with the �bera tion of pep tide-like substances , was 

through an enzyae present 1n the rennet extrac t . This enzyme was 

fouad to be rennia ( 4 ) which was first isola ted and crystallised by 

Berridge < 5 > .  I ts peeificity was found to be similar to that of 

pepsin , i t s  op tima. pH , however,  b e i n g  much higher , abou t 4 .o <6 > : 
/' 

....... __ - --- -

Rennin wa s shown to attack o the r pro teins , for example , hae oglobin( S )  
and insulin ( ? ) . Hennin is no t the only enzyme to clo t milk , other 

prot eolytic enzy e s  havin;, a siailar action( 3S ) ( 1 2 ) . Mickel sen a nd 

Ern stroa( 3? )  haYe recently reported on factors af fec ting the stabi l i ty 

of rennin . The action o f  rennin on the caseinate eo plex may be 

broadly rtsualised as occurring ia three pha ea,  namely : 

( a )  priaary enzyaa t ic phaa ( S-10 ) in which one of the casein 
1<- c..J 

co.ponenta acti g as proteetiYe colloid is at tacked and 

ita protectiYe action destroyed, 

( b )  ae ndar7 haM in which coa 

( ) terU&%7 p 

• tl tlle �e 
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• Berri .. 
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2. 

p t forw et .  !hie was based o obaerva t�oaa that the ensyaa t�c stage 

prosressed wit a temperature coefficien t a1ailar to known enzyaatic 

reactiona , and tha t the second stage h d a high temperatu�e coefficient 

sim11ar to tha t found in the hea t dena tur tion of pro teins . 

The nprotec tiYe colloid" theory , howeYe r ,  gained impe tus with the 

diacoYe r7 of a n ew casein component by Wauch and Yon Hippe�1 3 ) , which 

the7 teraed kappa-case in .  This eoaponent appeared t o  be i n  a eoaplex 

w1 th the o(5 -ea ein ( t ha t is, o{5 + kappa-casein formed the o riginal. 

en tit7 c( -casein ) .  :Y.. The au thors( 13 ) concluded fro• their observa tions 

that kappa-case in was the "most illportan t single factor re sponsible for 

micelle s tabilisation and was the protein on which rennin ac ted 
-4' 

immedia tel1" • Kap1)a- c a sein was also found to be t h e  only pro t e in 
( 1 4 ) a l te red during renn i n  coa gula tion o r  casein , losing 20lt:· of its 

-.,. 
molecular weigh t . The para-kappa-casein { rennin al tered kappa-casein ) 

was insoluble in the absence or presence o f  ca l c ium ions . I n  c o ntraat1 
kappa-cBsein i tse l f  was remarkably stable t o  hi�h cal cium ion c o n c e n­

tratioas( 1 4 ) o! the order o r  0 . 03 M at neutral pH . 

Nitschaann and his eo-workera( 1 5 ) reported that 1 . 5 - 2. � 

non-pro tein nitrogen ( so1uble in 12% T .C . A . ) was rapidly spl i t  off by 

rennia froa whole easein . fter coagulation occurred there was little 

or no further libera t 1o of T . C . A . -sol ble nitrocen . This N. P . M . 

proYed to e eoapo e aaial7 o! a gl7co-aa r pepti e of olecu1ar 

A eia11ar gl7oo-aacro eptide waa f to • 

releaM t.roa kap a- a .. i 
( 16 ) • 

t • 

• cona14ere4 to e onl7 

tr va.na< 9> oetul.ate t t the 1u a• • 
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( 24 )  Beeby and N i t echma n n  suggested tha t renni opened secondary boAds 

of the kappa-c ase in coaplex, relea sing the glJco-macropep tiae . Al l 

e nzymes capable o f  clot ting ailk h ve been found to l ibera te the 

� . P . N . < 3B > . Analys s of the macropep tide ( 1 ? )  indicated the presence 

of 1 5 . 2% galac tose , . )% gl u co samine and 1 1 . 4% o f neuraminic a c id . 

wake
( 1 S ) confirmed earlier observationa( 1 6 )  on the rel ease o f  the 

glyco-ma cropept ide an4 trac ed its origin to kappa-casein . He was 

unable to find evid ence for the rup ture o f a pep tide bond in the 

release o f  the acropep t i d e .  

Holter nd Li
( 1 9 ) workin on a subst itu te d amide o f  phosphoric 

acid , and Dyanchenko
( 20 ) 

had pro posed tha t rennin c le av e d  phosphoaaide 

bonds i n  whole c asein . F'ish ( ? )  was no t able to demonstrate phosphoamide 

a c t i vi t y  ! o r  pur i f ied re nnin , al though wi th commerc ial renne t ,  the 

activity could be demonstra ted . . ( 2 1 )  
Ho we ve r , Aiyar and 'allac e 

prese n ted evidence to indi c a te tha t puri fied r ennia had phosphoa.mi.dase 

ac tivity on whole case i n ,  and postulated the prese nc e  in casein o f  

-N-P-N- bo nds with the pho spha te group j oining two argin ine residues 
(�) � on the protein mol ecul e .  Koni and S tadhoude r • s  work indi cated 

that onl7 a rg inine group s increa sed during the first 30 ainute s o f  

re nnin action. T h e  relationship of t his ob rvation with clot ting 

was , howeve r ,  no t clear. 
( 22 )  on the baaia ot e le ctro aicro apha and 
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An es\erase activity for r ennin was sugge ted by the work of 
Jolles e t  a1 < 25) and Garnier e t  a1 ( 26 )  but this theory was que s tioned 

( 27 ) by Cheesman , Rawitscher and S turtevant who were unable to measure 

liberat ion o f  protons during rennin ac tion on casein . 

More re cently Hill and La:ing ( 39 )  ob s rved that photo-oxidation 

of kappa- case in prevented the l iberation of non-protein nitrogen and 

that pho to-oxidation of renne t- treated casein interfered with the 

aggrega tion which oc c urred normally in the pre sence of calcium ions . 

They at tribu te d bo th o f  the se effe c t s  to modi ficatio n  o f  the histidine 

( 40 )  residues . Earlie� Zit tl e had observed tha t photo - oxidised oCs -
casein was no longer sen sitive to calcium ions ; and that pho to-oxid ised 

. ( 4 1 )  kappa-case�n los t i t s  abi l i ty to s t abili se o<s - casein and did no t 

( 42 ) pre c ipi tate on t r e a tmen t  wi t h  renni n .  Higgi ns and Fraser , on t he 

basis o f  ti tration d ata and spe c tral di ffere n c e s  b etween t he azo-

derivatives of c a sein a nd p a ra- casein , had sugges te d  the par t ic ipation 

o f  hist idine in the ge lling of para-casein . S ubse quently Hill and 

C rake r ( 4 3 ) ob served that blo c ki ng of lysine side chains on the o( �  and 

f3 casein s wi th 1 -dime t hylamino-napthale ne 5- sulphonyl chloride ( dansyl 

chloride ) had no effect on their stabilisation by kappa- casein , nor on 

the coagul.a tion of rennin-treat ed kappa- o<s , and kappa- fo complexes .  

Lysine did not appear to be i por tant for the se pro cesse s .  The l ysine 

re sidue& on the kappa-casein we re apparen tly no t involved in the 

reaction betwe n rennin and casein since dansylated kappa-casein 

relea ed N . P . N .  on renni action . However . dansylat ion of kappa­

ca ei.a tid cause inhibition of coagulation .  Rill and Cr aker
( 43) 

interpreted this ob ervation as being due to the participation · in the 

coagulation of rennin-treated whole casein � of one or more lyeiae aide 

ohaina o the kappa-caseiD traetioa . 



Reeaia 
N-terainal a 

tioa o kappa-caaeia 4oee not appear to l.i.lter �• w 

( 1 8) ( �  ) o acids 1 the para- ppa-�asein produced • 

A new R-term1Aal .. thiolliae residue has ,  hon•er , be a obser.ed on the 

glyco-aacropeptide ( �S) . Earlier a aew C-terainal phenylalanine 

residue hacl been iclenti.fied on the para-kappa-caaein( 25> , which 

proap ted a sugge tioa that rennin cleaved a phenylal Dine-ae thionine 

bond( 3 ) .  B�ll ( 46 )  fovad tha t rennin was able to hydrolyse the phe-
met .  boad in the dipeptide or its deriYatiYea , but did so on the 

synthe tic pe ntapeptide containing the aaino acid sequence siailar to 

the re gion i.n ltappa-ca sein con taining the phe-•et bond ( J ) . This 

reac tion was fo ad to be moderately rapid a t  pH 3 . 7  and 4 .? ( time for 

hal f  r eac tion 4 hour ) and slower at pH 5 . 9 { 1 2 hours) . Hill ' 46 )  

suggested t h a t  serine played a ca ta l y tic role i n  the reac tion bu t tha t 

the nearby hyd rophobic aide chains probably acted as binding site s ,  

since spe c i ficity studies o n  rennin ( ? )  had indic a ted i t s  tendenc y t o  

hydrolyse b onds adj acent t o  hydrophobic side cha ins. The a t tack. on 

t he pentapep tide was ,  howeYer , slower by a factor o f  2 - 3 .  Hill
( 4 6) 

at tributed this to the absence of ca t alytic a c tion of the his tidine 

residue , tha t is, the ne rby serine and histidine side c hains catalysed 

the e nzymic attack on the phe-aet bo d o f  ppa-c aaei.n . S uch a 

catal,-tic role ha been 1)oe tulate d for th si e c b&111a in the actiYe 

centre o f  e zyaea. 

Via4oaetr1c at dJ.e of re e te ea .. Ye al o giYen rise to 

c tracU. t rs eo fu resul t • St.rUa ( 2  ) 
fold a • i creaai er ten 
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decreeaed intr�nsic viaco ity following enzyaatic actioa oa aodi .. 

caseina te so lutions , indi ca ting increase d  particle .s e try . 
Seott-Blair and co-workers( J0 ) ( 3 1 ) attributed the d ecrease in 

observed visc osi ty to the lower molecular weight o f  the sodium 

caseinate after renne t action •nd to steric e ffe c t s  resulting from 

change in shape of the coiled casein particles after the release of  

6. 

the glyco- a cropeptide . I n  a recent reYiew , Conway and Dobry-Duelaux( 33 ) 

have pointed out tha t  the viscosity of  solutions o f  polyelec trolyte & 

may b e  increosed in three ways , namely : 

( a )  clouds o f  ions around indivi dual particles would b e  deformed 

as a re sul t of shearing and this de forma tion would t ake up 
en ergy , 

( b ) �ossible interfe rence be tween the ionic A tmosphe r e s  o f  the 

different pa r t i cl e s ,  and 

( e )  change in shape o f  the c o iled-up part icles hen the elec trical 

tree energy is changed by ionisation a nd the pre sence of 

neutral sal t s . S cot t-Bl air and Oosthuizen( 30 )  on the basis 

of obserYationa tha t all amount s of sodium chloride reduced 

the Tiscosity o f  sodium caseina te  ( ruling out elec t roviscous 

e ft et from • a •  bove ) and th t New tonian flow behaviour was 

shown by cas in solutions up to 9% protein ( there fore ruling 

out ' b ' ) ,  eo eluded that it wa the eh ge in shape of the 

coile - p particle eau in the decreas 

Oa Yiacoaetric eYi eace , hn D and Wieri 

ia Yiscosity . 

a ( }4)  proposed that 
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1 Yieooai t7 coul d aave -.eA due �o true dehrdratio or to ecreaee 

1n electrokiAe tic charge or both faotora. Haak1 eoa and P leer( 36 )  
fowad that h,-dra ti�a ad se ta po tential wen both par t1al.ly deetro7e4 

At low reania concentra ti ons the7 o&aerved a large 

decrease 1n rel e ti•• Yisc oait7 wi th little chaage in el ctrokiae tic 

potential . 1'lU.s W8S 1 terpn ted aa being clue to trae deh7dra ti0ll . 

I nc re a ai g the ren� i n concentra t ion decreaa.� both hydra tion Aftd 

electrokine t ie pote tial . Th ey proposed tha t &eYeral partially 
b7dr ted p r t ic l ea aubae q u e ntlJ cl uap to fora a par ticle bigge r than 

the bfdre te d particle .  

p r1nr to gel ling . Ha nkinaon aod Palmer( }6 )  concluded that rennin ac tion 

wa s primaril7 that o f  dehrdr tion and se c ondar111 tha t o f  reducin• t he 

z e ta potential . Fiah { 'l )  reported on the apeoitieitJ o f  rennin aa a 

pro teo l 1 tie ens,.me , fi ndi.ng t.hll t it bad a strong tendeuc7 t o  hydrolyse 
( f!'i }  bonds in pro te i ns ad jace n t  to hydrophobic ai de chains . Klc tz 

' has 

poi ntftd o t that hydrophobic resid ue a oa p ro t e i n  aa1 b e xpec ted t o  

play an 1 portant pa r t  in the •a inteuance of tert1 r, s�ru c tu re s  nd 

fora o f  ice-like s tructures . 

ac tion OD •1 �ad adj ace n t  to h1drophob1c rea14uea •16ht t1ratl7 
e t•U t be 41BJ"\1p t 1oa ot the•� •ater repou. Id.adqviat ( 48 l haa 
at ted. t t · e l"iaal"7 u aece ar7 p .... I naa1a a ticm oa 
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8.  

phosphate , an4 citrate , w ich resul ted in a decreaae i n  the Qllt of 

water o f  h;rdra tion bound to these complexes .  New forces then aggregated 

the caaei.A micelles.  Christ ( 73> , Kenow < 74 > , aad Cheeseman( 75)  haYe 

also postulated that renn in action r emoves the hydrate water shell and 

that only then does *'real" &Jneresis begin , involTiag h7drogen bondillg 
be tween the prote in uni t s .  

SeYeral ele�tron Jli c roscopic etud.ies( 5 1 H 5.2 H 53) haYe been carried 

out to atud;y changes be fore and after coagulation . The general 

c onclusions were ( 4B )  tha t caseill m.1ce1les are j oined b7 short ,  fine-

threaded forma tions to nodular fibril s .  These for an assembl7 o f  

strings, partl1 adhering to each o ther , and , in a more ad't'a nee-d stage , 

orie n t a ted into a t hree dimensional ne twork . Using pola rised light 
( 54 )  and phase contrast microscop7, Swiatek made a fluoresc enc e-

microscopic examina t ion of the gel struc ture and showed tha t the 

threads eonaiated partly of b all-shaped protein partic les and partly 

of  hygro scopie , inorganic ate rie.l conce ntrated in the corners and 
• 

constrictions o f  the structure . 
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1 .  E n�z .. : -

lU tac..haaJul afiowe4 ih t at rentti.n cooe ntrs.U.o a 

a ove 0. 8 �� f./al in the reac tioa �ture , the terai nal point of 

the pr1aary phase , aeaaure 1 release t HPN , was independent o f  

the aaount or reanin . The ra te o f  re c \io wa , howeve r ,  very 

e t ronglJ depe ndent on the c oncentration of the enzyae . Below 

o . 8 .ug M/tal the termi..nal. point o f  tbe priaar7 pb ae.e Wl'8 l'iependent 

on the aouat o f  rennin aa the � aaoun t  o f  g lyco- c rope p t i d  

waa never obtained . l'hi :i was prob!'.bl;r du e to irr•v� rsible 

inhibi t ion of tb� re nni n . 

2 . � t tec t o f  pH : -

fol tman{ 56 )  a nd 1 ter �ick loen and wrns troa( 5 ? )  showed t h a t  

loss o f  re anin ac t i vity increa sed wi th p H  abo ve rH 6 . 0 , a n r1 w a s  

highl7 tempe r � ture ependen t .  Fol tman( 5� )  tound tha t at low pH 

valuee, �e low pB 6 . J , a1 coagula ted be fo re t h e  priaary reactio n .  

that. ia,  rele • o r  N . l'. N . • wa oosple ted . A t  constan t tempe rature 

P'tillt tow 48 tu te 1"111.a l. poi.at 

and 
( '') aho•e4 that at 

... •• three ti • tu tar th 

.).5 the teri1&17 p t.ol7tio ... 

re 1t1• t •• • t 

• li • r 

1 tte4 the coagulatioa 

t the pri. ry ph••• · Jitac 

'·' t he Yelo 1t1 t • priaarJ 

at 6. ? .  wh.areu , ... p 2 .0 -

• ••rJ , .. ,. At 2.0 
t.1 • ti t r 

A t » 
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of the caseina te followi g renftin treataeat( 59 ) ( 1 74 ) .  

Presu ably this was b ecause the pH value s were close t o  the 

i soelectric point or the para-casein . 

} .  E(fec t  o f  Temperature : -

4. 

Fol tman ( 5B )  showed tha t  a t  co ns tant pH { 7 .0 )  a rise o f  

teaperature •hi lted t h e  co 6 la tion point towards the terminal 

point o f  the primary phase so tha t t hey coincided a t  4o0c .  The 

e ffec t  wa s siailar to dropping the pH from 6 . 7  to 6 . } . N i tschaaan 

and Bohren ( SS )  reported tha t t h e  rate of primary rea c t ion was 
0 0 0 

e igh t ,  four , and two ti e s  taster a t  30 , 20 , and 10 C 

re spe c tively t haa a t  1°C .  

A t  re frigerator t e mpera ture s ,  milk does not c oagula te 

( 49 ) (  50 ) al though the prima ry p ha se may b e  comple ted • 

Berridge ( 49 )  found t ha t  t he t emperature c o e f ficient for the 

6/ 0 . ( 6 1 )  c oa gula tion phase was 1 . 3  - 1 .  1 c ,  whi l e  Fyne repo r t e d  a 
0 figure o f  2 p e r  1 C in calcium caseina t e  sol utions . 'l'he se 

c oefficients w re analo&ous t o  tho se found for theraal 

de n aturation of proteins and led to Btrrid ge ' s  dena tura.t ion 

JPOthesea( 1 2 > .  Kelley< 62) found tha t coag 1 tion tiae decreased 

w�th increasing teape ra t�re up to 40°C ,  a oTe which the rate of 

d e  t ract ion o f  t e e Z Jae  exceeded i t a  1 crease � actiTi tJ •  

arS.ous Inor&a 

K at of • w rk a t e e tte \ of inorganic c • owa4a has 

1a nlaUo t cl. tti 

aae o t  re ia tio • 

, ... s. t preoi itat• 

- ••1 ca1o 

.. 

•••la .... 
ra 1  
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preClip1t tion or para-ea eia t rooa temper: t re 
( 60) 

and 

•• tr 1 pH . Calcium chloride added to milk a t  a concentration 

of 0 . 1 �2% app ared to give the �uickest c l ot t ing . 

below this concentration. c oagul a tion was slower.  

5 . Effe c t  o f  Va r i �u s  Organic Compounds • -

Above and 

Rege (63 )  found that addi tion of glycerol at levels between 

0 . 2  - 6 . fr% •;v delayed c l o t forma tion in reconstituted skim milk. 

The delay as e 'iuivalen t  t o  about a 40% increase on th "controP' 

c lo t t ing till6 a t  6 .0� v/v o f  glyc erol addi tion . This was 

a t tributed to th� possible solva t ion effect on proteins by this 

polyhydroxy compound o f  low mol e cular weigh t . G elat in on the 

ot her ha�J lit\S found to ac celer a te clo t t iag either by serving as 

a bridge to e nhance the aasocia tion of casein mi c e l l e a ( 6 ' ) ( 6 4 )  or 

�1 pr ovid ing c a tions wh ich woulj induce precipitation o r  the 

m.icel.les ( t.l! ) . 

6 .  e f fe c t  o f  Modi fying the CaGei.n with i· e spec t  to  i t a  I norganic 
Conati.tuents : -

Casein is phospho-protein requiring calcium ions for 

gel.ation . This led McFarlaae ( 66 )  to suggest that the ea.lci • 

ioaa fora in. teraolecular li.nk 'betwe n bo pho phate gro pe . 

La ter Hau et 1 { 6? )  howe tha t while ens�tic 4ephoephorylat1on 

o! oaaein "sul te4 ill .aJ"ked 1 ere sea 1a clotti g tiae at 0.01 M 

ea++ o centrat1o , the -· •in di clot rapi41J follow1ns 

... t la the preaen • of a i ooac•atrati 

t 0.02 "·  t te4 

t to 11" of' · l.u  

• re 1 .. ill U.• lottl. () ) p • 



t 8U7JH ticall1 
kappa-caaeb ••• atUl able to stabilue al. s ea"in 1 the 

12. 

pre ence o f  ealeius ions . The authors concluded that �> -kappa 

coaplex for�fttioa w s not necessarily dependent on the presence 

ot phospba te-calciua in terac t ions . 

Jaaaachi e t  al ( 6 j )  found t lt: a t  dephc•spboryla t.ed whole c a sein 

and. d e pboapllaryl a t•d (1(5 c a sein bound one-third of the e s lc iwa 

normall1 bouad DY the re spec tiTe natiT pro teins . while 
dephosphoryla te 4  kapp a-cas ein bound ne arly hal f  o f  the cal c iua bound 

to na tiTe k ppn - c a -eio . fhey obee rTed that d ephosphorylated 

ol s  ca sei.n was s till abl e to coagula t e  in t he prese nce of calciua 
ions(69 )  wh i ch sug�ested tb s t  bind in£ of eAl ciua t o  o rganic 

phosp hate grour s wl' s no t e ssential for the co8gul a t i on o f  �.s ca sein . 

a lso dephos�horyla ted whole C 3 &ein c ould s t il l  !orm micelles in t h e  

pr� senc e o f  c a l ciua ions . I t  a;.pea red t h er e fore tha t wl. i l e  

or�a ni c phosp ha t e  groups were i , ortant bind i n g  si tes for caleiua, 

o ther bindi ng si tes •ere � l so pre sen t . C arboxyl groups have been 

l 70 '  sugt;ested � as al te r na t i Te 'bindi.ng si te s , :':i S  haTe saino and 

imidazole gro pa( 7 1 > . The pH o !  c a ee1D8 te soluti ons was obserTed 

to drop oa t.he addi tion or ealciUII i<ula ( 72 ) po ibly due to 

iaplace .. nt of protoas oa t e aaino groups o caseia by the 

forea tioa of c rdiAa te co�a l ent 11 · a  between the aaiao N and the 

ealci.aa( 71 ) •  Yaaaac 1 et a1
< 69>  to a tha t d 1 t1on or 15 

CaC12 
t:S.•• w le 1a an4 r o . 4  tor 4 ho� oryl a te4 • ole ca .. la. 

41tfen •lt17 • 



SECTIO C :  OBJECTIVES AND EXPERIMENTAL PLAN . 

The review of litera ture had indicated considerable confusion 

and difference of opinion , particularly on the resul t s  obtained b7 

13.  

v i  coae t ric studies , o n  the initial o r  primary phase o f  r nnin ac tion 

on casein. Rhether the initial a c tion is one of  dehydra tion of the 

casein micelles, prior to gel for a tion , has been a mat ter of argument . 

The sec ond phase o f  rennin action is also largely unknown . I t  is 

s t il l  not clear what role , e xactly,  is played by calciwa ,  and on wha t 

sit e s  on the c asein i t  binds to form, if  a t  al l ,  the c ross links to 

give gel structure . 

The following experimental plan was there fore devised in the hope 

o f  t hrowing some ligh t on the ini t i a l  p hase o f  rennin a c t ion on cas ein . 

S impl e  model systems u sing ''arti  fieial n1ilks" were to be used in the 

study to �void the possibl e int e r ference o f  o ther fact ors such  as whey 

proteins , and other mineral c o n s t i t uent s .  The " artificial milks" were 

e ssentially "calcium caseina tes" or caleium pho.s r·ha te- c a l c ium caseinate 

systems . The adTa n tage o f  using su ch sys tems w a s  tha t  it would gi•e 

day to day con formity in eompo i tion, a ll owing comparison between 

experiaents . 

I t  was belie•ed that a coab1nat1on o !  •iseoaetric , ul tra-centrifusal 

aad electro aicroacopic studies would help t o  reveal the sechaniam of 

t • illiti 1 ha e f ren ia actioa oa caaeia. I t  waa al so  CO i4ere4 

that a at e ffe t t a 4e tldol l cU and cU.aulphi4• 

aplJ. ti " eate, t 1u.a iona . o lati. a a e;raereate of 

re •t-cau gel a 1&14 giTe halg t into t e •cbaai of t 

• 'hie h • ••• 41a •• 1 art li of thia t •1• ( • c ., 
C ) . 
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Viscoaetric, Vl tracentrif gal and Elec tron Microscopic Studie 

on the Ac tion of R nnet on Casein 

SEC'fiOM A :  

1 .  Preparation of Ac id Casein 

The ae thod used is that described under "Preparation of acid 

casein - ( ) 1 1  in the paper entitled 1'Sulphydryl and disulphide 

group s in casein " ( attached ) ( SZ) � To ke p oxidatiYe c hange s on 

the prot i , if an�, to a ainimum , the skim milk used was p rged 

o f  dissolved air by bubbling nitrogen t hrough it for 10  �inutes 

before acid precipi ta tion . This nitrogen treatment was sustained 

th roughout the prepara tion process . 

2 .  Frepar tion o f  " Ar t i ficial Milks" 

The t:re rara t:lon o f  a stable "arti ficial ilk "  has been 

described by Aiya r
( 84 ) 

( paper a t tached) . To ensure co pl te 

solvat ion o f  the protein, all solut ions were held in the 

0 
re frigerator at tempera tures below 5 C for a t  least 12 hours wit h  

constant stirring , afte r which they were warmed t o  J0°C ancl held 

at thia teapera ture for at least JO min tee e fore starting the 

experillent . 'folue e ( 2 clr p /100 Ills )  waa used as a preaer.ative 

t e I 

waa • e aa a 

t 

6ot d 0.2 

ce t p 

c 1 1 • "/al. 

e caaeia ll1vr7 
• .t.t 6.0 



'ARTIFICIAL MILK' AS A BASIS FOR RESEARCH 

By K. R. A l YAR 

Massey University, Palmerston North ,  New Zealand 

SUMMA RY: A method for the preparation of a 
stable 'artificial milk' is described, using acid 
casein as the protein base and incorporating 
calcium and phosphate in the system. The 'milk' 
was primarily designed as a research tool, but 
the method could be used for the preparation 
of a beverage. 

Various workers (Ciark, 1 927; Powell a nd 
Palmer, 1 935 ;  Grindrod, P rice and Sommer, 
1 956) have used 'artificial mi lks' as basic mater­
ials for research on factors such as the action 
of rennin and the effect of heat on calcium 
caseinate-calcium phosphate sols. Use of 'arti­
ficial milks' simplifies experimental procedures 
for the study of phenomena such as syneresis 
of rennet-milk gels, of which l i ttle is known, and 
in which workers in  this laboratory are interested. 
Whether or not 'artificial m i lks' represent con­
ditions of true mi lk  remains to be seen, but i t  
i s  believed that much useful i nformation can be 
obtained by using model, simplified systems. 

In 'artificial milk'  systems used by others 
(Clark, 1 927; Powell and Palmer, 1 935) the acid 

- casein was usually solubil ized in  cold calcium 
hydroxide solution. Sodium and /or potassi u m  
hydroxide solutions were also added for quicker 
solubilization of the caseinate, and the pH was 
adjusted later by citric a nd/or  phosphoric acid 
to 6.6-6.9. 

Experience in this laboratory shows that 
solubilizing casein a t  high pH (in excess of 9 .0) 

has a detrimental effect on the caseinate, even 
if precautions are taken to do the mixing at  
2°C.  The final 'milks' prepared i n  this laboratory 
by the methods used by others (Ciark, 1 927; 
Powell and Palmer, 1 935;  Grindrod et al. ,  1 956) 
showed significant quantit ies of precipitates, after 
24 h holding in the refrigerator, ranging from 
300-500 mg in a 3% casein solu tion. 

H igh pH, in excess of 9.0, is k nown to affect 
the su lphu r amino acids and i n  particu lar cystine. 
Whole casein appears to have both cystine and 
cysteine ( Wallace and Aiyar, 1 969) and these 
amino acids seem to be present only i n  the 
"-casein fraction of whole casein (Waugh, Lud­
wig, Gillespie, Garner, Kleiner and Noble, 1 960). 
"-casein is now recognized as being the stabiliz­
ing factor (Waugh and Von H i ppel, 1 95 6) for 
casein micelles in milk, a nd it would be most 
u ndesirable in the preparation of 'artificial milks' 
to use conditions whereby K-casein could be ir­
reversibly m odified. 

Use of low temperature during the preparation 
of 'artificial mi lks' is also u ndesi rable. It has 
been shown (Waugh, 1 958) that at low tempera­
tures (4°C} (3-casein does not enter i nto reaction 
with a-caseins or K-caseins i n  the formation of 
stable m icelles, but remains separate, a nd when 
the temperature is raised to l 8°C and a bove, 
(3-casein precipitates. 

On the basis of the above i nformation, a new 
approach was taken to the formulation of 'arti­
ficial  m ilks' and resulted i n  the development of 
a product which is extremely stable. 
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Experimental and Results 

The composition of the 'artificial mi lk '  is as 
follows: 

Acid casein (hydrochloric, moisture-
free basis, preferably spray dried) 

Calcium (as calcium chloride) 
Phosphate (as Na,HPO,) 
Distilled water 

Quantity Percent. 
(w/v) 

3 g  
1 25 mg 

7 5  mg 
up to 

l OO m! 

3 
0. 1 25 
0.075 

The levels of calcium a nd phosphate approxim­
ate the average values found in normal milk. 

Hydrochloric casein, preferably spray dried, 
was found to be most suitable. Spray dried 
sulphuric acid casein was a lso satisfactory, pro­
vided it had been efficiently washed. Lactic 
casein may not be suita ble when lactic starters 
are used, as the stabil ity of the caseinate system 
could be a ffected by proteinases produced by 
the starter bacteria . 

The 'milk' is prepared as follows: 

Whole acid casein a nd a quantity of solid 
calcium chloride (CaCI2,2H20) of requ ired equi­
valent calcium concentration, are mixed and some 
distilled water (30-35 ml) at room temperature 
is added to form a slurry. 0. 1 N NaOH is then 
added dropwise to the thoroughly agitated slurry. 
When the system has reached a pH of 6.0 the 
temperature is raised to 35°C-37°C, the addition 
of sodium hydroxide being continued until the 
pH reaches 6.7. At this point all of the casein 
has d issol ved. Disodium hydrogen phosphate (of 
required equivalent phosphate concentration), dis­
solved in 20-30 m! of distilled water, is then 
added d ropwise to the system with constant 
agitation. This causes an ini tia l  drop i n  the pH 
presumably due to the reaction of free calcium 
ions and the added phosphate with consequent 
release of hydrogen ions (J enness and Pat ton, 
1 959). 

3Ca + +  + 2HPO.- - + Ca3 ( P0., ) 2  + 2H+ 
Sodium hydroxide is therefore added concur­
rently with the phosphate solution to maintain 
the PH above 6.4. The addition of sodium hyd­
rox ide is continued u nti l  a rise in pH indicates 
the completion of the above reaction. When all 
the disodium hydrogen phosphate solution has 
been added the final pH is adjusted, if  necessary, 
to 6 .7-6.9 by the addition of 0. 1 N NaOH. 

'Milks' prepared i n  the manner described 
showed no sedimentation when held in the 
refrigerator for more than a month (a few d rops 
of toluene were used as a preservative). When 
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W)lrmed to 40°C, there was no coagulation of 
the solution, contrary to the findings of Powell 
and Palmer ( 1 935), who prepared 'artificial m ilks' 
using calcium hydroxide for solubilizing the 
casein. The same workers used only 77% of 
the average calcium and phosphate levels found 
in normal milk ,  i n  the preparation of their 'arti­
ficial mi lks' to avoid coagulation at  40°C. Simi­
larly, Grindrod et al.  ( 1 956) were unable to 
prepare a stable solution at  room temperature. 
'Milk' prepared in the manner described in this 
paper could tolerate boiling for one hour with­
out showing s igns of sedimentation. 

Reaction to rennet appeared normal and the 
gels so formed appeared to synerise normally 
when compared to sk im milk gels. Such mi lks, 
with varying calcium concentrations, have been 
used in gel-syneretic studies with i nteresting 
results. 

I t  is possible to blend into this base 'milk' 
formulation, other materials, such as milk fat 
and lactose for the preparation of a drinkable 
beverage. lt is well k nown that 'substitute mi lks' 
are ga ining importance as beverages in the United 
States. Sodium caseinate has been used as a 
protein base in these 'mi lks' because of its high 
nutrit ive value, but d i fficulties have been experi­
enced due mainly to off-flavours which develop 
in the caseinate and which are imparted to the 
'substitute milks'. This l imits the amount of 
sod ium caseinate which can be used in these 
products (about 0.8%) and consequently the 
nutri tive va lue of the beverage is low. A further 
problem with the use of sodium caseinate is i ts 
sens itivity to ca lcium ion concentration and that 
sedimentation will occur if calcium is i ncluded 
in  the formu lation. 

Acid casein has advantages over sod ium casein­
ate as a protein base. It  has better k eeping 
qualities than neutral sodium caseinate a nd does 
not sediment in the presence of calcium if  the 
'milks' are formulated as described. 

Reconstituted 'artificial m ilks' have been p re­
pared in this laboratory as follows: 

Acid casein (preferably 
spray dried) 

Calcium (as CaCI,2H,O) 
Phosphate ( as Na,HPO,) 
Lactose (or other sugars in 

concentrations of equivalent 
sweetness) 

Anhydrous butter fat 
Glycerylmonostearate 
Gelatine 

Quantity Percent. 
(w/v) 

3 g  
80 mg 
75 mg 

4.9 g 
4.0 g 
0.5 g 
0.3 g 

3 
80 mg% 
75 mg% 

4.9 
4.0 
0.5 
0.3 
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The ·milk' with casein, calcium chloride, and 
disodium hydrogen phosphate solution is pre­
pared as before with a final pH of 6.7-6.9. 
Lactose is added when the casein has gone com­
pletely into colloidal solution. The 'milk' is then 
warmed to 1 20°F, a nd fat and glycerylmono­
stearate mixed in .  Gelatine, dissolved in warm 
water, is added and the mix is then homogenized. 
The res ulting 'reconstituted milk' is quite stable, 
has a good body, a nd acceptable flavour. It  
should be possible to blend other minerals and 
vita m ins into this system. 

It will be noted that the calcium level i n  the 
reconstituted 'milks' has been reduced from 
1 25 mg % ( in the original base formula) to 
80 mg %. This was done to reduce the associated 
chloride content which otherwise tended to give 
the 'milk' a rather salty taste. 
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15.  
X.pt coastaat .atil t e 

fiA&l pH was re cbed . 
earl ier • 

The "silks" were t ea trea ted aa described 

.. Ar tificial. ailka" containing onl7 calciua were prepared in 

the saae manner wi thout ny for of phosphate add i t ioa . Cal ciua 

was added in the fora o f  CaC12 • za2o . For higher thaa 125 mg % 

c alciua nailksn ( u sed ill syneresis a t udie s )  the process was 

slightl7 od i fied - this is described under the appropria te 

se c t i on ( Ch .  V : D .  1 . )  

3. Prepara tion of S odium C a sein a t e  Solu ti ons 

S odiu caseinate soluti ons were prepared by aak ing a slurq 

with the re quired quan tity o f  a c id casein in d i s till e d water a nd 

t i t ra t i ng to pH 6 . 8 wi tb 0 . 1 NaOH . S �b se quent t re a tm n t s  were 

similar to those � iven to "arti ficial milk s " . 

h .  Henn e t  used i n  the s e  s t u dies was a comm e r c i a l  prep ara t ion supp lied 

by the New Zeala nd Rennet Co . ,  �l t ham , New Ze al and . 

All chemicals u se d  in the s tudy were of A . R . or L . R .  grade . G lass 

d is til led wa t E- r  was used in the prepa re tion o f  &ll solutions . 
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.SEC IO ; VISCOMETRIC TUDI 0 1'HE C'llO OJ' .R�NNET ON CAS IB 

1 .  I ntroduc�ion 

The cle�ndenee of viseo i ty on concentration has been 

thoroughly investiga ted for aany spherocolloid s .  A theoretical 

t,reatment o f  this sub j ec t  was first given by Eins tein ( 1 906 ) ( 76 ) 

who derived the e qua tion : 

11. rel 
= 1 + 2 • 5 11 

where � represen ted the rela tive volua concentration o f  spherical , 

colloidal or coarser particle s . Ac cording to t he equa tion , the 

viscosi ty o r  a epherocolloid sho�ld increase linearly wi t h  i t s  

( ?6 ) 
conc e ntra tion • This e qua t ion was modifi&d ( ?6 )  for more 

conv e ni e n t  use as follows : 

K = 't :x: Plc sp 
where 

p = density ot t he dispe rsed phase 

c : grams subst a n ce in 1 00 mls .  sol u tion . 

It t he value o f  K equ lled 0 .025 , t he hyd ra tion o f  the 

colloia was c onsidered negligible . A larger value meant that 

the par t i c l e s  wer hydrated or solva te« . I t  i s  not eworthy that 

both the e quations do not take par ticle size into consideration, 

which ant tha t the viscosity or spheroeolloids was ind ependent 

t t e particle aize . 

The aodifie4 Einat in fo.raula waa used iD this work for 

calculation of t e h7 ra tion conat t "I " . 

•• 

1el4 TiM�)aet•r W 8 1l e t ae 
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1 viae ld.t1••· 

Y'1 c etu .•• • 



aureae ta oa t • reaaet-treate4 caaeiD wer 

at 0°C. to aYOi.d eomp1icatioas troll protein aggrega tioas . For 

this purpose the spe cial accessories of t he viscometer ( includiag 

the spin41e head ) were equil ibra ted at abou t 0°C ove rnight ( 1 6 

ho�rs )  b e fore viscosit1 measure•ents were uadertaken . 

25 ml . of the cold casein solution wi th an added d r op o f  

d i  t illed water , from a 1 ml . bulb pipe tt e , was the n  taken i n  t�e 

cold cyl iader and this was qu i ckl1 fit ted on to t he viscometer , 

ove r  t he  spindle head . A thermos flask o f  sui table int ernal 

diameter and con taining a mixture of cold di stilled wa.ter and 

crushed ice ( prepared ea rlier from dis t illed wate r )  at a tempera ture 

0 of 0 C was t hen plac e d  under the viscometer . The visc ome te r wa s 

lowe red into t h i s  flask so that the cyl inder wa s comp l e t ely 

imu ersed in tne ice cold wa t e r . 

�fter � l lowing 5 minut e s  for e quilibra t ion of tempe ra ture , 

roadin6s wer� taken on t he vi.acome t e r  w:i. t h  the spindlE' h e !:i d  

rot� tiug e ither a t  }0 XPM or 60 RPM . Th e a � sol u t e  v i scosi t1 wa s 

then �alcula ted using appropria te factors based on the spee d of 

the spindle head \ as per i ns truc tions for the viscome te r ) ,  

for exampl e ,  a t  6o RPM , YL 
ab s 

= ( Reading -0 . 4 ) x 0 . 1 

at 30 RPM , yt abs 
(Readi -o . 1 )  X 0 . 2 .  

The spec�t1c Tiaeos�ty nL.
p 

was then calcula ted usi g t he 

to1low1ns toraula< 76 > , 
>\ coll - Yl. sol , 

1l - . -, '1\. eol 

ere '\. 1a t e specific Y1Bcoait7 which eatn�ree 
1ft Y1 • 41.• olv '-•ta.D • •  

rt 11 • ab t tu U.oi a1 

Y\.. 1 t ' l•• t r ' t1D  

e iA-erease 

U_ 
• ... . 



Yalue t 'l1 8p was thea 

oo tan t "lt" • 

t al 

• 

te the lqdrati. 

1 the experi.aent one drop of r nne t  was added t o  25 al • o f  

cas in solution and the viscosity was asured as detailed aboYe 

after fi.xe4 reaction time illterYal s .  Value s for the coll&tant nx.t' 
were calcul a ted froa this data. 

} .  Re eul ts 

{ a )  Prellainarz work on eodiu• caseina t e  solutioas 

Resu l ts a re gi Ye n  in Table I and pl o t ted in l'igures 1 and 2 .  

Table I .  Effe c t  o !  C asein Concentra tion on the Absolute Viscosity o f  

Sodium Caaeinate Solutions ( pH 6 . 8 )  a t  0°C .  

Caseill cone . Vis c ome ter Absolu te Spe c i fi c Abs . vi scosity 
( g  s/ 1 00cc ) read i ng viscosity visc-osity 

0 
o f  wat er ,  0 C 

0. 25 

0 . 50 

0 . ?5 

1 . 00 

2 . 00 

• A t  

a t  3 0  Rl- M •  ( lt.  b ) 
a s 

C J- S ( Yl. ep ) ( cps ) 

9 . 5  1 . 88 0.093 1 .  7 2  

1 0 . 0  1. 98 0 . 1 5 1  1 . 72 

1C . 9 2 . 1 6  0 . 256 1 . 72 

1 1 . 5  2 . 28 0. }26 1 . ?2 

1 � . 7 2 . 92 0. 700 1 . 72 
le st 3 'Yiscolle ter readin3s were taken per saapl e .  

t • stra1ght liae relationship be tween protein concentr tion ( up 
to 2%) and abaol te Yi co81.t,- 1.n aocli.1111 oaMinate lut iona ( F1g . 1 )  

1 o tea tha t t e la tter e aYea like a epller c•U.i. , probabl,-

�eca ae t the 

1 wreetiq to 

tur• of prote · pr te 1 teracti e .  

t-e at whea t • atr t liD• ia ns. 1 1a 

i t  18 

at. t aero prote oncelltrat1 , t • 'Y •• of >t a • 



,......._ 

u) 
E 
8 
.......... 
en 

.....__,. 

. 

� 0 u 
z 
w 
L/) 
<! 
u 

2·0 

1-50 

1·2 

1 ·0 0  

0·7 

05 0 

0·2 5 

0 I' 1 fa I I I I 1� I 

I 
I 

I 
I 

I I' I I ' I 

2.() 
'? ... ,,. ( cps) 

I I I I I 
2-5 

FIG. 1.- EFFEC T OF CASEIN CONCENTRAT ION ON 
THE ABSQUTE VI&::OSI TY CF SJDIUM 

CASE INATE SOLS .. ( pJ-f 6· 8, d e ) 
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\eooaea about 1 .10 .  TlliA Yal • ia aiaUu to that obta.i e4 for 

A l.i.Jlear relatio waa alao foUACI between the spec;:ific 

Yiseoa1ty and caa in concentrati a iD aodi .. caseinate so� tioaa , 

the liae paaaia« thro the origia ( fig . 2 ) . It would appear 

there fore , that eo41aa caseinate behaYea like a spheroeolloid( ?6) 

1a th concentration range used iD this work . 

(b ) Pttsgmi,Dation of the hzdrati,on qgnatant "K" tor so4i.g 

Gasaipate apd sodiua-pera-casainato solutions. 

The change in visco sity o f  a rennet-treate 2% sodiua 

c�seinate solu tion ( pH6 . 8 )  w s determined a t  0°C . The 
\ 

deterai na t ion was done oY r a period o f  time , with the Yisco e ter 

cyl inder immersed in the ice water . C rushed ice wa s c o n ti nuously 

0 added to the t hermos flask to maintain the tempera ture at 0 c .  

For calculation of the constant "K " , the densi t1 of the dry protein 

' P '  w s t �ken aa 1 . 37 , aa calcula ted by McMeekin e t  al(7B ) , and 

ab olute Yisc o ait1 of �h solvent as 1 . ?2 .  

The re ul t e  are shown 1a Table I I .  



zo. 
ffe t f Re e t  lctioa o the Val. • o f  t • Constant ••I" for 

C:ase.iJtate So.l Uon at pH 6.8 and 0 c .  

Time a f te r  Vi.seome ter il_ coll fl.. ap • fl. coU- r{. sol 
" " • 1( x P/c 

ap 
rennet reading at 

7l sol ( a  1{. X 0 ..69) 
adclitio 30 RPM ( cp e )  sp 
( miet�te a )  

0 

30 

60 

1 20  

1 000 

!21!.: 

1 .5  2 . 98 0 . 730 0 . 50 

1 4 . 5 2. 88 0 . 67 0 . 46 

1 3 . 8 2 . 74 0 . 59 0 . 4 1  

1 3 . 3  2 . 64 0. 53 0 . 37 

1 2 . 0 2 . 38 0 . 38 0 . 26 

11. c oll 
= aba . vi scosi ty o r  the ca�eina te solution . 

11.. sol 
= ab s . viscosi ty o f  the cont inuous pha se 

P • denait7 of the dry pro t ein � 1 . 37 . 

( 1 . 72 ) .  

c = concentration of the caseinate , gms/100 ml e .  

The resul ts indicate that the value of the const ant 11Kn drops 

appre ciabl7 for the para-�aaeinate aolut ioas froa the original value o f  

0 . 50 calcula t ed tor sodium caseina te . Viacosi t7 o f  the non-re nne ted 

sample reaained stable for at least 24 hour a .  However , the f i  1 

value ( 0. 26 ) after 1000 ainatea of reanet ac tion at 0°C 1• s till h 

hi.ghe:r than 0 . 025 t whi.ch pout a sp eroc lloicl 1a conai ered to hold 

n•1l �bJ.e water of hJbatio ( ?6) . h1 .. 7 be ue to .. veral. fac tors .  

( a )  Rennet actl.on a&J t t'ull.7 cle 7drau t e 

( b )  

a t 

t alci � • ·  

a l .. • 
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surtace, which S.e reaoYed nolq or partiallJ' b7 reuet ,  but 
also internall7 , which y not be wholly remo-.ed 1 rennet 

action . 
{ iii ) !.'be p ra-caeeinate particles aH etUl sufficiently eh reed 

to give an electroYiseous e f fect .  

3 . { e )  Determina tion o f  the constant "K" for Calciua Caseina te and 

Calcium Para Cas inate Solut ioas 

The cha.n.ge 1A T1.scoait1 of a 5% calciwa casein te solu tion 

containing 90 mg % calciua a t  pH 6 . 8  was d termined at 0°C , as 

b e fore . The densi ty o f  the dry casein a t e  complex was taken as  
1 . 4 3 as c a l cula ted by Ford e t  a l ( 77 ) . 

Tbe resul t s  are shown in Table I I I . 

Table Ill . Effect o f  Renne t Ac t ion on t!e Value o f  the Cons tant "K " for 

a S% Cal.c11Dl Ca seJ.nate S-olution at pH 6.8  an11 0°C . 

Ti.ae after Viscometer '1. coll rt. ep ·  ll coll- 1{ eol K = 1(  X P/c 
rennet reo cling at ap 
addJ.tioll 60 RPM � sol ( • ll ap X 0 . 28)  
( mi.nutea) 

0 '+9 .. .  86 1 .8o 0.50 
zo ....... . r.o  1 . 55 o . ..  , 
lfo .. , 4 . 26  1 . ..  , o.� 
6o 42 . 16 1 . 1t0  o.,s 
120 ·' ... 01 1 .3() o.36 
1000 ,9.0 ,. 1 . 2, o.,, 

'-' >'\ •oU. • a late 'ri.ao •i.t7 oaAiaaM t.1 • 

rt •1 • • yj., eit7 � p • 



P * aalt7 of th• Ar7 a1 c... te c�lex. 

• c .noentratiou o f  t e preteia ., pa/100 llll.a.  

Resu.lta froa Zable III indicate , a s  i a  the c a se f the &Odiua 

u. 

ea eiaate aolutioa, a significant drop in the Talue of nxn troa 

0.50 tor the aarenn ted aamp.le to 0 . 35 a fter rennet has acted tor 

1000 ainute e .  Once again , thi.a Ta.lue is tar a'boTe th e  Tal.ue o f  

0.02.5 t which point tbe h7dra U.on of spheroco1loicls ie considered 

aeg.ligible .  
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SX<:i'IOJI C c  USE o:r AJI UL'tlU.C&NTRIFOClAl. ft<:DIQUE J'OR fB 

MX&.SUREMEN'r OF THE L£AS.E Oi' "IMMOBILISED" WATER FROM 

CASEIN MICELLES BY RENNET ACTIOB . 

1 .  I ntroduc tion 

The technique deYeloped to aeaeure release of " imaobilis•d" 

water froa the caaeiDat. b7 rennet action depended on the use of 

a coloured coapouncl who.se concentra tion could be aeasvrecl 

spec t rophotome trically in a caa•inate s�etea before and after 

renaet a c t ion . This me ant that within certain &elec ted 

co!le.,ntra t ions , the c oloured c oapouad would haYe to follow Beer ' s  

Law with rft sp e c t  to the relation be tween optical densi ty and 

concen trR. t ion . The princi ple o! the me thod was based on 

subj ecting t he mixture of casei and the coloured c ompound t o  a 

high centri fugal forc e in the ul tra c en tri f•ge und�r c onditions 

whereb,- thA c sein lllice:las would sedilllent bu t no t the coloured 

co11pound .  By eompari£on wi th suitable standard curYea , i t  was 

found po£ sibl e to measur e the dilation o !  the coloured coapoWld 

in the sup erna tant . Cbviously , no colowred compound could be 

•eed whi ch wo ld react cheai call� with t • caaeiaate . BaeaoglobiA 

wae elect ed as t • likel1 auba �ee to et the eo clitioD.a 

reqaired , for the to�lo-.in& reaaoaaa 

( a) '!he 1 cttla we.1 ht of h.a .. ogl b1 1a 68ooo( BO) . 
la 

OOIIPLI"iS th-e eaef:in 1\i.cellar •• t raae lato �11 •• -

ot • ai�el.lee r-aa • t: 10 to 62.5 •Slli aa a 

d. 11"1 t rea 3000 all U.oa ( 19 ) .  It ... .. 



two er au1t.able co11diU a& 1ll ultracentrituption wi tll th• 

case ina t e  c aiag dow a s  a pellet . 

{ b )  Bae g�obin has been r epor t ed ( SO ) to be re s istan t to tryps� 

and o ther pro t eolyt.1c enzyaes . Fur the rmore , rennin bas an 
op t �  ac t ivi ty pH of 4 . 0 whilst for pepsin ( whic h  may b 

pre sent in reanet extra c ts as an impuri t y )  i t  is abou t 2 . 0 < 6 > . 
N ei ther of t e se �as therefore expec ted to c ause signi fic an t  

ctanges in haemo globin at about neutr 1 pH . 

( c )  The a�lphydryl groups on ha emoglobin are repor ted t o  be 

unre act iYe at pH 6 . 8 < 8 1 > , which is th e pH a t  which "art i ficial 

lli.lks11 were prepared for th is s tudy . The sulphydryl groups 

o f  haemoglobin cau n o t  be oxidise d by ferr i c yani d e  at neu t ral 
( 8 1 '  pH ; on c y s t e i n e  t b e  su lphyd ryl group is readily oxi d i sabl e ' •  

Fur t h e Mlore ,  the sul phyd ryl 5'TOUps on c a sein al so s e em t o  b e  

wel� pro tected from the environment { S 2 ) ( BJ ) . I t  was unlike ly 

there fore that haemoglobin w0uld inter a c t wi th the c a se ina te . 

( d ) Be ing a _ c oloured p r o t ein i t  would be po ssible t o  m easure i ts 

conG entration by ae ans o f  spectrophotoae try . Freliminary 

work indi c a ted that it was possibl e t o  c entri fuge a haemoglobin 

solution in distil led wa te r  at 326 , 000 g for 35 minu tes 

witho•t sediae ting th haemoglobin . 

was used for th.e p rpo e .  

( a) Wavelenath o f  msxjffi!9 absorption for ,ho 

A Beckman ult r ace trituce 

o . o  ( /T) Uo of 0 ... re re4 1n glaaa 

�. water :b O.OOS M CaC12 

o' wan.lea h of aa:ntnua a rptil • 

for •-te· 



zs. 

determ.ininc thi s  in the preeence o f  oalcillll was tha t  later 

experiaents on the ultraeeatrif\lge er to be carried out 

with mixed solu tions of ea.lciua caseinate aad haeaoglobin 

and that the wavelength of Naxiaua absorption might change 

in the pre sence of calcium . 

Optical density ea sure ent s were aade se quentially a t  

di fferent wavelengths i n  a Beckman Spectrophoto� ter ( model 

D . U . 2400) . The wavelength o f  caxi•um absorp tion was found 

to be 404 ·� · ( Figure 3) . Results a�so indicated that 

calcium ions had no e f fe c t  e ither on the wavelength o f  

maximum absorp tio n ,  nor on the optical densi ty readings for 

ea c h  wavelength . 

( b ) C al ib r a t ion curve for haeaoglobin solutions in dis tilled 

wa t er a nd in pre sence o f  c al cium c�oride 

Solu tions of haemoglobin were prepared in both distilled 

wa ter and in 0 . 005 m CaCl
2 

solution a t  the following 

concentra tions : 

70 mg%, 1 40 ag%, 210 ag% ,  280 ·�• 350 ag% ( w/v ) . 

The solu tioas were held in the refrigerator be fore use . 

0 . 5  Ill. . of ea.ch of t e above solutions was then ld.xed with 

3 . 0  ml a .  of water or 3 .0 lll.s .  of 0 . 005 M CaC1
2

• The final 

haeaogl bin 40ncentratioaa ranged froa 10 as% to 60 • 

eh syetea was thea centrif for 35 llinutea , 

ill Bee a Vl�racentrifuce . For each ayatea two 

t .. peraturea 
0 

re uaecl ,. 1 C . aa.4 aabieat te 

h all t ' •• .u. t ••• • • 

a-p ear.4 to • c " & t.tbrous i ture .... tiall7 
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I n  a second rue ,  40 � e .  o f  each of the aboTe 

haemoglobin solutions ( 70 as% - 350 •� ) were aixed with a 

drop of commercial rennet ( dilut ed 1 : 1 )  and iacuba t d a t  

0 . 5  111 . aliquots o f  t h e  sol.utions were 

then mixed with 3 ml . o f  distilled wa ter or 0 . 005 M CaCl2 

solution as before and sub j e c t ed t o  ul tracentrifugation at 

326 , 000 g tor 35 miaute s .  

The optical densi t ie s  o f  all ul trac en trifuged samples were 

then measured on the Beckman S p e c t ropho tome t e r  at 404 � ·  

The re sul t s  troa the se measur men ta were used for drawing 

the calibra tion curve .  

Re sul t s  are gi.ven in ·fable I V .  

Table I V .  �e la tion be tween H a emoglo bin C oncentration and Opt i cal 

Density headings at 404 mu . ( C al ibration c urv e ) . 

C onc entra tion of Haemoglobin 

( mg % .;., ) 
Op ti cal Density at 4�4 mu 

( in dis tille d water , or 0 . 005 

M CaC1
2

, before and a fter 

rennet tre a tment)  

10 

20 

}0 

lto 

50 

6o 

10 

o .4J 
o .8o 

1 . 20 

1 . 55 

1 .87 

2.), 

;s.oo 

o . 45 

o.8o 

1 . 20 

1 .50 

1 .90 

2 . 35 

:s.oo 

ieelll te le IV (Fi re lt) 1a41 te a Uaear relativJUINUI•P 

"•t••• . tical. 4eu.it)" re 4.b • at lf04 

to a ficu.l o f  60 • 



there wa o di.ttereace betweea the distilled water a d calciua 

chlori.de-contai niag haeaoglo'bin solution , nor did renne t 

trea t e n t  af fec t the optical d nsit7 readings . As indica ted in 

the Table , tempe ra ture o f  cen trifuga tion was also without e ffect . 

( c )  C alibration curve for baemo�r.lobin solution in an "artificial 

a1.lk11 sys tem 

It had been no ticed in preliminar7 work that ul tracentri­

fugation of an "artificial Jlil.k.t' sys tem at 326 , 000 g for 35 

minutes or longer would not reduce the slight re sidual 

opacity o f  the superna t nt . To measure release of 

"immobilised" water in the "arti ficia.l milk " syst em ,  ther e fore , 

i t  was ne c e ssary to draw up a c alibra tion curYe using 

diffe re n t  concentrations of haemoglobin in an "artificial 

milk" system , subjec ting the mixture to 326 , 000 g for 35 
minu tes , and measuring h&emoglobin in the supernatant at 

404 mu in the Be4kman Spectrophotometer . This was in order 

that the e ffect of the residual opacit7 of the supernatant 

from the centrifug d "artificial lllilk." would be allowed for 

in the calibration curve . 

To do this the following etbod was uaed z 

To IJO lll.e .  "artificial ailk" ( � calcillll c seiaate 

eo taird.ag 100 11g % calci .. ) waa added dr p ot 013 M aCl 

( 1  the 7clrat1o experi.lleate a drop ot reial rennet , 

411 t-' 1 1 1 ,  was a and t ia coataiae aCl equiY&leat t 

abo t 0.0} K) . • waa t •a 41spe 1 t 3 � .  1 ts 1a 

•ltraceatri ••• o.s al. 1 �. of 

ta 11lti. ( 7� %. 1 0 �. 210 



&D4 350 -a �) were theft ad4ed t the t be to g1•• final 

ha.eJloglobill concentra t io JUJ in the lli.xture o f  10 mg %, 

20 •g % , 30 •g %, 4o g % and 50 ag % respe c t1Yely . The 

s�xth tube was the con trol . The se solutions were 

0 0 
centri fuged a t  1 c .  as well a s  21-22 c .  

2 • 

I t  was found that at low tempera tures , the sup e rna tant soon 

a fter ce n tr i fuga t ion was c lear but by the ti e the samples 

bad been placed in the B eckmaa for op ti cal d en s i ty 

mea sureme n t s  a t  404 mu the temperat�e ha d ris n to room 

temperature ( 21 -22°C . ) and they had become extremely turbid . 

1fo op t ical den sity reatings w re possible . Also , d ep ndi..ng 

on t he t e mpe r a t u re o f  mea sureme n t , the turbidity varied . I t  

wa s pre su ed tha t � -ca sein wa s causing the t ro ubl e since i t  

is soluble a nd in monomeric form a t  l o w  tempera t ures but 

forms colloidal ag ··rega t e s  as t b.e temper�ture is ra i s  d .  

l·olyacrylami d e  gel e l e c trophore sis ( described i n  Part II of 

this the s i s )  confirmed t his supposi t ion . ( Pla te 1 A ) . 
I t  • a s  t h e r e fore decided to c arry out c e n trifuga tion a t  rooa 

temperature ( 2 1 °C . )  onl y .  
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a f ter ul tracentrifu tion a t  }26000 1 t 1 ° and 2 1°C for 

35 lli.autea. 

1 .  casein ' llilk ' .  
2. pernat t •tter centri.fuptioll at 21 c .  

). s eraatant after centritu tion at 1°C . 
1• 3 Ylag a of {J- • 
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between Haemogl. bin. Coacentrati.ou ( in. � Calci11a 

Caseina te s,-ete a )  and Opt i cal Density Readings l\t 40/f IN .  

H ac oglobin �oncentr tion 

in )% Oalc ium Caseina t e  

Solutions 

1 0  
20 

}0 
40 
50 

Optical Density a t  404 mu a f ter Ultra­

centrifugation 

distilled water cal. c iua c aseinate 

a s  blank superna tant a s  bla.ak 

1 . 1 0 0 . 42 
1 . 45 o . 8o 
1 . 90 1 . 20 
2 . 20 1 . 55 
2 . 65 2 . 00 

rtesu l t s  sho wed a linear rel a tionship bet�een hq e mo�l obi n  

concen tra tion i n  t h e  superna tant and optical densi ty ( F igure 4 )  

indi c a t ing tha t t h ere was no m a surable interac tion be tween the 

ea einate and the haemoglobin . A comparison o f  t he r e sul t s  

when the calcium c a se inate solut ion was the blnnk wi th those 

using distill e d  water as blank indic � t es tha t the re sponses to 

concen tration in both eases we re linear ( Figure 4 ) . The two 

CQrYea were also parallel but that u iug the distilled water 
bla was displaced by about 0 . 70 optic density uni t s  due to 

the rea14ual opac1t,- in th ay tea . Usi.Jlg the calciu.a 

ea ei ate as t • b� , t e optical de it7 Yaluea were found to 

• •�ar to \k •• fo�a for C c12 ia �1lled water a�st..a 

o atd.DJ.q eqld• • � c ce tr t1oaa l aa.��globu . 

wit "rabl.e I ) • 

( oapare 
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Caae�Date by RenptS Ao!ioe 

A drop of 1 ; 1  dil ted ooaaeroial rennet waa added to �0 ala. 

"artificial ailk" , oontaiaiag 100 • oaloiUil, at pB 6 .8 a.a4 

20°C. J llla .  t th ia aixtve waa <tuioltlf diapenaed into 

polreth7leae ultra en trifuge t bee, each ooata1a1n 0. 5 ml .  of 

)0. 

210 a 1 w/Y h emoglobin aolution ia distilled w ter . The final 

haemoglobin concentration· in the mixture waa '0 mg% . The e ontr 1 

tube contained 0. 5 al .  distilled water mixed with ' ml a .  of the 

rennet-tr ated "llilk" . 'rwo of the centrifuge tubes contained 

the aame "artificial ld.lk" treated silldlarlJ except that in tea4 

o f  renne t a drop o! 0 . 03 M NaCl was added . The conten ts o f  one 

tube were mixed with 0 . 5  ml .  210 �� hae oglobin aolution whilst 

to the oth r was added 0 . 5 1. distilled water. The coagula tion 

time for rennet-treated a mplee , aa found independently,  was 20 

minute a .  Th1a would haYe elap sed b y  the time the ul trac ntrifuge 

was atarted . The amplea were subjected to 50 , 000 R . . M . 

( '26 , 000 g) for 35 minutes. 

The au pernatant at the end o f  the ultracen trifugation waa found to  

be  clear - this waa 1 ooatraet to au - rna tan \a froa un\r ated 

plea deeor1be earlier. 

of thee• au ernatanta wu ea ured in the Jeokmu Spe c uophot eter 

aa4 reeult• are g1Yen ia able VI . 



Table VI . D terrd.na tioa t the R l ease of 11 luto'bU1aed" Water b7 

Rennet Actio on Ca sein Micelles . 

}1 .  

No . Treat e n t  o . n . o f  !'milk" supe rnatan ts 
relative to appropriate 

blank s at 4olt mu 

Hb . Release o f  water 

1 .  Control 

2 . Rennetted 
sample 

1 . 20 

!iili= 

c ontent ( as % o! wet 

( mg % �/v ) casein weight ) 

30 

27 

Hb . = haemoglobin 

80 

Re sul ts ind i c a t ed in Table V'I show a Eiigni !icant drop in the 

opti cal den�i ty val ue s  for rt. 30 Mg } ha emor;lobin solu tion i n  a 

p ara- ca se i na t e  sy stem �hen c ompared t o  the eta.ndard e urTe 

( figure 4 ) . � he optical densi ty reading of 1 .05 1� e qu ival ent 
to a ha�mo�;l ohin concentrat ion o! 27 mg ;. , whe reas i t  originally 

contained 30 mg h . This dil u ti�n o f  the haemoglobin is 

equivalent to a release of 0 . 36 ml s . "im:Dobil ised,. water froa 

0 . 09 g dry ca sein pre sen t in the ul tracentri fuge tubes ; that i s ,  

the water released wa.a equal. t o  8 ' of the weight ot the wet 

c ae1a . 

i t  dist11le4 water as blank th• O . D . of th$ rennetted 

a l.e •aa 0.05 O. D . ta 1 her than • • the para-eaeeiaate 

aolat�oa ••• aed aa the 1 ak. ie d ee ot affect the 

t t r anet� reaul ted in a fie t 4l'o • 

alclll.ati u 1 t ia C&H a ow t at " tt water eq1l&l t 

t t • •-' ' f t�. .., eeiA woa14 ha e eea relea .. 



{ e )  Effect of Yapi.ng C sein and Jlae O&lobia 

on the Optical Densitz Measurements . 

Resul ts reported in the preceding paragraph had indicated an 

apparent release of  t'1mmobi11aed" water fro the calciUIIl 

caseinate by rennet ac t ion, to the extent of  74-80% o f  the 

weight of the wet casein complex . The lowering o f  optical 

deasity in the rennet-treated saaples could , how �er , have 

been due to occlusion or cl o rption o f  hae oglobin by the 

calcium-para-caseinate during gel foraation and/or ultra­

centrifuga tion . 

To stud,- this possibility the following experiae n t s  were 

carried Ollt : 

( i )  'i'o 40 ml s .  o f  nar t i f1cial railk " t p H  6 . 8 containing 

2;.oo , }). , .} . 5 t case in r e spe c tively and 1 00 mg% w/v calciu.m 

each,  was added a drop of o .O} M NaCl . 3 ml . portions 

were then di spensed into polrethyl ene ul tracentrifuge 

tubes containing 0 . 5 al s .  of 2 1 0  � w/v hae oglobin 

solution . The mixtur e contained final haemoglobin 

concentratio ns of 30 ag% . The control had no 

haemoglobin mixed with it . A fter ul tracentrifuga tion 

at 326 , 000 g for 35 minutes t e optical density of the 

supernatan t s  were aeaaured (Table VII ) .  Here th 

casein ncentratio iff re4 b t ae o lobin 

c centratioa r 1ne4 

... u c 

( 100 

n tra tic a in the 

•I• cal 111a, 

a • tr ti a • �1• 



,,. 

To 4o mls . o f  "artificial milk" at am 1 nt te perature 

was added a drop or commercial renne t dilu t ed 1 : 1 .  

3 . 0  ml s . of the renne t t  d "mi lk "  was di.spensed into 

ul trac n trifuge tubes containing 0.5 ml s . each o f  70 mg% , 

2 10 ag� , a nd }50 ag% w/Y h emoglobin solutions 

re spectiYely , giving final haemoglobin concentrations 

in the aixture o f  1 0  mgi , }0 � . and 50 mgh ( w/v ) 

respe c tively. The control sample had no baeaoglobin 

mixed with it . A fter  ul tracen tri fuga tion at  326 , 000 g 

tor 35 minutes,  the opti cal den s i ty o f  the supernntants 

was measured . 

Re su l t s  are given in Table VI I .  

Table VII . iffect  o t  V arying Casein and Haemo�l obin Concentration on 

t h e  Optical Density Measure ments . 

No . Superna tant Haemoglobin Op tical Hb concentration "IBU!lobilised" 
from : c oncentration densi ty from standard wa ter 

in the at 404 mu CUrYe released ( %  
11artifi.cial of the ( ag � w/Y ) of wet casei.n 

mi.lksu super- complex 

( g � w/v ) natanta 

1 � 
casei.Aate 30 1 . 1 5 30 

2 3% 
caMinate 30 1 . 20 30 

3 }.5:.' 
••i te 30 1 . 20  )0 

.. '· ara-
caaeinate 10 o.4o 9 . 5  6? 

' '· para-
oa .. iaate }0 1 . 10 z8 .o 7,. 

6 ,.  para-
casei te so 1 . 85 ft?.O 10 
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Reaults given iD !able VII show that lit tle or ao ad sorption or 

o�clusio or the haemoglobin occ urred in the systems studied . 

The data plotted in Fi gure 5 indicates a liaear rela tionship , 

main tained be tween the haemoglobin conce n t ra tion and optical 

density . Thi s would not be exp ec ted if occ lusi on or adsorption 

ha d been ta k:i.ng place . Fur thermor e ,  the para- c a seina t e  sys tems 

indicated tha t rennet action had redu ced the su p e rna tant 

haemogl obin c oncent ra t ion from 10 to 9 . 5 ,  30 to 28 , and 50 to 47 

ag% w/v respe c tively , c orresponding to a rel ease of "iamobili sed " 

wate r e quival e nt to 67 , 74 , and 70� respec t ively . The se figures 

agree favourably wi th the 74;n and 800:> re p orted in the pre ceding 

section . 



SEC�riO D .  

1 .  General 

.a. TUDY OF THE t&ICAL ORGANIS.11'IO OF CASEI MICEJ..l.F.S 

AND TH & PROCESS OF G ELATION BY iiLECT ON HICROSCOPY , 

USI NG  "ARTIFIC IAL MILK " S YSTEMS AND SlUM M. I LK .  

Fae etron ai cro scopy o f  t h e  11 ar t i fi cial miJ.k '' systems was under taken 

to d e terMi ne the g r o s s  struc \ure o f  the c ase in aieelles in 

" a r t i f icial llilks" and t o  c ompare i t  wi th tho se in s k im i.l.Jt . A.s 

far a s  the wri ter i s  aware , elec tron mierosco�i c &tudies of 

" a r t i fi c ial milk" systems have no t h i therto b� en �ubl ished . 

2 .  �xperi•ental 
( a )  Preparation o f  ' 'art ifi e a l  milltst' 

T h i s  ha s been d e s c ribe d ea rlier in C hapter I I . 

( b )  Te chnique for E l e c tron Microsc opy 

( i )  Prepa ration of support film f o r  sampl e s  

A c ol lod ion suppor t film was prepared by dippi ng a c l ean 

glas s  sl ide into a o. 8;a, solu tioa o f  collod ion i.n amyl 
ace ta te and allowing it to dry at rooa teMp e ra ture . The 

fi.l was remoYed over a water surface . C opper grid s wit h  

ainute honeycoab ope nings wer laced OA this fila nd 

�· whole lifte off the water earface with the help o f  

a fi lter paper . Drying was carri.ecl out ill the oven a t  

100°C . The collodioa fila surface ( o  e n o t  Yiag the 

srida) waa thea h aYllJ car o•• 1A a Yac.aa c�eF to 
a lig t cr•7 colour c apar the filter paper .. • 

lda we re t •• carefull7 rea Yed froa the fil ter paper 

AD placed la fro,at f an at lliH • Tile at 1Mr wu 



connec ted to a ni trogen CJ'liDder , tor the fkppl1cat1on" of the s ple , 

and nega tive tain . 

( 11 )  Fixing, applic ation and "negative,. staining o f  sld.m milk and 

ttarti.ti cial ai.lk" sample • 

1 al .  of the "milk" ample was taken in a te s t  tube containing 

5 ml s .  o f  �% glut ra.ldehyde in 0 .1 M phospha te buffer at pH 
0 

The tubes were held a t  40 C tor 3 hours for fixation 

or the micel le s .  Pre l iminary work had indi c a ted t h a t  " fixing " 

in gluterald hyde was as good , And so me time s b e t te r ,  than 

o miu te troxid e for the prese rva tion o:f the micelle  s truc ture . 

Whil t hi s  work was being compl e ted , a paper by Carroll et 

al ( B 5 ) came to the a u t hor ' s  no t ic e ,  in whi ch i t  was s t a ted 

tha t gluteraldehyde wa superior in preserving casein 

mi c e l l e  struc ture . Re sul ts from the pre sen t work support 
th i s  view . 

A f t e r  fixa t i o n ,  the protein was spun down in a B . T . L . bench 

cen tri fuge �t 5000 � . P . M . for 3 minute s .  The sedi ent was 

r e su spe nded in 5 ml s .  o! distil led wa ter . Using a syringe , 

10 drop s o f  the sample was mixed with 10 drops o f  neutralised 

� phospho tungs tic acid9 and 1 drop of 0 . 5;1£1 bovi ne serum 

albumia in distilled wate r . �he serua albaain con tributed 

tow rde better pread1 o f  droplet& whe sprayed on to the 

o1loctioa tUa .. Two drops of thie mixture wer then 

app�ie to the atoaiaer for apra7ill o the p-i coTered 

alter U. ve ae\ O<l • 

f11 

41atUl 

f 2 

• 

rar 2 dl"opa t t 



utrali 4 p osp ot etate and 'bovi e r • alb • 

he grid wer then examined in the Ele c t ron Mic roscope .� 
This me thod was more o o  onl y used . 

( iii ) Fixi ng, application aAd nega tiYe staining of renaet-treated 

skill mi.lk and ••artificial milkn systeas . 

To qo al e .  o f  the sample w s addeJ 1 drop of diluted 

co ercial renne t ,  dilu ted 1 : 10 tor cal cium caseinate sample• 

and 1 : 1  for calcj um c aseinat e-c alc iua phosphate and skim 

ai1k samples fo r rou�hly e qui valent gelling time s .  

Di f f e r e n c e  i n  tre l l ing t ime arpe a.r t o  b e  priaarily assoc ia ted 

wi th the d i ffe re nc e s  i n  the lErvel of "avai.lable "  cal c i um .  

A pre l i r inn ry experi�e nt had indica ted t h e  g e l  point for 

each of the sa mple s .  1 ml . p o r t ion o f  the mixture was 

wi t hdr wn at va r ioa� i n t e r vals up to t h e  gel point and 

p ipet ted into t e s t  t u b e s  con ta ining 5 al s .  of 3� g l u taral dehyde 

in 0 . 1  M phospbat buf fer a t  pH 7 . 2 . 'l'ne tre a tment 

subse qu e n t  t o  this w a s  similar tc that rer o r t e d  i n  ( ii ) aboYe . 

*'9 
A skim-milk a nd an tt a r t i ficis.� rllk1' sample c on t a i ning 62 . 5� 

A 
0 

cal cium were al so trea ted in th& eold t below 5 C ,  wi th 2 

drops o f  eat renne t t r a long e nough ti•e to ensure that 
the prim ry pba e o f  r nne t a� tioa would haYe bee a  o•er . 

Thi was o h  c ed by quickl7 armi. g a portion of the •ilk t 

eck !or coaplatioa. I f  

CO a ti. occurr 

p 1 Ill. . t1o e 

mpl a were the 

• 7 f, exami. a tio 1a e el tr cro P• • 

P H t L L. t f'S 



-' • Results 

( a )  C omparison of "arti ficial milk" sys tem wi th skill milk . 

A eospari on of  the el ectron micrographs , Plate 1 and 2 ,  

in4icatea clearly t h a t  a t  the 62 . 5 =� cal c i um addition, 

the "ar t i fici�l ftlil.ks" show casein m1e e l les essentially 

1a1lar in all respec ts to tho se in skim milk in their 

physics l  Orfani sation and appearanc e . The size ranges 

a l so appe�r to be 61 i lar to micelles in sk� milk , ranging 

froe less t b 8 a  25 u to ov r 150 au in diamete r ,  with nearly 

hal f o! t�em in t he 25 u to 1 00 mu range . The ave rage 

size of e �sein ie()lle a  in t.n "artificial lllil.k " appear to 

be sligh tl y largor � h & n  those 1n skim milk ; about 1 20 mu as 

agains t abou t '1 00  'DU . An i nc rease in the calcium cont ent 

of •ta r t 'i. fi ci al ntilks" t o  1 25 mgJ6 gave rise to much large r 

micelles o f  ave rage diame ter about 1 50 mu as a comparison 

be t•een Pl a t e s  :; and 3a indica te s .  ( No te : t h e  maf<_;ni fica t io.n 

in Pla.te 3 is 1 5h , OOO aga.inl> t 85 , 000 for Plate 3a ) . As the 

"artifi c i al milk s "  were devvid. of phosphate ion , it seems 

clear that ionic ealciu alon is sufficient for the formation 

o� case in micoll s .  Thi.3 is also supported by the tact tha t 

raiai.ng the calci in the "artificial IIJ.llts "  iacreaees the 

nze of th 

eit er •• 

ao� , t 

i sodi 

he phosp te 1 doed to the s1ste• 

ph ep te r aa rth p oep or1c 

eat1f re uce in a�ze , a indicated 

!he Yaat jorit7 t the ai ell•• are 

aicelle6 a.re 

S.n Pl te }b 

elo .50 
t; a1 .u •• 1 

....-...-. ter t eir a pearan • u ctui te llDl.lke 

aUlt ,.  ( te 1 ) .  4{ t� Y b-QA.l;."'1 wdt. f��pl.o.l:t. ( 
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leo tro11 tucroarapha o f  C aaei.Jl Mi.cell a in • arti.fioi l !J.lk ' syat a 

X 1 54000. 
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I '  •••• clear ' a' the a dition of phospha te cau ae a  disperai a 

o.f the aicellar c oapone nts wi th the foraa tioa o f  uni t s  greatl7 

reduced in sise. The reduc tion in aise i a  preauaablJ 4ue t o  

the se que teriag a c tioa o f  t h e  add e4 phosphate ions o n  e a l c iua 

t hus reducing the e tfe cti�e calciua ion c oncentr tion in the 
J'artificial llilku systems . Thi s emphasi se s the vi w expressed 

earl ier th� t cal c ium ions play an i•por tant positive rol in the 

formation of t h e  i c elle . Furthermore , i t  would appear tha t 

calciUM pho spha te h� e a li.t ted cementing role to play i n  the 

mai n t e n : nc e  o f  t ft integ?i ty of th e micelle . 

The physical o r-g ani .,at ion. and appearance o f  casein micel les in 

skim ruil\t ;;. n d  �al c i ut�t- c o n tain i ng "arti ficial ailk s u  • as s h o wn by 

Pla t e s  1 a n d  2 ,  i s  simil er to the e l e c t ron mic rographs of casein 

n.icel l e s from sl: i 11  111i l k  pr oj u c ed by Sbimmin a n d  Hill ( B7 )  despite 

the di ffere 11 t  rr e t h o d e  u se d  in t h e  pre par a t ion of the sample .  

S h i:lll'llin and Hill ( 87)  u s.-d o smiu te troxide for fixation and 

ura nyl a c e t a te for nega t ive s t a i ni ng ae against glute ralde hyde an4 

neut r�l ised pho sphc tun6&tic acid used in this study . 'Ihe mode s  

o f  fixation by osadum te troxi4e a nd gl ut eralde hy d e  are vas tly 

dif!erent ( BB ) . The aiall.ari t7 is there fore sigrlficant and 

reduce s  the possibilit7 that a r t i fa�ts haTe been produced by the 

preparat��e •et od e uee • 

o se and Colvi { 90)  ad post lated that t • eleotron-de aae 

particle o se rved i D  •le ctroa ai.crosraplla ••re pro ab�7 aranul.ea 

t ... and a t  t • proteia a •«•'e• 

• c••t• 1 cl 1( 1> . weYer. electr • a1 

t et llb1aiag calc1 t \ te ,  .. 

la tea 2 ,.� . t thi e nteaUo• · • 

• 
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_. av.t re 1a a 
( ) 

iold. oa.l lua u 

that ot e r  soluble 
foru of oalc i  a nc!l as the 4011plez ioaa (Ca c:i\rate } a 4 (C..2 citrau )

+ 

aa well a a aoao u 4  d.ic:Ucic aal ta of p.koephoric aci.cl 1111st be at le et 

a a  effective a• calci� loa la 1Aflueacias a1 elle ai .. .  .RonYer , 

tb ea 1 oae •oul.d be abant 1B the cal.c1 .. cont.alaing "artificial Jdlka" 

uaed la thie atudJ • I t  would thua appear that calciua io alone 

iD e "artificial ailkau containing c lciua and alda lli.llt, indicate 

b7 �t. te 1 an4 2 ,  a ow tha t reau l ta obtaine4 uein� the foraer eo  l d  

be re l a  t ecl  t o  ora 1 ldlka • 

.Alec tro micro raphe o f  renne t-tre ated "artificial aillts" contai.ning 

62 . 5 • calc1\lll ( flat � .  6, 8 aad 1G) and t hose o r  rennet- treated 

skia aili. ( E'latea 5, 7, 9 aacl 1 1 )  a ow the Yario .a s tages 1B the 

priaar7 h se o f  renD e t  ac tio on ea in aicellee v.p to gel �oin t .  

• gelliac proce58 clear� ap e ra t o  procee4 7 for tioa t1ratl7 

of "ltea4u.. llicell thre whereiD olll7 tbe alcelle aurta •• 

appear � • iDYolve4. e ai el.lar atraada t.he1l further illter et 

wi.tb eaoh t t ra a 

la a 
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t e ep •rioal oaeein aleellea ia 

g.roes phyei al organ1a tion . 

obYioue dispersion o t  the inner aoapon nta of the wdcelle , 

gelation appearin� to be a aurfaoe phenomenon only . Ther ia 

a l ao no eYiden e o f  8A7 great di tortion of t he mi celles due to 

extena1Ye denaturation . The denaturing ac tion of renne t on the 

caseinate thu appears to be inaigni fioan t . 

"Art i ficial milk" and slda llilk aasples which had. been treated in 

the cold with rennet until the primary phaee o f  the reaction wa 

over , also showed coaplete mic elles as indicated. in Pla te e 1 2 ,  1 '  

and 1 4 .  The size o f  the mi celles was al o pparently n o t  changed . 

�hi indicated that a t  gel point no e sse n t i al change occurred 

within t h e mic elle and th t t el�tion wa s a surface phenomenon . 

I t  had been sho wn ea rlier that renne t action sign i fican tly reduced. 

viscoa1ty o f  bo th sodium and cal c ium cas i n  te system • The 

ele c tron micrographs of rennet-tr�ated samples do no t show any 

ma j or change in th size or the c asein aie elles . The fal l  in 

viacoai t7 through rennet ction on the caseina te muat therefore 

haTe been largely due to release of '' immobilised " at r .  • 

viscosit y  ot apherooolloide le c oaaidered t o  be independent o t  

particle aize < 76> . hi s  also lends support to the a ove onten tioa . 

The ourre t 14eae o the phJaioal organia tioa ot the a1ce�lea( 91 

-9') re uire that a oonei era le po�tt a of kappa-caaela , 1f not 

the wllole ao.le•ule , wit ita acU•• clJeo 0 eptUe aa 

eulp o ael4a , ' • e•lle .vta • •  Sbo e ,  u 
b,- t  aleetr d -·· el t ruU • ear a to 

,. . ..  lall7 a nrtaee k• , tt la p aalltl.e ' ., 
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\he o • t1a4e• theee c ndi.\1 a, lt appear• le • 

likely th t the 1Aner oellar o pon nts, o( 5 and f casein , pl 7 

a part 1n the initial gel format 1cm , al thoueh mole cv.lee very 

near the lllicelle sur face ma;y in t eract .  

( c )  iltct:ron Mlcro oopJ of ieMet-tret\ed ''Artif'ic1f1 Milk" a!!JRlea 

coataif1ng Pboeph tt• 

The "art1t1c 1&l mU.k" eamplee u ed in one seri a con tained 

1 25 ag� calcium and 55 phoaphorue added in the fora o f'  

The •i ze o f  the mi c  l les was reduced oonsicl rably as 

indica t ed in Plate 1 6 ,  pre sumab�7 due to sequ e stering of c lc ium 

ions b;y th added dieodius hydrogen pho phate . 

The prLuary phase o f  renne t ac tion in thie system was followed 

up to the gel point a n d  is shown in Plates 17-21 . The e l e c tron 

mic rographs clearly show the formation o f  typical " beaded" 

threads consisting of Cf.!eein mice lles joininr together a s  renn t 

ac tion proceeded . cel l ar " threads" then j oined e ach o ther 

to form the }-di enei onal ne twork , ( Pl ate 21 ) .  H ere again , it  

ie clear th t there i s  n o  break u p  o !  th phyeio 1 organi s  tion 

of the casein aicellee nor di speraion o f  the inner component• 
of the micelle prior to oa atio • The reac tion again appeare 

to be ne between micellar aur f� ea.  

The eerie• of p toaicrographa illust t e a  the e ffec t ot rennet 

a tt. a ••• 

with t • " 

early th n o the aeriea with akia milk or 

• 

tiffennee elae t the ml ellee to afte t t • 

eral atten . 
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PLAn 22' Electroa aicrograph of easeiA aicellea 1.D • artificial 

ail.lt' qate coataintas both 1 1aa ( 125 ac %) d 

phoephate ( 55 q � ad ed •• or p uplloric acl ) 

-- s )5()00 . 

oellea 

( at•• a J) . 

(Pla 16) . &84 atil1 
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4)_• 
I' �- �1•••4( 156) that ia aor.a1 � \be srowth of a aicell• 

to a larser siae i restricted b:r the accuaulation of more 

kappa-ca�Sei.n on the micelle urtace . Small mi c el le s also 
( 156 ) 

e.p} ear to contain t110re kAppa-c a sein than large micell e s  • 

The rela tionship of the se obaer.a t�ona wi th the obserTed small 

lllicelles in "ar t i ficial •ilks n containing phospha te i s ,  howe Ter , 

obscure and requi re s fur ther inTe s tiga tion . 



Results tram �1sceaetr1c and ultraeentr1fugal studies SU&gest 

eel peiDt, subataat1al. ''d.ehJdraU.on" of the c eeia aicell.ea oc cva . 

I t  1 , ho••••r , difficalt to eAY1aage the type ot iaterac tioa 

exi tina be tw-eea the c a seinate and the aolYea t ( wa te r )  prior t 

reane t  ac tio which allows the Wbouad w ter" or "immoblli 4 water" 

to tabilise the caseinate a spenaion against agcreta tioa . 

� obiliae water" is a Mtter ten aiace the s tudies 4o not 

1ndicate the na ture of the •tnter" asaocia t d wi th the micelles . )  

The primary fac tors girlllg stability to tbe caaeh lllicelles in 

alllt are prob bly their degree of hydra tion and th net surface charge 

of the particl ea. The fact tb t c a sein parti cles can be flocculate4 

a t  t h e ir iaoelectric point indicates tha t charge is iaportant for 

atabU1aa t1oa . uowe�er,  Payena( 9 1 ) has s t a t ed that th e electrical 

surface potent� ia rather low . He stated that the zeta poten.tial 

for caaeia par ticl a ot about 8 •� 1adica t e4 a low e lectrical 

repalei between micel les an coac l e4 tha t etabiliea tio b1 char•• 

• eeulte fr 

aitz .  ' lace 

aic.U• tora or ain u a " t t r ut 

• er • • ... of 



p rt i clea as already �een d iacusaed . The value o f  �'K"' doe fa11 

rapidl.7 fro11 0 • .50 to about 0 . 30  duri.Jlg the first two hours o f  rennet 

a e t i oa ( prior to on et of gel ling ) but nev r a t  aay time approaohes 

the value o f  0. 025 which is con idered to iadicat e  eoaplete 

deby4ra tio of the colloi d .  The drop in the value o f  "X" was siai.lar 

for both sod iua caseinate and calcium caseina te narti ficial milks" . 

These re sul ts sugge a t  that there was an appr eciabl e  release o f  

"i.JmlobUisecl" water durillg this primary phase o f  rennet action but 

tha t there is st� a l arge amount o f  wat er assoc iated with the 

re idual mic 11 str c ture . 

Interpretation o f  vi scosity data is complicated y the fa c t  that 

el.ect roviseosity c ontribute s t o  viscosi ty m� asttr menta . I t  is 

di fficul t t o  disti nguish be t ween viscosity due to ele c trical e f fects 

and tha t due to hydration and shape o r  a c olloid . A system 

con taining charged uni t s  would , due t o  electrostatic a ttrac tions , 

behave more like a sol id th an uncharge d syat ea. Discharging the 

par ticles by addition of elec trolytes would signi ficantly reduce the 

viscoaity
( ?6 >

. The possi le effect of suo addition of elect rol�ee 

o hJdrat1.o has , however , ot bee iJlye tig t e  • Seott Blair and 

Oothuisen( J0) ( 31 )  su e ted th t the releaae f the lyoo cropep t1.de 

fro• kappa- aeb reel eel electronaco 

Yi.acoai\7• A c u 

"41.8 .... ... aug este • HYer, 

1a tbi a 7 ate aJl7 en. 

ll1 elle t 

tt. 1e ... t1al17 siii:Uar 1A 

ft, c at JO c .  

effects 

-lip rli 1•• due to 
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a 
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coaai.4erat1oaa pre4i.cted 

c harge o a coll 14 , contraF7 to wha t  was earlier belie••• · He 

consider d that when the t h i ckne ss of the doubl e l ayer was small 

tt6. 

coapa.red to t h e  radi.u a o f  the p1irticl e ,  the elee trovi ecous e ffec t  waa 

negl igi�l e .  Tanford and Busse11 < 96 )  con firae4 t his when they 

obser•ed tha t over a considera ble range o t  pH between � . 3  and 1 0 . 5  and 

ioni c  strength , the intrinsic viscosity ( r  duced visc o si t7 at in fini te 

dilutio n )  o f  bovine serum albumin was c onstan t  a t  0.037. Only a 

small increase of this val ue c oal d be observed as the mole c ul ar charge 

was strongly inc re a sed at high or low pR values. Hankinson and 

Briggs ( 9� )  had earl ier sta ted tha t el e c trovi aco s i ty c o uld ac count for 

59� and 38� o f  the speci fic viseo ai.ty of 1� c al ci um c aseinate and 

sodiua c a se ina te solu t ions respec t i vely b u t  later Hankinson and Palmer ( 36 )  

modified this s t a teme nt and sugge s t e d  t h a t  at low rennin c onc entra tions , 

the enzyme a c t ion was primarily tha t o f  dehydr a tion a s  l i t tle change 

i.n the e l e c troki.ne tic poten t ial was obs• rved on th6 caseina te a fter 

re nne t a c t ion . 

Thus i t  would s e m  tha t the ob served drop 1n v i sc o ai t7 d uring 

the pri.mary phase o f  r nne t ac tion on casein 1 largely due to loss 

of "i.Ulobili e4" water from the aic ellea, with po sibl7 elec troviacosit7 

playiAg only a er role . 

Ul tra entrituce stu �. 

ua 1a ... 11 lad.icator , a OH that t e priaar7 p ae of 

reu.t a lion the .... ate " • ler to the 
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"t...ob1.�1ae " water released 1 rennet oulct e ill the fora f 

ice-like regio , associated with hydrophobic reai4uea on the ea eiB 

coaponenta . The for•ation of stable ice-like regions of  water around 

pro tein hJdrophobic aide chains ha been fully discussed by Klotz( �? > .  

Payens ( 9 1 )  has eaphasised that hydrophobic intera c t ioaa ust play a 

j or role in the interactions be tween the caseins to form the aicell e ,  

particul rly ince casein bas an abnor ally hi gh content o f  apolar 

uino acida< 98 > . I t  is also w 11 known that all types of casein 

associations are proaoted by an increase in teaperature ( 9 1 > . 

Theoretical inYeatiga t ions of Nemethy and Scheraga( 97 )  haYe shown that 

the spontaneous foraa t ion o f  hydrophobic b-ond s in pro tein ia a n  

endothermic process . I t  i s  interes ting to no te that r e nnin shows a 

par�icular pre ference to hydrolyse bonds in pro teins adj acent to 

hydrophobic aide chains( ? ) . To do this it aust upset the stable 

ice-like re gions with conse quent release o f  "iJUDobilised'' water.  I t  

is possible t o  argue tha t rennin, while re leasing the "immobilised" 

water from the micel�e surface ,  migh t also pene tra te the micelle and 

in. the proceaa weaken tbe ice-like regiona normally atabi U.siAg the 

aicelle structure . Sue a pen tratioa of rennin into the micelle was 

put forward as a poasibil i t7 by Shiamin and Hill ( S? )  who , froa 

study of their electron aicrograp ••  stated tbat the 4iataaee be t ween 
I 

the a1lb-wd.t in the llicelle was abo t 60A. Aaauain a diaae t.er ot 
' 

35-lto.& for the reald.a ole u.le from it• aolecul.ar welgllt of 31 , 000, tb.e7 

augcutecl that n aiA rptioa-

•• t cl ..... 

•• w1 t 1 t e ld.oelle. ap 

ow 
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AB s.- S.aH4" water c at.e t of 7(11. la tlae wet ca .. i t. 

coaplez is b7 itself aot excess!•• and iapos ible . RaDkinson and 

Bri«gs< 9 4 >  calculated froa •iscoai tJ studies a bouad water con t nt 
or 2 . 4  s water per grae casein whe n the l a t ter was di spersed in 

calciua hydroxide at pH 6. 6. This amounted to 7 of the weight of 

.Sodiwa caseinate was found to bind liiUCh 

more water - 1.2 g/1 gm casein <: 88� b7 weight of the we t caseina te ) .  

'l'wleraan nd Webb ( 99 ) c oru�idered the micelles as swollen, microscopic 

polyel ectrol7te gel s " contain! in exce ss of 66% water of which one 

fo�th is che�ca lly bound" . Thus the se fig ures are c omparable to 

the fig ure reported in this s tudJ . K irchme1er( 1 00 )  had c onsidered 

the wa t�r saell surrounding the case i n  micelles and tho mic elle 

aggregate s  'to be the greate s t  inhibi t o r  of synere si s ( c f' Hankin son and 

Palmer ( }6 )  and Cbeest!'H!ln ( 7 5 ) ) . Lindqui s t ( 4B )  suggested tha t the firs t  

s tag s o f  the s�condarJ phase invnlved rearrangeme n t  o !  pro te in bound 

calcill& iD a •anner wh i c h  led to decrea sed amount of water . ;bound " to 

the compl exe s .  This aup¥o sedly gave rise to  new forces aggr ga ting 

the casein aicellea . Resul ts fro• this work support this vie w .  
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A STUDY OF TH � FA CTORS CONTHIBrTING T O  THE SYN��IS 

OF RENNET-CASEIN GELS 



SECTION A :  

� Ill 

Re.tew ot Literature o the SJ!ereaia of G e1 

GE ERAL REVI SA' . 

1 • De fi.Di. t1 on o t aynereai.a' -
Syner sia has be eD def1.ned.{ ?6 ) as the spontaneous liberation of 

the liquid from a gel . I t  is no t t� be confused with dehydratioa 

occurring upon dryiDg as i t  can occur in the preeenee of moist air 

and of free water and at low te peratures .  I t  aay be regarded
( ?6 ) 

as an internal dehydrat ion o r  desolYa tio n  conn e c t e d with shrinking , or 

as a reversal o f  swelling . 
( 102 ) 

Kuhn depicts syner$sis as a contin-

uat ion o f  the disintegration proce s ,  following se tting , by struc tural 

( 101 ) 
change s and desolvation . �ach gel type behaves differently ; 

t h us rubber , si.lici.c acid and viscose giYe increasing amounts o f  syneresi.s 

wit h increasing concentration of gel while the opposite iE t rue for 

starch , gar and cellulose acet t e .  Me chanical i.nfluences affect ver7 

strongly the spontaneous exudation of liquid fro·• gels . I f  a ;el 

ahowiag no no ticeable •1 e re is ia bjected to the ali0 t st pre sure 
it loaes l1q id , aa for exaapl. • eoapa . S ill1l.arl 7 ,  i t has be a 

ob erve4( 101 ) th t a 6� �ar h gel emad DO llqui.d 0 ataud.lng f r 8 
da;rs . t whe a roeS, eld pri.«ll t iD th g l d slightl7· t)le 

gel au-. t re  ·- .. , '7• • 4 fiu14 rel latel.J. • 

flut i cli a ts-1 

' . er 
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tl fo!!ft�oa and a\rqctpre, 

SJ eree1a or a gel aay be 1atl�ence4 7 the eo di \i�aa an er w ich 

the gel was rora.4 . Ferr7( 103) 4e&er1Dea a gel •• c� aiatins aoetl7 
of !1 i.d • beh vi a ri d eoli.ll nd 7e t re tai lli.ag aany pro ertie• 

cbaracter�atic of the flvid coaponent , such a e ,  coapreesibil i t ,y ,  

nae essen tial s t r11ct 

ia aa117 pro tei.n gela euch aa e l a ti and fibri. , a pear to be a 

}-dime ioaal ae t ork held together b,- pri. ar1 boada and/or s�co 4a.r,y 

forces localised at c erta in po�t6 on the sol u te ol ecul e ,  and by noa-

loealised secondary at tractive forcea . tjelation diffel' a fro• 
coabulati on o r  tloeculat�on 1n tha t tn e c oapl te sy s tea b�eome& 

solidified,  there is no visible se rJ a tion o f  \h!3 so lid n,nJ the li�uid 
pbaae( 104 ) . f rry( 103)  h�S d i SCwS d t e three � in theori S o f  g 1 

C el s  may bave e ith�r a honeyc omb struc tur or a brush buap 

struc twre of ainute ul\ramic ro ecopic tibril e wi th t e disper&i on 

mecli.\111 be i :. hela b7 cat-i.llary fore • '.a.'.ho l t ter o tructure iG the 
( 104 ) 

aost pro�able o & for holdin� 1 rg ts o f  liqu1J iu oand 

torm or 7 aechan1cal �obili tioa . 

.olecslea th lo•er �. concentr t1oa 

claaaif1e4 a. f1 
e ( 10J ) ( ,0 5 )  

- . 
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S1 . 

Proteiaa noraa117 4o not bi d water � h • re t t their 4rl' 

weight as true "hy ration water" . Therefore , l arge scale i.Juaobllieation 

of water ay he due to the pres nee of a f�exible network o f  fila ate 

and meebranea foraed b7 primar7 c ro ss linkages and el ctroatatic forces . 

It may al o be due to the fora tion o f  ice-like wat r structure s 

around non-polar regions of  the solute
{ 10? )

. Cross liaking ma7 occur 

through hydroge bonding as in thermo-r�versible eecondarJ valence 

gels or bJ ealt bridges or mul t ivalent cations as in thermo-irreversible 

( 106 ) p ineipal valence gels • Increasing electro s ta t ic repulsion or 

weake ning o f  t h e  H-bonds gives rise to swelling and if repulsion is 

su f ficiently h i gh then the gel converts to a colloidal eol tion . On 

the other han d , if el ectrostatic at trac tion increases or inter linkiAg 

occurs through dival e n t  c a tions,  then enough space would not be 

avai1'lble fo r the retention of "immobil ised' '  water . Part of this 

water the n flows out in sy�aresis.  }'or 111axi.mum imbibi.ng of  

uirll.llobil i sed" w!\te r , 't il e  coh13 sive forces should not  be  considerably 

�renter than i s  just ne eessery to mainta in the network structure • 

. ( 76 )  
Jirgenaon and S t rau an�s · regard syneresis as the ageinc o f  unstable 

gels . The mo,rsble struc tural elements in the fresh gel is said to 

co�e into contact wi t h  each other and wi th the rigid eleaenta to fora 

new bond s .  ThJ.s would o tiaue to inc:reaae the coarseaeea of the geli 

tb s t ey 1apl1ed that SJnetesi was a eontiaaati·n of t e gelatioa 

p • • 

�atc••1Ak�( 1 1 1 ) rec � a 

of i a twork of to sable 
an cl .. 

le .. .. �7electrol7tee , 

• lJel.eotFOl7te 

t t '•· 

er 1e ••• ot.la gel• 
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rotein gels o-r i.ogela 

li.nkagea such as the stable -s-s- euds , the reelll. tiag network struc ture 

was expec ted to be robust and almost iadepeadent of the aature of the 

iabibiAg aedium and of inne r stresses . Tbe ne twork was not torn 3part 

by the abeor ed solv nt nor did the swelling of the gel le ad to its 

dissol u tion .  

Elec trostatic forces llll11 play a predomiaant par t in polyelec trolyte 

( 1 1 1 )  gels as was shown by pr oteins at their isoele c tric point . Tne 

a t t rBc tive forc�s operate in the gel formation in the prese n c e  of e qual 

numbers of pobi t ive 3 n d  negat i ve c harge s . �el formati on wo uld occur 

in fairlr eoneen t r n t e d  protein solutions when intermol e cular , as &fainst 

i.ntraltlole cul a.r & t trac t ions , woul d deTelop . The e l e ctrostatic forces 

are abl e to ope rate in the c rc es-link�g , despite the dissociative 

ac tion oi water due to i t s  high di.e l e ctrie constan t . Apar t from the 

numb t! r  a nd val en cy of ths- cha.r�od grol1ps , theu spa tial ru·range •rent ill 

the ;�Iolec.llur c b :l i .n uni ts and ne twork w a e  consi dered to be imp o r tant 
( 1 1 1 )  

for s tabilisa tion o f  t h ·� net"'ork .  Equality o f  positive u u d  nc gatiTe 

( 1 1 1 )  charges by i t se l f  w� s no t su f ficient for e f fec ti•e crosa-bondi�g • 

I n  ra-.doml)" ink ed e·e J a t i n  wh i ch �.e made tAp of fJ.brillar mol e c ul es, 

cTer&ll elec trostntic a t tract ion a t  the iaoelectrie point as r. egli.gible 

oompareu to other forces . Rowe•er , iD highl7 organised col la ·en th 

cl 
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to be e tter than chloride . Ne� tral silica gels .. re generally 

weakly •711eretic while basic gels ae t rapid.ly and synerised quickly( 102! 
( 108) Acid ail�ea gels synerised more elowly than basic gels but final 

quantity was greate r. Incr aeing temperatur• increased SJlUtreaia - a 

fac tor of 1 . 8  pe r 10° rise in temperature( 1o8 ) .  Thi s  increase was 

a t tributed to increased Brownian m�vement result ing in incre ased internal 
( 76 ) contacts between the structural ele�e n t  · 

• �le c trolytea in general 

tended to increase syn� resis proba bly liy d.i�charging ti2e mobile 

stru c t ural eleme n·ta since silllL le r  c har ge s repel and ""uld ne t allow 

forrll8 t ion or new bonds ( ?6 ) . 
· u i th ftlb u-� n .t-. el s ( 109 > , 1 t • d 

· t d t n .... m.a. .:. ge a l. u n a:1 syneresJ.s were }.lromo e o a 

greuter ext e n t  by sulphate ion�:> than uy cl.loride or ni tra t e . The 

opaci ty and ease of syne re s�.s o f  a.lbwaa..i.n &els forfbed Ly the addit ion of 

eodium chloride passed throu�h � minimum a � �oncuntrat ion of about 0 . 3  

)'! NaCl ( 109 ) • This w� s rrob ably ctue to a decrease in attrau tiV8 forcea( 103)  

t o  a minimum with incre a ai n� sa l t  c cnc e� tra�J.or. . 

Rapid ge l a t ion and high co!lcentrations. o f  utru.ctura� materials 

resul t in the forn;ction o f  fine ge l struc tu1·eG( 103) w ich t.&nd to 

syneriee alower . 

Hamm( 106 ) tates the t o f  the to tal water hel DJ 

ie boun-d true hydrnt1oa wat e r .  This amo t was hardlJ inf1ueace4 

l>7 the atructu.r f ,  r b7 charce o n ,  

the ttf'ree w ter«' WS.thb 
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Sodiu• c hloride increase s water holding capacity o f  •eat }- fo1d a t  

pH 5 . 5 , the e ffe c t  probably b eing due to the chlori de ion as sodium 

a c e tate a t  a similar ionic st re ngth d�d no t gi ve the increase { 106 ) .  

Chloride ions p robably reac t wi th pr o te i� positive charges , expandi ng 

the n e twork . Alkaline ear th me tals such as c al c ium and magn e sium 

d e c rease wa ter holding c ap ac i t y  in me a t  by decre asi ng the swe lling . 

54 . 

I on e xchange with Na
+ gave increased swelling . C i t r a t e s  a nd pho sp h a t e s  

used in t h e  p ro c e ss ing o f  me a t  redu c e  l o s s  of w a t er probably by 
( 106 ) 

sequ e s ter ing calcium • 

S tudies on wat e r  binding in s au sages show that addi t i on o f  glycine 

help s enor�riously to inc r ea s� , .the water re t e nti o n  during p r o c e s sing( 1 7 5 ) . 

The sugge st ion was that the diele c t ri c c o n s t an t  was increAsed by the 

added glycin e . This t e n d e d  t o  giv e r i s e  to swelling o f  the m e a t  t hr o ugh 

weake ning o f  the at t rac t i v e for c e s  in the Le t wo rk . Ho w eve r , o t h {}r 

amino a c i d s  also give e qual , i f  no t g1· e a t er , i n crement t o  the rl i E> , e c tr i c  

c o nstant o f  a me dium ,  d epend i ng on t h e  nu�ber o f  carbon � toms serarating 

the char � e d  free -NB 2 and -CCOH groups(  1 10) ( BO ) . Polygl yc i n o  p e p tides 

p rodu c e  a much grea ter di e le c tr i c  increme n t  ln t h �;  ll'1e dium them glycine 

alone and i t  remains to b e  seen wh e t h e r  they are able t o  give �ore water 

re tention than glycine alone . 

Haurowi t z ( BO )  has point e d  t th t th l b . l ' t f t · ou a e so u 1 � y o pro e 1 ns was 

increased by addition of glycine and other dipol ar mol e c ul es , probably 

by rais�ng the diel e c tric c onstant of water . The sol ubi l i ty was • 

howeve r .  reduced by organi c  sol v�nt s such as ethanol which l ower$d t he 

diele c tric c onstant o f  water . While of th se observa tions has been 

aade �n the frac tLonation of plasma proteins ( SO) • the exac t role played 

by the additiTes such as glyc ine iD the grea t$r w ter rete» tion o f  gels 

such as 1n sausages is 1ar ely unknown . 



ae thanol to a sol u tion o f  seru• buaia at pH 7.5 r bJ ethanol 

addition to aqueous solut ions or casein at pH 3-,. an4 pH 9- 12 when 

casein concentration required for gel formation was reduced bJ two-

tllirds . �his effect o f  orgaaic aolYen ts was at tributed to an increa•• 
in el c troatatic potential and loag range at trnc tiTe for ces of the 

pro tein through d epre ssin the 4ielec tric constan t o f  t4� medium( 1 1 1 > .  



SBCTIOII : I.S GJ' BEJINft- 1.1. 

GELS . 

1 .  J'a c tore intluencirm gel formatioa and. struc ture of renaet-catei.n 

Thi s has been ful l,. discusse-d under Chapter l o f  this thesi s .  

Ele c tron aic roGraphs shown in t h i s  work had indic a ted tha t ,  i n  ssence ,  

gela t ion involved joining o f  the spherical c asein mic elles t o  form 

ttbe ade-d " thread s .  These threads then linked with each o ther to fora 

a three dimensional ne twork , enclosing the whole liqu i d .  1-' r i o r  to , 

and during the process o f  ubeaded" thre.ad fo rmat ion and cro ss-l inking , 

,.,immobilised" water e qu.ival.ent to a}:) out ?0� o f  th • wei�ht of the we t 

ce sein mic el les waa arpare n tly released into th e sys tem . 

z .  Mechanisms of syneresis er rennet-milk ge ls . 

L�terature on t he sub j ec t  o f  aynera sis o f  renne t-miLk gels has been 

very acant . In particular , the knowl edge on the mechanism o f  aynere aia 

of rennet-casein gela is very obscure . Ye t ,  t h is phenoa�non is 

fund e n tal and o r  great economic importanee in the manu ! c tare of all 

v rie tie a o f  ch .. ae . 'lu.ci4aU.01l of th e  eohani.. aa wolll.d help greatl7 

1D t e •-cienti.tic control of cheeaeMkin peratioas . 

li.mted work d e hdicatea t at :raereai a of Hlllle t-oaaeia 

gela pr ne e abptd. • aiJIU.ar to the e · latioa ph.enc,aeaa. 

JUUl&J..JQ8CI� an4 laer ( '6) 
eo ere4 he aheU t • 

t •t 

U:rcJtllllri.er( 1 12) . 



an lap rtan t factor aff cting 

the subsequent rate and extent o f  syneresis through prote in-proteiD 

interaction. Che e seman< 75 >  alao noted that cer tain a4ditiYes such as 

calciua, up to 50 mM, d ecrea ed clo t ting time s but al so decreased 

aynereaia rat e  and maximum syneresis. Other addi tive s such as urea , 

up to 1�», increased clo t ting times but also incr ased the rate and 

extent o f  ynereaia . This indicated that syneresis was not a 

continuation o f  the gelation phenomena . 
After th e  ini tial dehydra tion , ayneresis was stated to proceed by 

( 73-75 ) ( 1 1.2)  formation of ionic o r  hydrogen bonds • During the final 

stages o f  synere sis ,  sulphydryl groups were &lso s tate d  to be involved( 73> . 

Milk treated with 3 . 75% N-ethyl aaleiaide , a re �ent speci fic for SH­
group a ,  was found to give reduced syneresi s . Schober e t  al

( 1 1 3) 

( 1 1 1+ )  reported similar findings . Tuszynski , Burnet t  and S c o t t  Bl air , 

however,  were unable to detect any e ffec t  of N-ethyl aleimide added to 

milk , at any stage during coagula tion or o f  so f tening of the curd . 

This ruled ou t inYolvement o f  -S H  groups in the normal clo t t ing of 

milk . Stoll{ 1 04 ) also ruled out the p osaib�lity o f  -SH groups takiag 

part in syneresia o f  rennet-silk gels . He commented that Chriat ' s( 73) 

observation of reduced BJUerea�a in the final atagea ay have been due 

to b c u rial growth ,  since t e experiae te were carried out at 

te�rpera turea conduct Ye to owth , oTer a nua e r  f ours. Stoll( 10� ) 

1a an exteaaiYa •••47 of the •7B•.esis of re aet-a1lk el.s s tat.e s tha t 

1 ea 

reaot1 (et Chee .. aaa ) ( 75� 
aYe an effect 

4 c .. an 

t •7JI•re.S.• ( 129) • 



,a. 

• eref r• , wo 1 be • , .. ' ••ell . 

•houl4 iacreas� •.Yll• ·  aia . 1'h tore. wi.taJ.a t e curd , Yer , wbi.eh 

cauaes yaeresie , •ay be atr�ng e no g to produce a p eaoaen o n . s imilar 

to "reyerae osmoau" ' 1 1 5> , a pheno•noD which, in  fac t ,  has be en used 

( 1 16 )  
for the concentration o f  whey • ReYera oamoa1 a 1& produced b7 

ppl pr &su re ia excess of the o sao t� c preeaure , eo tha t the 

direotio t the �raal osaotic flow oan be reYer ed( 1 16 > . ln rennet-

ilk €•la ,  two confl1ct1ns forces 1 oper te . 

to ahr.lnk anJ th� other cauae th$ curd to swell . 

<ine 1aa1 cauae the curd 

Stoll( 10� ) considers 

the l a t te r  to bit the we keJ> torce a n d  the balance e t weeo the forces 

deter ine a  the r te nd ext at o t  aynereai • Stru c t ur  1 hindrance to 

t he shri� age of the gel was a l so considG red as a ! ac tor . The view 

tha t  synere si of renne t-milk gel is e a uaed by con tr�c tion of a gel 
( 1"11; ) 

struc ture is suppor ted by S toll ' 
,. observa t ion tha t treatments which 

cause d ispersion o r  the curd re sul t  d in de c r e � sed syneresis . S toll 
re.i.orting on the e ffect or pH o n  synere si s  indica t e d  tha t d e c rease in 
cha r�• wna important as al o wa s tbe r� m�val of calc ium from t h e  

struc ture . These e f fec ts al l owed struct ural ele e n ts to draw closer 

toge ther . 

J'actort 

( a )  lte;�t of f �� •ilk 
c a ad ) . ' t h-e eatrat!J 

ot ll1lk t -- ' . • at aroUDd }4°C tor 

• ., 20 ua 1a 1 t . .. rater. u. 

• to 



Thi reaction waa pi'OIIO tecl if" the ll1.l.k ad beea coole4 aad 

stirred before processing . They found no effe c t  on the tat 

,,. 

re tent ion property when milk was preheatecl before concentration 

for 10 minut es in the temp rature range 45°C - 80°C . Beyoad 

thi� denaturat ion o f  the whey proteins was presu•ecl to ive poor 

curd ( 1 1 8 > . Concen tration at a temperature o! 54°C instead of 

39°C al o produced ao chang in the ta t retention properties of 

( 1 18) the curd . � ork with p�re proteins showed that both f3 
- casein and kappa-casein were equally effectiTe in fat re tention.  

The concentratecl-re4ilut cl ailka also gave a lowe r  rate and 

extent of syneresis at pH 6 .0 when examin d by the thocl of 

Cheeseman < 75 > . At pH 5 . 5  and below there appeared to be no 

significant di fference in whey re tention when compa red to controls . 

The high whey re tention property was a t tributed to casein micelle -

fat globule interaction . The presence o f  a greater number o f  

aicelle-�l obule c omplexes possibly interfered with casein-casein 

interaction in syneresis . 

Sto� ( 1C4 ) found that pasteurisa t ion to 1 45°F !or 30 minutes 

did not affect syneresis of curd in Cheddar cheese •s nufacture 

but heating to 165°l/}O ainutes �a•e a slowe r rate and extent o r  

syneresi s at all pH le•els up t 6 . 0 .  He attributed the lower 

&7Jlerea�a at 165°1 to aer1111 protei deutvatioa and not due t 

lable calc1 phoep te ill ailk . 

Ge rally, pre- eat treatae t of aUk, 1 part1o u hi. h 

pa t ur1aat1o te•peraturea9 kaa fo t re4uce &JDereaia 

of t • na Uq c ( 1 19 ) {  120) • fal)J.ag • ar 11 7 4 85°C . 
. ... ll f, • lear la 

t • U rat • a al r 
1" • , .,.. 



( 121 ) p:a.Hi al. l7 re toree the rate , prGba'b.l 7 7 

aolQble calciua{ 122> . 

(b )  Effec t o f  RH er acidi ty on syneresis 

6o. 

creasiag the 

Whi tehead and Harkftese( 1 2' ) felt that the •oat potent fac tor in 

aois t ure expulsion froa re nnet curd was the gradual developaent 

ot lac tic acid by the s tarter . Chees m n( 'l5) ad justed the ailk 

p H  usiag , separate1y , hyd rochloric acid , l actic acid and a 

starter . Be observed t he rate and exten t  of syneresis to be 

similar in all eases . This indi ca ted tha t the n a ture of the 

acid was or no importanc e .  Be tween y!! 6 . 0 and 5 . 54 ,  the rate and 

extent of syneresis was grea ter with t he 1ower pH value s .  

How ver ,  'be tween pH 5 - 3 and 4 . 9 , the rennet-curd appeared to 

re tain mor e  oisture at the end of 1 5 inute s a t  50°C . The 

increase in the rate of syneresis fro pH 6 . 0 through to pH 5 . 3 

was a scribed by Cheesema n( ?5 }  as being due to a re duc tion i n  the 

capaci ty to main t ain the hydration la ttice and/or to inc re a sing 

ionisation or groups which take pa r t  in p r o t e in-pro tein in ter­

ac tions . S tol1 ( 104 ) a lso observed that lo wer pH values of skim 

milk encouraged syneresis o f  the curd. Lower pH valu s also 

overcaae the depresai effects of hea t trea tme nt on &Jneresia at 

ain•t • •  t yste reais effect was onl7 par tially overcome . 

t ll. 
( 10'+-) al. o bae"e4 t at leaa calcl11a waa •n4 -7 t • curd 

at each cceaainl7 l er t Jet . ea1 b1 1 waa oonatan t .  

• c 4 a ,.5 t a pear t · tf.cieat rigi41. t7 to 

it • 7 ._e a ta 

ette t. o c 74 t aa  

rea a 1 1 1 u " akia ld.1k el. 



61 
alter c t tlag . Tkis ad itioa re4 oe the pB of the whaT to 

6 .o. cid a441tion increased calcium in the whey only slishtly. 

( e )  Effect o f  coolti.ng temptratu re on a:rneresis 

Whi t e he ad and Barkfteas( 1 23 ) found that varia tion� in co�king 
, 0 60 0 temperature of 0 .5 Y an4 1 F between 9 F tu 100 F gave no 

signi fi cant change in the ra te of eyner sis bu t tha t a vari� t i on 

0 o f  aore than 2 F was requ�ed . They also poin teJ out that 

0 temperatures above 1 00 F wou1d haaper growth o f  s tar ter hac toria 

and thereby acid produc tion . Thi wo uld tend to e o � t  r balance 
an7 increase in syne re sis h7 raising of temp ra t ur e . ( 1 24 ) 

L&wre nc 

found a 6% increase in syneresis for each 5°F rise in t emperature 

be tween 9 1 °F - 1 1 2°1 , the ra te of shri nkage being 50:,U faster at 

1 1 2°1', the extent of syneresis at the end of 3 hou.rs was gre ater 

as the temperature was raised . � t oll
( 104 )  found t ha t  the ahility 

o f  curd to syn erese a t  an increa&ed ra te whftn placed a t  45°C was 

not lost , al though set ting tiaes �ere inc r e aae4 . 'l'hi.s ill.dica ted 

that synere is wa not a continuation o f the c lo t t ing phenomenon . 

Syneresis appeared to be a linear func t�on of t pera ture between 

21°C - �5°C . Stoll( 104 ) sta tes tha t  observed eff eta o f  phJsical 
0 

and chemical Yariablea -re ore pro ounce4 ;. t  32 C ,  al though 

e�erea1a waa aore rapi at 4o0c . S ais et a1( 126) found that 

hig acidities and hi.gh tea�a ttarea au .. 4 rap1cl G7 ere sa 

1aaediately after cut tiaa • 

ller te Tat re. 

H · ftp 

Att.r 1 
.. • .... aoia\u' 

at firat the C1U'da 

• cl 

of heat 



heating proba l7 cauaing a in to fora on the curd surface 

which h�ndered the fl ow o! whey from the c u r d ( 1 2 1 > .  

( d ) 1U'fect of cu.t t. ing time and r e n .�et conc entration 

Shim ailk set At 32°C a nd c u t  1 5 , 30 , 45 ar:.d. t�O minu tes a fter 

rennet ad d ition s howed very l i t t l e  di fference in ex t�n t o f  

syn3re sis a t  t he  e n d  o f  1 20 minu t e s ,  being sligh t ly l e s s  for 

( 10 '-� )  
the longer se t ting t imes • The rate o f  syne re si s wa s 

slower for t he shorter !S et ting ti•es as against the l on ge r 

set ting t ime s . This again ind i c a ted tha t Sfneresis was no t a 

c ontinua t ion of the c l o t ting phenome na . 

I ncrease o f  renne t c o n c e n t ra t ion 6-fold �ave v e ry littl e 

d i f fere nc e , 1 20 minu tes a f t e r  c u t t in g ,  in th� extent o f  syneresis 

a t  32°C . nor was t h e r e  n d i f f e rence a t  4o0c ( 1 04 )
. There appeared 

t o  b� a t!lS. rg1nal ly gre a t e r  ra te of syneresis wi th the e;rH a t H r  

ooncentrP tion o f  renn e t  a t  32° . 5 tirrine o11e r c �rue the small 

e f fe c t s  due to variation i n  c u t t ing time and rennet concen tra tion . 

( e )  Effect o f  size o r  cubes and c u rd blo cks, st irring a n d  volume o f  

whey on syneresis 
( 1 23) . 

�'hite head and Harkness using • " • i" and t" spaced knive s 

f ound sign if i can tly l ower wa te r-in-the-non- fat- sub s tance values 

for curd eu t in t o  sma1ler cube s . Acid •Telopaeat waa s lar 

in all cases . Th e saae authora( 1 23)  to n4 t ha t  th e speed o f  

ro tat�on of the agitator used for atirria the curd 4uri cookiag , 

was t o aignificance iA •yne reaia . Lawr•nee( 125) foua4 that 

t e r te aa exte t of &Jaereaia - nsi era l7 lacreased 1 

at a 1rr1 g .tv2at 4 the 

• M of i.ff• 
•rat r•• • e curt. tai . ' 



t i  i 
( 1 23 } ( 1 25 ) 

s rr ng • Lawrence
( 1 25 ) 

also found that t he greater the 

volume o f  wh ey surrounding the curd pa rticl e s , the slower the 

rate o f  synere sis . Re sul t s  obtained wi th water were similar . 

Whi t e h ead and Harkne s s ( 1 23 )  showed that c urd b l o ck s  o f  normal 

size , that is 2 ft 3 in x 6 in x 6 in , gave signi fican tly l ower 

W . N . F . S .  value s in c h e e s e s  than those from l arger block s ,  for 

exampl e  2 f t  3 in x 1 2  in x 1 2  in . 

( f ) E f f e c t  o f  t o t al solid s and c ompo si t ion o f  milk o n  syne resis 

Compar ison o f  synere sis b e twe en 8- 1 4% total solid s in reconstituted 

. ( 1 04 ) 
skim m�lk , sh o�ed t h a t  whil e t he init ial rate o f  syne r e si s ,  

within 30 minute s ,  was h ighe r  with the high solid s ,  the extent o f  

synere sis was lower i n  t e rms o f  t o t al whey exuded . However , in 

t e rms o f  gram s so lid s in the original skim mi lk exp r e s s e d  p e r  

mil l il i tre o f  whe y  exud e d , there was no di f fe r e nc e in syne r e si s . 

The grams solids/ml . whey was d ire c t ly pro por t i o nal to per c e n t  

solid s .  S to l l
( 1 0 4 )  

in f e r s  that t h e  main e f fe c t  o f  solid s-not- fa t  

level s i s  t o  start the curd syne r i sing a t  a d i fferent p oint o n  the 

synere sis curve . He s ta t e d that c urd wi t h  high e r  s olid s d o e s  

no t ha ve to lose as much whey as c u rd with l ower solids t o  have 

the same moi s t ure c on t e n t . I n  thi s c onne c tio n it is in tere s t ing 

to note that Peters
( 1 27 ) 

prepared cheese from 62% s o l id s  c o ncentra ted 

mi1k in whi ch no syne re si s was invo l ve d .  

Dlmov and M1nerva
( 1 20 ) 

found that curd from sheep ' s milk synerised 

t o  a gre ater e xtent than that of cows or buf falo s '  milk . 

Several r ports
( 1 19 ) { 1 20 )  

indio te that a high fat content impairs 

synere i • 
( 1 28 ) 

Beeby r eport d a gre ter rate and extent of 

synere sis with ski Bilk gels than with corresponding whole ailk 

gels • . . omogeni atio or milk eau es the eh e se made fro it to 



6 ... . 

contain relatively more aoisture(60)  - the e ffe ct of 

homogenising c ream separately and then adding to skic nlk 

minimis d tne effe c ts . Cbeeseman ( ?5 )  found that ad di tions of 

1% , 2 . 5% and 5� milk powde r  to raw skim ailk a t  pH 5 . ?  gaTe a 

decrease in bv th rate a nd ext ent o f  syneresis while increasing 

the c l o t ting time . 

( t ) Effe ct of the c oncentration of varioQ ionic species on syneresis 

( 1 )  Catioqs 

�!feet  of ealc ium, magne sium, aluminium anQ sodium 

C a l cium 

C alcium in the form o f  c a l c ium chloride has o fte11 be en added 

t o  mi.llt for cheese ak.i ng a s  a u  aid to curd forma tion , 

. ( 1 2 1 ) ( 75 )  
par t � c ul a rly to heat trea ted milk • C heeaema11 
aho'fted tha t b� twoen 1 0  mN and 50 11114 CaC 1 2  a dd i t ion , c l o t ting 

time wa s decreased wi th unhea ted mil.lce but so was syneresis . 

At 100 1!'1."1 C aC12 a l - 11 tion, ayneresis was markedly reduced and 

at pH 5 . 3 th ere wa s no syneresis obserYed under his 

experimental e ondi ti o ns . Clo t ting t�•• was .  on the o the r 

hand , increa Ged at this le�el of Cac1
2 

additioa . In general . 

increase h ionic concentra t ion of aal. ts te cled to restri c t  

drainage n4 at M.gh leYels to affect gel. to tion( 75 ) .  

C ntr&PJ to r ault obtaine4 b7 Chees ( 75 ) t s tol.l ( 104 ) 

foua t t betweea 0.0 4 0 . 10% • CaC12 ( lo .. r 

\rati .. t an ae aaa( ?S ) )  bot rate 4 

7 Chee .. •laJI • a( ?>) te nlq • ·  



M 

.t al  

c tataac a 

A4 i. \ion of M,Cll ••• to 4 to •• a1ailar J" .. u ta to 

CaC12 - hot oalci azul aaseeai 1ona w.re eqlhlll7 

eftec t1Te 111 prouti a,.nerea1s( 1o� > . 

ret arded eyaerea1s Al though tbe p of the oJd.a ld.lis ••• 

a added after cvt ting. however ,  

l)o t  rate and stent o r  S1'ft8J"eaia wtus increased. . Al niua 

ion �ppe nred to giT� greater stabili ty to the para-ea eia• te 

gel . 

fCK\1!! 

Che •aeman( i5)  ahowed tha t aodiua chloride at a concentra�oa 

of 17 � reduced the ra te or 87ft erea1a cona�4era�l7 but t pB 
level s o r  5 -7 

111.lks 41d aot �1 at rooa tea�ratwoe t tid. ao at .50°C . At 
85 .5 nd. be,-o d ,  clott di.cl not ocear . Stol.ll 10 ) t 

an ill rate an exteat of ayae t.o c 
• 

• '0 s • 

Caloi 



( U )  Anioas 

Effect o r  lac tat es, ci.tratee and Ehospha tes 

�c tates 

The only Gtudy on the & f fect of added anions ha been carr�ed 

ou t by S tol l ( 104 ) ¥!l.Hl use(\ the sodium sal t s .  Using 1 . 3  a nd 
2. 6;.t. sod i u ll"  l e c tate , h e  fo und , usi ng C he e s  m&n ' s( ?5 )  tube 

me tho-d , th a t.  at 32'°C t he lowe r coecent rE�.t ioa of sodium 1 :-t c t ate 

e f fe c t e d  a gre a t e r  r� te a n d  extent of syneresis at 1 20 minute s .  

Howev�r , a t  �0 °C a n d  2 . 6% sod ium l9c t a t e  conc e n tra t i o n ,  the 

reverse was true . C ur d s  we r e  i n c reasi n �l y  fra� i l  wi th 

i n c reasing al'!'Jount s o f  sodium l a c t a t e  a n d  th i s  C·..,rrela t ed 
wi th increased �al c iu m  l e v � l s  in the whe y .  Thi s  ind i c� ted 

the d is:r. lac ell.en t  o f  calc ium froM the c u rd struc t ure . 

M a , ;Jt e s i um lev� l s  "e re r-!l a t ively cons tan t .in the wb ey . From 
( 1 "" " ' 

t.ds ::. to.ll · ' de d1.1c ed t h':l  t th re must b e  an opt imWII c ontent 

of enlc ium n�e�SSM':V in. the C 'J rd for opt imum syne:r e si s . Too 

mu.eh cf.ie_r .J ac�me". t  inhibi te1 syner�.sia . The e urd struc t u re 

a:rp c a red to be the li ' t i "': !a c tor in extent o f  syner si s . 

S im mil ks to which o•er 0 . 25% eodiu ei trate had been ded( 104 ) ,  

did not ol t a t  32 c . 

the 0 . 2  a d  e4 Ull)'tle . 

At lto°C a weak clot for•ed o nl,. 1 

AdditioD o t  0 .02 - o.o�% so d1 • 

1trate re ce n t. and exte t of &J eresi .0 a.t 32 an 

lJf Cheee 
a t  

e • 

• ( ?5) t • •  

ti..a 

et o • 

o •• t t calc�•• t 



!;kJ.a silks t o  •hich 1.l d:i&odiaa b.yd roge.n :phosphate ha 
( 10it ) 

�een adcled gave curcle which ayaer1sed. t a slower rate , 

bu t t he exten t of synere i s  w a the same as for 0. 25�· nd 

' enerally clot t ing and syaeresi a was slo ed. 

by the sal t but u e o f  h i gher tempera tures overeaae some o f  

t h e  e f fects o n  y ere eia . C beeaeeau< 75 ) u i na raw 

milk at pH 5 . 7  found th � t  addi t i on or 10 _ di.pota ssiua 

h ydrogen orthophospbate ine re s� the extent o f  synere sis 

wh ile decre asing the clo t t ing time . G re a ter add i t ions gave 

ao difference in syneresis but inereos.ed c l o t ting tiae . 

( i. i i )  J:!<;ffec t o f  chela tiag agent 

� to ll( 10 4 ) �. d d e �  5 5 0  l 6 � � ... ,,. 2 . , • and 7 . 5 11 a .  o f  0 . 5 N .. . o . ·r . A . 

( 100 g EDTA , � g NavH , made t o  1 li tre ) per 500 mls . ski.a 

Jdlk . thi s was e �uivale n t  to 3. 94 , 7 . �8 a nd 1 1 .82 o f  th 

calc ium in sk1m ailk . 

a 1 d i t1on gave rise to l ower r t e  and extent of S7Deresia . 

Cbri at( 7') a 4 S ., 

itecl QDereaia . 
., al( 1 1�> . 

&1 ( 1 1') re orte4 t 

•• ...... . •a• ot 

toll ( 10 ) • •  

t -•t 7laale 

811 ataatiated 

to 4et.ct 

arq Utten •• la _,.., r•ld.• el.thel" at )2°C r ,.0°C be ..... 

e 411Cld .. at 

t 

•• 

1de 
b7 

t 



(y)  

Urea -

6!. 

d41tioa of orga ic coapoan4 aa4 sarface acti•e 

rea.gents o synere si s 

Cheeseaaa( ?5 )  found that a t  2 .5% - 1a� addi tion o f  urea ,  both the 

rate and extent of synere sis wes increased ,  but clotting times were 

1 tl 1 d t B 6 0 5 7 d .5 3 e. t ·oll ( 1 04 ) found a so grea y ncrease a p • , • an • • Q 

tha t  addition o f  greater than 1 2%  urea affected clot for ation and 

curd synere sed t a slower rate . Adding 24% ur a < :  4 olal ) 

caused considerable d i splacement o f  calciu from the curd, a s  well 

as pro tein . Hipp et al ( 130 )  had fractionated � ,  f a nd 7 c a seina 

on the basis of solubility in urea and it was possible tha t � and 
r c a sein s  were a ffe c t e d  at the 24% urea l evel . S t oll ( 1 04 ) 

hypot hesised that � casein could constitute a s truc t ural part o f  

the clo t  wh i c h  gaYe the syste its rigidi ty . 

Dioxane 

Che e seaan ( ?.5 ) found tha t addition of d ioxane bet ween 10 to 30% to 

raw skim milk at pB .5 . 7 reduced th rate of synere sis but the 

extent o f  STD resis was not auc h  affec ted . Clot ting tiae was 

1 c reased aoaewhat . 

Sodiua do4eexl eulp at e  

.S111U. erfec ts to 410 

e ····-· ( ?.5) e tw 

• were to · 4 for thi wetting agent by 

t 0.01 - 0 .05�. Clot t.i g 

tU. .... howe••r• sreatl.7 in.crea at a le el t 0 . 1% o 

lot t l'11&U oc.ovnecl . 



(y1) Effect of 44e4 carbehJdra\e on •xa•�•eia 
Chee aeman( ?5 )  fouad that at 2 .5% - 5 . 0% lactose addition , 

both rate and extent o f  syaeresi was greater, particularl7 

at pH value s of 5 . 7 and 5 . 3 .  Clo t ting time was lit tl e  a f fec ted . 

At the 10% level , clot ti.ng time was reduced while the rate and 

ext e n t  of synere sis was higher than controls . Be at tributed 

this increase in syaere is to the a f finity of lac tose tor 

water possibly causing disrup tion ot the hydration lattice , 

an e f fec t opposite to tha t  cau sed by addition of salts . 
( 1 04 ) Stoll , however ,  found no measurable e f fe c t  on synere sis 

fro lactose addit i on up to 2% . 

( vii ) Summary o f  fac tors influenciy syneresis o r  renne t-milk gel s  

In summary , i t  would appear that the me chanism o f  syneresi s 

is still far from being clear. I t  i s  believed by some ( 36 ) 
{ 75 ) { 1 1 2 )  to start with casein dehydration, probably 

ini tia t e d  by rennin ac tion . There is a conflic t o t  opinion 

on the role played by su1ph:ydrJl groups in s:yJSeresi s .  The 
( 10 4 )  

" reverse osaosia" th ory appears interesting but the 

na ture of the cross bonding ia the gel which gives rise to 

forces reater than the osaotic pressure of curd-whey sys tems 

has no t been elucida ted . High pre-heat treatments o f  milks 

generall7 l ad to decreased &Jllerea1a . The reason for this 

·• Dot de cl ar 1n \he literature . Lowering the pB ,  

te p rature an cutti of the sel int.o 

aa.l ta iJl low 

.,..zeala at at isher 

aoJ•i�111•• affect.4 cl 
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tor.a o �tsel t .  Calci appeare to pl.� a detildte rol.e 

in aynereaie aa 1n41cate4 by the eff• c t of added aaio a 

" . D . . ;. . I t  appears tha t  aft op ti l eYel of calc iwa is 

n • e4 1n the c urd for op t • synere sia . Urea a 'bove 1 Z' 

an orga nic wet ting agents below }Ofo reduc ed t he ra te of 

8J11ere si s . The e�dence indica ted th t syneresis is not a 

con ti nua t ion of t h e  �e l a t io n  pheno eaa . B owe'Yer , it aay • 

4 .  Methods o t  ae aaur ent o f  synere i� 

�i f fe r e n t  ae tboda h � v• een uae4 bJ diffe rent u thors for 

the aeaaureme n t  of sy nere ei s a n d  these have be en revie wed bJ 

S toll( '1C4 ) . 11hi tehea4 a nd Harknees ( 1 Z} ) used 80 allon vats 
* 

aad cl e terminecl the .... . F . J<' . S . in the final c h e e ses t o  note the 

di! ferane e ,  if a ny . Lawrenc 
( 1 24 ) ( 1 25 )  

used 4 0 0  ml . l o t s  i n  

al ini u.e tr.a y a  n J. e a su red th e wh ey afte r tipping t h e  c urd into 

sieve anJ draining for a standar time . OnlJ one observa t ion 

per sample was ; ossible y this tho4 , and t ipping aigh t h3•• 

a ffected the eel i tself th rough d isruptioa . Christ ( ?})  aeRsured 

tbe ter aal •ol ot curd bJ toluene d�aplaceaeat a fter 

STDer•ai• tor 1 2  oure at 37°C . St �( '10 ) ha a atate4 that 

bacterial c an •• would at certa 1 ha�• c rre a ffe4t1ag 

• a e7ea1a ... ear ... ta de •7 Chriet( ?J> . an4 

LUecr• 
( 1 }  1 )  

t wit a 

a re the 

1aten'al..a • 'I 

•• ala a4 
•7( 1 19) •• ftft•t•:at. •-r n 

ioua 

afte.F 2,. a 37 e, 11e Salllda et a1< 126> ...s.pe t. 
• 

• 



?1 . 

cu-4 particle a t  

free surface whe7 froa the cur particles would in thi s  case be 

( 1 28 ) . 
difficult . Beeby deYeloped a tracer technique to •easure 

ayaere sis - be reacte4 ek1a milk wi th formaldehyde and used the 

dilu tion of this trace r by �rd whey to calcul ate the whey 

exp elled . The tracer wa s aeasured spec t ropho t ometrical l y .  

Chee seman ( 7.5) llsed a di.Cferent technique for quicker assessment 

of the syn�re tic prope rtie s of the curd - be se t 5 mle .  o f  milk 

0 
a t  22-}0 C and the n  placed the t ubes iamediate ly in a bath a t  

.5o-6o0c for a gi •en time , a asumiag tha t raising the temperature 

affected,  in the main , only the rate of syneresi s .  .Stoll ( 104 ) 

used th ree mE! t ho ds t n  his studie s ,  invo lving amount o f  whey 

expe lled from 500 - 1 000 ml .  curd volvme s ,  change ill spe c i fic 

&ravity of the c urd during synere sis and Cheeseman • a( ?.5 )  tube 

The inc rease in 

s1je cific gravi ty was mea sured in mutu.res of monochlorobe n zene 

and ke rosine forming a sp• c i fic aravi t7 gradie nt . 



12.. 

The reYiew or literature gi?en 1D the prec eding aee tio brought 

out a awalter of aali.e1at points wh ich needed clarifi cation .  In 

par ticular , it was noticeable tha t the oat funda ental point in the 

aeche.nisa of yaere sis ,  that is , the na ture o f  the erosslinke is stUl 

obscure . I t  is al so  not cle r �R t o  which o! the pro teins in whole 

ca8ein are involved in the synere sis or at least pla� a major ro le in 

it . 

The following experi.aental plan was devised : 

The e f fec t of various sulphydryl hloekin.: and di sulphide 

splitting re ngent s on syneresis was examined in somewh a t  more de tail 

than those re rorted in the litera ture . l3ecl:luStt o f  the confusion 

pre?ailillg as to whe ther whole casein con t ained only sulphydryl or 

disulph ide groupa, th is aspec t  was given a t tent ion . I n  an at tempt 

to get some insigh t  into the rol e played by ealcium in g e la tion and 

syneresis, isoeleotri c ca sein gels , isoe l e c trie para- casein ge ls and 

neu tral -para-easeinate syst ems were s t u died in the presence ot and 

absence of calcium. The e ffec t ot varioas le?ela o r  calciua on 

gelation and &1Deresie was al a at 1e4 . 

Tbe effect of a4cit1oa or soae �o aci4e oa g latioa an4 

•1 .. reaia ••• stu e4 to rta o t w. e the� dific�tio of t • 

4lele trio aetaat of the •• 1u. afte t.d tke exten� t •Jaerea�e o t  

tke sel. Work tb«r pr teiaa 7 o er worker• 1a4Lcated • 

aa.tltUit7 o•p• iaYolY la a o-o�41aated 11& 

wit •alci • It .... th•�t re , a t 
i.a tioe t1o et aala ere p rJl t: • ... 1aa 

ct�oa. with 1-n oro-2t •J.aiv tnittal. ia ctnac 



eoae inaigllt 1 to tbe croaell · ng illportant i.a 8J1leresia. I t  • e 

fur ther planned to he t caaein ays tesa in the pre sence o f  re4uc1ng 

auga:ra to detersiae the effe c t on syneresis . 

I n  all cases "• n ti fieial milks" were used . These were 

essentially cal c io case i n a t e  solu t i ons , though calciua caaeinate­

calc iua ph ospha t e  solu tions were al so used in a l imi ted nu.b•r of 

case s .  I t  w a s  hoped tc. ge t a c l e a rer pic ture b y  the use or odel 

systems whereby o th er !ac t or s  such ns wh ey pro tein s ,  v r iability o !  

composi t ion , mineral sal ts,  e t c . would n o t  interfere with resul t s  and 

u. day to day aim!larity in the composit ion of the "arti f icial mi.lks11 

could  be maintained . 



CRAP!D IV 

A S tudy o f  the Effect of Disulphide Splittiftg and SulphzdrTl 

Blocking Ageats on G ela tion a nd Sl!eresis o f  Calc iua - C seinate 

- Calci - Pho spha te Systeaa 

.li.S:C'fiON A :  METHODS AN TJ M ATE RIALS 

1 .  Preparation ot aci d  casein 
* 

This has be e n  f.ully descr ibed in � e c ti on B in the · at tachPd 

publica tion entitled ''.:htl>hydryl a n d Di sulphide G roup s in C P seinu 

und e r  "Pre:ptra tion of e c id ca sein - ( a ) " . 

2 .  Preparation o f  "Arti ficial Milks" 

The prep ara ti on o f  & s table " art i f i c iRl mil.!t" has been de scribed 

earlier in Chapter I l : A � 2 .  

All " ilks " were '! quilib:::-ated a t.  t h e  t el!!perature o r  the t e s t  for 

� t  least 30 �inu tea , be fore rennet wa s added . 

}.  Measure e n t  o f  synere si s  

e thods o f  m asure ent o f  syneresi s employed by o ther investiga tors 

was reviewed in Chapter I I I : B : � .  �he method used in this s tudy 

was t • simplest and the est dire c t  - th9t of e a  ring the 

Y l\lae o f  whe,. expelled troa a certaia Yol e of the curd der 

Yari. s 'reat t (JODd i ' io: • !he thod ne a t llowa :  

�Jo ala. "artifieial alJJt" waa H t  iD well-cl• 10.0 111 . 

akere at 30 C or 38 C 7 e a  r e dro t aeat 

re 0 calc 



and o phate ) or o e dr p of 1: 10 r 1 & 1  411ate c 

l1auallT the c a l c ium "milka" required about 1/10 the rennet 

concen tra tion nee d �d for the c a l e ium-pho sp ate .. milks" for an 

equiv�l ent co�L� l a tion t �e . At re gular time intftrYals after 

th e a ·ltli.tion of renne t ,  the whey was re o-red from the top by aeaas 

o f  q rubber eue tion device or pipet te fi1ler , fixed to a 10 ml. or 

20 ml . pi; e t te . �h� wh�y �a s dra ined into a 5U � .  ae asurins 

�;y l i nd er .  By thi s  '1J P. a.n s ,  damage to , or move ent o f ,  t he gel was 

� �a ller sized pip e t t e s  were a l so  used wheneYer 

ne c c> s f!. ary . 

'!'he e o!.l!m� rc ia l r e n n e t  e mployed. was the same as used in .lew 

Zealand cheese fac torie s ,  ui th an activity o f  62 rennin uni ts/ml . 
( 1 33 ) ( 1 34 ) a s  rne a s u re d by th4! m� tJ , . ;d  o f  F.rns trom , (N . H . Cla.rk -

personal eom�uniea tion ) .  rne commere ial r en n e t pr..:;o 11 � ""a t .:.. • J llS 
( 1 34 ) c on ta ined no de tec :.Ablu fey:;in o.s a. c on tD.mir:an t  • U '3e o f  a 

puri fied rennin powder supplied by th e N . :t . Renn�" t Co . ,  IU tham , 

New Z ealand , ind i c a t ed n o  di f f e renc s in the synere tie behav iour 

of "ttti l k "  p;ttls �be n compared wi t h  the commercial rennet 

prep�- � t ions �u d when u sed a t  equival e n t  st rengt h s . Th e syne resis 

�xpertmeat e  we� t h e re fo re cart"iecl o t u 1 g the coaaereial rennet . 

4 .  Polzacr:la 14e ,Gel El c trophores1� 

• t d followe4 was essentially that o f  Dana{ 132) wi t  

ld.aor 

• ri 

•• • o • 

·* . ,. 

di.1'j.oati • •  

via(  132)  • 

1 tJ. in 

!ri.a- te 
dietille • k1- • 

• • ol tio re 

T • fiz.atiY 

ti. c • tr 

.7 . • b7 ia 

,. .. 1 1d.tll •ta.rat 

SOH 

pH par 

•• 

21 

• 



the ea tllo4e o: 

ot r011 

' 

( 0  .. 00 ) • 

e apprat'WI use4 is abo 

1. Utre . • 

.. , 

in .Plate 2}. 

• height ao .. . capac it7 ap roxlaatel7 

500 •1• · Six h.ol ea o f  1 0  dia �er .. re caretull7 bored � equi-

'�s t \ froa the ce n tre sn4 tro. .. eh o ther , into one of the bozea. 

Tb.ie was eYent a l l7 to be- u.aed as the ca thoile co111p rtiHnt . The holea 

e re made so a n  to fit e l ec trical trroa ta of ou t atde diaaeter 1 2 . 5  -

and haville an OJttnun� or 5 !.&meter . �ber co�ka o f  au.i table 

41m sions and with nolee bored 1ft t ea were gl ed on t o  th e cen tre of 

the two e l ec trode comp..olrtmenta . Thetle carried graphite e l ec trodes 

re•oved from torch b� t tery cell s .  Small copp•r rings cut f�• copper 

tub1as of suitable 61amet�r were fixed to the te o f  the el e c trodes . 

Ca thode and node leads Witre solt.l•r�d on t::>  t .. e e rings .  The 

re changed a !t er eYery 3 - 4 e lec trophoretic 

run e .  

The el ectropboreais tubes aed for aet t1B• the s�all pore 

a 4 larse pore gela re aa e froa or41 ar7 gl aee tu 1ua or o v t s 14• 



PUT 23a Equ1paent uaed 1.n ol780J7lud.cle G 1 ec trophoreaia 

A. Catk • c apartaeat o taiaiag Tria-lMJrate batter • pB 8.7 
B. u • at..et•iaa 'l'r1 - orate lnltter, B 8.? 
c. ter (llllllaapa) 
D. TiM oleck 

I. Gl. .. a '•lae:• t r •t eel ul•U. 
F. D.C. .tU� 

v.1 (vM� .. I A C.) 
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For an initial peri.o o f  20 aillutes. a current of 2 a/t • 

was applied ( total 1 2  aa ) after which it was inerea aed to 3 ma/tube 

( total 1 8  aa ) for the re st o f  the elec trophoresis period , lasting 

u ual ly about 2 hours o r  until the brom phenol blue front had 

moved a d is t ance of 80 IUl from the s•all pore gel sur fac e . The 

gels were remove4 and s t ai ned for about �5 minutes a f te r which 

destaining waa carried out by several c hanses o! 7) acetic acid 

solution u ing a gently oscilla ting washing tank .  A t  t h e  end of 

the washing pe riod o f  about 48 hours , the gel s were transferred 

to te st tube s co ntaining 3fo ace tic ac id . Under these c onditions 

t he y  can be s t ore d for months wi thou t change . 



SECTIOlf B :  DETERMllfA ION O f  'l'Hf, S ULPHYDRYL AND DISULPHIDE GROUPS 

IN CASEIN . 

Experiaental, resul ts and d i s c u ssion . 

This ha e been ful ly dealt with in the a t ta c hed pub l ic a t ion . Because 

o f  the c o n t ro Yersy surrounding the nat ure o! the sulphur c ontaining 

amino acids c ystine and cyste ine , it was t hought adYi s able t o  

inYea tiga t e t h e  a a t t e r  prior to inve s tiga t i ng the e f fe c ts o f  disulphide 

spl i t ting and sulphydryl blo cking age n ts on syneresis . As ind i c a ted 

1n the pub licat ion , acid p re c ip i t a ted whole ca sein was found to contain 

both c y s t e ine ( 1 . 36 moles/ 100 , 000 g )  a nd cystine ( 0 . ? 1  mo1es/ 1 00 , 000g) . 

On the assump t io� th a t  these amino cids were c onc e ntra t e d  in t h e  

kappa- easein frac tion , it would appear tha t 1 mole kappa- casein 

( molecul � r  weir, h t  20 , 000 ) would c o n t ai n  2 moles of  cysteine and 1 mole 

of cys t ine . The e v i dence availab l e  suggests that the sulphyd ryl re sidu e s  

o! t h e  cy s t eine mo i e t y  a r e  bur i � d w i thin the mol e c ul e  and tha t t h ey are 

not readil y &Yail ab l e r�r reac t ion .  On the o the r hand , the cy s tine 

appears t o  be on or near t h e  surface a nd i s  re adily ava i l able for 

exchange rea c t io ns . 
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Sulphydryl and disulphide groups in casein 
BY G. M. WALLACE AND K. R. AIYAR 

1 1 5  

Food Technology Department, Massey University, Palmerston North, New Zealand 

(Received 30 August 1968) 

SuMMARY. The method of Gaitonde ( 1967) was adapted for the measurement of 
cysteine and cystine in acid hydrolysates. Analysis of 3 different casein preparations 
indicated the presence of both cysteine and cystine in whole casein in the proportions 
of 1 : 1 by weight and in the molecular ratio of 2 :  1 .  If all the cysteine and cystine is 
associated with K-casein then it appears that one mole of the latter contains 2 moles 
of cysteine and 1 mole of cystine. The sulphydryl group in whole casein appears not 
to be highly labile. 

The question of whether cysteine or cystine , or both occur in casein has been a 
subject of investigation for many years and is still a subject of controversy (McKenzie, 
1967) .  Early work suggested the presence of cystine only, e.g. Kassel & Brand ( 1 938) ; 
Gordon, Semelt, Cable & Morris ( 1 949) ; Zweig & Block ( 1953) ; Hipp, Basch & Gordon 
( 1961 ) ;  Yoshino, Wilson & Herreid ( 1962) ; Waugh ( 1961 ) .  Christ ( 1 956) was unable 
to detect any sulphydryls in casein but postulated that -SH groups were involved in 
the syneresis of rennet-casein gels .  However, Beeby ( 1964) showed the presence of 
sulphydryl groups in freshly prepared K-casein, the estimation being done at a high 
pH value(9·0) in strongly disaggregating conditions and in the absence of calcium 
ions. It appeared from his work that calcium andfor hydrophobic bonding masked the 
sulphydryl groups from -SH reagents . Hill ( 1 964), working on whole casein and using 
more drastic methods for its disaggregation (e.g. proteolysis with Pronase) ,  observed 
the presence of cysteine only. Subsequently, MacKinlay & Wake ( 1964) submitted 
evidence that contradicted the findings of Beeby ( 1 964) and Hill ( 1964) and, later, 
Nakai, Wilson & Herreid, ( 1 965) were also unable to substantiate the findings . The 
present paper describes a study of the cysteine/cystine balance in whole, acid preci­
pitated casein. The work was undertaken as part of an investigation into the factors 
contributing to the syneresis of rennet-milk gels. 

EXPERIMENTAL 
All chemicals used were of A.R. grade and only glass-distilled water was used. 

Preparation of acid casein 

Three different casein preparations were made : (a), from freshly collected raw 
milk ; (b) from industrially separated skim-milk ; (c) from industrial acid casein. The 
methods of preparation were as follows : 

8-2 
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(a ) B1 lb ul l l l. • I  goo<I Jwclli i<,Jopl • d q.Ja l l l  �> a., t i i •• I Iu d l i a l" 1 1 1 �( , ,  
lli 1 l'di t)  1 1  l l f• d t I di lOOj(; 0 l l J  (J lllll tltL ldt lt l\ d IJ) I I ll i tll 

1- � iL f'v ,r o u  y o1m uunbamers. �'ne s.lilm-mllk was bulked in a polyethylene bucket, 
the temperature having risen to 14 °0. Acid precipitation of the casein at pH 4·5 
was carried out with a Radiometer Automatic Titration apparatus using N-HCl, care 
being taken to ensure adequate mixing. The fine precipitate obtained on centrifuging 
the slurry was washed twice with distilled water, using centrifugation to recover the 
precipitate. The washed precipitate was then dissolved in distilled water by addition of 
N-NaOH to pH 8·0 and reprecipitated by addition ofN-HCl to pH 4·6. The Automatic 
Titrator was used for all pH adjustments. After thorough washing with distilled 
water, the final slurry was frozen at - 15 oc and freeze-dried in an accelerated freeze­
drying apparatus. The freeze-dried casein was stored at - 1 5  °0. During the additions 
of acid and alkali the skim-milk was agitated by means of an electrically driven 
stirrer and to avoid aeration and minimize possible oxidation of sulphydryl groups in 
the casein, oxygen-free nitrogen was passed through 2 diffuser heads placed in the 
bottom of the bucket. The rate of nitrogen diffusion was adjusted to give a gentle 
bubbling over the entire liquid surface. 

(b) Skim-milk was obtained from the Palmerston North Milk Treatment Station. 
The milk had been heated to about 48-50 oc for the separation in a conventional 
separator. Casein precipitation was done at 25 °0 using the Automatic Titrator, 
following the same procedure as for casein (a) except that nitrogen was not bubbled 
through during the precipitation and solubilization processes. There was, therefore, 
ample opportunity for oxidation of the sulphydryls to occur, both at the Milk 
Treatment Station and during the isolation of the casein in the laboratory. This 
casein (casein (b)) was freeze-dried and stored at room temperature. 

(c) Wet lactic casein was obtained from a commercial casein factory. Although 
the detailed history of its preparation is not known a standard commercial process 
was followed. The pressed curd was freeze-dried and stored at room temperature. 

The 3 casein preparations (a), (b), (c) had, therefore, widely differing pretreatments, 
the most drastic treatment being suffered by casein (c). 

Hydrolysis of casein and estimation of sulphydryls and disulphides in the hydrolysate 

Hydrolysis. 2 ·5  g casein was hydrolysed under reflux with a 1 : 1  (vfv) mixture of 98 % 
formic acid and concentrated HCl for 7 h at 105 °0. During the digestion oxygen-free 
nitrogen was bubbled through the digest. The mixture was approximately 6 N in HCl. 
It is important to have this high concentration of HCl in the mixture to reduce the 
hydrolysis time. Other investigators (e.g. Block & Boiling, 1940) have recommended 
a 1 :  1 (v/v) mixture of 6 N-HCl and 90 % formic acid giving a final HCl normality of 
3 N in the mixture. However, the digestion time has to be prolonged ( 1 6  h) and some 
destruction of cystine and cysteine takes place. Thus, when the mixture was 3 N 
in HCl acid, total SH + SS content was between 260 and 300 mg/100 g casein whereas 
with 6 N-HCl the digestion time was reduced to 7 h and total SH + SS content was 
significantly higher (see Results) .  A preliminary experiment using 6 N-HCl in the 
HCOOH-HCl mixture showed (Fig. 1 )  that about 80 % of each of these amino acids 
was liberated in 2 h. (cf. Leach, 1 966). 
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SuMMARY. The method of Gaitonde ( 1967) was adapted for the measurement of 
cysteine and cystine in acid hydrolysates. Analysis of 3 different casein preparations 
indicated the presence of both cysteine and cystine in whole casein in the proportions 
of 1 : 1 by weight and in the molecular ratio of 2 :  1 .  If all the cysteine and cystine is 
associated with K-casein then it appears that one mole of the latter contains 2 moles 
of cysteine and 1 mole of cystine. The sulphydryl group in whole casein appears not 
to be highly labile. 

The question of whether cysteine or cystine, or both occur in casein has been a 
subject of investigation for many years and is still a subject of controversy (McKenzie, 
1967) . Early work suggested the presence of cystine only, e.g. Kassel & Brand ( 1938) ; 
Gordon, Semelt, Cable & Morris ( 1949) ; Zweig & Block ( 1 953) ; Hipp, Basch & Gordon 
( 1961 ) ;  Yoshino, Wilson & Herreid ( 1 962) ; Waugh ( 1961 ) .  Christ ( 1 956) was unable 
to detect any sulphydryls in casein but postulated that -SH groups were involved in 
the syneresis of rennet-casein gels. However, Beeby ( 1964) showed the presence of 
sulphydryl groups in freshly prepared K-casein, the estimation being done at a high 
pH value(9·0) in strongly disaggregating conditions and in the absence of calcium 
ions. It appeared from his work that calcium andfor hydrophobic bonding masked the 
sulphydryl groups from -SH reagents. Hill ( 1964), working on whole casein and using 
more drastic methods for its disaggregation (e.g. proteolysis with Pronase) ,  observed 
the presence of cysteine only. Subsequently, MacKinlay & Wake ( 1964) submitted 
evidence that contradicted the findings of Beeby ( 1964) and Hill ( 1 964) and, later, 
Nakai, Wilson & Herreid, ( 1 965) were also unable to substantiate the findings . The 
present paper describes a study of the cysteine/cystine balance in whole, acid preci­
pitated casein. The work was undertaken as part of an investigation into the factors 
contributing to the syneresis of rennet-milk gels. 

EXPERIMENTAL 
All chemicals used were of A.R. grade and only glass-distilled water was used. 

Preparation of acid casein 

Three different casein preparations were made : (a), from freshly collected raw 
milk ; (b) from industrially separated skim-milk ; (c) from industrial acid casein. The 
methods of preparation were as follows : 

8-2 
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(a) Bulk raw milk of good bacteriological quality was obtained from the Massey 
University dairy herd. It was cooled to 10 oc and the fat was removed by centrifuga­
tion in polyethylene containers. The skim-milk was bulked in a polyethylene bucket, 
the temperature having risen to 14  °0. Acid precipitation of the casein at pH 4·5 
was carried out with a Radiometer Automatic Titration apparatus using N-HCl, care 
being taken to ensure adequate mixing. The fine precipitate obtained on centrifuging 
the slurry was washed twice with distilled water, using centrifugation to recover the 
precipitate. The washed precipitate was then dissolved in distilled water by addition of 
N-NaOH to pH 8·0 and reprecipitated by addition ofN-HCl to pH 4·6. The Automatic 
Titrator was used for all pH adjustments. After thorough washing with distilled 
water, the final slurry was frozen at - 15 oc and freeze-dried in an accelerated freeze­
drying apparatus. The freeze-dried casein was stored at - 15 °0. During the additions 
of acid and alkali the skim-milk was agitated by means of an electrically driven 
stirrer and to avoid aeration and minimize possible oxidation of sulphydryl groups in 
the casein, oxygen-free nitrogen was passed through 2 diffuser heads placed in the 
bottom of the bucket. The rate of nitrogen diffusion was adjusted to give a gentle 
bubbling over the entire liquid surface. 

(b) Skim-milk was obtained from the Palmerston North Milk Treatment Station. 
The milk had been heated to about 48-50 oc for the separation in a conventional 
separator. Casein precipitation was done at 25 oc using the Automatic Titrator, 
following the same procedure as for casein (a) except that nitrogen was not bubbled 
through during the precipitation and solubilization processes. There was, therefore, 
ample opportunity for oxidation of the sulphydryls to occur, both at the Milk 
Treatment Station and during the isolation of the casein in the laboratory. This 
casein (casein (b)) was freeze-dried and stored at room temperature. 

(c) Wet lactic casein was obtained from a commercial casein factory. Although 
the detailed history of its preparation is not known a standard commercial process 
was followed. The pressed curd was freeze-dried and stored at room temperature. 

The 3 casein preparations (a), (b) ,  (c) had, therefore, widely differing pretreatments, 
the most drastic treatment being suffered by casein (c) .  

Hydrolysis of casein and estimation of sulphydryls and disulphides in  the hydrolysate 

Hydrolysis. 2·5 g casein was hydrolysed under reflux with a 1 : 1  (vfv) mixture of 98% 
formic acid and concentrated HCl for 7 h at 105 °0. During the digestion oxygen-free 
nitrogen was bubbled through the digest. The mixture was approximately 6 N in HCI. 
It is important to have this high concentration of HCl in the mixture to reduce the 
hydrolysis time. Other investigators (e.g. Block & Boiling, 1 940) have recommended 
a 1 :  1 (vfv) mixture of 6 N-HCl and 90 % formic acid giving a final HCl normality of 
3 N in the mixture. However, the digestion time has to be prolonged ( 16  h) and some 
destruction of cystine and cysteine takes place. Thus, when the mixture was 3 N 
in HCl acid, total SH + SS content was between 260 and 300 mg/100 g casein whereas 
with 6 N-HCl the digestion time was reduced to 7 h and total SH + SS content was 
significantly higher (see Results) .  A preliminary experiment using 6 N-HCl in the 
HCOOH-HCl mixture showed (Fig. 1 )  that about 80 % of each of these amino acids 
was liberated in 2 h. (cf. Leach, 1966).  
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Before heating, oxygen-free nitrogen was passed through the digestion mixture 

for 10 min for deaeration. The hydrolysate was transferred to a 200-ml volumetric 
flask and cooled immediately with running water. Twenty ml of 5 N-NaOH was then 
added, drop by drop, to the flask which was swirled in a bath containing water at 
room temperature. This procedure was essential for the removal of heat generated by 
the addition of the alkali and to avoid local concentrations of the alkali, which other­
wise tended to destroy the sulphur amino acids. The mixture was then made up to 
200 ml. The addition of the alkali raised the pH to 3·7-4·0, which allowed the precipi­
tation of humin material and its removal by filtration using Whatman no. 540 filter 
paper. The clear filtrate was used for measuring cysteine and cystine levels. 
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Fig. l .  Rate of release of cystine and cysteine during acid hydrolysis of whole casein, 
0-0, cystine ; e-e, cysteine ; 6.-6., cystine + cysteine. 

Determination of cysteine. The spectrotophometric method ofGaitonde ( 1967) ,  with 
some minor modifications, was used to determine the cysteine quantitatively. To 1 ml 
of the digest filtrate in a test tube were added in turn 1 ml glacial acetic acid and 
1 ml ninhydrin reagent (250 mg ninhydrin dissolved in 6 ml glacial acetic acid and 
4 ml concentrated HCl) .  The mixture was heated for 8 min in a boiling water bath 
and cooled immediately and 10 ml ethanol was added. The pink colour was measured 
at 575 nm, the absorption maximum, in a Beckman DU Spectrophotometer using as 
a blank a similarly treated sample to which no ninhydrin had been added. 
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Determination of cystine. To 20 ml of the digest filtrate were added, drop by 
drop, 5 N-NaOH (4-6 ml) to adjust the pH value to 5·0. During the addition the 
mixture was agitated and cooled in a water bath to avoid local concentration of the 
alkali and to dissipate the heat quickly. Excess sodium sulphite (about 500 mg) was 
added as a solid and the mixture made to 40 ml with distilled water. The final pH 
value of the solution lay between 6·5 and 7·0. 

The mixture was left at room temperature until reduction was complete ( 1  h) and 
then 1 ml was measured as described above for cysteine. 

Calibration curve 

To 39·4 mg chromatographically pure cysteine hydrochloride (B.D.H. Ltd) were 
added 50 ml of a 1 : 1  (vfv) mixture of 98 % formic acid and 6 N-HCI. The resulting 
solution was diluted to 250 ml in a volumetric flask. The cysteine content of this 
solution was taken as 1 ,umolefml. Further dilutions of this cysteine solution were made 
using 1 : 5 dilution of the 1 : 1 HCl : HCOOH as diluent. Solutions prepared in this 
way contained : 1 ·0, 0·75, 0·5, 0·25 and 0· 1 25 ,umolefml of cysteine. The plot of optical 
density against concentration was linear and passed through the origin. 

Because of the protective effect of formic acid against metal catalysed oxidative 
destruction of cysteine (Haurowitz, 1 963), the solutions of pure cysteine used for 
calibration, were made up in HCl-formic acid mixtures. These solutions were stable 
for at least 48 h. 

Table 1 .  Cysteine and cystine content of 3 different casein preparations 

(All values in mg/100 g dry protein.) 

Cysteine Cystine 
after by 

Sample Cysteine reduction difference 

Casein (a) 1 165 338 173 
2 165 335 170 
3 155 328 173 
4 165 338 173 

Mean 163 335 1 72 

Casein (b) 1 165 347 1 82 
2 174 337 163 
3 165 328 1 63 
4 165 335 170 

Mean 167 337 170 

Casein (c) 1 165 338 173 
2 165 328 163 

Mean 165 333 168 

RESULTS 

Cysteine and cystine contents of 3 different casein preparations 

The cysteine and cystine content of the 3 casein preparations described earlier are 
given in Table l .  

Table 1 demonstrates remarkably similar cysteine values obtained both before and 
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after reduction for the 3 casein preparations, despite the different methods of prepara­
tion. Accepting the claim of Gaitonde ( 1 967) that the method in the form used is 
specific for cysteine, then the increased value after the reduction process could 
presumably only arise as a result of the reduction of cystine to cysteine. It is thus 
possible, indirectly, to measure the cystine content of the system. 

Effects of variables on the recovery and estimation of cysteine and cystine 

A check was made to see whether the pure amino acid cystine was being converted 
to cysteine under the conditions of hydrolysis used for casein. 

About 25 mg cystine (chromatographically homogeneous, B.D.H. Ltd) was dis­
solved in a l : l mixture of 98 % formic acid and concentrated HCl ; the volume was 
made to 25 ml in a volumetric flask. Ten ml of this solution, containing about 10 mg 
cystine, was digested with 25 ml of the l :  l (v fv) HCOOH : Cone. HCl mixture and 
re:fluxed for 7 h at 105 oc under a stream of oxygen-free nitrogen, as for casein. 
Cysteine, and cysteine-after-reduction, were then determined as described above, 
the digest having been diluted to lOO ml with distilled water. A second portion of 
10 ml of the cystine solution was mixed with 25 ml of the l :  l acid mixture and 
diluted to lOO ml with distilled water. It was tested immediately for cysteine and 
cysteine-after-reduction, omitting the heating at 1 05 °C. Results are given in Table 2 .  
The results show that the conditions of hydrolysis did not convert cystine to cysteine. 
The approximately 9 %  cysteine equivalent was probably cysteine contamination 
present in the original sample as digestion for 7 h with HCOOH : HCl acid mixture at 
105 oc caused no further conversion of cystine to cysteine. 

Treatment 

Unheated 
Heated 

Table 2 .  Recovery and estimation of cystine 

(All values in mg/10 m! of original solution.)  

Cysteine Cysteine 
after in sample, 

Cysteine reduction % 

0·99 9·60 9·3 
0·97 9·84 9·0 

Cystine, 
% 

90·7 
91·0 

A further check was made to establish whether cystine was reduced to cysteine in 
the presence of casein under the hydrolysis conditions employed and in the presence 
of humins. To 1 · 5  g casein were added 25 ,umoles of cystine, and the mixture was 
hydrolysed under the standard conditions. The values for cysteine and cysteine-after­
reduction were determined on the hydrolysate as described above. The results are 
shown in Table 3. These results indicate that there was { l OO + ) %  recovery of the 
added cystine. An increase of 4 ,umoles of cysteine probably represents the cysteine im­
purity in the cystine mentioned earlier (Table 2) ,  the level being of the same order. 

The reduction of cystine to cysteine under the conditions used, therefore, does not 
appear to be a significant source of error. It is apparent also that oxidation of 
cysteine to cystine did not occur during the digestion as the level of cysteine contami­
nation was similar in both heated and unheated cystine solutions (Tables 2 and 3 ) .  

To establish whether tha cysteine and cystine levels found in the caseins were in­
variant and hence possibly the consequence of some equilibrium state, casein was 
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digested in the presence of thioglycollic acid. To 2 ·  5 g of casein (a) were added l 00 ,umoles 
thioglycollic acid and the mixture was hydrolysed under the standard conditions. 
The values for cysteine and cysteine-after-reduction were determined on the hydroly­
sate as before and are given in Table 4. In the presence of lOO ,umoles thioglycollic acid 
the mean value for cysteine-after-reduction was the same as that reported in Table l ,  
but the value for cysteine at 204 mgflOO g dry protein showed a 25 % increase. The 
thioglycollic acid thus appears to have caused some reduction of the cystine during 
the digestion .  

Table 3 .  Recovery of added cystine after digestion in  the presence of casein 

(All values in fLM/1 ·5  g casein.)  
Cysteine Cysteine 

after in 
No. Sample Cysteine reduction cystine, % 

1 1 ·5  g casein after digestion 20 40 

2 1 ·5  g. casein plus 25 fLM cystine 
Before digestion 4 40 10 

3 Mter digestion 24 92 

4 Difference ( 3 - 1 )  representing 4 52 7·7 
the recovery of 25 f£M added 
cystine 

Table 4. Casein hydrolysis in presence of lOO ,UM thioglycollic acid 

(All values in mg/100 g dry protein.) 

Cysteine 
after Cystine by 

Sample Cysteine reduction difference 

Casein (a) 1 204 329 125 
2 204 329 125 
3 204 348 144 

Mean 204 335 131  

It has been reported (Benesch & Benesch, 1 958) that disulphide exchange can take 
place in strong HCl (7  N-12  N} through an electrophilic attack of a sulphenium cation 
(RS+) on the disulphide bond, the sulphenium ion being produced by the acid acting 
on the disulphide, thus : 

R-8-S-R + HCl � RSCl + RSH, ( l )  
R S  EB Cl8 + R'-8-S-R' � R-S-S-R' + R'SCl. (2) 

Thus, there seemed a possibility that cystine values could have been reduced by the 
hydrolysis system used. This acid catalysed exchange reaction should be inhibited 
by the addition of mercaptans as reaction ( l )  is reversed and the concentration of 
sulphenyl chloride reduced. Theoretically, therefore, if the hydrolyses were to be 
carried out in the presence of thioglycollic acid or any other mercaptan, the con­
centration of cystine should either remain the same or increase if in fact cystine was 
being converted to its sulphenium chloride in previous experiments. 

The ( lOO + ) %  recovery of added cystine recorded in Table 2 and the drop in 
cystine due to the reducing action of the added thioglycollic acid reported in Table 4, 
clearly eliminate any possible interference by the sulphenium chloride reaction in the 
cysteine-cystine balance in casein during digestion. 
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From all the foregoing it is  reasonable to infer that during casein hydrolysis no 

artifact or equilibrium shift of significance was produced from the cysteine or cystine 
or through cysteine-cystine interconversion. 

DISCUSSION 
Acid hydrolysis of proteins is generally believed to cause a certain amount of 

destruction of the sulphur amino acids cysteine and cystine (Haurowitz , 1 963). The 
destruction is particularly severe in the digestion of glycoproteins, and is apparently 
caused by the carbohydrate breakdown products (Block & Boiling, 1 945). The 
destruction can be reduced by the use of formic acid and by exclusion of oxygen 
during the digestion (Haurowitz, 1 963). Furthermore, acid conditions below pH 2·0 
inhibit air oxidation of cysteine as well as cystine reduction through the presence of 
thiols or mercaptans. (Leach, 1 966). 

As indicated on p. 1 20, the conditions used in the present study did not appear to 
affect the total recovery of added cysteine and cystine or the balance of the two. 

In this study, cystine was determined as cysteine-after-reduction in solution or in 
the hydrolysate with sodium sulphite. One mole cystine was found to be equivalent 
to 2 moles cysteine when measured by the method used. It would appear that the 
colour reaction with ninhydrin below pH 1·0 does not involve the sulphydryl group, 
because other sulphydryl-containing compounds do not respond similarly, e .g. thio­
glycollic acid. Gaitonde ( 1967) tested a whole range of compounds, including -SH 
compounds and amino acids, and showed that the colour reaction was specific for 
cysteine under the conditions of the test and that the presence or absence of other 
amino acids had no effect on the specificity of the test. The increase in cysteine found 
after the reduction with sodium sulphite in near neutral solution could thus only have 
arisen through reduction of cystine. 

The cysteine plus cystine content of 335 mg/ 100 g protein found for the 3 caseins 
is of the same order as figures reported for either cysteine alone (300 + mg, Hill, 1 964) 
or cystine alone (340 mg, Gordon & Whittier, 1 965). Our results indicate the presence 
of both cysteine and cystine in a 1 : 1 ratio by weight and so differ from results reported 
by Nakai et al. ( 1 965), Beeby ( 1 964}, and Hill ( 1964). 

Hill ( 1 964) used Pronase to open up the structure of whole casein but he gave 
no indication whether Pronase affected the disulphide bond in any way at all. 
However, Davidson & Hird ( 1 967} report the possibility of SH-SS exchange reactions 
during limited proteolysis. Hill found that when the casein was digested with Pronase 
alone he obtained a much lower sulphydryl content than when the Pronase digest had 
been reduced with sulphite or N aBH4 or treated with cadmium hydroxide. He as­
cribed this to the sulphydryl being so strongly protected that even Pronase digestion 
does not fully expose the sulphydryls. However, study of table 2 of Hill ( 1 964) shows 
the following : ' The average of the moles cysteine/100 000 g protein figures in column 2 
(Pronase digest, pH 8·0) works out to 1 · 27 .  The average of the values in columns 3, 
4 and 5 (sulphite, NaBH4 and Cd(OH}2 treatment) works out to 2·51 moles cysteine/ 
100000 g. We would argue that this difference (2 ·51 - 1 ·27 = 1 ·24 moles) is due to 
conversion of the disulphide to the sulphydryl as a consequence of the reductive 
treatments given and not due to simple disaggregation and exposure of more -SH 
groups. ' 
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We have shown that sulphite reduces disulphide quantitatively to -SH. This dif­
ference of 1 ·24 mole of cysteine could thus be equivalent to 0·62 mole of cystine 
giving 1 ·27 moles cysteine and 0·62 mole of cystine/100000 g casein. From the figures 
reported in this investigation ( 1 65 mg cysteine and 1 70 mg cystine/lOO g casein) 
the moles/ 100 000 g casein work out to 1·36 moles cysteine and 0·7 1  mole cystine, 
respectively. 

This re-calculation of Hill's data provides valuable confirmation of our findings. 
H it is assumed that the cysteine and cystine are mostly, if not all, in the K-casein 

fraction of whole casein (Waugh et al. l960 ; Hill, 1 964) then 0·7 1  mole cystine/100 000 g 
whole casein may be written as 0·7 1  mole/1 5 000 g K-casein, assuming that K-casein 
corn prises 15% of whole casein (W augh & von Hippel, 1 956). This is roughly equivalent 
to l mole cystine/2 1  000 g K-casein. Swaisgood, Brunner & Lillevik ( 1 964) report the 
presence of l-li mole of cystine/28000 g K-casein and Nakai et al. ( 1965) report 
l mole of cystine/20 000 g K-casein, which is in reasonable agreement with cystine 
figures reported in this work. Neither reported the presence of cysteine in casein. 
From a similar calculation, it appears that the concentration of cysteine is equivalent 
to 2 moles/22 000 g K-casein. As the molecular weight of K-casein is about 20000 (see 
Jolles, 1 966) it appears that one mole of K-casein contains 2 moles of cysteine and 
l mole of cystine. Hill ( 1 964) was not able to detect sulphydryls of whole casein, even 
under strongly dissociative conditions and did so only after partially digesting with 
Pronase. Thus, it appears that the sulphydryl groups are well protected in whole 
casein. Evidence for the structural protection of sulphydryls in other proteins is 
also available (Cecil, 1 963) . Several sulphydryl dependent aggregations, as distinct 
from SH- SS- interchange reactions, have been reported in the literature (Hughes, 
1 947 ; Madsen & Cori, 1 956 ; Deutsch & Morton, 1 958 ; Jensen, 1959) and a similar 
type of sulphydryl dependent aggregation in whole casein cannot be ruled out. 

The fact that 3 different casein preparations used in this study gave similar results 
indicates that ordinary processing does not affect the sulphydryl-disulphide balance 
of whole casein. The sulphydryl group may not be as labile as is commonly believed. 
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and th@D reac ted wi t 2 4ro�a o f  aeat �rcial renne t  for 

60 ll.inutes . e a pl , except for the contro l ,  wore then 

r•ae ted with 10 ac , )0 • , a nd  100 •1 o f  aodiua thiogl7c llate 

at �0G tor )0 a1A tea a�te r which the beakera ••r• transferred 

T • whey exp elle at 
varioua tlae intenala •• collH te4 ad i t  -.ol ae 

.. a.u.r • •  

t are clYeft ia Table U .  
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Table IX . Effect of Adding SodiUil Tldoglyeollate ,  after Rennet 

Action at 4°C ,  on G elation and Syneresis o f  C alcium 

CaseiD a te - Calc ium Phosphate Systems at pR 6 . 8 and 38°C .  

Samples A B c D 

Sodiu� thioglycollate added { mg ) Control 1 0  30 1 00 

pH of the "llil.kn system 6 . 8 6 . 8  6 . 8  6 . 8 

Gelation time ( minutes) at 38°C < 5 ( 5 < 5  <. 5 

Synere s:t.s, ml s .  whey/40 ml s .  curd 

after : 
60 minutes 3 6 4 2 

80 minutes 4 9 6 4 
100 minutes 5 1 2  8 7 

1 20 minutes 7 1 4  1 1  9 
17 haurs 26 29 28 28 

20 hours 30 32 31 31 

Turbidity o f  whey clear 
+ - ... ++ 

Result s  from Table IX indicate that the presence of sodium 

thioglycollate doe s  not inhibi t gel.ation of the "arti ficial Ddlks" . 

The extent of synere sis , after 20 hours , is abou t th e same for al.l 

samples but the ini tial rate of  syneresis appeared to b e  faster for 

samples ' B '  and • c •  containing 10 and 30 mg of sodi um thiogl.ycollate 

reapec tiTely, compared to the control and to sa ple ' D '  c ontaining 

100 ag sodi .. thioglycollate . Because of  the high levels of  sodium 

thJ.o�u-collate use a sul.phydryl-disulphide interchange reaction cloes 

not appear to be involTed i.n gell.i.ng or syneresis in this systea . I t  

haa be•n foliDd to be Ulportant in the gelling of egg albuai.n and aerua 

albuai.D { 1 66) . 



8 1 . 

!he •1• froa aa.plea B, C a d D were noticeably aore 

opaqae th the whey froa the control and the opacity increase 

wit !.ncrea i.ng leYels of added eodillll thiolll'collate . Thi s  

obaerYation suggested tha t the whey tr sa.ples to which 

sodiua thioglycollate had been added co taiDed inc reasi g leYels 

of proteiD which had ot been oua 1 the c urcl . This was 

con flraed by the precip i tation of protein fro• th se wheys when 

the pB was adjusted to � . 6  wi th ailute acetic ac id . 

2. ffect of adding Sodiua Thioglzcollate on G elatio and SJ!eresi a  

o t  C lciu. Casein te - Calc� Phosphate SJ&t eaa under conditio 

or G radual. Reduc ti.on of pH and Iacre e 1.a Temr ture . 

( a ) Experimental 

I n  thi s exp erime nt an at tempt was de to si.aulate 

conditions occurring during the che s e.aking proc ess in 

regard to pH and teaperature change . 

'JMilks" contai.ning 'g caaein , 1 00  ·� calciua an� .55 � 
phoephorue aa H�o4 were prepared in bulk a t  pB 6 . 8  and 

diapenaed 1n 40 •l • quan tities as e fore . Sodiua 

th1oglycol1ate aa a44e in &OS W t sreater quanti ties than 

The a4dit1 a 

••• d ne at r • t .. perat�re and prior to a441 c rennet . 

T• a. e · le waa a4cled 200 ag lf Cl. tor c.oaparieoa . After 

a re cti a tiae of '0 a1n tea . 160 • «l eo o-ac14-lactoae 
• • • ed to all aaaplea . r u  � 2 Clropa o f  nea t  

0 uolal re et t )0 c .  "ailke" a a•ll 

rature wu 17 rai.ae rr 30°C to ,so
e ill 

t '' •1 .xpala1 a waa theD 



- - -=:  z• Ett•oi ot Sodiu• Thioalycollate on Gelation an4 STn�r••ia ot Calot 

Cae•1Aate - Calcium Phoaphate S7ateaa uader con41tioae of Gra4ual 

•«uetioa 1ft and I ncr.aae in Temperature . 

lea 

'hios1T•o11ate a44e4 (aa) 

Gluooao-ao14-laotoae < as >  

So4iua ehlol"14e ( q )  
Iaitlal pB of "tdlka" 

Gelatioa tlae ( at.utea) 

J&ereaia,  ale whe,-/40 Ill• ou.r4 

after a '' a1.autee 

55 llliAutea 

'' a1autee 

100 IIS.nutea 

Turb14lt7 of •h•r 

A B c I) 

Coatl'ol 200 )00 400 

160 

-

6 .8 

< '  

1 !5  

28 
'' 
)6 

clear 

160 16o 160 

- - -

6 . 8  6 . 8  6 . 8  

- - -
w�plee B , O, U an4 F 
aot form a eel . 
11 ,  C aD4 D 1••• 

} 
precip1. tatea in 
4eereae1ng quantltlea 
alter oae hour . Super-
natante were ver7 
ailk7. 

+ + ++ 

I 

JOO 
( �H ooatrol ) 

160 

-

6 . 8  

( ao �•zuse • >  

pB s.  
pH 5 • 7  

pB ' ·' 

pll , ... 
( ao J»t . )  

-

� 
p 

, 

-

160 

200 
v .  

-

+ 



( b ) 

83 . 

! CO trol 8 aple COAt 1nL 160 g glucon - cid-lac tone 

300 mg aod1 thio ycoll te and t rea ted stailarly t o  other 

bowed that the pH dropped gr dual lf fro 6 . 8 to 5 . �  at the end 

of 100 mJ.n tea .  

Reaul t are g i  T D 1.n f ble • ( po..� "  g 2) 

Resu l t s  give n in Table X indic a te tha t odi thioglteollate ln 
� 

t e igh c ncen tra tiona aed ( � . � ,  6 .6 and 8 . 8 aM )  did not a llow 

a gel struc ture to f r• and ina t ead pre cipi ta t e s  in decze ing 

quanti t i e s  were forme4 a ft r 1 hour t pH 5 . � with 1ncreasin 

level o f  sodi a thiog1ycollate . Correspon ingly th turbidit7 

of the &Ul' e rn tanta in creased . Sodium chloride a t  a n  e quivalent 

concentra tion to the sod i  thioglyc ol1ate level u e d  in Sample D 

produced a t.i1 r ,  al t hough s li gh tly allar , qu n t i ty o f  

precipita te ( F in !  ble X) . The precipi t  te in all c ases 

bee noti ceabl after t pH had dropp 4 to bout 5 . 4 .  I n  

Sample E , which contained no reane t but had both sodiu 

thioglycolla te and gluco o-ac id-lae tone, there • s no forma tion 

o! preci itate at pH 5 . 4 .  I n  a sep rat. experice t aaple 

e 

a t  

f t 

r 40 ale . ( 8 . 8 

ne tor ere 

6 . 8 

oar an t en 

)":ae adde • 

ow 

e ab ce t 

th t 

after 60 oura 7 al is � eatab1l1sat1oa 

pla • e of t e 

f<'UA..d � 4 '-1  b b  a ... J i i  t'Y1 M ) 
� Oo-d &s ., m. 



ple containing glueono-actd-lae�oae bad droppe to 5 . 5 

.8�. 

wit ia 60 minute and this aaaple then forsed an apprec iable 

precipitate ., This sug sta that the formation of the 

precipi tate was the eonseq ence of a p effe c t .  fte 1 oelectric 

poiat of  para-casein ( renn t treated ea ei ) ia aroun4 pB 5 . 2  

and aa7 explain this obserYa tioa . In another experiment � sls . 

co��mercial rennet was treated with 400 ag sodium thioglycollate 

0 for 1 hour a t  30 C and the 2 drop w re deled to a �ai1k" 

eaaple . Th •�111ilk" clot ted in nor al time indicatiDC that 

aodi.a thioglyeollate d ao effect � the rennet it el f .  

The ffe.ct o f  S o�U  flltoal:colla te and Synereaia 

Sk:1a dlk waa obtaiaed froa th local lld.lk treatae11t atatioa 

and cli.apen.. illt 100 al .  ealt re in 40 1 .  quantit.ies. T e 

ampl were reacted wi th th required q antit7 o f  od1 

thioglycollate for 30 ainutes at 38°C and then 1 drop of 

eo ercial rennet waa added . Two hours later the aaotu1t of  

(b)  Re.ulta 

Reaulte are 1adicat ia Table XI . 



Table XI . e ffect o f  o 1•• Thioglycollate o the Gelation and 

S�ereais of Skim Gela at pH 6 . 8  and }8°C . 

Samples B c D 

Sodiua thioglycollate added (ag) Control 200 JOO 400 

pll of 8kia ld.lka 6 . ?  6 .7 6 . 7  6 . 7 

Gela tion till { minutes) ' 10 < 1 5 <. 1 .5 < 1 5 

Syneresis . lll.a . whey/40 l. • curd 

alter 1 20 utes 23 21 21 22 

Turbidity of whey clear + + ++ 

Results Yen in !able XI illdic te that ad i tion or sodium 
* 

thiogl1collate ( 4 . �, 6 . 6  aDd 8 . 8 ) bad little ffect on the extent 

of syaeresia at 38°C though the rate appeared to be a little slower . 

T e ele appeared to be we er wi th increaain concen tration of  sodiua 

thioglyo 11 te . I ntere s tingly , t the 4oo additio n ,  aaaple D 

gelle thougA a ittedl7 appearing weaker than the re t .  At this 

concaDtratio o f  eodi.ua thiogl7collate "arti f'iei.al ail.ka" ad not 

ell.ecl at 30
°C .  ThJ.a llaJ' • a te•perature e ffect silll1.lar to 

Cheeaeaa ' a  ( 75 ) obae:n tJ.ona • er iD 1 t .1D a ted th t at an 

addition 1? . 1  aM of aodi • c ori • e syatea d not gel at r a 

te ratv 



SECTIO » :  EJ'F T OF SULPfltD YL BLOCKING A.N» DI ULPBIDE SPLITTING 

" 

AG TS ON GELATIOlC .A.ND SYifERESIS OF "ARTIFICIAL Ml�� · 

SYSTEMS '1' pB 6 . 0  A!lD 38°C . 

ti fic ie-1 lld.1kH at pH 7.0,  containing 1 00 mg" calciua bu t no 

phoap te and 3� case in, wa prepared in bulk without tinall7 

adjuetina to Tolume . I t waa divided into e�ual portiona and 

,.t-
each portio was treated separately with e th7l maleiai.cle , 

1\ 

eth7l alei.micte ( 81.Llp 7dr7l blo nd dithiothrei tol 

( di�lphide splitting agent ) { 1 }6 ) tor 30 aiDutes at ro� t perat re . 

Late r ,  the pH or all saa!)los was ad j11sted to 6 .0 b7 the addition 

of 0 . 1 N HCl . The Tol ea  1Htre then adjusted so t ha t  the " ilks'' 

contained 3� casein and 100 a · calciu• . 

40 al .  lots o f  TarioualJ tre a t ed sample were t e n  exaained for 

gelatioD and 1 eresis as be fore , ueiag 1 drop of 1 : 3  diluted 

uo ercial renn t tor setting t • "milks " .  N ne o f  the "ai.lks" 

showed si6n• o f  destabili ation after re action -.l t  the reagents . 

e ul ts are siYeB in Table XII . 



!t•l! XII . tt••' ot Sulph14ryl Blockiag and 
and &yaea>eaia ot Calclua Caa•inate Sy•'••• a 

l•• A B 
-

laitial pH 7 . 0 7 . 0  

Dithio thre1to1 a44e4 ( ag)  Coatrol 20 

lthJ1 aal•im14e a44e4 ( aa)  ra.1 Nil 

eth71 ea1eW4e a44e4 ( at;) IU Nil 

aotloa tiae at rooa teaperature 
( a1autea ) � 30 

Ftaal a4 juate4 pH 6 .0 6 .o 
Gelati•a tia• ( aiavtea ) � ) l ' 

el. tn• tirlll precipitate 

S:rnereais, ala •h•J/40 mls ou:ru , 

at,er& 15 lliautee 10 llil.ky 

aiautes 29 supernatant 

3!5 aJ.nutee '' 
90 ainutee J6 

120 ainutee 36 37 

1urbi4itr of wb•J clear ellky 
( +++ ) 

4genta on Gelatioa 

,o  an4 J8°C . 

c .:n E 

7 . 0 1 .0 7 ·0 
NU NU JU.l 

20 40 KU 

M11 Nil 20 

30 JO )0 

6 . 0  6 , 0  6 . 0  

� '  < 3 � '  

111'11 t:S.ra lira 

9 ' 2 
28 29 26 
32 ,, 3 
36 )6 " 
,, '6 " 

clear clear eleu 

\X) 
-J 
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lotte ia figure ' allow that 

ad4i tio of aulpb7dryl 1 ekiuc and disulphide aplltti agent• oea 

o t  1aJd: it CO at1 • that is , the prt.ar:r of re net ctio 

o c ae aicellea . !hey le :0 not appear to affeet t e oYeral1 

rate nd exten t of SJDereei or the ca1ci.ua c aeinate gel s  to an:r 

eat extent. .S amples eo taining the aclditiYea appear t o  start 

syaeresiag at a slightly slower rate t this rate inc:reaae so that 

at the en f thLrt7 fiYe ainutea the extent t syneresis was the same 

for all aaapleo. Un er t he condi tioaa of the experiaeat 9 tlle 

poaa1bUi t:r of aulph:rdryl-4i.aulplli e interchange reactioaa occurri g 

during gel tion , a postulated 1 Rege ( 63 )  9 or dur'ia 7aereai.a appears 

to be ruled out .  T ere 18 no 1n bi toF7 act! n oa clot tin� by th e  

It  al so  appee.r a that a sulphydryl oup is not involved in t e active 

c entre of the enzyme . 

I t  is signitica t t� no te tha t  1th1 threi tol did o t  deetabiliee 

the c aaein aioelle in t e «artifici-al llllkau.  BoweYer , the rennettcM. 

&amFl•• were Qnabl t o  fora a gel . tha t 1 , 1 i terfered in the 

for tion o f  a gel structure while allowi ng a pr@cipi t te to fora 

�o t t.ae iat el:r c reanettin g .  The s�perna t aD t  whey w Yery ailky . 

Th1 observatioa was simil r to t a t  ob erved wi th sodium thioglycollate 

( exper�At 2) , e xc ept t t dithiothreitol appears to c aore 

thiegly ollate at equivale t concentra t io 1 



SSCTIO &t DISCUSSION 0 THE EFFECT OF TalOL BLOCXIHG AN» DISULPHIDE 

SPI.lHI AGENTS ON 'fRE GELAtiON AND SY ERES IS OF ENNm-

C S l.N GEl .. S .  

Re �l ta fro• the preceding two e�c tions do not bear out the 

postulates b,- Chuaa ( ZZ) and Re .< 6.3)  that milk clotti.ng was sUlil.ar to 

bl..ood clotti in which a aulphydr,rl-4isulph ide chain reaction is 

involved . The tsulphur Blll.i�&o acida , cys t i ne and cy teine , are 

oo entrated in kappa-caaein ( 1 37 )  which is primarUy aaaocia tecl w1 th 

the arfae of  the mio•lle .  I t  was shown earlier in thia work 

{ eo tron micro copy - Plate s 4 - 1 1 )  that gel a tion was essentially a 

surface phenomena of tbe casein micelles,  ut it is difficul t to Me 

sulphydryl-di sulphide interchange reaetion occ urr ing i a  the p resence 

of sulpbydr7l blGeking agent s such s N-o thylmaleiaicle or me thy1 

aleimid • Also , the aul,t;h ydryl group is well pro tectecl in whole 

caa-ein( Sz) ( S')  and beeomes Tailabl e  ottly under th e ost drastic 

di aggregatiDg cosditi ona( 8'' · On the other hand , Hill ' s  work( S}) 

suggests �bat the disulphide �o ps on whole casein are nore read11y 

&Tailable tor reac t ion with ext r nal agen ts . I t  is nlikely, howeYer , 

t a t  disulphide exch nge reaction ,  s d i s tinct fro aulp ydr7l-

d1 lphide exch • reac� • would take plaee at a o t a u tral p or 

at p 6.0,  thi• B l'll&l.l.7 cc ra 7 u der tro. l7 acJ.4 

eo 1t1o ( B2} . For aiaUar reaao • it is u.nl.J.kel7 that sulphlttlr71-

41aulp� or diaulphi. • exchange r• ct1oaa plll7 dsniticaa\ rol.e 

in •7Jle at t r• net-ea in ela u propoa d 7 Cll.riat ( ?J} aJI 

Sch r et a1( 1 1'> . 
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e preNll\ work 1n4i ted that the clot ting acti-.itJ of reBDet 

split ti.ng agen ts . This suggests that the aulphydr:yl group in renaia 

was unreac tiYe and/or not 1nYol Ye4 ia the actiYe �en tre o f  the enzyae . 

Cheeaeaa&( 13S ) has recently coae to a sillilar conclusion . 

At low concentrati.ons { 10 - .30 ag) , eodiua th:loglycel late 

appeared to increase the ra t e of ayJHtresi.a at pH 6 . 8  and 38°C , but 

higher coneentra tio s ( exce ss of 100 ag) pro Yed inhibi to� and at a 

auffiei nUy tdgh concentra tion ( exc a of 200 q )  ela t i o  was i.Jlh1bitri .  

u.y l)e a t tribu ted to the diapera1-.e actio of the aodiu.a io a troa 

aod.i\lll t b.ioglyoollate ailli.lar to that fo\llld tor odi a chloride b7 

Chee se ( ?5 } and. .S toll ( 104 } . This pouibl:y occurs b7 t e 4iaplaceM:at 

of c a lcium fr the cu.r4 by the sodium ions througtl coape titicu' t'o r 

binding sites. This 4ispers1Ye action would alao account tor the 

�rbid wh eys ob tained froa aodiua thioglycollate treated sa.aples . 

A noted in Section D ,  d.ith.io threi tol was much more e ftec t i Ye than 

aod1Uil tbioglyc:ollate in low concentrations ill preventing a gel froa 

deYelopi&g . Iaste d 9  renne t ctioa gaYe a quickl:y settling 

preei.p i tate and a lldlk7 supe1·natant wi thi.Jl lli.Dut•a aft r its cliti o  • 

D.ithiothreitol is an effec tive di sulphide bond ap1itting agent ( 1 36 )  and 

wo·uld e aore eftectiYe than aodillll thiogl7collate particularl. J since 

it posaesaee two - grou • •  

aaiao acid cy tine ap�ar to 

ka pa- aaeia aolecul.e ( J ) ( 91 ) . 

The sl:yc !MOro •pt14e and the sulphur 

e lo�ate4 at distant portio • of t.h 

I t  ao41 thiogl7c llate or dithio-

threl to1 �1.1 t the Uaulp e · oad :prior to reJme t actioa, thi e  woulcl 

t uceaaaril7 1 to 111 -elle eata i1iaat1oa. l>ea tabU.iaati • waa 

• alter the a dJ.U.Oa t the reage � . ..  



ao1ety of the kap:pa-caaein coal.d a till b-e at tache to the aicelle , 

coni'erintt stability to the aystem d espi te t e disulphide boad 

oioai.oa .  

On the o ther hand9 wi th para-kapps.-casein • ac-iasioa of the 

disulphide boad aa1 lead to the rele se o f  a fractio of the para­

kappa-easein into aolu ti.on or it a113 lead to i ts aodification . I n  

either c e,  the casein micel lar ya te l oses its &b i l ity to form a 

eel . Th15 aight suggeQt th11t the para-kappa-casein o.a the aicelle 

surf� e �tes p rt in the forma tion o f  a gel structure . 

I au ry , diau�phide spli t ti ng a�n t s  ( 1 ) do not doatabilise 

unrenne t ted "�1l�a� . (2) 1Ahioit gel f orma tion in ronne t ted umilka" 

bGt a1low the forma tion of p re c ipitates wi th nppr cia�lo release of 

acid precipi t ble pro tein into olutio n .  ( 3 ) at lower lovals ( elow 

100 ag sodium thiogly4ollate ) have o effe c t  OD the ul timate xtent 

ot SjD resis when gols can be forae d . They d o  aGdift t d ini tial 

rat • or tJ:fDe r esis . 

91 . 

Th y ,  there fore , appear t o  be wi thout obserYed e f fec t prior to 

renne t ctioa . They a lso appear t o  modi fy the abili ty o !  the micelle 

surfa c e  to fora tbe opon network s truc ture ne c e ssary for �e l tor a t io • 

Sulp 7dryl and dia�phide sroupa on the easeina te do not app•ar to be 

dire e tl1 i9YOlY ed in syne eais . 



CB.lPT V 

A S tttdz of t h e  Effect o f  Cale�ua on the Gelatioa and Synereaie 

of Caseinate Systtms 

9Z. 

SECTIO A ;  THE EfFECT OF CALC IUM ON 'l'.tl i<;  G EL TION AND S YNE.RESIS 

1 .  Experimental 

OF C.U.SEH YSTEMS IN 1'K� f' NCE OF DEVELOPI NG 

ACIDLTY BUT IN THE ABSENCE OF RENNET .CTION ON 

CASEI • 

••Arti fiaial mili" at pR 6 . 8 con tainina }g c a sein , · 1 00 r.�l(fi. calc iWI 

and 55 ·� ' P ' a s  H3Po4 was prepared as described 8arl ier . A 

sodiWD c aseinate sol u U.on a t  pH 6 . 8 was prepared in a similar 

aanner .  To 4 0  ml a .  o t  e a c h  a t  30°C was added 400 a g  glucono-

acid-lactone �nd t he hydrolysis of the la c ton was Llowed to 

proce d under quiescen t c ondi tion s .  T e  p ra ture was maint ained 

0 a t  30 C by aeana o f  a water ba th . 

wo extra samples for e eh olu tion we re also incubate d .  on fo r 

4 t er n1ng the rate ot pB change wi th t e and the other for 

de termiAing t • gel point . T e sel point was found by carefullJ 

picki g p a saall q t�tJ of the 11�� · at the e4ge br eans of 

cl let tiza it r u  owa the a1 e e  o f  t e beake r .  '11ae 

gel polat wae take aa the tiae of first ap earance of spe�a of 

nr a th pa f t e eo trol aaaple waa 



Table XIII . 

Saapl.e 

"Artificial millt" 

( Ca + P)  
+ 400aa G . A . L .  

Sodiua caaeinate 

+ 400ag G . A. . L .  

The Effect of Calcium o n  the Gelation and Syneresis o f  Casein Sys t eas in 

the Pre s enc e of DeTeloping Acidity and in the Absence of Rennet Ac tion . 

0 

Tiae ( llinut e s )  

10 25 30 50 ?0 ?5 

Change of pH with tiae 

105 1 20 330 

6 . 8  6 . 0  5 . 6  , . 4  5 . 3  5 . 2  5 . 1  !:.1* 4 . 8  4 .0 

6 . 8  6 . 2  5 - ?  , . ,  5 · 3  5 . 1 �· · 4 . 6  4 . 4  4 . 0  

!21!• Figure s  underlined indicate gel point . 

• weak gel . • •  firm gel . 

Syneresis als . whey/ 

40 ale . curd . after 
0 48 hours at }0 C and 

pH 4 . 0  

Nil 

Nil 

.D 
\)J 



Recu1te giYen lD Table XIII ah w t at . 

t e ert.e t ,  there 1a no JDereaia t is ele trio caseia gela, 

irr�et1•• of t e pras nee or a ce ot oalciua. Yen after 

48 hours at lO C t-here was ao eigne of axu4 tioa of • •1• A 

eeparat ezperlaent 1 w ic "arti.t1c1a1 Jlillra" c tai.aing 0Dl7 

calci- ( 100 ) and o ph ephate were used ga•• a1ailar reeul ts . 

The 8041 ea e i.nate lutJ.on wtdeh waa yish-op Cl • to start with 

graduall7 atta1ae4 "mllkf" appearaace aa the acidit,- deYelo�cl in tu 

7stela u tj..l elow pB 5.0 wha , Y1 all7, i.t aatched the wlait.ene of 

the "artJ.ti 1al ld.lk" . 'l'hi. 1Dd.1c \ed the nel. paellt of fiDe particle 

throu · t the 'bocl� t t e 878tea, which uce4 gre ter l1.g t 

acatteriq, (Plat 2'+, Ro. 1  al'ld 2) . th the nartificial ail.k" 

the a d.1 ea einate ey tea gelled at the s pH ( 4. 9 )  t the oti 

cuei.D.a te syatea r eached this pout eh earlier at 75 ainutes as 

agd.ast 105 ai utea. was probab1y e to the gre ter u ttering 

a i.l.it7 of the "artificial ail.k" eo ta.1Jd oth calciua and pho sp-hate . 

The tiaa1 p f 4 .0 w a ,  howeYer , ai.U.ar lA o t  ea a .  I t waa 

aotice:a ila that at the gel. poillt of pH .. . 9, the odi' caae te .,-.tea 

appeare4 to aYe a fir er gel than the "artif1c1.a1 ld.lk" BJ tea, al thoug 

at the lower • a the 41lferenca was not o ol>'ri.o • Bot pls coul 

be • aU7 Uaacgregat lt.r whJ.eh t e7 ollap e4. his cou�4 e 

iato it . 

• na ta te 

preaaat f r • fi r.aU. 

t 1 t 1a ot u •JtAII'JP"'r t r oal.c:' to 
that 1 • •  

aal aetw k can tona tile a • ot ale • • 

• t c.el 

. , 

•• 



1 .  

2. 

[ }
. r .. (L 

r�t q g 4• 

fe�t {. 5 • 
f't'-<} t I C>O 

• 

llote a 

.tftoS of oa!;o1p. acidltz W £taaet-eo41tigati0a ot sattla 
op the aalat�oa e� •D•tet1t gt ga.atiD gel• 

l •otlectrlo oaeein pl ( • ea •  + ' P ' ) after 72 houre, at ,o•� . 
f:L.aal pB .. . 0 

Iaoelectrio 1'1 ·  ( eodiua caetiaate ) after ?2 houre at )0°G , 
final pH 4.o 

ara-caetinate gel ( • oa•  + ' P ' ) after 2 hour• at )0°C , 
tlaal pi ..

. 
o 

Aclcl iara-oaaeinate sel ( eocliua JU!•Oaaelu.te ) after .. 8 h0111'! 
at '0 c ,  fiaal pH 4 . 1  

Neutral para-caseinate gel ( ' Ca'  + ' P ' ) afler 20 hou.re at )0°0 , 
t1nal pH 6 , 8  

Neutral para•c&••taate solution ( •o41ua para-caeeinate ) after 
20 hours at }0 O ,  final pB 6 . 8  ( no gelatioa ) 

• ea •  + ' P ' 1ndicatea 1 a1lka '  contaiain• 125 •• 4 al · i 4 
'' .. ' »�·�-�----

0 -o � 0 c .. ..  



ne forces f a t b'a"4 t 1oft bet•••n the proteb particle• tbus 

appear to be oal.y ju t sttffici.entl7 strong to " obUisett  the liq i 

phase witbia the 3-diaenai onal ne twork but ar aot str ng eno h to 

shrink the gel and expel the •h•J • 



SIC'.fiO I 'mE EITICT 0 CALCIUM OJt '.f Gltl.ATIO AND 

or 

DEVELOPING ACIDrfY . 

1 .  Experi .. atal 

E o:r 

u r'titicial llilka" at pH 6.8,  coataiains 3 caaein, 100 ag% ' Ca ' , 

55 q% ' P ' , 

a etore . 

4 aodiua caseinate aol tio (pH 6 .8 )  was prepared 

4o Ill . portio a Hre takeJa iD 100 al .  beakers a 4 

placaed 1a water 
0 ath at 30 C .  itoo ag glue o-aci -1 cto e 

t llowe b7 1 drop ot 1 1 1  di..l eo rcial rennet was then 

added to t· e aaaple•, which were exama tor sel toraatioa a 4 

87J1eresi.a . Aa before, daplicate controls were et up tor each 

suple , one tor aeaaurhg pB at "Yariou. tiae intei'Tal cl the 

otb r for det er iDg the gel point . 

2 .  Reaulta 

Result ar. i clicate iD Table XIV . 



Tau=\! .�t w • Th• Ettecst of Calciua on the Gelation and. Speresia of Reaaet.•treatecl Cueb 

T•teu 

0 

laaple 

ttA.rtiflOUl ailku 
( ea + P) 

+ 400 •& G .A . J. •. 

+ rtmaet/J0°o 6 •. 8 

41\Ul ouelaate 
+ a.oo •s a . J.. � .  
••naet/)0°C 6.8  

the preaenoe of  DeYelopias Aoid.itr. 

J 

(aiautee ) 

25 60 

Chaaae o I pH 111 th ti 

fin 6.0 , .,. ,.o 
;tl 

80 10, 

4 .? 4 •. , • •  

- '· 1 ·�., .l:.i 4 . 8  4 .6 

180 

.. •. o 

.. .  1 

Sy!lereaia ala •. wh.-,/ .. 0 llla .  

\11"4 at )0°0 and »ll 4 •. o 

2 hottra 48 kova 

}6 • 

ail ail 

Notea Figurea underl1De4 indicate gel point • 

• 8JDtrea1a well uader way.  

••  arnereaia YirtuallJ coa»leteu • . 

"Artltioial •ilka" containing onl7 oaloiua beha•ed aiailarl7 al though they ayaer•••4 at a 
taat.er rate thaa when phosphate wae alao »resent . 

.0 .... 
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Result s  given in Table XIV show that rennet c onversion of casein 

to para-casein alone is not su fficient to give synere sis even if the 

pH is lowered well below the isoeleotric point . 

and the pre sence o f  calcium appear to be ne cessary for syneresis , 

( Plate 24, No . 3 and 4 ) • .  Pro teins �re r�garded as having a minimum 

water holding cap a c ity at their isoeleo tric poin t s . Ho weve r ,  the 

absence of syne resl s  in the gel s ,  observed in the previous sec tion 

( Table XII! ) nnd in the r e:t11e l - trea·.;ed sodium caseinate system ob;,;erved 

her e ,  indic a t e s  t hat tho t ype o f  gel forMed and the forces involved in 

the gel structure e r e  mor e impor tant in synere sis t han the adjustment 

to the i s o e le c tric point by the development of acidity .  The fact t hat 

rttnne t te d  "artificial milks" c ontaining cal ciwa as distinct from the 

sodium c aseinate sol utions c l o t  at near neutrality indicat e s  that the 

divalent c a l c ium is involv ed in th� c �c a s  links . Renne t - treate d 

sodium e asein�t e ,  on t 1e o thar hand , only gelled a t  a pH of 5 . 2  which 

is n e ar th� i n �a le c t ic p oin t of pa1·a-casain in�icating t hat weak van 

der W�al ' s or e l e o t ro e t  tie for c e s  o f  attrac tion are in operation giving 

a flexible }-dimensional ne t :;ork, as &ppears to be the ease al.so with 

i�oe l e e tric n on - ren�•t- trested ccsoin gels . 

Resul t s  :. .. o w  U. t in r enne t .. tr ated c: aaei.nat e  systems calcium is 

not n e c e ssary to give a eel s truc ture at low pli V3Lue s ,  bu t that oalciua 

ia n e c e ssary for syneresis to c c our and that pH is no t a significant 

f�c t o r  in the absence o f  c alcium in yner e sis . I t  ie also significant 

to note that even in th� p r e  no ot calcium there i no &JDeresis 

except after renn •t �o tion ( Plate 24 , No . 1  and 3) . Thue both ce� e iua 

and rean t modification of casein are essential tor syneresi• t o  o c cur . 



fHX BITEC'l OF CALCIVM OB ftE GELA'fiOJJ AND D 

OF �-'rBEA'l'ED CASilJJ SYSTEMS A� DVDAL pB . 

1 .  B!R!ri•e•tal 

"Artificial. ailk" at pB 6 . 8 and contaiJling 100 a • ea •  and 

55 ' P '  as H
)

P04 and aodiua caaeiaate solution at 6.8  

IS 

was preparecl and 41.speaae<l in the usual wa;z. A clrop of 1 1 1  

411 ted eo eroial ren et ••• add• · to the aaapl•• which ••r• 

thea za•in•d for el foraat1 a eel apereaie .  

2 .  Re lts 

Resalta are indicated 1n Table XV . 

Table XV . The Effect o f  Cal.c1ua on the G•lati.o aftd S7Jleresia o f  

enaet-treated e a  e1n -.,ateaa a t  neutral pB . 

0 
TIME ( ai.Du tea) 

3 100 180 1200 

Sa.aple 7aereaia, ale . whe;r/40 ala . cur4, with tiae 

"Artifi.cial allk" 
(Ca + P) 6.8 
+ reu•t/J0°C 

ocllaa c-...1 te 

6.8 

- eel 
poiat 2 ' 

+ reaaet/)O•c pl toraatS. 

UBAARY 
SSEY UNIVERS\l\1 

)5 ( eo leted) 



* 
aul.'-a giTen 1a Ta'bl.e XV (Pl.ate 24, o.5 an 6) s ow that ill 

the ab ence o f  c 1 , re et-treate ao 1 

gel at ear neu.tr p!l .  la t ab ce o f  th ao41 

100. 

c s ina te system re ins in suape eion for 1 periods -. The 0Dl7 

change ie the deY lopaent of slight op cit7 !ter rennet h s reac ed 

with aod.iWD caaei.Date , iadicatina tha t reJlllet actio ua no t been 

inhibited b7 th 1 ck of calc1 • A ition of caleiua ions to uch 

a s7ete• , cau se s it to gel . 

The "artificial. ailk" on the o th r hand g ve a tira gel wit hia 

' t.a o f  reanet 4i Uon . As co pared to rennet-treated "ailka" 

in presence of 4 Yel.op�g acid1t7 ( Table XIV ) 87J18rea1a of the neutral 

"lllil.k" gel is very au. s1ower t it 4oe occur 4 becoaea coapl te 

in 20 h:>ura as again t le s than 2 hours. Synereei a  is th s 

esaen tiall7 aasoc1a t ed wi th the presence of calciua and the 

edification of casein b7 renn et action .  This confira the resul ts 

of the previous section . 

1 .  

2.  

e result t these st�dies indicate that : 

G el s  will t ra b  t w1ll not SJ'Berea. wh 

( a) pB reaches isoelectric point for bo th no rennet-treated 

c eill and renne t- trea ted aei.n in the abeenc of calciua. 

( b )  wben pH reac e 1 electric oJ.nt fo r non rennet- treated 

aa.u •••n ill the pre en • ot c&l.ci • 

•la will o t  f ra 

( a )  at eutral. B wit e presence 

bee e f alei: 

( ) at ae ral. p w1 th renne t-t ate-4 caeeiJt in t�• a ae e of 

cal i • 

(a)  at t re e i  la e 



101 • 

.. sp(tcretic �. · rtov t e 

ea ela ust &aYe ndergone a chaa e iDduced by renne t enzyaee, and 

calcium IIUst b pr seat . Acidi.ty haat&ne t.be ,-n re tic process aa 

oes te pera tur • Synereei.e appears to be an in erent property f 

a el for e nder cer tain conditions . G el !orma �on 1D itself 
doe no t automa tically iD!er that syneresis la to fol1ow . 



SEC1'10 Jh  

102. 

TllE EFFECT o:r YAlUOlJ LEvm..B OJ' CALCIV Q ftLK G TIO. 

AND SYNEUSI OF BT-C IN G ELS A't pH 6 .8 AND )0°C . 

1 .  &!J!eriaeatal 

(a) b'e;par3tio of calci.ua caseina te arti.ticial ai.l.ks'• 

containing 6o • lOO •!! (wLv} salciua. 

t�Arti.f1cial ai.lks" contai.D.i.ng up to 125 •&% ( w/v) ealcilllll 

were prepared directly a s  described earli�r a t  a pH o f & . 8 .  
For 3ddit1ons o f  calci b yoad the leTel Gf 1 25 ag% ( •/•) 

the follow1ag procedure aa evolved : 

"Artificial ld.lJtU eo t.ai.Diag aa equivalent of 1 25 ms% calci•• 

was fir t prepa.r , wit o t eald.ng to fi.aal wo11111 • tter 

complete eol•b111satioa of the caseinate the 11 lk" was held 

below 5° for at least 12 ours . 

The "milk" was theA waraed to 30°C and a calciua chloride 

solution eontaini 5 g/ml calci • s dded very slowl1 

t11 the desi red calciua level was r ac ed . Cencurrelltly, 

O . ZN aOH was adde to aai tai the pR at 6 . 8 .  �he "mili" 

was the aa4e up to vol to cont in 3� ( w/v) casei , and 

the nq 1re4 p.rce t ge of calci • Aft r aald.ng to volwu 

t e "artificial ldllt" • • a l " d to eq Ut rate for at 

least oar •tore 87Beret1c et di wez carried o t .  

!!le ad41ti f exua cal� , · tieul.a.rl7 •JEee a of 

150 .. a to 'Y.U1 care lull.7 carri.e4 ov.t t av-oi 

at bUJ.aatio o f  tile inat• . In 1 1 at 

re.i . tat!. co\ll baTe aYoide4 7 si 17 41aa u 

t • T e .,-et t t f udi r ilk 1»7 the 

f ela a1 te . we• 9 t e a  



a•l oharaoteriatic and •JB•reau uul 
...... therefore , ot acl4e • 

( b )  A4Ju.stafllt <;;" tJ&a el!gbical reai tance (eo d ctance) of th 

"art1!1 1a1 aUk " ·  

Si ce differen t laYels o f  calciua .. re bei.Bg ed ill the Tarious "ailks" 

differences ill the io�tlc s tre gtha aight have affec ted the results . 

The 1oaic strengt of the "artificial aillta" was di ffic lt to calculate 

since the mo t o f  calciaa bound t o th e caseuate coulcS. not be 

preci el7 eval ted . T e el ec trtc l reai.s tance of t e s,-ateiDB 

The Yalue s 

for th higher re i a taace "l!i.l.ka" \lere adjua te 7 t e addit.iOD of 

all quanti ties o r  aod1Ul ehl.ori • t at all the "artificial milka" 

wer c omparable nth :respect to their elec trical c.onduc tivi tT• Thus 

to a '0 ·� ( w/T) calciua &ilk" , 65 ac NaCl had to e added per 100 
lll.a "llilk" to adjust the elec trical reaistaAce to a nlue Dear that of 

a 150 116 ( •/•) calc1- "ai.lk" . 

( c )  M anreaeet of az &rqsi. a .  

2. 

The aethod follo•ed wae si 11 r to that gi.Tea 1111cler C apter IV 1 A 1 3 .  

0 
The "atlks" ••r• :l.acllb ted t 30 c ,  and 011e drop t a 1 s  10 4llllte 

erd.al reD..Do t  was dded at tag ere int•r•al• · plicate• 

were aet • for each s le for aaure .. at t the gel poi.at . 



Jablt XVI. Effe•' ot Varioua LeYels of Caloiu oa Gelation an4 S)'Derea1a of "AI'titlolal MUlta'' • 

Saaple Caloia Gelllaa ti.at G el Extent of Synereela hrb14itJ o f  
No . ad (w/Y) (Ilia• tea )  tne asla .  whe7/40 ml a . cur4 at }0°0 . wn•r 

2Q ainutea 

( a) (b)  ( Ay) 

1 60 Jt;O traaUe 18  18 )0 ++ 

a '' 30 trasile 1' 15 '' + 

' 100 21 f1raer 
thaa 1 and 2 1 1  ,,  3' + 

.. 12� 18 fir a 19 20 '' oltar 

1.50 26 fin 10 9 '' oleu 

' 1 75 26 leae tira 
than 4 and 5 8 ' .:S2 clear 

7 200 28 frasU• 1lt 1)  ,, olear 

---- --------�-----�. 

0 
.l:' 
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U iYea in 2 J.e XVI plott 1a Fi • 1 • t t t .  

aac•l&Jlt t a1 

At 90 0 .JO C • increa the 

cal.ci fro 6o 100 reduce• ez\eat of 81Jlerea1s '-7 abo t 

18 Ills .  as equal to 100. Raising the calci to 1 25 ( No . 4 )  

ra.1Ha the extent t )"nereaia 7 8% whUe a further incr�a e 1D the 

aa0111lt of calci to 175 a ea sea a sharp drop 1 th extent of 

S)"lleresia 7 a t 61%. JODd 175 -.t' calc1ua, the 4rop 1a the 

ene t of a)"Dere.ta 1a not aa er t ein oal7 a t �. 
Alter 180 tea at .JO C e 41fferuces ill eftecta clu to 

calciua are ••r7 eh reduc ?) t the neral tre 

the 100 calciwa leYe� appears to b1t the saae a. when ezaa1ne4 a t  

90 ai.autee. the 75 � cl the 100 ag% calci1111 ''aUks" , howeYer , 

Ye &7Jl8rt to a gre ter exte t at 18o ainutes than the 60 

calci "lli.lk" thllS re'Y rsi.ng the earlier tren • 

ne tiae t ,... gel. poS.at 4rops 'b7 re th half whe calci 

la raised fr 6o " 125 

raises the tiae to sel poiat . 

125 118% cal.c1 • troa 
( 6o) 

, t ereatter na g calei11a 

Miniaua tlae to gel tat ooo a at 

aa re r ted t the lliDi.Jna U.ae to 



DISClJ lOB 0 THE · FBC2 OF CALCI1Jit . 011 

• 

ttiO 

, it wo l.tl ap ear that certaiD 

e so ti.al.a are necesea%'1' 1n the eaa.in C"•l f r 1 t to have SJIMre tic 

propertie s .  Thus , deYelopment o f  acidit7 t , and low, tbe 

iaodectrio point to si•• a clot or ,_ 1 ui.oaal. ne twork under 

quieece t coacli ti.oa wae not sutfid.eat h itael.f to g1 Ye the curd 

aynentic pr pertiea . .S eh an acid cleYelo pl , whether froa 

ao:raal o.r rennet-treat casei , �e able to 14 ita structure for 

a lo & tS..a 1Jl t bsea • o f  calcius anle deli erat.l7 roken .  

en when �rok.en , the cur ha li. t tle te deBCJ t o  aa t .  Such acid-

d_.elopecl eels ahowect little a ereti.c tendenc7 nen at hi.gher 

te=per turea such aa J8°C . 

Acid devel ped casein gels in the pre sence of calciaa also showed 

little &Jilare tic tendency unle ss the casein wa fir t reac ted with 

HJmet . Re a t  ao41ti.ecl "arUti.d..al milka" coataining calcium were 

ble to ayner , al tholl&h t a lower rate , at n•ar ne-11tr pB . 

This lndic te th t rennet aodification of the ca&«laate ancl the 

prea nee t calci were bo th necea &r7 for syn reais to occur , but 

the role of cddit7 appears ,  1a t • a 

•• t •Jil•raeia. 

, to • • o f  haate ag up 

! forcaa 1a-. 1 Ye 

aatwork h t • 

the cro linke to giYe t e 3-diae oaal 

t u r net-cal 1--g•la aad the 

la 1e el.eotrio 

• atJ. 

"- •1 

l.e• the 

e caae t. 

1\ a ot 

fferaat. 

• the 

the 

t at all • 



in. the eaae 

and negative charges .  tUl ne ati.ve in charac ter, and 

individual iaoelectric 

point& . The gel point simply sJ.gnifie that o-.erall al ce haa b" 

ac ieved tt.tw•en th poaitive and negative charge , and gelation ruq 

occur at thi.a poht . Aa K atchalsk1
{ 1 1 1 )  

a pouted out , the 

apat.ial arr nge nt of th ae char es oa the aoleculea is 1 portant to 

give a J-4t.en onal ne twork, o therwise precipitate rather th a 

gel woul d reS\ll t .  L.it Ue or o calciua 1 OWl to caaei.D l ow pB 

5 . 0
( 6o ) ( 69 >

, ther tore b t � e " r  iflc.ial ailka" containinc c lc.i .. 

and the od1 caaein te $7ate would • eXpecte to g1 ve aiailar tnes 

o f  gels at the 1aoelect:r1c point . The �aa in in the "artif1ct.1 

ailk " a t  the isoelectric point would not 

noraal cal eiva stabilise a1ce1lar for • 

expected to be 1n their 

They would be in a 

cliasoc i  ted sta te to a large exten t .  I t  would be reasonable t o  xpec t 

the preeence , under low pB condi tions , o f  lar1e nwaber of ither 

ao .. re or 11 as e t .. , whic , when th ayst .. h s beco .. 

electricall7 eutral , woul bter t b1 weak van ct•r _,� or 

el c tro tatic attractive forcee to font a gel structure and thereb1 

biliae the whol liqld.«l . hcau e of the ver,. nature of these 

van cl er 1 '  forces, 

ot t:teld. 1li.t7• There 

•• • •1 ua1 

!!!.!. er l'en'7 

e.S.Ye tor: u · t 

' . 

prea oa t 

0 

t g 1 network •• ld a cquire certain t 

woul.«l e 11\tle te n i7 t-o ehrillk wit 

• 

i 

e a  

Sue le bi.c .. �. cl . _ , . 

• • •  ( 103) ( 10') 
cl G.l1ca�loD • wit 

juet ce ry t. aa1 taiD 

' at .re t- 1a 1a the 

W .J  s .. YW7 we • •hi 

o•• c • .... .  < 75) naalta 



1o8 . 

• 4 

llt.t1e calci. .. wo1ll4 })e b-o d to the net rk. the 1 • tald reaem le 

an 1 trio eel ha�s little ayneretic te enci. s .  

Oa t�e t er h 4.  eo lation of the renn t-tr ate �ar\�fic� 

milks" at pli 6 .8 ap�ar to involY c alci in the cro ss link• which cift 

the 3- 1 1oaal ae twork , since re net-treated so41ua caseinate 

aoluti a cio no t el at �tral pB . At n•ar neutral pR, gelation would 

was sho earli r 

iD t e E1ectro Microgr p a (Plat s 4 - 1 1 ) . I t  is pro able that , t 

the gel p. iDt, ot all 111eelle or eicel.lar strand are 1aYolYe4 1a t 

n twork , o•e would a tlll be tr e .  nor7
( 1 76> 1n theore tical tre tae t 

ot s-elati · propoaea that the7e ia ail!imal linking at the gel. point but 

the extent o! li.Dlt!. increases thereafter vd. th time . It i possible 

that this incre 8 d linking bring about th syneretic behaviour at 

neutral pB of renne t-casein aele in the pre senc e  o! calcium. 

t of cicU.t1 evidentq acts as an aid in n ancing or 

spee41ng up the proc• posaJ.bl;r iD uch a wa1 that the aobUe 

truo tural eleae t t e el ar able to react with each o ther and 

give rise t !a ter shrink • •  If aeidit;y or low pH was absolu tel;y 

e ee Ual for s)'Dereai • t n Uttle or no whey ex.pulei. should h ave 

at the 

tin 

eutrnl pB.. a rennet-oaae 

e llicell.ar •"==•-�,ture is pro a'bl7 grad..U7 

e of 

aet rk ul.d 

bnaltdowa of e at.. 

• ol a lav l•e4 ta the 

ey e t.oDic 1D 
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within the network of new attractive forc e s , both ele c tr o s tatic , as 

repulsion would be reduc ed at the l ower pH) and perhaps hydro�en and 

hydrophobic bonding . In such a case the gel sys tem would be 

sub j e c ted to a very strong internal a t trac tive forc e . This might 

explain the greatly increased rate of syneresis in the pre sence of 

developing acidity as against syn e r e sis at pH 6 . 8 ;  where synere tic 

forces are not as well developed . Increased temperature increases 

syneresis probably by increasing the rate of contac t• o f  the mobile 

element s  with each o ther �nd wi th the s truc tural ele e nt s  of the gel ; 

and from p ossibly increased hydrophobic interac tions wi thin the g l 

ne twork . 

The results obtained on the e f fe c t  of the various levels of 

calcium on the syneresis of rennet-casein gels at near n eutral pH and 

30°C is r a ther more difficul t to int erpret .  I t  might be explained 

on the basis of modification of the charge on t he caseinat e  through 

interac tion of the pro tein wi th t he calcium ions . 

At low levels of c al cium ( 6 2 .5 mg%) the ge l s  were no ted to be 

frag11e a nd c ollaps d at an early stag giving a fal se indication of 

greater synere sis . In suc h  a syst em ,  a. large propor ti.on of the added 

calcium would be taken up in the forma t i on o f  the micelles . Less , 

therefore , would b available for interac tion b e tween the renne t­

treated micelle s  for gel formation . This might e xplain the observed 

fragi1it y  o f  th lo cal cium g l s .  The wheys ob tai ne d  from such gels 

were opaque indicating that large amounts of pro tein w re not envelope d  

within th ne twork . hen the c alcium level s rused progressiYely 

to 1 25 mg%, th ribidity of the gels also increased no ticeably and the 

clarit7 of the wh 1 was considerably improved . 

R.aud.llt; the level ot calc1wa 1.a t e 11milkau up to the 125 
maximi se s  t h  rate o f  synere sis probably b7 al1ow1n for gre ter 
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iD �eraction et••• the el••• ts of the sel struc ture . This aa,-

the ealciua acti as eo ter 1 A to the repula1Ye 

net char e to a ainiiiDa at 

near ae val • 

Further iacreaae 1a calciua p to the 1 75 m l�•el was o serYecl 

to ai•e rise to a sharp decre e in yneresis .  �he gels were al so 

no ted to becoae !acre singl7 fragile , although the wheya obtained 

r a.ine clear . la thi case it is p�• ible that ao t ,  if not all , 

of the a?ailable eg ti•• charges on the caseinate complex haTe b en 

eutral1 d b7 the acl eel exce of calci.ua ioa • e calciua ion 

theaselYea , oweYer , would not b tull.y neutrali.s and would atlll 

ar a posit1Te barge . I f  this as uapti.cm 1s Tal id ,  then th gel 

network woul t• cl to acquire a e t  oaiti•• char • ·  Thi would 

iaduce swelli of t gel as opp sed to tlHt force-s gi v · rise to 

shrinking . ,neresia , th refore , would be reduced . Katchal&ky( 1 1 1 ) 

in discus 1.n the ec o-cheaistry of myosin has tated that 1D the 

d aa esiwa, the 

cataphoretic pic ture f thi prot 1D is t ranaf r ed .  

potential. beco .. s positive at all pB •aluee up to 9 .0. 

The a lecul.ar 

A. concent t1o as low s 0 .03 M of the diTaleat ions was ta ted 

t a ffi ieat t Oh ge the aig o f  the obility at alkaline p 

f'ro• egatiTe t ai UYe . The combi atio •ith 41Talent cations ... 

p.ropo • ( 1 1 1 )  
to t e place as toll wa n 

a coo- + ea•• ' coo ea• 

a r ti ll plq role b t  • c eiaat. aboYe t • 

1 25 1•••1 of ad d Gc lci. 1a eplat 1 111t1ee 

7 tte le entlal. . A � o.o, M 1a 
e�ld Yale .t t 1ZO u • lJ.er, ��Pi a1a .. 

4r lJ re "'• t 1Z5 175 e4 cal.c-.1· le u•· 
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ened. red c Uo 1.a 

ayneresi.a r1a7 be tha t i t  is 4 e to oaotio pr•s.aur• 4iff•r o.e •t••ea 

1 a within t e gel and tho outa14e . &atob•lak7( 1 1 1 ) 
point 

equival.ent 

free iolle o !  th• oppoai.te si The 

l aJ's- udter ot emall i a w:i thin the gel aa7 ci•e rise to a higher 

I f  tllia were the 

caae , there would be tendeACJ for the gel to nall and there 7 

opp A ayaeretic torcee. fte rate of 8Jil r ai would t en tend to 

be lower . 

The fact that &Jilereei.s doe ooclll" 1D all relll1at-caaei ye�• 

coDtaaiag •ario.a l.eYel of calci11a bdieatee that 8Jll8Htic force 

are stroncer than forces resistin syneresis . Beyond the 175 t1t 

addition o f  c lciua the gels ware obs•r•ed to be fracile and 

collapaed readil7 . Bxce a of added oalciua probablJ c sed a general 

de tabilia tioa f the a�stea and red. ced water holding capacit7 of 

the ela . 

Result s  o taiJaed with cUsulphide splitting agen t s ,  reported 

earlier. ha indicated that p ra-kappa-caaein n the micelle surface 

llaJ • 1.11-.ol Yed in tlle claTelopae t f a 3-41.aen 1oDal e t•orlt . Thie 

pro ablJ iaTOlvea ala caloiua a 

tbat eel fora tioa 4o•• t 

Craktr( lt.J) t.h t 

f 1781Jta r 

t a1 ell.e 

has ae 

t t e ail 

0 1a thie a tuq 

f calc� Rill 

p-epti.oa f tlaa 
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aker an 

tulat• t r 

arotf( ?, ) wbic 

inYGlve \he toraatioa of o-o�inate ovalen\ 1lnke . 

1 ep o�tio part that rennin pl �a in he a�retle prooeea oan 

oa11 be ooaJ eetured at th1 pobt , ut in view of the 4ehyclrat1ttc 

effect of ronnet Ge onatrated e•rlier , one poesibl e expl natioa 1• 

\hat rennet a t�on has 41 turbe4 euft1 ient of the atabiliaiag 

"lamob111sed " wa t r envelope around the casela lli celle to perait. the 

aieellar strands t approaoh ol se enough to one another tor aoae fora 

of roaaltnkin throuc e oalciu 1 ns to be eatabliahe • 

At gel point , d pend ing on e o  d1 tiona o t  relatloa , it 1 

1 e er wa era of asein sicellee remd. 

w inh have ye t to re e t  i. th r nntn . l t  18 aleo poeaible that 

partiall7 coA-gul hd mio ellee in t he :f'o1'11 o f  "bea 4ed n 11tranda fora 

the obile etruotur�l ele en wi thin th gel at the gel p int .  

il eo tron micro81' ph hown in Pl tee � ... 1 1  and 1? - 21 provide eoae 

e•i4e ae th� this is pr able . The u ati fled bondiag po tential 

ot t • aoblle lementa wi thin tha gel network lsht be • .,eoted to 

aat1et1e4 nding poten tial the grea ter would be the tendency tor 

the gel ele� n te t o  incr aee their orosalinkini and 1n doing so to 

t oon4it1ona . 



ffect on the Gelati aad .Smr•aia ot Calcya-

Cauiaate "Milks" of . the .l4dit1.o.a of Di1'tereat .lld.ao Acida, of 

1-naoro- 2& 4 l>iaitro�etu • (F. D. N . B. ), yd. of BeaUy 1 the 

:;;ECTIOfl A :  THE BJTECT 01" TliE .u>DlTIOll OJ' DIJ'FKRENT AMIJTO ACIDS 

ON THE OELATIOB D .SDlERE.SIS OF CALCIUM CASEINAtE 

1 .  Ia\EOductioa 

1 1  '· 

�he e ffect o f  the addition of a e aaino acid.e on gela tion and 

synereeie of renaet-caaein e7- teas was atutied to fiDd out whether 

ao ificatio of the diel.ctric coAatant of the edillll affecte<l 

the .. phea na . Stlldiea on watez bia4iaa in aa11aagea ah w that 

41 U.oa of cl�ol.ae helps enoraousl7 to iac-reaee the water 

retention 4uriag proceesug, poaeibl7 thzoag the increase 1D the 

dielectric constant of the aedi b7 t e a44e gl�cine ( 175) . 

I t  wu of interest . therefore , to st1ld7 the effec t of eh 

a 41tiona of a.ino ac14a 

• qaant�tiea c oa• for ta. ad 1tio were � 

4 11ac � e coate t D raallJ preaest 1D kappa-ca 1a t the 

ae.le te aaift · ad.d . 

t ••• 1� 
••14 0 

I t  wae ass t t e kappa- ... u 

t t • ole caaeia( 1l) • f e a.l 

t at si•e y J �·• et a1< '4 > . 



2 .  

"J.rtificJ.al. 81lk" a t  pH 6 . 8  e taiaiag an equi.Tale:at of 3% caeeia 

nd 100 a •/• calciaa waa prepued ill 1llk a afore, but 

witho t ac!j ata at to Yol.uaa . T • "aillt" was diapelln into 

beakers in equal quantities . e of the fol.l wiag additiTa waa 

than added to each of the saaplee :  1.-l)'ai • h)'droehloricle 1 3  as 

< :  10 . ,.  ag 17&1 e ) ,  e-( 2 c 4-diaitrophan,.l ) -L-l7ai • hydrochl.oricla 
* 

26 a& <: 10.4  ag 17&1na ) ,  L-gluta&ic acid 33 as, F . D . N • •  - 30 ag . 

!he pH of all the "milks" waa adjusted to 6 . 8 .  A l.l  eaaplea ware 

the aclju ted to Yol e ( � ala . ) .  

To 40 al a .  "ailk" at }0°C o e drop of 1 : 10 41lute4 rennet was a 4e4 

and gal poiat and 87D rasie •aaeured a �afore . 

3. Results 

Result s  are iadio ted in Tabl.e XVII . 

1' bl.e XVII . Bffect of A ed Aa1D Acids oa • Galatio 4 

N o . 

1 

2 

' 

.. 

S)"Deraeia o r  Cal.ci--caMiaate "atlke" . 

Treataent 

•Artificial milk" ( COliTllOL) 

"A.Ftltld.al ail .. 
+ 1) 17•• Cl 

ArUti bl ldJilt 
+ 26  e-D .B.  • -l)'aiDe 

Ariitid.al. all.k* 
. '' 1 1 

Final 

p H  

6 .8 

6 .  

6 .8 

6 .  

Gal Poi.nt Extant of J'lleresia . 
( ain . ) al e .  he7/'+0 ml . c  rd 

at 30 C/90 Id • 

<. ' 2.5 

<. 5 22 

<. s 26 

< ' 25 
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eaul.t �Yen 1Jl Table XVII incli t e  that ,  in &eneral . a4cU.t1.o 

of amal.l qu.an ti ti.ea ot the aai.Ao ac1.4a e4 do not i.gnific tl7 

affec t  the water reteatio property of the cvcl, exce t perhaps for 

lyai.ne-HCl which ap ears to haYe gi.Yea a ao .. what lower extent o f  

syaere sia . The titi.on of e-D • •  P .  lyaine has, howe .. er, hacl llO 

iAhibitory effect on syneresis . a�aaea( 1 10)  haa »Oi.ated out that 

additioa of aost -aaphoteric coapouads to a ediua decreases the 

dielectric cons tan t .  RoweYer , the additi.on o f  aaphot rics such aa 

the ino acids which baYe a larse 41 le o n t  increases the 

dielectric coaatant of the medi.ua . EYen amongst t e amphoterica, 

solute , that i the dielec tric incre ent ,  lncrea e s linearly with the 

nua r of carbon at a separating the ami o and carboxylate groups .  

Th•• lysine would haYe a eh higher dielectric lncre eat than glyeine , 

or glutamic cid and so oa . e-D . N . P .  lysi.ne , oa the other hand,  has 

ita epailo - 2 group bl et.d and would be expecte to giYe lower 

dielectric incre .. ate than lysine itsel f .  Increase in t • dielectric 

con tant would prob llly tend to keep a gel in a "nollea." state , aa 

forces of attraction would be weakened . Thus , there 1.& a poas�bility 

that chan •• ha•e occurred 1h the dielect ric constant of the water as 

a reRJ.t of these -·11 ad4itions of am.n aci.da and t hi.a expl 8 the 

41.ffere ce la exte t of ayaereala ( 15 - 2 ) iA t • preaenee t a e4 

lJaiae Cl . auu.bly the 1 creaent froa the a441t1oa o f  t • 

pu tudc ac1.4 waa t oo eaal.l t \)e at i.fio t .  



SECTIO: B: HE EFFECT OJ' DIBI GBLJ.tf�OB D 

.SU IS OF C.U.CIUJC-C ElliAD SI.S'.fEMa 1 � hD 

OF REACTION OF 1-J'LtJOBo-2, ,.  DllflTRO DZID ( F  . D. JI . B . ) 
WI�li CAS I MICEIJ.ES IB CALCIUM-CASEI ATE "MILltS" AT 

30°C . 

1 .  Introduction 

It haa been report ( 4J) that aodifioat.io of t e l7aiae s.i•• 

chaiA on kappa-ca..U 1Dh.i:b1 t. coap1a t1 of case iD after 

reactio with rennet .  I t  ... . th refore. o f  1Btereat to 

eatablia the e ffects of lJJdted dJ.n.itr )'1at1on or the tree 

amino croups on the gelliac characteriatics an4 -.ynereai o f  

ca1ciua-caseinate systeaa . The iaitro� en7lat1o waa carried 

out er con41tiona where y the c sein c ponents were not e xpe c t ed 

to erlat a eparate entities 'but la the fol'll of c.alci.lUI indllce4 

ai.ce1lea . The a1a of wat.q oal.7 aaall qu Uties of P'. D .. N . B. 

for t • d1n1tropbeaJlat1oa reaa tion was to l�t the reactioA 

specitica1l7 to the free aaino groupa of t e caaeinate co�lex . 

Pre11ataar,. experiaents 1D41eated that 11a1ted dinitropbeDTlatio 

c with control.e . Th.ia waa Hie! . t •�•n at. Yalu 

el.ow 6.0.  Diai tr phn7l.atio al..ao apptl&J' to wi th t 

• ttrYi •ftect e ti 7 of t • re et-

a tal 
• t11'1ai.al atllr•"' o lac • vl•al• ' ot 

1CO ( w/Y) WU"I re re at 

••.ill cl 

6.8. 



Aft•� llol41.ag f.ar 12 ouoe at t.0c. t "ailn• "�" waraed t 

!1.•14 at 3()°C for 30 ld.Dutee. The pH was th graduall7 taken to 

8 . 4  aad YolUJMa adjaate4 . 24 ag F . D . 11 . B . r 100 lll.a. "'a1llt" were 

then aixe4 iD .  The oluti was kept stirred at a temperature of 

In a aeparat. 

•2P•r.1Bent "artificial �a" were tre tecl with different leYela of 

F . D • •  B. and the pH .. ure4 at the en of 1 hour . 

,3.  Re ta 
eaulte • iadicate in Table XVIII . 

Tabl XVIII . R te of Reaction of F . D . N . B . with Caloiua Caseina te 

in ttArtU1c1.al MJ.llt.s" at J0°C . 

Time { mins • ) fter ObaeJ"Ted Obser.ed pH after 1 hour • using 
F . D . . B. addition pH different leYels o f  F . D . . .B . 
( 24 mg/100 al e .  milk.) (ag/100 Ills .  "milk" ) 

0 8 16 24 32 

0 8 .40 

10 8 . 20 

20 ? . 95 

30 1 - ?0  

40 1·55 

so ? ... , 
6o ? .4o 8 .0 1 ·1 7·1t5 1 .. 3 7 -05 

70 ?.40 

64(ag) 

6. 5  
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Reaulte h- Table XVUI • plottecl 1D !'i.pn 8 w that there i.a 

a liaear relatio in the r •ti b•t .. en the caloi� .. 1Dat• 

F. D • •  B. p to � miautea a�ter 7 . D . N . B .  addition. The rate then 

rapid.l7 falls ft . After a'bo t an b.o1lr, there le no flll'ther drop 1a 

pB illdi.catiaa the tel'llillati n t the reaction. There thu appears 

to be a very fast i.Aitial re tion between r . D. N  . B .  and the c sein te . 

TU re�ation between qu tit7 o f  F . :O . N . B. aAd the final pH 

after 1 ovr r eaction ia shown in Fi e 9 . Vp to '2 as addition 

of F . D. B • •  there appears t be line 

a specific reactioa between the F.D • •  B. d aalno groups oa e ot 

the casein c pon.ata. Be70ncl 32 as adcU.tio the straight liae 

curYea awa7 1adica t1 g a slower ancl p r pa a 80re ao �citic or 

general r.ac tion with amino groups .  l t  aeeaa unl�el7 that the 

alowiag up o f  the reaction i due to llllfaYoura le pB concti tioaa for , 

in the pre .. nce of higher concentrations f F. D . N . B . ,  the pH reache4 

considerabl7 lower levels. eliminarJ work d hown that the 

re c tio wi th F . D. N . B. waa po&aible to a pB of 5 . 8 .  

The initial faat reac tio o f  F . D . J . B .  with the caseinate 

{ figure 8 }  and the linear re1E�.tionsh1.p e een . D . N . B . coJt.cent.ration 

and pB •P to 32 ag F . D. N • •  additioa { Figure 9 )  are probabl7 d�e ,  in 

t • aaia , to ita reacti a wi.th e-NH
2 

arou.pa ot l7ain• ( d1 c seed later ) . 



EFFEC! OF DIP7ERINT LEVELS Of ADDED F.P.N.B.  0 

GEI.l'.riO IS OF CALCIUM-«:ASEIIU.! SlS'fSM.S 

Af pH 6.8 AND )0°C . 

1 .  Eperi en tal 

"Art i ficial mil.lt" · t  pl! 6 . 8  and containing 100 � ( wj9) ca1c11111 

was r epared and treated ae before . the pH was radual�,. taken 

to 8 . 20 .  The "atlk" was then diYide4 into equal portions and 

treated with o, 8 ag, 16 ag, 24 ag, 32 ag, and 64 ag F . D . B . B .  tor 

1 hour at J0°C . At th end ot the hour· , the pH was adjusted to 

6 . 8  with 0 . 1tf BCl . After ,j e ,  gel poin t ,  sing 

1 : 1  dil ted renne t . and &xtent f syneresis n 40 al .  aliquots 

•• de termined 8 eetore . Electron micrographs were taken o t  the 

2 �g F . D . N . B. trea ted mple to obserYe the e f fec t on the casein 

mic lles. Pol,.acrylamide gel elec trophoresis wa carried o u t  on 

tlle "a.ilka11 trea ted with F . D . N . B . to se 

was affected most • 

.2 .  Resul t s  

R aults are given in Table XIX . 

hich pro tein component 



Tablt XlX . 

S ample F . D . N . B . 

Effec t o f  Dif ferent Le vels of F . D . N . B . on the G e lation and Synere sis 

of Calcium-Caseinate .Systems s.t pH 6 . 8 and �0° .  

Final Gel G e l  type Extent o f  Syner•sie 
N o . ( ag/ 100 ml a .  "milks'' ) adjusted point mle . whsy/40 ml s .  c urd ,  

pll ( mias . ) )0 C/90 mina . 

1 Nil 6 . 8  (. 5 .Firm 24 

2. 8 6 . 8 < 5 firm 1 2  

) 16  6 . 8 <: 5 l<'irm 5 
4 24 6 . 8 < 5 firm 3 

5 32 6 . 8 < 1 0  li'irm 0 
6 64 6 . 8 < 1 5  Firm 2 

-" 
1\) 0 . 
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eulta troa 't le U a ow that while gel po1 t ... Uttle 

affected at t e lower F . u • •  B. levels ( 8  - 2 

at the hi h r levels . The extent oi aynere ia was dzaeticall7 

reduced as the F . D • •  B. coAc ntration 1a " lk" wa incre .0 .  

Beyond 2 4  mg l·· . D . N . B . d.cli.Uon, lit tle or no &7Jlereais was eYident .  

A plot o f  the reciprocal of F . D. N . B. concentration ( x  1 00 )  aga1 at 

the quanUt;y o f  whe7 expe.lled i.n 90 tee a t  JQ0t; a owed a linear 

re tion hip ( Figure 1 0 ) , thus i 41catin a definite r la tionahip 

be tween the bloctiDg of amino gro s and the reduction 1n the 

syaeretic properti a or the g 1 .  tra l �tioa o f  the line iD 

Figure 10 gives a r eiprocal val • of 1 .5 .  Thi s  l e  e quivalent to 

a e on e entra tion of 67 mg F . D • •  :s . ... ving �e!'o yner a:te . T t e  

concen tra tion of . D . N . B. i s  approximat�ly a qniv l e n t  to the aao t of 

( 1 22)  
lysine rasiduea present i n  � casei� , assuming t e latter to 

eompri e �fo or  whole caae1n{ 1 }) ( 1� )  in the " lks" . Calcula tions 

ow that 0 . 9  (3 ea in 1a the "mil.k.a" would. con tai ab-out 60 g 

lyshe . For cc pl e te satur t icn o f  these lysine re si dues 76 g 

F . D . N . • would be required . T is uggeated that (3 caae • y be 

inYolYed in syneresis wi th all it no groups participating. 

o yacrylaaid el e�ectrop or ia of the treat•4 "artificial 

ai�" (P� te 25) c learlJ sho• th�t t e r ctio wi t r . D • •  B . ,  

2t. 1 J' . D  • • •  i.tio , priaarily wit the 

(3 casein . ! Plate 2' aho gr ual17 aprea· 0 ita 

tr t to K$ aaeh with lncr aaing la"ri 1 of F .  .B . B . treataent .  

At the 64 1•••1 • ga ol..s d � h alaoat cl1aappear • 

• r and ka a to e lit tle affec t• b7 e 

• t o f  •J'Il• e ia of • r et-

• a ,. ino ea 0 t 
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12e . 

t e � ca .. in � pon at of the e a1 ellee. (3 c eia aeeaa to 

aore affec t by react� wi th F . D  • • •  en compared 111 th the 

oth r miee1lar co � eats under the c n4it1 a f the experia t .  

The electron icr graph (Plat· 26) o f 

aa le treated at the 24 ag level f F . D . J . B .  

"artificial ailk" 

ows ZJ spherical 

cell e a .  The aicelles theA&elYea do n t appear to affected as 

tar aa their pkysical rsanisation is concerned . They are still able 

to maintain their spherical fora although their outline is 1 sa 

disti et . I t  is poa ible tha t  t e org nisatio o f  the aicelle is s c 

'that oll17 the o grovpe ot (3 caeeh are abl to react rit the 

F . D • •  B. I t ould thus appe r that (3 ea ein plq an i.aportant role 

iD ynereai , ibl7 through it.• free aslno p proYid g sites 

for !ur th r ero e-linkina after sel formation occurred . 

action o f  F . D . N • •  ill 1nhib1 tillg syneresis y be due to t  

The 

( a )  the pro iaion o f  steric hindrance to the shrinking o f  the 

gel e two.rk, 

( b )  throug blocking of the -NR2 group and th s increasing 

the ne ga tive charaet r of the el , 

( e ) by possibly preven ting the po si t i vely c harged -NR2 

froa taking a direc t part in th e er 

}-diaensioDAl e twork . 

-1.1 g wi t hi the 



ectro 111cr arapll t ca .. ia lli.eeUea ill 

• aruticial aUk '  �t ( 100 q •ea• ) afur 

react D 1d. t1l r . . . ·· ( 2ft ) t r 1 ll at 

)D°C ••••• a }SQOO. 



SEC'fiOli l>l EFFECT OF DlJJIT.ROP. LATlOlf Olf TU TE JJU> 'f 1f OF 

s IS OF C&LCI UM� BATE SIS T • A pH 5.1t 0 )) 30 c .  

• ul ts reporte4 ia S ectio C ba4 ahown that 4in1trophenylat1on 

had cau.ae a ciraatic reduction ill 111erea1a of the reDDet-eaaeia aela 

I t  was of interes t to exa•ine wh.ether a\lcb aa 

extent of inhibi tioa of 7nereaia was possible at lower pH Yalues .  

A pH value of 5 . '+ was selected aa this was close to the •al e lly 

fo d ill cheese g practice , by which �e most of the whey 

expulsion !roa the curd ha alzeady t� plac e .  I t  was also the 

lowest •alae t which a t le uapensio of caaein could 

in the " ar tificial ailks" . 

1 .  Exp r l.men tal 

••.t r ti f" c al . ilk" � t  pH 6 . 8 an e ont aini.n�; 100 mg% ( w/T) cal cium 

was pr�pared an treated as e cribed earlier , prior to reac tion 

wi t 24 • F . D • • •  /100 ala. for o e oar at pH 8.2.  e control 

va tr� te aiailarly �t  with ut addi ion o f  F . D . • • e 

q�an tity of 24 g F. D . N . B . w s chosen as this had alaost 

coapletuy inhibited a •red.a at B 6 .8 { Table XIX ) and 

e�ectro:p ore tic { Pl te 2.5) bad hown that at this le•el 

c aYersi o1 the l7aiae res�4u.ea 

ia � oa eh in. 100 ala .  of ar\11icial .tlk" C:O taifti 3 g caaeh. 

a le\e d epecifi acUo . 

At the e f 1 o1U" tu p f r trol treat. 8allpl.e 

j to s.lt an • te f eynereai.e d.eteraiJl .. 

• 1 1, ted r .� . 



2. nlta 

Result s  are gi•ea ia tab1e XX . 

Table XX . Ef fect of D�aitrophen7latioa oa the Rat and Exte t of 

.S7neresi.a of Calciua-Casebat• Systems at pB 5 . 4  and. 30° . 

Sample CO TROL F . • . B . Treated 

Gel oiat ( mi.Jlutes) <. 3 (. J 

Gel tne 1'11'11 Fina 

Tiae after rennet S7Deres1.a , curd , at 30°C .  
addition ( ain  tes) 

10 3 

15 1 0  

20 18 
25 26 3 

30 30 7 

35 32 10 

40 33 1 4  

45 1 6  
6o 22 

?5 27 

90 J6 29 

120 36 30 

!vb141t7 t .. e7 l ar leu ( al1ghtl7 7ellow) 
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treatae t 

c pared to the co trol 4er t.tw eo 

.lt the e.n ot 120 lliaute a  the a 

t F . D • •  a. 

d. u\.eat f .,ae?eld.a 

f the expwiaat • 

t r • •7 gi.Yen b7 the 

treated sample waa JO lll.a . wb:le the eo a- l. ha expalle4 dttdn 30 
aimltee. e 24 ag F . D • •  B .  treat ent ut9 how..-er , coapletely 

illhlltitecl a7JleH8is at a 5.4 aa it nearly di.d at pR 6 . 8  ( Table XIX ) . 

Thia 1D41cated that part of the effect at least o r  F . D .. N • •  treata.Dt 

was pro l:tl7 4ue to increasing the electro-ne t1Ye charact r o f the 

gel through blocki g of t e posit1Ye aaiao pa. I thia study 

thia be• eo terbalaace4 to aoae exte t b7 lower g t • pB . 

ve rise to iacreaae ,.. uaio 
between the bile structural ale nta a 4 the rigi structural 

eleaent of the gel network aad 1ll4 allow the network to reaai iD 

a partis.ll7 swollen c:ondi tioa . Dini trophelll'la Uon 118.7 lao inldbi t 

&Jllere is by pre't'enti .. Dg Ya er Waala or elact.roatatic forces o f  

ttraetio , iD which 2 gro pa 7 be 1D•olve4, opera te . 

Structural hirutr ce prOYidecl b7 the F . D . I . B . 7 play a very l�ted 

par t ,  it at all , since if it w s iaportant the clifferuce in th 

extent of &1Jlereei at pB 6 . 8  and at pB 5.4 would not M expected to 

•• 80 ldch · 

I t  al..a ppeare tr the la ot iahi'biU of lati l:t7 

. » . • eretJ.c 

8 celati.oa IQI<.U�ill.mtJU& al'-Jn•�:a. 

t e atue t the 

Uou 

aq ' Uo of 

t e .,.ae�ti ro erUee 7 

1al\1a11,7 an illtirect17 • 



EJ'FBCT OF DIIU'fROPIIBBYLATION Oil DB EX ! OF SDildll�IS 

OF CALCIUM-CASEINATE SYSTEMS AT DIFFERENT 

30°C .  

1.  Experiaental 

To xamiae aore closely the part played by f . D . B . B . in the 

inhibition of &Jnereaie of rennet-casein ls,  the effect or 

F . D . N . B. treataent was exaaiaed at four different pB leYel s .  

"A.rt1ficJ.al Jdllt" at p H  6 . 8 and cont ai.Ding 100 ( •/•) calcJ.1111 

was prepared in bulk and treated a s  be fore with 24 F. D .N - B./ 

100 al e .  a t  ll 8 . 2  for o e hour . The treated saaples nre 

ad.juste4 to the following pll Tal.ue a :  6 .8 ,  6.0,  5 . 8  and !) . 4 .  

Appropriate controls were set up for each pB Talue . After 

ad ju taent of Toluae , 40 al .  aliquo t of t e saaples were 

examifted for syneresis aa be fore , usiDg 1 : 1 dil ted renn e t  tor 

pB 6 . 8  aamplea, 1 & }  for pB 6 . 0  and 5 . 8  aamplea , and 1 z 4  tor the 

pH !) . 4  NJ�ple ,  to g1Te rou h17 quiTalu' c gulation tiae • 

2 .  e•ults 

e.81ll.te ar pYen ill Ta le XU .  
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Gel »Oiat ( a1n•tea) 

11 tne 

•••1• . 

a1a.whe7/lto ala .  ou4 , 

at )0°C/90 aiau\ea 

Torbi4lt7 ot whe7 

&tteo\ ot Dlni\rovb•nJlatioa oa \he Exteat of sraereala ot Calol.a 

Ca•eil'Ua te G·ela at pH 6 . 8 ,  6 .o,  ,.a and , .,. . ucl )0°0 . 

Coatrol 

6 . 8  

< '  

lira 
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eate4 
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Con trol Treat 

pB o .O pH 6 . 0  
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J'1n lira 
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Realll. ta a own iD fa 1e XXI iati.cat• t t F. D .. .  B. treata.at 

greatl7 reduce• the exteat. f ..,.area� at all o-aerYed H v laea , 

128 . 

llowner, a 

re U • 1a pB of the IJ78t-, iD o ther -.oris ,  a reduct101l iD tu 

electro-aegati� t1 of the gel eystea� •1•es ri to an iacreaae in � 

ay ereeia , th.i incre • bei.Dg p .rticularl7 eri eat b low pll 5 . 8 .  

A plot of the reciprocal o f  the quant.it7 o f  whe7 expelled aD4 the pH 

of the cu ay ate as ahown ill Figure 1 2  gi. vea a atrai.ght line sb.owillg 

the proportioaali t7 of the whe1 expelled to the pH of th ayatea. 

Thia suggested that the 1Ahiuitol"7 effe c t  of F . D . N . B. treataent oa 

ayaereeie waa due either purel7 to iaoreaaing the electro-aegative 

eh racter of the gel ele•e te b7 b1ocking of t e po itive - B2 g.r pa, 

therebJ creatine aore repulsi.ve forces, 4/or poaaibi7 reducing the 

nuaber of ami.Do groupa ( e-NB2 ) which take part direc tlJ in the 

cross-L1nkiag to give syneresis . Extaa4ing the incu ation be7ond 

120 aiautea at pi 5 • 4  ti.d aot gr at17 increase ayn resia . 

!here is a etraight 11Ae relationahip indicated 1a Figure 1 2  

tor the reci.procal of qwmtit7 of whey expelled the pB . Fr a 

this it woul.d appear tha t I' . D . N . B . in itself provides lltt1e ,  if an7 , 

ateric r structural hindrance within the gel etwork to "inhibit" 

ayaered.a. The e'ffect appears to be lugely • to diticatio of 

the a.aiao gro pe o t  � casein, a1 17 oul.7 the e-RH2 cro pa. 



S C'HOJ f' :  !UTIOW 0 T R.A.�.S AltO tl"'nlt17lllra 

It 

OJ' SDDBSIS Ol" C.&.l.CIUM-CASBIHA SISfE .l� pH 6.0 

0 
. D )  C .  

F . D  • •  B .  

Tirtuall7 halted aynereaia at 6. an4 30°C . I t  al o ai.gaifi.caaUy 

re due &7J1eresie a t  low pR .-aluea.  I getteral cheeseaalt11·�g prac tice, 

aoat o f  the whe7 e�ulaioa oecure b7 the ti.ae the pB as dropped to 

6 .0 and at tesperatllre of about '8 - 4o0c . 'lhe aperetie s tucl7 

after diaitrop a7latioa was t er fore carr� oat at a B of 6.0 
at 38 c .  

1 .  Experi.aental 

2. 

"Artificial llilk" at p 6 . 8  4 containi aa equiTalent o f  

100 •&% ( w/T ) calci • preparecl and trea ted in b Ut ,  a 

cleacr1. e4 ea.rl1er, an4 ...., te4 with 2,. q F . D  • •  B . p•r 100 ale. 

at p 8. 2 for e our .  A t  the 4 o f  the reacti the ... 

a juat.cl to 6 .0 nth 0 . 1 N BCl nfl the a7et .. ..  u to TOl e to 

c:oataiB )% caaein an 100 

lto al .  aliq ote f tile 

w/T o f  calc1ua. 

lea were th ezaaine4 for JDeres�· 

rcial re et . 
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(ala • •  ) 

al 
,,. 

Jllel"aa1a at )8 ... C 
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Hul.ta lroJa 2a le XXII .  1 t, 1'1 e 1), how e aarke 

1 W.torJ' effect t F.D • • •  tr ataa ' the aperetS.c propert,iaa 

of a calc1 caaeiaate gel , eYen at a relativelJ' temperature of 

}8°C .  e geGeral p&ttarn hown 1a Figure 1 3  re e ble c�oaelJ the 

one shown in Figure 1 1 .  Th1 howa that t the high r pB of 6.0 

t h  highez temper ture of }8 C �oapen ates tor the e ffe c t  or a 

lo .. r pH ( 5 .4 ) usecl at a lower tecperature ( 30°C } .  

�he control la had almost full7 syneri.aed by 30 tin tes at 

which pe:iat on1y � syner ia, rel t1ve to th control , wa shown 

7 the treatecl sampl e . 'l'h118 , J' . D . N . B . has an inhibitory e ffect der 

all observed conditio of gal to tion and syneresis ,  the effec t 

being le enecl b7 us• of lower pR values a nd by u se o r  higher 

temperature during sya reai s .  



EFFEST Of DINI!ROPHNEYLATIO OK THE TB AND UT NT OJ' 

SD ERSSI .S  OJ' C ALCI UM..CASEX tE SYSTEMS UND COliDITIOlt 

OF CHANG UG p'H D TEMPERATUR&. 

1 .  EfPtrimen tal 

The effect of d.ini trophenyl.a tion on s;rnereaia was studied afte r  

adcU.Jl gluco o-ne1.4-lactone tc> th e  s am  1 s �  setting th "mUksu 
at }0°C and raising the te �erature gradually to 38°C . 
"Artificial. •i " at pli 6 . 8  and co taini g 100 · ! ( /v ) calci\lll 

was prepar d and treate as before and reac ted with 24 Mg 

F. D .N . B. /100 mls ./1 hour . 

The pH was adjusted to 7 . 2  with 0. 1 N BCl and the "milk" then 

aade •P to Yol�e . 

To 40 ml . aliquots of the "ailks" at 30°C , pB 7 . 2 ,  was added 

300 q glucono-acid-lactone wi th stirring . Tb.is isaed.:iately 

I'CHlCht the own to 6 .7 - 6 . 8 . A 1 : 1 Uvtioa o f  eo ercial 

rennet was t en added and after set ting { 5  aiDutea) the 

te perature of the water b th was rai.sed gradual ly by 1°C eTery 

4 lli.autea to reach a final. t perat of }8 C in 30 minu t • ·  

Thie rat e  ot 1 crease ia t era tur is e.'bo t the 

1 practic e .  S r.aia wa 

Yarioaa t� inter.ala as before . 

2. R!el'• 

a.nlt• are ahow 1a �-�l• nux . 

a.a u..cl 

1l8UJ'e4 at 



'!:' 

Table XXIII . Etteot o t  Din!trophenylation on the Rate and Extent o t  Syneresis ot 

Calc1ua-Gaseinate Gels under c�nditions of Chan«ina pH and Temperature . 

TIME Rate o f  pH drop 
( JII.iau'\e a after 
rennet addition) 

Control Treated 

() 6 . ,5 ' · '  
10 6 .0 6 . 0  

ao 5 · .5 .s . 4  

25 - -

30 ,5 . 2  ,5 . 2 

3S .. -

40 4 . 8  4 . 8  

90 4 . 0 4 . 0  

1 20 4 .0 4 . 0  

Gela tion tiae ( minutea)  Syneresis • mls .whey/40 mls . curd 

Control Treated Control Treated 

< 5 � ,  

1 8  

32 1 2  

34 1 8  

- 24 

:;6 30 

- 32 

37 33 

U.l 
\so) 
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Renl.ta from fable Ulll , pl t te in l"i.gure 1 4 ,  ehow that eYen 

t.nuler coad1.tio-ll8 of cl•••lopiug acicU.t7 w:ithi the cur a d a ris-e 1B 

temperature troa )0°C to )Se 1D 30 aiautee after settifts, r . D  • •  B .  

has retarcle4 the rate and eztent o f  a7Jtereei.s of  J"ellJlet-eaaeiD gela . 

I t  will �. aot.iced fr011 colUIDa 2 and 3 that the rate of p.ll drop was 

faatel" than was iateaded . Also the final pH values of 4 .0 obtaine 

eh lower thaa ll 1Utl.l.7 eacouDtere4 in pl"ac tice 

( aboat 5.0 iD ftsr••• " cheeses ) .  rieTertheleas , 4eapite this higher 

ei4ity, the l . D • •  B .  treated gel a not re�eaaed all the whey even 

after 1 20 minutes t a final teaperature of )8°� . 



S£Ci'IO H :  &Cif OF PO!f lUM ClAN.&.TE ( CABD YLA'fiOW ) OJJ Tll 

S'fNBRES.lS Ol CALCIUM-CASEINA'l'E SYSTEMS AT pJ:I 6.8 

.&.ND :50°c .  

Siac:• di.nitropheayla t1.0Jl was showa to inhibit both rate and 

extent of &YDere si s ,  it was of in t•rest to determine whether 

aodificat1oa o r  the aai groups by other aean s ,  wo uld al o modify 

the synere tic properties of the calci�c aeinate gel .  For this 

purpo e potaa iUJt cyanate wa us" to aod.ifl the aaillo groups b7 
( 1 40 - ,,.2) the car .. 7latio r•ac ti.oa • the reactio wi th c a. aeh 

beiag atte pt•d whe tbe latter was in aicellar fora . 

1 .  Experillental 

"Artific.ial ldl.k" COil taining 100 a calcium was prepared in 

bulk at pH 6 . 8  as before . A fter holding for 1 2  hours a t  4°c , 

the t•apera ture • s rai.s d 
0 t o  30 C and the pH to ? . 5. 'l'he 

aample a  wez tre ted wi th Yarious leYels o r  KCBO ( 0-24 ag/100 

ale . "ld.lk" ) for 3 hours at 30 c .  At the end o f  the peri.o4 , 

the pH was bro h t  down to 6 .8 using 0. 1 HCl xtent o f  

S7Jl-eresie 
0 e aaured as be fore at JO C ,  using 1 : 1  dilu tion o f  

rcial r e  et tor setting. 

2. a ltt 

Re sults are 1 dic.aw iD ! tle lllV. 



No. 

1 
2 

3 
4 

5 

6 

Table XXIV. ttect of Carbaarlat1o o t S. eresi of Calciua-

Caseinate fjel s  at pi 6 .8 and J0°C . 

Treataeat Ezt.eat f 81Jl reai. , ature o f  ney 
with KC 0 ml.s. JheJ/ft.O ml. s .  cu..rd , 
( ag/100 Jll.a Gel Gel at 30 C/90 aiD t•• ( turbiti. t7 ) UIIJ.l)tlf ) po t tn�• 

Control (. 5 firll 2ft. clear 

<. 5 fina 18 cl ar 

8 < 5 firm 1 6  clear 

12  < 1 lea tint 1 4  + 

16 < 10 le lira 1 2  ++ 

24 < 20  l • fi:ra 1 +++ 

Re sults from Table XXIV &hew tte t  potassium cyann te al o retards 

the xtent o r  spere sis of the gels a t  J0°C an p 6 . 8 .  The inh.ibi toey 

e f fect , how v e r .  ppears t& be some� t less th that procluced by 

F . D . N . B . tre a t ment at e q�val nt concentr t!ons . out 12  g K<:NO cl 

24 mg r . D . N . B . would �odi fy aiails uab rs of tree amino groups Oil th 

p cae in , assw ng this wao the onl7 reac tion taking pl ce . Addi.ti. D 

of pot esi e7anate is, however , c �lica ted y the possible 

tittplaee at of calci 

atfecti e el for atio 

t at t 

e n .i.dernbly .  

r .he • e y  is 

cur 

) 

y the 

• •  t.e 1 die t.ed by t.ke tact 

f cy n t 4 1 t.ion ,. •1 po.in t 1 c:reaaed 

, at t e 

tly ine a 

c n4 ntrat.i 

1ndicat 

of EC o, the 

dS-aplace: t ot 

d1.t1 

owe• :r, t 1ower 



SECT'IO I :  EFFECT 07 GVANI DINATIOB OF CASEIN IB CALCIUM-CASEINA� 

SYS MS - IS or 

CALCIUM-CASEINATE S YSTEMS AT pB 6 .8 AND 30°C . 

1 .  Introductio 

1-fluoro , 2: � 4initrobenzene and potasaiua cyanate were both 

ehown to retard aynere ia o f  reanet-caeeiaate gels . ll thout;h i t  

w a s  lik l y  that at the saall coneentra tioaa sed the reac t ion 

be tween the F . D • •  B. and KCNO was m ialy with the lysine aide 

chain, it wae fe lt tha t aore definite information aight be 

obtai.ned by the uae of a reag nt specific for the e-IIB2 group o f  

lysine . A search o f  the liter t re
( 1 43) ( 1 44 J ind1 ted that the 

c oapound o-methyl-iso urea was e ntially pec1fic for the 

e- H2 group of lysine , con-.ertiDg thi to a anidho group 

( ho110arginine )  • The ad-.antage o f  such a conver ion was that 

thue would be no radio 1 change in the nature of the cheaical 

group reaulti.ng 1 loa o f  a charge or ioldaed gr-oup . The 

converaion of the ly iae -NB2 to a guanidiao group w4uld not 

produce a drastic change in the charge pattern , as a ba ic aaiao 

gro p would be repl c by a oaewhat re basic caan141ao group . 

ElU"th�rmore , the iatroduc tioa of guani.dillo oup ia a p.roteilt. 

oea ao t b.o1ve lntrod c U  

iologlcal ayete ( 1 �3) . 

q • toll 

of a eh� 1 group foreicn to 

urr• for of 

• pr• -atJ. of .tan -



curYe tor ar iae 1 t e preaence of protei.n w al•i lar 

to that deeeribed by .U.;rar and allace ( 21 )  ( blic U.on 

* 
attached ) with o e a�di fieatioas based on the me thod 

de c rib� bJ Rose erg et al( 1 45> . 

To a se ries of t e s t  t bea were added in t rn, 

( i )  0 . 3  mls. "artificial ai1k" ( �  case�n, 100 

cal.ciua, p , . 8 )  

( w/v ) 

( 1� )  0. 1 ml .  to 0. 5 ml • of arginine hyd rochloride solution 

in di tUled water ( conta1.ninc 1 ua/ml . argi.n:ine ) 

{ iU. ) 1 ml .  3-K lfaOH 

( iv )  2 ala . develo� ut solution ( prepare fro 20 al • of 

25, · w/v o< - ap thol in n-prop ol + 2 . 5  Ill • 1% diacetyl 

in water , acle to 100 Ills .  wit prop nol ) 

{ v )  D1s t1.lle4 water t o  a fi.nal volume o f  1 0  m.l a .  

e control "111.lku sampl was treated sunlarlJ, except that 

the a ddi ti of the arg:illine solution was omi.t t  d .  

The r e  colo r wae developed for 30 ainut s a t  roe• temperatur • 

Optical densit7 asureae nta were made iD a Hi taehi spec tr -

pho tome ter at 470 , being the wavelength o f  maximum 

absorption under the conditi ons of th experi n t .  

T e plot o f  optical densi t7 versuo arginin cone ntration was 

l.inear and passed tbr h the origin ( Figure 1 5 ) . 

1'orud eani.d 

"Artilici.al aJUta" at p 6. aa4 eo taininc q ivalent fl f  

1 00  

tri.tlt. 0.2 K JfaQ • 

was p parecl d tr a te 

• • clual.l.y Fai 

before wit 

t 10 ' 
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To the "milk" wae ad4ed 35 aeth7l-i.ao urea <ca,ocn . n2> 

ld with etirrillg for 24 hours at lt0c . at &Ad the •i_xture 

the en of whic. the anidin t�on reaction waa to 

eo ple ted . T e pH wa then low red to 6 . 8  sing col d  

0.2 B HC� . The t per a ture of the "arUficial ailk" was 

a.l�owed to come to bient t perature and the pH 

readjQsted to 6 . 8 .  he vol was th n adjusted to give 

a "llil.k" eontaining 3 g easd.B and 100 calcium. Hughea 
e t  a1 ( 1 � b ) ha•e oiDted out that the chemical m 4ification o f  

a protein be carried out sa fely t low te peratur s 

be eau of the • eh l arger temper ture coeffici.en t o f  

ena turatioa when o pared to t h  t o f  che cal reac tion • 

A control sa pl e was treat d aiailarly except t t the 

addi tion of me t hyl-iso urea was oait t  d .  A second control 

as al30 prepar d to which me thyl-ia o ure h d be en added at pH 

6 . 8 . Tbis sample was examined soon after the ddition o f  

ae thyl-iao ure , for anidiao group and for ynere sis . 

- esul ts showed that the addition o f  o-aeth7l-iao urea 1n 

itsel f was no t causing any changes in either optical denait7 

r ading or in syneresi s .  

h de terainati of the newl1 to d guani41no groups wa 
carrie o t on the u hy rolysed protein it el f .  A17ar an4 

all e( 21 ) ha4 1D i 
�

that anidino gro p eo ld be 

• t t directl7 on t d more 

re c tl7, ( 146 ) 
' 

al. rgi.lline clire tl7 on t e 

1 followe was ai•ilar 

•eel t r et ra1 tio t • eaU rati c ru t r 



1 40 .  

To 0 . 3  ll1 s .  o f  the o- tlt.yl-i.so lll"ea treated narti.ficial •Uka" were 

added , iD turn , the followina solutio s J  

( 1 )  1 1 .  3 N OB 

( 11 )  2 Ills .  d.ev lopa t sol11Uon ( .See tio I ; 2 : a )  

( 111) distilled water t o  a final vol e of 10 ala .  

The control ia thi.s case was either an unt reated "mUk" p1e as uaecl 

for the calibration curYe , or a saaple treated with o-.. th7l-iso urea 

at pH ' ·8 and used immediately. Siailar results wer obtained wi th 

bo th controls . 

Resul t s  of the guanidination process are given in Table XXV . 

Ta le XXV . The xt t o f  Guanidina tion in Calciua-Caaeina te Solu tion 

after thyl-iso Urea Treat nt. 

Optical D nsity Arginine equivalent Exte t o! guan idinat ion 

at 470 from s ta ndal"d curY ( % lysine c onverted in 

S ample ( ua} fS ea ei.n) 

Control. Bl.aDk 

'rrea ted 
ple 0 . 16 0. 23 1 9  

Tabl XXV owa th t under the condi tions o f  the experiment ,  ab t 

191'\ o f  t lya1 e residues 1n � c.aa 1.n ma7 haYe had their e-NB2 gro p 

eo verted to ani41ao groups , aeauaing that ollly f3 casein was affec ted 

1 o-ae tll71-1ao urea.•  

.!!!I-, • d oap ot ft caaeJ.Ja t for the 

t at P.•• b7 J e.as a.n p tto 
( 122)  

• 

A. o.:s • aaaple f " i fi al a11k" was e le lata to 

c;:o taiA 1 . 2, 178 • pea la to 



1 .. 1 .  

30% of whole e aei.n ( 1 ) • A Jroduc tioa of 0.2; ho.oar i.aine froa 

xte t of &7Jld'ea1.e waa e aaure4 as before • u.aillg a 1 1 1 

411 ted re et for set tillg at }0°C 9 the whey bei.Jlg aeaaured 

a fter 1 20 minutes inc¥�a t1oa . 

( 4 }  Polxe er:hullide i4l electrop reaia 

Th ae tl;od descri�d u der C pter I V : A :  was followed . 

eault e are in di cated in Table 11 I .  

Table X VI . Effect o f  Gua n i d in a t ion on the Synere sis o f  Rennet­

� a sein G•ls at pH 6 . 8 ana 30°C . 

Final G e l  point Extent of &Jnereaia. 
No . Treat nt p ( minutes)  al.s . wh y/40 ala . cur4, 

a t  }0°C/1 20  minutes 

A 

1 Control ( no aeth7l-i o lU"ea } 6.8  10 34 '' 
2 Contz 1 + 35 ag aet l-1 0 

wr a4Aecl at 6.8 6.8 1 -()  29 27 

' G tinatH "ld.l.k" 6 . 8  10  2 .. 22 



e su l ts giYen 1 Ta le XXVI indicate that guanidination of the 

ea eiaat e with -aeth7l-iso re greatlJ re t rde4 the extent of 

lloweYer , when coapare to 

F . D • • •  treatment at an e qui.vale n t  level ( Fi�ure 10)  thi s  re ta:rd.atio 

o f  yaereai.a is aucb lonr . �his lesse r  inhibition o r  syueresis .. , .  

in part , b e  due t o  t h e  high p B  conditions used il'1 t h e  e onversio of 

e-NH 2 groups of lysin to guanidine group s ,  which ight have od ified. 

t protein . I t  will be no t ed that even the control s ple ( o . 1 )  

has civen r ater aynere 1 th nor.al ( usual�7 25 - 30 mls . )  
whereas c�ntrol No . 2 whose pB never xceed&d neu trali.ty has behave 

in t e u ual er . I t  ia also possible t hat a pH o f  1 0 . 3  used for 
anidi.na t ion .. ould haTe h d dis&ociat ve e ffect� on the c asein aic ellee 

a llowing for !!!o ra een ral b-uanidina tioc rath�r than being sp eiti.c for 

(1 casein . more likely �xpl anation , howe ver , for the l e sser 

inhibition of syneresis 1£ tha t the guani dia t ion reac tion ha 

subst i tu ted a sic guanidine group for the basic upsilon amino group . 

The char e p� t tern on the pret e in i n  ttcr � rvre l i t tle changed .  Thus 

i f  lec tro sta tic forces ar e import n t  1 ,neresi e ,  t e new guani iao 

group would s t i l l  be a'bl t o  ta..lte p SJ.rt ill syo re sie , 31 H t.oug perhap 

l e as e ffec tively for s terie re :Hso!u . 

Poly c ryl 

1n the rela\1 

control . 

de gel elec trophoresis ( l a t e  2? ) b wed n o  di fference 

b�lit�ea o f  the different cs s•iDe wheA eo pared to the 

o 1 dica t 4 tb t me thyl-i o r a treat en t ba not 

greatlJ od1 fi d ea ins and t at 41 t1o t 11 n.e on f, c as e in 

t.o t e ex\ 

exte t .  e 

a o t 1 9%  did not aft e t  1 ts aob�l1 to any not 1  ea • 

erall c rge attern th 

ve & �lar L c tr pbor 

1 ·-
2 

on (3 

a pp 

t electroata o tore • 

daU.ar t t: e cont 1 

7 e 
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S CTION J : 
IS OF 

FOR 40 MINUTES IN 'lllE PRES CE OF XYLOSE Oil ftE TE 

Al!ll> EX'l'ENT Of SYNERESIS AT .}8°C AN:D pJI 6 . 8 .  

1 . 1D tro4uc t1oa 

ne idea of studyillg the effect o f  eating in the presence of 

ldoaugare on 87Jlereeis of renAet-caaeill gels aro e froa earlier 

ob rYationa that F . D. N . B . treat t of "a:l..l.k " i1lhibited the 

s7Jlere 1s of renne t-c.aaeh gels . 

a reae tiOB with the e-NH
2 

gi'01lps o f  lyei.De 1a p casei.n . The 

browning reaetioll be tween prot ins and r ducing sugars is 

generally bel1eved( 1 22 ) ( 15S )  to be b tween the e-HH2 group o f  

lysine and the reducing sugar . I t  was of intere s t ,  therefore , 

to etud7 the exteat yneresia ld be inhibited by the browni a 

reac tion . 

2. E!periaental 

( a )  !re taeat of "artificial 111lk " 
"ArlU'icS.al ail.k" at pJI ? . 20 and eo tai.Jlin an equi•al nt t 
3% caaela an4 100 w/Y calciua was prepared and treated 

u ef re . ailk11 waa 4iY14e illt< "-0 al . a1 1quots . 

% aaapl.ea aened as ate4 e t?ola, wit aa-4 without t e 

one a a ate c trol wit o t 

10 ag (0.03) an 

t w.i • c tr 1 



•1thout a44e sugar were heated to 86°C for �0 miD tea . 

At t he end of the per!: 4, the pH of all saaplea ••• a j uated 

to 6 . 8  wi th 0 . 1  N RCl . T e eamp1es were the� aade up to 

'f'Ol e .  

( � )  Meaaureaent o f  bro iBs reactioa aad ca1culat1oa o f  % losa 

of reflectanc e Yalues 

Aft er ad j u st..n t  o f  pR and Yolua , ligh t reflec tanc e Yalues 

were determined for all samples in a UNIGA.LVO 'flf· 20 

.Refiectance Spectrophoto e ter sj.ng mapeaiua carbonate as 

standard <: 100% reflect ce ) and No . 609 fil ter . 

I certain experiaenta, the ·aampl s were hea ted for d i f feren t 

ti.ae in terTal t 86°C nd refiect.ance Yalue measured . 

The re was no direc t linear relations ip between Re flectance 

Yaluea and the time o f  eating at 86°C .  Bo•e•er , i t  was 

found tha t a linear relati onship hel d , under the conditioas 
o f  the ex}leri.a n t ,  be tween � l oaa o f  reflectance and the 

time o t  heating . Speciae cal cula tions are hown below : 

1 .  

2 .  

' ·  

Sample 

M(CCOJ 

Be ted control ( 86°/25 mi a )  
without sugar 

Heated sample ( 86°/25 aiaa) 
+ syloee 

Differ.nc• in re t1ec taace 

Reflectance Yal • 

100 

75 

62 

Yalve (2 - 3)  13 

1'herefon � 1 • of refiect ce 

relat1Te to heated control • 

.11 
75 

lt 100 • 

. ' .... . ••• a 1 • f r•tleotance ?alue 

e 



The aeaa�eae t waa carried o t d.etd.le4 der Chapter IV:  

1 }9 usus a 1 : 1  cU.luted e o  ercial r nne t  at pH 6 . 8 and 1 : '  

dilute rennet at pH 6 .o .  

( d )  Polzacrzlaaide Gel Electrophoresis 

Elec trophoresi was carried. o t under conditi ns detailed in 

Chapter IV : A : 4 . 

s�t are given 1D Tabl e  XXVII . 

Resul ts si•ea 1 Table XXVII an plo tted ia Figure 16  how th t 

there i a aarlte4 decrease in bo th rate and xten t  of synereai o f  

samples con taining 4� xylo e and heated t o  86°C for � minutes . 

Heating alone ha caused a reduc tion in th e exten t of s70eres1 at 

pH 6 . 8  d }0
°

C although :l t  ini tial ra te appeared to b e  higher th 

that for the untreated control . Thi o serY tion ia eimilar to that 

of Gri roY( 1 57 ) • w. o ,  howeYer 9 w rke4 wi th yoghurt de from ocw • 

ldlk . He reported that heating to 85
°

C for 20 to }0 si tea preven t ed 

a rapid t separa t ion of m11k ee during 

and Miaerva( 1 20 )  h ve re orte4 on a aimilar reduc tio 

tor�ge . Di.mov 

in IJ7ll reeis o t 

reJ�D.cet-aUlt gele due to heati g of the aUks . 

aao t t xrloae ( O .O�) dari 

1 tor7 e ffect than a t  

the 11 t e  c trol • 
T .ia increase a with tia 

e to 

heating d Dl.7 a.Ughtly 

alo e .  e preMnce o f  % xylos 1.n 

1 ti.all7 a 

-tre c ntrol . 

al w.r r e t .,.-n r aia . 

This effect a&J art17 

e a4 e Z)'lo • 

• 



··=·· ee.:•e• ltt•ot of Beat�8 to 86°C tor 4o ainutee in tho Presence of Xrlo••• on the 

te an \eat of &1Jlerea1a o f  Calciua-Casehate Gels at a 

uple pB Retlectaac• Gel 5pereas.a, ala. •h•J/'tO llla.  ouatl6, 
No . beata••• Yalue »olat 

Iait1al Aft•• final 
Ileatia.r ad.j . (Mce0.,..- 100) ( a1Jla ) 2S ... , 90 1 20 ( mhe) 

1 COlfftOL ? .20 - 6 . 8  65 <. 5 8 28 }4 }5 

CON!ROL ? .ao ... 6 . 8 70 < ' ' .,, )2 ,,. 
+ ... a,l.oae 
( unlileat-') 

J CONTROL ?. 20 ?. 25 & . 8  6' ( 7 10 17 a' 28 
( heate4 ) 

4 + o.ol% ?.20 ? . 20 6 . 8  61  < '1 9 15  23 2'1 
Qloae 
( heate4 ) 
+ 4 .� ?. 20 ' ·"' 6 . 8  .. , < 8 ' 10 20 a4 
X7l088 
(heated )  

.... .. "' • 
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1 6 .  

which woal4 re4uoe obility o f  the o ile truc tural e1e eats withia 

the gel atru ture . The e ffec t o-b .. rTe4 with lqlose is !.n coatraat to 

Cheeae1Uln ' •( ?5) o aerya t1ons that synere sis increased with a44ri lactou . 

fhe reeQl ta clearl7 show that eating in the presenc• o f  4% xylose 

greatly re duces rate and extent of &1Jltreais at pH 6.8 and 3(>°C . 



S:SC'fiO K :  

PRBSENCE OF XYLOSi A.ND LACTOS • ON ttD RA E AMD 

UTEN'l' OF SY IS OF CALCIUM-cAS UA SYSt'EJlS 

AT pB 6.0 AND 38°C .  

Aa reac tion with xylose had ,reatl7 reduced the extent of 

aynere �a of rennet-caaein g ls at pH 6 . 8 ,  it was ot interest to 

atucl7 the effect ot a lower pH on the 1ahib1tion f a7fterea1a . 

1 .  Experimental 

1 7· 

"Artifici.al milk" at pB 7 . 1  and containing an equiTalen t of ,_. 
c seia and 1 00 a,p6 w/v cal.c.iua was prepared and treated in blllk 

as be fore . The samples were later heated to 86°C for 40 sinutea 

in the presence of 4% xylose and 4� lactose t pH ? . 1 .  The pH 

was then reduced with 0 . 1  HCl to 6 . 0 and the sample s aade up to 

Suit ble h ated and uaheated controls were treated 

sild.larl7 . A fter adjustaent o f  pB and vol • •  reflec tance val e a  

relative t o  a Mgeo3 stand ard were a anred in the Reflectance 

Spectrophotome ter. 

s� reai was aeasured a be fore . 

2. e aulte 

Reaulta are iadioatad 1a Table XXVIII .  



.... 

' 
• 

ttect of leattnc to 86°C tor 4o ainutea in the Preeence of Xr1oae aa4 Lactose o 

the Rate u4 ¥&teat ot Spereaia o r  Calolu-Caeeiaate Gels at »I 6 .. o aa4 !8°c. 

---�- ----------� - ---�- ------- ------------�-----

etle otance Gel -
No . freataeat Tal11e pout 

laitlal. After Fiaal 
hea\1a« a4j . (M,C0,• 100)  ( mine . )  1S '' 90 1 20 200 ( alae) 

1 
) ? . 1 - 6 .0 67 ( '  21 '' '!ID ")0 -

2 OOBTIOL 
+ .. � X)'l••e 
{ 1Ulheate4 ) ? . 1 - 6 .0 67 < ' 1 2 '' ,, ')D -

' COlfROL 
+ 4• laetoee 
( uheate4) ? . 1 - 6 . 0  69 < '  1 1  '' J� 'Hll -

,. CONTROL 
( heatecl) ? . 1 ?. 2 6 .0 ?2 < ' 9 }0 '' ' 

' + ,." XJloae 
( heated) ?. 1 6 . 7  6 .0 49 < ' 1 J 1' u 27 

' + .. % laotoae 
( Jleate4) ? . 1 7 . 1  6 .0 72 < '  ' 2) :50 )2 '' 
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aul t a  1 di cated la Ta le XXVIII and pl tte4 iD Fi e 1 7  ahow 

t at eYen at the hi.gh teaperature of 38°C , and 1 wer p of 6.0 se 1ll 

rea� , the heated sample containing xylose showed a r atl7 

re uced tendenc7 to eyaertse , when compared to the co atrola . A 

co11pariaoa wi th Figure 1' show that the r te and exteat o f  syneresis 

tor the heated x7lo • "llilk" is abo t the saae despite the lower pH t 

6.0 sed in this st dy . Thi s  indicate that the fre e  amino groups • 7 

take a d ire c t p rt in the crossllBkiAg during synere sis . The inhibi to17 

effec t aa7 not be due solely to an increase in the elec tro-ne tiYe 

charac ter of the protein . 

Hea ting 1A t e presence o f  1 c tose a auc le s e f fect on 57Dere 1a 

uder the c onditioas f th' experi•ent . HoweYer ,  the rate and extent 

ot 7Deresia o f  the heated lactose treated "lli.lk" was still l ess tha 

t e contro l s .  From Table XXVI I I  i t  will b e  seen tha t there i s  no 

noticeabl e drop in the ''ailk" pH after hea tin£ in the presence o f  

l actose . The re fl c tance Yalue also has reaa ined unaltered . I t  

anything , i t  h a shown a slight inc rease oYer the aahea ted con trol . 

'l'hi.s indic t e a  th t litUe browning nacti o  h occurred betwee the 

lactose and c sein . HoweY r ,  Pa tto and Fl1pae ( 159 ) haY isolated a 

colourless, labile coaplex o f  lactose and c asein . T ey found that 

o e- third of the lactoae rea c t ed �th cas in in on• hour a t  97°C . 

c re c tion is po e a ted lf'ctose "tdlksn used 1 thia 

atu Y •  

!'he bro ns rea c tio wi th xylo e n the other han4 , sees very 

t ater 

after 

1n keep 

toward• 

dtil the 

ein 

'lhie ia 1.a4ic t-e 7 i e drop in 

reflectance Tal ea . This ia 

that al a are 

, w:1t ql ee Mi • 

re reactiYe 

t acti•e 
( 160) . 



150. 

The effec t s  o syneresis o f  ea tiag in the absence t ar 9  has 

been re uced at t e lower pH of 6 .o . The r te o f  syne resis wa :U.ght.l7 

lower 1nitiall7 but this sub eq e tl7 increa ed so that the extent of 

s,neresis was abo t the sa e as the unheated con tro.l . Similarl7, the 

eoaewhat slower rate of &Jneresi.s in the 1Ait1al stages obse!'Ted wit 

unheat d X7lose - con tainin "ai.llta" at pB 6 . 8  ( Figure 1 6 )  hat• largel7 

been eli ina ted at pH 6 . 0  ( Figure 1 ? ) . 

All sys tema gelled w1thia } minute-a , indi. e at 1ng gain th a t  

a1nere i s  was no t a continuation o f  the gelation pheno ena al t hough it 

ma1 pe rh aps be dependen t on the na ture of the el foraed . 

I t  is c l ear froa the resu l t  obtained tha t sugar reac tio wi t h  t 

free amino groups gre a tly reduc es th syneretic properties of t h e  

rennet-casein gel . In the case o f  aois t  ailk powders , the browning 

r e a c tio h s been a t trib t ed to a 1 : 1  in terac tion be tween the fr e 

aaino g roups of the llilk proteins , largely the e-amino groups o f  the 

. ( 1 6 1 ) 
lysine r e a�du e s ,  and t he po tential aldehyde group o f  lac t ose • 

A ieilar r ac tion betwee the al dosugars and lysine aa1 be oceurrinc 



SSCTIQ L t  EJ'FECT OF l"IIT 

I !JtE PRESENCE OF XYLOSE, ON THE IU'l'E AND &X'l'EN'f OF 

IS OF CALCIUM-CAS INATE SYSTEMS AT pH 6.0 AND 

1 .  Experiaental 

"Artificial milks" at pH 7 . 1  and c on taining an equivalent of 3% 

ea ein an 100 ag% calciua were prepared and treated as be fore . 

The saaplea were eated to 86°C in the pre aence o f  4� xylose tor 

•ariou t inter.al • The pH was the reduced to 6 . 0  with 

0. 1 N Cl and the "Jdl.ks" adjusted to •olu.ae . 

Re flec tance aeaauremen ts were made t o  det ermiae the exten t o f  

browning and the percentage los6 in refle ctance calcul a t ed .  

Synere sis was measured as be fore a t  38°C and pH 6 . 0, using 1 ' 3  

diluted coa e r c i al rennet . 

Pol7acryla de gel elec trophoresis wa carrie out as detailed 

1a C pter IV : As 4 . 

2. Resul t s  

Results are i D  i ca ted in Ta l e  XXll . 



·=-..... ... ---==· tteot o t  Beatina to 86°0 tor Various fiae Int•r•al the Preet�o• of X7loee 

the Rate a xt•nt of Speneia of Calo1WII-Caeet.na te G ela at . o  an4 )8""C • 

Ho . T.reataeat 

1 CONTBOL 

J 

' 

• 

1• + -� KJloae 
( heated 40 

aiaute a )  

Initial 

7 . 1 

7 . 1 

7 · 1 

. 1 

. 1  

7 - 1 

? . 1 

After 

-

1 · 1 

• 

7 . 1  

' ·  

7 � 2  

' ·  

etle o tanee " lose in 
value Retleotanoe 

Final 
( MgC0

,
• 100 ) 

6 .0 70 -

6 .0 73 -

. o  68 • 

. o  7 -

. o  6.2 1 7 · 9 

.o 72 -

.o  49 )1 .,  

• Value• trom Table XX.VIII . 
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< ' 

(. ' 1 
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<. )  

0 21 .)1 '' ,,. 

0 9 

J2 )J ' 
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JO .. '' 

1 ' - 1 ·  2 

... 
"" N 
• 

200( aiaa ) 

-

-
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-

-
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Rea l ta given ia Ta le XXIX e 18  a ow �he 

aarke4 depreaai.ve e ffec t  011 th r t. and extent of B711ereaia , of 

iaoreas"i.ag tille of he t i.Ag at 86°C , of the "arti.ficial ai.lks" 

eo tai.ni g 4% xylose . Beatiag tor 10 miauatea 1Jl th presence o f  t e 

�gar h d ao greater effec t thaa that o f  heating ia th ab ence of 

sugar for 25 .tnutee or �0 minutes . 

Data from Tablea XXVIII and XXIX plot t ed in Figure 19  shows sore 

clearl 7 the e ffect o f  the tiae of heating at 86°C on the rate and 

extent of e,.nere sis a t the variou ti.ae inter.-a�s duri s &Jnere eia . 

Th•s, when no a ar i s  present ( curTe ) th extent o f  syneresis after 

1 20 aiau tes is et a f f ected by the t ia of heatina at 86°C .  A t  the 

90 ainute l evel , ( eurve B) , the effe c t  due to heating alone have 

largely been neu tr l 1 sed under the conditi01ls of the xperia nt , tha t  

i s ,  at 38°C and pH 6 . 0 .  Ho ever , the rate of syneresis o f  sugar free 

"ai.lks" ecomes sJ. ower at the ini.tial s tages wi th increased tille of 

heating a t  86°C ( curve C ) . This indicates that the curd from treated 

"m:ilkau s slower i.n coming to an equilibri during aynere is but 

apeeds p as to give the saae extent of syneresis aft-er 120 •1nutes 

a those curds tro• umil.ka" whi.c have not been h ated . 

Heating o f  Mailks" in the presence of  SU«ar, oweve r , gives a 

1fterent pio t  re . At 120 aia tea ( curve D) , iDoreased tiae of heatiag 

at 86°C coatinues to give a aiSJdfic t re u.c tio in the e xtent o f  

a,.aere u .  So i..a the cao a t  the 90 ld.D. te level { cuve I) . A.t the 

1 r apereaie tJ.aea, that 189 35 aln•t.• a d 1 5  ain11t•• { cvrYea I' an4 

> .  there ia a drastic 1 itory effect f beating tiae at 86°C oa 

•7D•r•a1• • hi.a is particularl.J' aarke-4 between 10 25 ai..1uatea 

keat at C after whic the e ffect le .. n a  ( curve F) . 

re 20 a o a a liae r relatio ahi •�• � 
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and the �. of heati g at 86 C 1 the reseace of �· -r1o • •  This 

indicate that browning re c t1 ee4a liaearl7 wi th time , up t 

at 1 ast 40 ai utes heat g a t . 86°C .  

I t  1. c lear , therefore , th t 110difi.e-ation of the free aaiao 

groups in t e ea in micelle 1D the " i.lke" , through reac tion with 

reducing sugars, e tly inhibits both rate and ext t of syneresis 

of t e rennet-trea ted calci m-caseina te gels . 

To deteraine which of the cas 1 component was ao t affec ted , 

polyacrylamide gel eleetrophor ala was carried out o the tnheate4 and 

heated saaplea ( 25 ain tes at 86°C ) . Th result 1a how .in Plate z8 . 

I t  is clear troa the electrophoretic pattern th t there ia li'tl e  

difference lHt twee:n aaple 1 ( eated - no sugar ) and ple Z ( heated 

86°C/25 111inute ) 1n.dic tin tb t he ting to 86°C ha 1la4 llttl 

degrading e ffec t  on the caseina te . None o f  the aajor or minor pro teins 

appear to be affected . Saaple 3, owever , shows that heating for 25 

aiautes to 86°C in th preaenc of xylo e, greatly �fects the pattern 

for � casein, giving a diff sed tailing zone . So of the llli.nor 

protein cowpo e t s  ahead of (3 caaei.n al. o ee to l>e atfectecl, ut 

nei th r �s· nor kappa-casein , particularl7 t e latter appear to be 

affected to 7 gre t extent . I t  appears reaaonal>le to interpre t the 

reae ti betw.-a the casein aicell s and xylose 

(3 ea e in  fre• atd.no 

lyaiae . 
e fr t e r .sul · oht e4 

ill the pre ence f r 4 cing are , syJ:tel"esi. 

bei g aain.ly one 1d th 

t e ffecta of eating 

• ta ' .... tkat 

... e ft•ct of 1-tl ro 2: 4 initro enze e ,  tha t  1&, ly.U. 

... 2 f (3 c pro bl7 lay rt t role , possi 1.7 

tl:r,  .. t • reaie f re le • 
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SECTIOII M :  niSCUSSIO 0 THE EFFECT OF MODIFICATION OF THE FRBE 

NO GROWS Dl CALCIUM-CASEINATE SYS'l'EH ON TilE 

S IC PROPERTI ES OF RENHE'l'-CAS EI GELS . 

I t  been usual to c naider the effect o f  heat treataen t o f  

a:ilk a tenus o f  enaturati of whe;y proteias
( 10 } an4 to thialt of 

caae.in ld.cell.e - fat glo ule illteracti 
( 1 18 )  

as being r aponalhle 

tor weak rennet-� eels 

"A?tifi 1al ailka" ueed in the 

the hish w •7 ret ti of these gel • 

studies were devoid both o f  fat an 

serua proteins . I addition colloidal calc1ua phoap t waa absent 

so tha t  heat e ffects were liaite to aodi tic t1oas , if any ,  o f  t e 

proteins thea elves .  

The dific tion of the aaino gro pa in ea in aic ellea ha been 

clearl,- ahowa to re tard S"PJ. r 1a of the calciua ea inate gela. In 

t ea involving ch..S.cal fi UOD o f th functional groups oa 

caMi.n • research workers treated 1adiv14ual proteins in re or 

leas pllH form and theD a tu ied the e ffect of such tre \meat . 1a 

tee i.que ffer froa certain ti a vant gee . I t  iln'olve e-zten ive 

and o nen labori a pl"oo:eclures to 1 late the proteia ill pure fora , 

ottea b7 the .. f aaturiag a nta uc .. urea, and t e e of 

variati.o ia p and ot vari a salt s .  DuriJl8 the proce a of 

1.a lati • t re i.e antee that the pro tein o t  bee 

fie • .. ' affect t e reaults . hrtheraor , 1a D&t�· the 

roteina rarel7 ccur 1 depea 

.. t . ... t ail.k • It a87t theJ>e fore , prove 

c0111pl.es . r bia ayet ... as they ccur ,  and t .. 

r \o a great.r or leeaer 

edea • 



A at cl� t the e ft 'Ct o f  aodif'ica.tJ.on f the aaino r oups 011 t • 

aynere tic pro ertiea o f  renaet-caaeia ge1a was ini tiate � the 

findi g of Hill a 4 Craker( � 3 )  that modi fica tion to an extent of 20% 

of the lysine side chains on kav pa-ca sein 71th dim thylaminonaphthalille 

aulphonyl caloride 1 hibited coagulatioD o f  the reDlli.Ja- treated protein . 

This tudy was c rri d out on individual pro tein prepara tions • 
• 1 1+7)  Earlier , Bargoni , 11sillg whole CatSein i n  aon-aicell r to , had 

to d after extensi ve •odific tion of the emi 

wa inhibit• or pre ented by s eh trea taent . 

groups , . tha t  clotting 

... . u  .. < 1 48 )  
oycAL A reported 

that rennin-treated trifluoroaee tyla�ed kappa-easein wo1ild not clot . 

I t  w s ,  th r� for e ,  o f  inter st to det.r e the e ftect of such 

specific age n ts on bot ge lation and eyn re is, ut fter re�ction with 

the e&aeina te in mic ll ar for • To this end , ther fore , " tifieial 

ilke" con t  .inins 1 00 � ( w/v ) calci•• were used . or r ac tione with 

the amino groups , 1 - f luoro-2 : k  di n i t robe nzene ( F . D . N . B . ) , potassium 

cyanate ,  and o- thyl-iso urea , nd al so reduciug su gars , were emplo7e d .  

Excep t fo r -aethTl -iso rea whic h  reac ts onl7 with the epeilo �ino 

group o! l7 � • •  th se e o  da are onl7 r o  dly sr- citic in the sense 

that a 11 amino �roups can react wi th the • Thu F . , . N . B . can re3ct 

with all free amino groups a a  w ll as wi th th laid 1 group of 

h tidin , phenol group of tyrosine n t • ulp 7dryl �ro p of 

cysteic• 
( 122) . However, et o f  the � amlno ps iD the in tac t 

prot .1a ar the e tide d there fore are no t 

a vaila le c tio wit t • . D � In f> ea e.i , ost 9 

o f  t e tr e group ar 

dy, . D. N • •  trea t o f  11utif1cial clka" ppeared to 

affec t onl1 the fo ease - g l electr 

t t t .  

in. Plate 25., 



151 . 

aubatan \iallJ after r . o • •  B. treatment u t  o other trac tio were 

tfeetecl by the 2,. treatmen t. 
to indicate that aoet re gents &f ecLfic for o gro ;p • react 

priaarilJ wi th the l7sine side chain � although if the reaction ia 

prolon«ed and/or the cone entrat�on o f  the reage n t  � high then o ther 

( 1 49 )  
o acid res.iduea would U.O react . Thus o r  .. l l  aad Ka7e 

reported th t tormaldehyd u der neu tral conditioae f�rst bec oa s 

attach d to each lysine ide chain . ll1l e t  al ( 150) fou that 

cyaaate , p an iap rity in concen tra t ed urea 

oluti n , rea·e te riaarUJ with lJsin side chains to gi.Ye 

hoaoci tralline derivatiYe • S tark et a1 ( 140)  re � orte that 

carban17la tion of ribonucleaae with pota siua y te pro uced in the 

main hoaocitrullin • aon( 142) has also reported siailarly . 

Thus, under conditi o s where oDly a��all quaatities of the reagen t  are 

use-4 , it wa s a e4 that the reac tion would be 11mi ted to that 

c.h• c al poup on the pro tei with ich th rea ent pre fe ren tiallJ 

reacts . 

I n  the preee.nt work "ar ti ficial aUks" wer react•d w1 th 0 - 64 mg 

F . D • .N • •  for Under these cond i t ions , the rea c ti on 

f t • c ue aicellea w i tk F . D . B • •  w s foa to ha•• a linear 

relatio p with tiae for t • first 30 - 40 ai tea at 

leYel of r. D • •  B . treata t ( Figar• 8) . • relat1on e tween 

qu U.t,- t .» • .  a. an t • fiaal reac.t1 pH ( J"i • 9)  1.ndic te 

that • to )2 r. D . II . B . a llnear nlatio p llel4. 

lJ' ap ific to 

proteia. •70 d )2 .. .  

re genuall le .. of F. D • • •  / 

10 Ill• • lll.lk renl • is va•a&5"' 

• 



ODe roteia iJ:l the casein Jli.celle ,  that 1.a p eaMiD (Plate 25) . 
I t  a�pears, theretore 9 that the poaiti and tertiar,y str�c ture of 

� ea •�n within the aicelle i s  such t at i t  1 ble t o  readil7 

react with F. D • •  B.  when c oapared with the other aajor proteins and that 

it plays an illp.ortant role iD syaere 1a . Extension of the s traight 

liDe i Fi re 10 indicate th t at c one niration of 6? ag added 

F . D • •  B .  n qn reai. woulcl have occvrr d . I t  1a i teresting to ote 

that ia "a.J"t.ificial milks" CO: tai. 3 g ea e1 , the l7 ill c oat nt 

( 122) in f ca•ein, �� of whole ea e1 ( 13> , approxiaates to 60 • r 

t aod1ficat1o of  all e- • • 

would • req ired on an eq t.olar aais. Tbe fi re of 6? •• F. » . 

obtain d b7 eztrapo1at1on of the lille in igure 10 i close to t ia 

valu . e sia1larit7 appears to e aore than juat coincidental , 

particularl7 i f  one refers to the electrophoreU.c pattern aho iD 

Plate 25, where extensive 1fication or the f casein pattern after 

I t  is , t refore. re aonable t pre 

that the e-NB2 croup of l7s1De 1n (3 c ad.n pla,-s a ��ajor rol.e 1.D the 

yueresis o r  rennet-casein gel • &le c tron microarap of "ud..lks" 
treate wi 2� a F . D • • •  ( Flate 26 )  ia41cate that the ph7aical 

aU.o of the ea ein ldcellea ar. little at'f c te4 b7 F . D  • •  B • 

treat ' ·  The • l> . N . B . appe rs to :ba..-e rea t.d over th • are 

f e dcelle, naa z7 a pearaace to t e picture . T 't the 

·- 1 (3  aaein • e ap arias to reaclil7 re with r. D. 

t t 1•7 orb t role 1a the ta i.l.iaatio t th• 

•P eri. caae o•U.• 
... oti.o ot F.D. • . w1 ... 2 gro  e f (> ea Gl.d be 

to o t  the apt .. 

la parti.Cill.ar f latJ.Yel.7 • , . ' ter. 

. . 

. B .  

' 



'fhe red ctiea or inbi 1 tion o f  STA reaia eo d. 

.1 creased electro-negat1Yit,- t the 7at .. .  

Y e  e ea d • �· t. ia 

o ther likel7 rea oa 

ie t he preYention of direct participa tioa f the lyabe aide _chaia 

ill f casein in c.ros l.inkiag durins a;rnereaia . Syaer tic at dies 

at 4iffere t pH leYela ( Fi e s  1 1 ,  1 2  d 14)  .indicate that the 

change in ionic char c t e r  o f  the protein does pla7 a part in the 

:lnhib i ti.o of yner sis , b� cause .r-eduction in pB doe s  giYe 1ncreaaed 

y eresia, l tho gh tu t�nal extent o f  syneresi s • a well below the 

con trol Yal.ue s .  The liaear relat ionship be tween the reciprocal o f  

the quan t i ty o f  �hey expellod wi th pB o f  the syateaa ( Ftcure 12)  

uggest that a teric ndl' nee fro• F . 1> • •  B. plays llttle or o part 

the iahibiticn of synerens . 

Yery myc b  less whon c o•par 4 with th controls . Yen a t  low pH l eYel 

such as 5 . 4  and .o ( Ti�uzes 12  and 1 � ) . Thi s  � geete that 1ncrea 

in elec tro-neg tlvi ty of the pro tein aa7 no t b the onl7 re on for 

ihe redac tion in ayneresis . 'fhe •- H2 group aay take part diree tl7 

in the croaal1nki • 1"h t thi s  .. 7 e the case ie i.ad.ic t b7 the 

!a t tha t gua.nJ.d i a t 1on o f  the case1.1l ay tea wi t 

of th e- Nli2 p·o r ,  o s reduc SJ!lereai • d e-spite t he fact that the 

chru·ge a t t  rn ia lit t l e  ange4 (t ble XXVI ., Plate 27) .  'the extent 

of r-&4uc tioll in nere s� 1 , howe•.r , i.a F . D • • •  

t.reat d " " •  

.t: ati of o o1ua o aol1lt1 n in t • reeence t re 1utiag 

a al o e n tou d to gi.Ye tly re u eed ayne ala . 

ot heat g e 4 in t • atud7 

d 1n t �•••l• a little , �t 7• 

ri. s c 

ab .. • of 



160. 
fr t • eleetrop retic p tte 1a Plate 28. 

greatu th that 1a t pr• s-.,n o.e of an a1 ohexo 0 the M4uct-1on 

ere ��� . S7Jle:reais :is .sUy hibit- •••u at 6.0 c • 

Electropherogra.aus (Pl t e  z8 )  o f  treat. u.d treated a lea, 

olearl7 OW th� t � C'lliei..n 18 tbe main prot ein affec ted 7 the 

re ctio with the al open t.oae . !he reaction robabl7 1 Yol••• the 

e-RB
2 

sre• s aad 1� again indicative ot a mioelle etr cture iD which 

f; e.aaaiJl i.e read1.17 able to 1'1!aet wi th t e a dos: ara tUtder the 

coaclit of th eaper ent ,  whUe ot, , kapp -caaes.a. the ldn r 

ff cted . 

t 

Reeults on eyneresi obtained f he till "llilka" 1 the pr senc e  

of al. osug r c0111ple e t obs de with F. D . N . B. treated 

a7etea ; that syn��c eia of r e t-ea in gels is reduced 1n the main 

through incr 8 sin g the electro-negative charac ter and ,  therefore . 

r pal.a� of the gel struct al e , and/or preY nting th direet 

partio.t Uon of e- gro 
2 

a of (> o 1n 1D t e  

e-

t 

t e 

011. 

to 
I t  

I t  1 a  41!f1c l t  to 

2 IJ'O :p of 11 

in what ort of torc:ea or er eallaka the 

be involve • !he ll t fl le ezpl ti.o lla7 

at the1 e eleot oatati.c or to 1 ' in character . ennin acUo 

aai l7 p�ta the po i tive c g the o-
2 

CO J.nto p iti w1 ll t • 

te groups • that t attr cti are reate4 .. 

It als� '" t tt as 

1 e to f ti< i.nvolYing box;yl ant 

gro � •• rr • Calci een sho: 

� d. a t t-ease ' ter Va. D ) . 

• t t ot r •t 1'1oati t caa te 



1 6 1 . 

e. d calciUJI ••re Dece N-17 for the eyn.nna to oc� r .  Baker 

Sarorr< 71 > haYe 1ndice.te4 that c ela ti o  of calci bet•••• ••Sno 

groups and ca..r ozrlate group s thro h th fontat 1o of a co-ordhate 

eo al eu t bond ia possi b l e . ! ere are se veral ex..rl e  or metal 
c elate compeunds( 151 > . Diamino e t hane t e tra acettc aci4 ( E . D • •  A . ) 
ie; a tlol l known me tal e h  1 tin.g compound whi ch c h el t e a  calciwa t 

nn optimQm pH o f  7 . 5< 152) by si ilar ayst • . uch e tal ehelatea 

are generally unstable in acid condition ( 1 52> . 
Ter Horet( 153) 1a 

propo�·in a. new thoor,- on the casein te c pl X in ai lk presented 

evid cc to indicat the bin � of' ( CAPO� ) to lysine -NB2 groupa 1a 

c eitl in the form R-NR3P04ca . Hostet tler an Rue � r( 72) tou d that 
the pR of caaeinnte solutions dropped on the add ti of caJ.ciua i a .  

'l'hey i.ntcr�1re ted t lrl s  a s  being 4ue to exchange o f  ro tons 011 th e u . o 

grmt; a on c llsein , tor c lciU:m . Thu , it i po ble that the e-NH
2 

groups of l;y.oine u (3 c s in may bonft c lciua at near neutr l pH through 
chela tion p ouo ena in?OlYi g car oxyla te 

The sp•eific reac t�on ot r . o . • . .  and nl o e  gars with � c e1a 

indica.tes th .... t the latter is r adlly availabl e tor rea c ti on wi.thia th 
· e el l e .  'the structure o f  (J ea ein would have to an open one to 

pe r it eh 

or o illd.r 

hav-e . in f et . 

rapi renctio wi th t e lysine si 

ceetec.\ t t (1 
1 opko c fore • 1nt 

n et 
pr te s b-uni t to giv priaar7 parti lea 

ohai s, wit little 

Parens an Markw1Jk( 15� ) 
t o  ass-ociate 7 

c tvr s ,  proba l.7 

aesoci tio of t • 

t IJ( s to o(f nor {i t (i 
o(r to (3 iater-as iaU ro gh17 a 3• 2 ratio . • 



along w i th t ere(91 H 92 H 93) , led oae ( 156 )  to prop se receatl7 a 

aew aodel for the casein aicelle . 

(' casein diagr 

which o<.r case in waa 

tic.all.7 as randoal7 colled eloDgated threads , wit 

saoc1ated . The highl7 charged kappa-casein 

aolecules containillg the h7d.rophilic gl7co acropeptide was associated 

with ridel7 d.i perse<l eX; eaaein aol.ecules .  The elongate4 randomly 

coiled p casein polymers were shown to perme ate the •�cel.le and to be 

pre ent oYer it wnole aurfac • The aodel proposed b7 Rose ( 157 )  

explai.na the re �•r reactio of  p c  sein with r . D . R . B . and ldosugar , 

with littl hindrance fro• either �� or kappa-caael , the reaction 

beiag particularl7 sp ecific for f c asein at low F . D . N . B . concentratio a 

( see Pla te 25) . In this work , elec tromicrographs of F . D • •  B .  treate 

ea ein icelles ( Plate 26 )  had sh�wn a uni forml7 di ffused pic ture , and 

it was suggested that p casein is spread through and oYer the body o f  

the icel le . Rose ' s  model ( 1S? ) for the casein micelle i s  quite in 

accord wi th this poatulation . ( The  refeFen ce c e to the author ' s  notice 

a fter the electr a micro aphs had been taken and electroph retic 

patterna had suggested that (> casein w s in�lYed in syneresi s . ) I t  

• s hown earlier in el•ctr n micro�aphe ( Plates 4 - 1 1 ) that gela tion 

f rennet-caaeia gels was essentially a surface p ea , prob bl7 

inYolYing para-kappa-caaeia the dlfterent aicelle faces ,  the 

(3 canJ. a ill tile 

ol aer jllXta poai U 

1• 

t• 

o enable 

'rhia coul also briq 

cros linktac. thro gh calciua 

I t  !lOW eeeaa poasi.ble c aein 

ascr . •'-• are aya:Jl•ble tor 



i•�eraction afte? gel foraati , ao t f th.. ro1M. l7 in in 

micell.a.r fora. Duriag devel.ori g acidit7 t e e�atiYe r pulaive 

c arge would be Deutraliaed . This 7 be acco panied by displ cement 

of calciua fro the curd structure well as fr withia the micelles .  

The isintegrat1 aicelles woul.d then provide aore aobile strvctural 

eleaeata wi thia the curd . Since elo gated thr ads ar mor likely to 

participate in uch int rac t ions it eee�• likely that the (> casein 

t reads will be ain17 involved . These would telld to react wit each 

other and with the ri d etFUctural e1e enta of the network, probabl7 

by electrostatic , and also h7dropho ic , forces eo tha t  ynereaia is 

increaaed . High t eaperaturea incre e &1Jleres1a pr ba l7 1 increasing 

the rate o f  c ontact between the network elea ts and by for tion of 

hydrop obic bonds which i s  an endother ic proceas( 97 > . 
The inhibitory action on ayneres i  of F . D . N . B . and o f  xylose in 

be ted "m.U.lta" may be attributed t increa e in the elec tro-nega tivity 

of the p ea e in thre da through blocking of the free e-NB
2 

groups . 

ther b7 crea�ng rep lsion within the rel ay tea . This would be so at 

a11 pB levels .  Bloeking of the tree a ino group would also reduce 

potential electrostatic force of utraction 1 which th tree ami o 

gro ps 11a7 take part , and there 1 re4uc s,.nerea�a. U ai.ag Rose • a 

ao el• Fipre 2 1  depict s  he ticalJ.7 the ayneretic proc ess a s  1 t 47 

e occurriD in rennet-casein gela. 
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CBAHER VII 

nd Conc�uaioaa on the Stu x o f  lectors CoptributiBa 

to Gel J'onution and s:rn G el a 

The at dy o f  fac tors con tri u tinc to gel foraat�on and &7ftereais 

of renne t-casein gels was aade on model 7s teaa or "artificial �" . 

'fhe ulllilks" were 9 in e ssence,  calc iua caseina te syste prepared under 

spec i fied an c ontrolled condi tioAs . The aysteaa wer stable e�e 

SiRce teape ra ture play 

illportant part in the associa tio•e be tween the c asein coaponen ts as 

indiYidual units( 9 1 > ,  and also betwee the .. �ts nd c lciua, and 

b cause ea ein aicelles are toraed under natural condit ions at b dy 
0 tempera tures , the "artificial aillta" were prepare<! a t  35 C rather than 

at re frigera tor t eapera tares as has been don b7 others . In a lilli ted 

uaber of experiaents in this s tudy calciua casei.Da te - calciua phosphate 

RoweTer ,  the deciai oa to discontinue using phosphate 

containing "mUks" in the experille ts steamed troa the fac t that in the 

presence of disodiua hydrogen phospha te or orthophosphoric acid it w s 

obser.ed that emall irre lar casein aice�es were formed .  Th eae 

were quite UDlike the physical org nisatioa and size o f  casein aicelle 

in k1a aUk .  O n  the other ad, "allka" containiag o a ded 

phoep ate , particularly those co t•ininc 6o - 125 •I• c a1c!.ua ,  

ahon4 a1celles Y&r7 e1a1lar ill aize an general a peara.n e t o  tlloH 1a 

• elecrtr 

1ouc calci 

1. 

ftl. • r1 

ha&1se t he iaportant role f 

tll aodi: casei.naM 

1ft 

ot r•.Dllet a U 

d ca1e 

ate . 



Since modi.fic tio o f  aol cular charge ha ben aho no t to affec t 

intrinsic visc o s i ty i o ther proteins uch a serua alb..tn < 96 > , lt 

waa pos tulated th at the tall in ri.s co i \7 of renn ttecl-"artificial 

llillus" was larr, ely d. e to the relea e o f  "i btli e " water fro 

casein icelle into the sy tem .  I t  i s  di fficul t to prove , 

evertheless , tha t  aodi fica tion o f  the charge of the casein aic lles ,  

due to the release o f  the glyco-aac ro -p•ptide b y  renne t action , 4oes 

not p�af a role in the drop in visco it7. Payena( 9 1 ) has stated that 

th &e ta potential for c a sein particles is low , eo e quently e1ectrical 

repulsion be tween the alcelles would e low .  Hydra ti on o r  an 

"i obili ed" w ter layer around the micelles eo ld there fore a suae 

an importaa t  stab�isiDg role . AA ul tra-centrifugal tee niq e was 

developed to me ure the release o f  "illmobilised" water , using 

haemoglobin as an indicator. I t  w s found that rennet-treated 

micelles in u arti ficial alllts11 re leased into the sys t em a t ,  or abou t ,  

gel pout , a qua n t i ty o f  "i.rulo i l ised" water equal. to about 70% of the 
weigh t of the we\ proteiD { casei te ) .  '.rhe tera "1 mobil.i. d" water 

is us 4 to i gai fy that the technique used for i ts d te�aatioa does 

not discriaina te be tween ( 1 ) true c cally bound water , which aay not 

exceed 2o-}O% of the weight of the wet caseina te , ( 11 )  water held 

within d n the surface of aicel.le ia the fora of i.c eli.ke regio ' 

and asaociated with hydrop obic o cid re id e a ,  or { 1� )  mech Jlical17 

trapped wat-er witld.A t e aicelle . 

e el e c  ai.cro f re et'- »art11'1o1al .S1Jta" nd slr.1a 

a!lka ( Chapter I l ; D  .. Plat '+-1 1  cl 1?-21 ) clearly s ow t at gel ti • 

� e aenti•lly a earta A.t el 

p de 

• thera to 



166. 

fora a }-d18ena1oaal •twork, envelopias the liq.td ln the rooeas . 

I t  wa demonstrated tha t  fairl7 larse coacentration of aodi 

thioslJcollate , i exce of 200 llif40 lll.a .  ,.lli.lk" • or all 

concentra tions of 4ithio threitol ( 20 ag) preven ted a gel truoture froa 

foraing . ather a precipitate foraed an4 se ttled at the bottoa of the 

beaker , at the same tiae g1Yi ria to an opaque supernat n t .  Renne t 

a c t ion itself w s not inhibited. I t  is recognised( 91 ) ( 3 ) that the 

glyco acropeptide nd the susar oie ty o f  kapp -casein which rennin 

split o f f ,  and the sulphur aai.no acid cystine are situated at the 

opposit and distan t ends of the kappa-casein aolecul • !be apllttia 

o f  the disul hide o d does no t give rise to 1 stabili.ty of the "milka" ,  

probably because the �hly hydrophilic glyco ropeptide is still 

a t  ta ehed to the "micelle" surface . 

the rele ase o f  the glycomacropeptide by rennin , a precipita te foras 

rather than gel. . One possible e xplanation o f  this observed fact 

ia that t he whol para-kappa-casein is n eded on the micelle surface 

to give rise t 3-diaen sio l network . The surface t o  surface 

in teraction at el oiat thus probably involves onl.y the para-kappa-

casein , which is probably still a t tached to the aicelle sur fa c  , and 

ionic c lciua. 

The at tendan t r lease o f  u water" fro. casein aic llea 

whi.ch see to occur concurrently with the gel tio pn���na aa 

o aerYed 1D thi at 7• i in it e � r  not •• idea . Lautfer
( 162 )  

an4 te• a a Lautter
( 163) 

fou t�a t olJaeriaatioa t T .M . V . 

pro ea • 0 e • l.a 

wu of 1celike 

aac e te4 e\at.e a 

t ,  t • 

tio 

l,_er1 ati itselt 

ffered b7 th••' 1 63)  

f water noraall7 a a  ciat 

t p c p e �  



In the "•ilk" s� tema o e •ts t like the micell to a uge protein 

molecule, at bili .. d bJ lar e oaain s o f  lcel� w ter on the surf ce , 

and perhaps wi tbiB . Rennin probabl7 destroy the protec tiYe icelik 

dom ins enabling the micel l e s  to link p through c alci and the 

�ara-kappa-caaeiD segaent . The preference for rennin to split bonds 

adjacen t t o  h7drophobic re� i dues i kno 
( 7 ) nd even in cas in rennin 

is believed to a t t ack a phenJlalanine-a thionine bond on the kappa-casei ( J ) . 

part from thi s , reanin action al o r emoves the h1ghl7 h7drophilic 

lyco acrop ptide from the ca sei nate surfac , thereb7 removin a h1gh17 

h�dra ted por tion o f  the c oat . 

A f t  r thi s wo rk • s comple ted , two rec nt references cam to the 

au thor ' s  no tic e  which lend support to the con tenti on that a solva ted 

or an "immobi l ised water" layer around the c ase in mi.celle 1s a 

prominan t f�c tor stabil ising the mic elles again st aggregation . 

( 164)  1 4  . 
K eyser using 1 - C labelled lactose found th t bo t 20% water 
on wet caseinnte basi s was released during the c oa lation s tage of 

re net c tion . this was appar n tly a slow proce s nd differs 

somewhat fro t h e  vi ew presen ted in thi s  work . Hill nd ake ( 1 65 ) in 

a de ta il d analysis o f  all avail ble data on the caseinate complex 

conclud th t kappa-caseia is the first reco 1se4 exaaple of a pro tein 

th t has e YolTed to func tion aa a d e ter t .  The - terminal , two-

thirds o f  the k pp -c ein olecule is hydrophobic and is aid to 

re ai.n tt ched to th llieelle urface ,. h7 ro ic 1 t•ractiona after 

r t ac�io • HoweYer ,  th c- t e-thir portion o f  • 

kapp -ea 

to a1 ve the al Uea 

.aYelo , whic is re 

bi 

crop ptid ) la 

re 

a tiTel)' char e 

t ae ti n .  

lJ.c and faces 

olvated surface 

to 

• a aol'Yat 



1 68 .  

stabilising the m�celles against a g  egation . Because o f  its 

posse ssing two distinctly di fferent portions on the same mole cul e , 

kappa-casein may be considered to be an amphiphile , which giTes it 

a "detergen t" func tion . Hill and Wake
( 1 65 ) 

state that casein 

mic elles can be regarded as hydrophobic particl es wi th a stabilising 

hydrophilic coa t . Rennin removes t his coat and the hydrophobi c  

core s a r e  no longer stable i n  solu tion . The surfac e hydrophilici ty 

would account for a high degree of solTation on the sur fac e ,  whic h  

renne t  ac tion would upse t .  

Gel forma t ion does not appear to inTolTe a sulphydryl-disulphide 

nor a disulphide interchange reac tion as has been postulated by o thers 

( 22 ) { 63 >
. This is despite the fact that all cystine and cystein e

{ SZ)  

appear t o  be c onc entrated in the kappa-casein frac tion . The 

1 ( 82 )  
concen tra tion o f  both amino ac ids i n  casein are relatively much ower 

than in o ther proteins where sulphydryl-disul phide interchange 

( 1 66) 
reac t ions do play a part in t he gelation phenomena . 

Calciua was found to b e  iaportant both for gelation and for 

syneresis o f  rennet- t reated systems . In i t s  absence , nei ther 

phenomena occurs . In what way it proTides cro ssl inks is still 

obscure . A link wi th calc ium be tween the negatively charged 

carb oxylate on one hand and the phosphoric groups on the o ther has 

never been satis fac torily proTed .  Attempts t o  correlate rennin 

clotting w�t h  chang s in calciua binding by the para-casein haTe led 

to c onflicting repor ts
( 167 - 1 69 >

. Instead o f  a straight calciua 

cross linkage , the aggregation say be induced 'by diaillished solvation , 

as h a been shown to be the case in this work , and t o  an ionic charge 

e ffect whic h  would tend to neutralise the negatiTe carboxylate groups 

ancl there fore reduce repu1sion . Preliainary work by the author had 



i.n414 te tllat the reane t-easeia eel waa e •i-17 sol bill 4 ill 

ea ollltioas of  4M conee tratio • I t  1a difficult 

to explaia how a gel with large ac le cros liaks iaYolYiDc calci 

could diaper e so e a1l7 1a a urea eolu tioa . The forces t e 

weak enough for ure to be e ffect1Ye . Ye 

own that dan Jlatioa of kappa-oaaei.n l7eine aide chains preYented 

aggregatio of the renae t-treate4 proteiD and the7 1Dterprete4 this 

to aean that the l7sine si.de chain 1.n kappa-oaseia pl 7s a di.rect 

role 1a eo gulati.on . Baker and aroff
( ? 1 ) 

ha•• indicated the 

po si�it7 of the t.ino groups o f  histidine or the •- 2 groups o f  

lysi e partici a tLag 1a a chelatiac 

the carboxylate a the oth r reacting 

tio iaYol rtng calci .. , with 

There are oth r 

taatances of such chelate co-ordi.nation coapou da
( 151- 153>

. I t  i.s 

possible,  therefore , that in rennet-casein sel ystems , the 3-diaensional 

network is foraed b7 a reaction betwee ly ine e-NB2 group on para­

kappa-c eiD and carboxylate gro ps o a di ffer nt aicelle,  with calci 

ing c elated in the proce a. S eh calciua li.Dka would be diaaociated 

in the pre sence of aci4i. t7 • I t is also possible that calciua bridges 

of thi t7pe would ot sake the network iasol ble 1a urea sol utioaa . 

Deapi.te the f et \hat ab e ce o f  c alciua preYents gelation 

n ynereais f renDet-easeiD gela , i t  does not necessarily follow 

that 

it i.a 

p.ro f  

coul 

act.i 

•7Bereai.JI 1a a eo tinuatio of the gelatioa phea In fact 

clear froa the preaeat wo k t at it 1a t 

1 affect •7Jl•r••1• t ffeet plati. 
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1?0.  

pr · nee of aldo augara d 'bseq en t SJDereaia t the artificial ail.k" 

sel.s iadicates th t p ea ein -� lte dOIB!IUlDtlJ inYOl.Y4Hl ia thia pheno aa 

( Plate 25) .  G elation was DOt obaerYe to be affected by th lillite 

dini trophen�latioa . There wa l e sa iDhi 1tion o f  syneresis a t  lower 

pR Yalues indicating that part of the effect of F. D . N . B . trea eat was 

probably clue to incr si.Dg the electro- egative character of the �atea. 

This , howeYer , appears to be too aiaple an expl nation . :S:Yn at the 

low pH of 5 . �  and at hig er te pera ture a of }8°C , th inhibitio f 

ay ner ai s was great eoapared to eo trol • In &Jat aa which ha4 beea 

allowed to gel at pH 6 . 8  and at }0°G , and the the eo di tioaa eh ed 

a uall� ( increase in teape ratur to )8°C and 4ecrea e in pB to � .O) , 

the F . D • •  B .  &Jate .. did aot &Jnertae to the aae es:tent . a th contl"'l s .  

Conversion of t h  e-NB2 group of lysin t o  s ni4J.no g.roup b� 

trea t ent wi th o-me thv l-ieo urea al o gave a red c tion in synere sis 

espite the fact t�at basic e-NH2 group had been replaced by the 

slightly more basic 8Jlidino group . Thi s indica ted that the lysine 

side chain participate directl7 1a th• crosal & or in terac tion to 

-

ive syneresis t rennet-casein gels. The e ffect of heating 

f' art i ficial adlks" in the pr senc e  of reducing sugars has also been 

to d to gr a tly deer ase syn reaia and electrophoretic pattern shown 

i Plate 28 again eugge t that � casein is priaaril7 iavolYed . 

Gel toraatio lyaiJle e- B2 pa froa t e para-k ppa-
ca ei. and c.ar 0%71 te em calc:1 i.Dt r cti pro 'bl7 rings the 

t tt•r• t Id :ellee into close j1lxta po ition 

tor !urth r 1 �er c tion . his eo 14 rou 

• c oqlat gro calctwa t 

tral t p atulated t r t e 1aiti.al. el.atS., • T s ew 

a are e ta: li .. tlle jat , r..ta re lts . 



ln the pre sence of d e•eloptn acidit� the chela tion eo plex 

would be come incr aaia ly l e  • atable . 

r 4uc tio 1n syne re si s  anticipa te a 

Rowe• r ,  the p sible 

result of tbi does no t 

occur bee se of two indepe-adent aoclifP,Ag fac tor whic alao rlse 

fro• the d eTe lopi g acidi ty. I n c reased hy4rogeu ion concen tratio 

wo ld t ncl to neu tralise the n ga tiTe char ea and tb• reduce the 

1 7 1 . 

r pulaiYe force bet�een tre in diYidual casein coaponents and , secondly , 

it will c ause t h e  mi cellar fora to 41s ggregate th s releasing a large 

nuaber of protein sub-uni t s .  The e ffec tive pro teiD concentra tion , 

and he nce bonding pate tial , woald thus be inc rea d through Yan der 

Waal and le c trosta tic forces , wi th f c aeiA playing the j or ro le in 

e,-.eresis . 

There i s  an apparent con fl i c t  in c oncept be tween the part played 

by e-amiDo groups on the ly 1ne in para-k pp -casein and e leiu 

bridging in the fo tion or the- gel and the siailar reac tion post lated 

fo r the synere tic b ehsYiour ba sed on the lysine groups in � cas in . I t  

is ar,ued that the l7sine group i kappa-casein are not expo ed and 

eo eq entl7 do not react wi th . D. ll • •  under th conditions in the 

expe riae ts repor ted e re . Conse qu e  tl y ,  they ar still aY ilable 

for complexing with caleiUill a fter r D et ac tion has expose thea in 

para-ka pa-casein . here s the lysi e in the p casein 1 now unable 

th e 

to 

participate in a eildl.ar reactioa . Hence gelati occ .1"8 t JD.eresi.a 

1• reduced u der these on cU.tio a .  

e e f fe c t  o f  1ncre se lD t ea e ra t  re 18 pro bl.,- · re sillple ; 

t d rate f ntac t an4 a als o  1a 

t 111 tiag 7dr h bic b d toraati • which i an e 4otherate 

proee • 

(b-
el.n 1a the fora f el:on ate randoal.7 Ued !ibrea, 
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ia an ideal protein f r th • •ari us lnteracti a ce • w.1 t the 

globular ol. s c aei.D, ince t e tu etioaal groups ( e . g. e-NH2 ) woul.d 

ten to be re exp sed .  Since it al o �ompriz;es about 30% of t e 

total caseinate , its apparantly doai ant role iD yn re &is is 

there fore not too eurpristng . 



hile some v14ence has been pro•�ded in this work for the 

ini tial desolva ting ac tion o f  r e nnin on the caseina te aice�e s ,  aore 

eed t� be d eveloped for the measurement of the 

release o! "1. obUise4 wat e rtt . The posaibilitr o f  para-kappa-caseiB 

oa t • ai.c elle surf ce taking part in th illi tial gel s tructllre needs to 

be turt er 1.n•e stigated . · hUe it has b en shown that there ia l i t t:le 

or no scope tor the fo raa tioA of disulphide links in the eel e twork 

of rennet-casein gels , and t h  t ealciua is necessarr for both gelling 

and syne resis in renne t-ca sein systeM , it has n o t  beea aade c lear a s  

to what f o r  t h e  calciu erosslinks tak in ei ther pheaoaena . The 

11che late•· c o -ordina tion c ompound t h eo ry i.nvolvi.Dg the e-NH
2 group o f  

lyeine ,  the c a rboxyla t e  group a n d  c al c iua i s  spe culati•e in charac t r 

n based on limi ted e�dene e ,  al th ough i t  does appear that both 

lysine s ide chains and calcium are invol•ed in the two phenomena . !hie 

aspect e ri t s  d e tailed invee tig� tion . That the rea c tion of F . D. N . B . 

and the &ugar with f3 ca sein i.n the heated " i.lks" o c c ur s ,  in the aaill , 

with the e- 2 ere p of lrs�ne ee4� to aore thoroughl1 c h ecked . 

Select1oa of thia topic for reaearc was proapt e  1 the ceneral 

•1•• hel ( 1?0) t t tttaloe a •  a1lk c rd when coagulate with rennet 

c os q • tl7 a tou b • 1"7  ecl7 1.n th 

Gouda type ·and C ed ar tne c eese- aade f�o• it . u ! taloea •  ail.k haa 

ea r. r te 
( 171 ) (  1 72) 

to e tain ore /3 eiA than c ow-a '  millt. 

of wh 1• caseb . falo ad.lk pc .. 1a U.. 
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been r.ported to have a al�ghtl7 lower aob111t,. thu cowa • a.S.li 

('; ea ein . Buff �oes • ll1lJt has al so  eea reported
( 17.3) to contai.a 

hi her leYels of c lciua, ranging from 170 to 220 a , ancl sli tl7 

higher level s of phosphate ( 100- 1 3? ag% ' P ' ) than cowa ' allk. 

In view of the se coaposi tional features o f  buttaloe milk ancl the 

resul ts o f  this thesi s ,  it would appear that a ratioDal explanation of 

the observed syner tic behaviour 1 possibl7 available . I t  al so  

ind icates helpful way6 t o  aodif7 the ak1ng pr&cess such a coold.D 

with an aldo�en tose to block the - B2 croups to a limi ted extent or 

possibl7 using :phosphate or E. D . T . A. to complex calcium ions - sodiua 

hex etap oaphate or o e of the polyp o sphates should be ao t val able 

here . 
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The phosphoamidase action of rennin on casein 
� 

BY K. R .  AIYAR AND G. M .  WALLACE 

Massey University of Manawatu, Palmerston North, New Zealand 

(Received 13  December 1 963) 

SuMMARY. It is proposed that -N-P-N- bonds exist in casein and that these 
bonds can be hydrolysed probably at different rates by the action of rennin. It is 
proposed that the phosphorus is linked with the guanido group of arginine. 

INTRODUCTION 
Much interest has been shown in the action of rennin on casein and recently 

Lindquist ( 1963) reviewed the whole field. However, little interest has been shown 
in the phosphoamidase action of rennin. 

Berridge ( 1945) inferred that rennin, in its action on casein, possessed such an 
activity. Holter & Li ( 1 950) demonstrated that crystalline rennin had a hydrolytic 
action on a substituted amide of phosphoric acid and this prompted Nitschmann & 
Varin ( 1 95 1 )  to suggest that such groups could exist in casein and could be attacked 
by rennin. Using electrometric titration data, Dyachenko ( 1 959) showed that the 
isoelectric point of casein lay between pH 4·6 and 4·7,  while that of paracasein (the 
product remaining after rennin action) was between pH 5·0 and 5·2 .  He also showed 
that the essential difference between the titration curves for the 2 caseins lay in the 
' divergence in the strongly alkaline region starting from pH 10·2 when the E-NH2 
groups of lysine and the guanidine groups of arginine exhibit their buffering effect ' .  
Since lysine amino groups had been shown not to increase with rennin action (Inikhov, 
1 922 ; Koning & Stadhouders, 1962) ,  the appearance of strongly alkaline groups in 
paracasein was attributed to arginine guanido groups. Dyachenko postulated that 
rennin splits a -P-N- linkage and proposed the following reaction. 

0 H NH 0 NH 
11 I 11 + H O  11 1 1 -CH2-0-P-N-C-NH---� -CH2-0-P-0H + NH2-CH-NH-
I rennm I OH OH 

Cheeseman, Rawitscher & Sturtevant ( 1963) have questioned the esterase activity 
proposed for rennin by Garnier, Mocquot & Brignon ( 1 962). 

It seemed desirable, therefore, to examine further the activity of rennin in the 
release of the bound phosphate in casein. 
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EXPERIMENTAL 
Preparation of rennin 

Ernstrom's method ( 1958) was followed, except that the last 3 steps were eliminated 
and th� rennin from step 5 was dissolved in a minimum of distilled water, freeze-dried 
and then stored at - 15 °C. 

Starch-gel electrophoresis of the purified rennin indicated 2 major bands and 3 very 
minor bands (Aiyar, 1963). Ernstrom reported 4-5 electrophoretic peaks for his 
crystalline rennin using free-boundary electrophoresis. It is of interest to note that 
when the 2 major bands from the starch gel were eluted and re-examined by the same 
procedure they each gave 2 identical bands at positions corresponding to the sites of 
the major bands in the original run. The 2 bands thus appear to represent different 
states of aggregation of the enzyme, the extent of aggregation being controlled by an 
equilibrium condition. 

Preparation of alkaline milk phosphomonoesterase 

The method of Morton ( 1955) was followed up to and including the dialysis stage in 
step 4 after which the dialysed extract was freeze-dried and then stored at - 15 °C. 

Starch-gel electrophoresis of the purified enzyme indicated 2 major and 4-5 minor 
bands. 

Preparation of freeze-dried acid casein 

The method followed was that of Hi pp, Groves, Custer & McMeekin ( 1959) and Wake 
& Baldwin ( 1 961 )  which gave a casein containing 2·0 % ash and 0·74 % phosphorus. 

Urea starch-gel electrophoresis indicated 15-17 components (Aiyar, 1963), which 
was comparable with the results of Wake & Baldwin ( 1961 )  and Neelin, Rose & 
Tessier ( 1 962) .  

Preparation of casein substrate 

A smooth paste was first prepared by mixing the weighed quantity of the freeze­
dried acid casein with a small quantity of distilled water and this was then dispersed 
with more distilled water. To the stirred casein suspension, 0 · 1  N-NaOH was added 
dropwise to adjust the pH to 6·75. Nisin was added to give a final concentration of 
100 ppm. and the casein solution was then made up to the required volume (Nisin did 
not interfere with the enzyme actions of the rennin or alkaline phosphomonoesterase) .  

(a) With rennin 
Determination of phosphate liberation 

20 ml of a 3·5 %  (wfv) casein solution (pH 6·7) was held at 38 °C in a temperature­
controlled water bath and 5 ml of an aqueous solution of the enzyme was then added 
with mixing to give the desired enzymefsubstrate ratio (wfw).  Mter the desired time 
the reaction was stopped by pouring the mixture into a stoppered measuring cylinder 
containing 25 ml vanadium molybdate solution prepared according to Method 
Sheet no. 60, Unicam Instruments ( 1 961 ) .  The vanadium molybdate precipitated the 
casein, inactivated the enzyme and reacted with liberated orthophosphate ions to 
give the soluble, orange coloured vanadium-phosphomolybdate complex. The tube 
was rinsed with distilled water and the combined reaction mixture and wash made up 
to 75 ml and filtered, through Whatman No. 42 paper on a Buchner funnel. 



Phosphoamidase action of rennin 177 

The filtered samples were set aside for at least 2 h to permit full colour develop­
ment. Since there was a continuous slow aggregation of the reaction products it was 
found necessary to refilter the solutions before measuring transmissions. Repeated 
filtrations between 4 and 24 h after colour development did not significantly affect 
the final transmission reading. 

Percentage transmission was measured on a Beckman DU Spectrophotometer at 
420 mp,m. 

(b) With phosphomonoesterase 

(i) At pH 6 ·7-method as for rennin ; 
(ii) at pH 9·5-to 20 ml of a 3·5 % (wfv) casein solution made up in the double 

strength Na2C03fNaHC03 buffer of Tramer & Wright ( 1950) at pH 9·5 was added 
5 ml of enzyme solution in a similar buffer. The reaction was stopped and phosphate 
liberation measured as in (a). 

Using the synthetic substrate disodium p-nitrophenyl phosphate it was found that 
use of double strength Na2C03fNaHC03 buffer did not affect the activity of the 
phosphomonoesterase. 

(c) With rennin then phosphomonoesterase 

To 20 ml of a 3·5 % (wfv) casein solution (pH 6·7) the desired quantity of rennin 
was added as a powder. At the appropriate time the phosphomonoesterase was 
added as a solution in 5 ml of double strength Na2C03fNaHC03 buffer. This increased 
the pH to 9·5, inactivating the rennin, but giving optimum conditions for phospho­
monoesterase activity. The reaction was stopped and phosphate liberation measured 
as in (a). 

(d) With phosphomonoesterase then rennin 

To 15  ml 4·66 % (wfv) casein solution in double strength Na2C03fNaHC03 buffer at 
pH 9·5 was added 5 ml of the phosphomonoesterase in a similar buffer. At the 
appropriate time 5 ml of approximately 0·2 N-HCl was added to reduce the pH to 
6·65-6·70 and the rennin was added as a powder. The reaction was stopped and 
phosphate liberation measured as in (a). 

The final casein concentration was the same for all series. 

Determination of exposure of guanido groups 

The Sakaguchi ( 1925) test was used to detect the exposed guanido groups, the test 
being performed on a duplicate sample treated in a manner identical with that used 
for measuring phosphate liberation. The 2 tests were performed simultaneously. 
Two ml of the reaction mixture were removed at the appropriate time and transferred 
to a colorimeter tube containing 0·5 ml 1 N-NaOH (this stopped rennin action im­
mediately) ;  1 ml of distilled water was added, followed by 0·5 ml of 0· 1 % (wfv) 
naphthol in 70 % ethanol and 1 ml of 5 %  (wfv) sodium hypochlorite solution. The 
colour development was carried out with the tubes immersed in a water bath at 38 °C. 
The colour was developed for 2 min after the addition of reagents, the tubes were 
removed, allowed to cool in the dark, and percentage transmission read at 420 mp,m 
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(maximum absorption) after a minimum of ! h had elapsed to permit full colour 
development. The colour was stable for at least 2 h. 

A standard arginine solution was prepared by dissolving 120·92 mg of arginine 
monochloride (L.R. grade) in distilled water, the pH was adjusted to 7·0 with N/20 
NaOH and the volume made up to lOO ml. The arginine content of this solution was 
taken as lOO mg % (w/v). 

To prepare the calibration curve for the guanido group of arginine, measured 
quantities of the standard arginine solution were added to 2 ml of a 2·8 % (wfv) 
casein solution (i.e. the same concentration of casein as in the test samples). Distilled 
water was added to equalize volumes and this was followed by the Sakaguchi test 
reagents. Total volume was in all cases 5 ml. 

The casein solutions used to measure the colour after the Sakaguchi reaction were 
opaque but control experiments in which casein samples were incubated with rennin 
for periods of up to 24 h and then treated with 0·5 ml l N-NaOH, as in the Sakaguchi 
reaction, showed no change in opacity. The increased adsorption that occurred after 
such periods of incubation and with the addition of all the Sakaguchi reagents was 
considered, therefore, to be due to increased colour production as the result of rennin 
action. 

Since arginine was not released into solution by rennin action, but remained 
attached to the para-casein it was not possible to remove the casein by precipitation 
and then measure the colour in the clear supernatant. A filtered sample gave no colour 
test for soluble arginine. Control tests without enzyme addition were run with each 
experiment. 

The results given in Table 2 are each the mean of 6 separate determinations and 
are based on the assumption that both free and bound arginine (free guanido group) 
have similar colour values. The differences between each succeeding mean value are, 
respectively, significant at the following values < 0·025, < 0·01 ,  < 0·005. 

RESULTS 
(a) Phosphatase activity of rennin and alkaline phosphomonoesterase on 

2 phosphomonoesterase substrates 

(i) Disodium p-nitrophenyl phosphate 

The modified Aschaffenburg-Mullen phosphate test (Tramer & Wright, 1 950) was 
carried out using the 2 enzymes. Two buffer systems were used, the Na2C03fNaHC03 
buffer with reaction pH 9·6 and Na2HP04/KH2P04 buffer pH 6·2 (Vogel, 1 959). 

Observation at 2 and 18 h indicated no activity with rennin at either pH, whereas 
the milk phosphomonoesterase was very active at the alkaline pH and still retained 
considerable activity at the acid pH. 

(ii) Glucose- 1 -phosphoric acid (di-potassium salt) 

Phosphate liberation was measured after incubation at pH 9·6. Milk phospho­
monoesterase released all the phosphorus within l h .  

It is  interesting to  note that commercial rennet showed limited phosphoesterase 
activity with both these substrates. 
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(b) Liberation of phosphate from casein by rennin and phosphomonoesterase 
used individually or together 

1 79 

Results are given in Table 1 .  These results are the average of 2 entirely independent 
experiments. Transmission values of duplicate samples differerl hy a maximum of 
2 units (0·026 mg P 205) . Total phosphorus content in 700 mg casein used for each test 
amounted to 5·2 mg P or 12 mg P205 equivalent. 

The extended reaction time (30 h) for phosphomonoesterase was based on Perl­
man's ( 1 955) observation that phosphomonoesterase acted only slowly on unfrac­
tionated casein. 

Table 1 clearly indicates that alkaline milk phosphomonoesterase under the condi­
tions of the experiment does not release phosphorus from casein, whereas rennin 
liberated 3 · 1-3·4 % of the total phosphorus in 1 h. Furthermore, alkaline phospho­
monoesterase was not able to release any further phosphorus after the preliminary 
action of rennin on the substrate. 

Table 1 .  Liberation of phosphate from casein by rennin and alkaline phospho-
monoesterase acting individually or together 

% transmission Phosphate Phosphorus 
at released, released, 

Sample Reaction* 420 mft mg P205 % total P 

1 C 6·7/1 h + 5  m! D.S.B./30 h 105 Nil Nil 
2 C 9·5/30 h +  5 m! 0·2 N-HCI/1 h 105 Nil Nil 
3 RN + p 9·5/30 h 105 Nil Nil 
4 C 6·7/1 h + P  9·5/30 h 105 Nil Nil 
5 C 6·7 + RN/1 h +  5 m! D.S.B./30 h 74 0·40 3·4 
6 C 6·7 + RN/ 1 h + P  9·5/30 h 75 0·39 3·3 
7 C 9 ·5+ P/30 h + RN 6·7/1 ht 76 0·37 3 · 1  

* C = 20 m !  o f  3·5 % casein solution; 6 · 7  and 9·5 refer t o  reaction pH ; D.S.B. = double strength 
carbonate/bicarbonate buffer pH 9·5; RN = rennin; P = alkaline phosphomonoesterase ; 1 h and 30 h 
refer to time in hours ; enzyme/substrate ratios used : rennin, 1 :  87· 5 ;  phosphomonoesterase 1 :  1 16·7. 

t Rennin was added as powder after 5 m! 0·2 N-HCI had been added to bring reaction back to pH 6·7.  

(c) Phosphatase activity of different rennin concentrations on casein at a fixed 
reaction time and of fixed rennin concentration over extended reaction times 

Enzymefsubstrate ratios of 1 : 2 1 88, 1 : 1094, 1 : 728, 1 : 364, 1 : 1 82,  1 :  87·5 were used 
and the phosphate liberated after 1 h was measured. It was found that with the most 
dilute system ( 1 :  2 1 88) no detectable phosphate was liberated in 1 h, although a 
subsequent experiment gave 3 · 1 % of phosphorus released after 52 h incubation. The 
quantities of phosphate released in 1 h with the remaining enzymefsubstrate ratios 
were, respectively, 0·32, 0·50, 0·94, 1 · 9, 3·3 %- The latter value agrees with values for 
the same enzymefsubstrate ratio given in Table 1 .  

Fig. 1 shows the effect of different enzymefsubstrate ratios o n  the rate of release 
of phosphate and on its extent over 24 h. Using an enzymejsubstrate ratio of 1 :  87 ·5 
and incubating for 24 h, 9·5 % of the phosphorus was released, the slope of the curve 
indicated that further phosphate could be released given time. 

Fig. 2 shows the effect of increasing the substrate concentration on the release of 
phosphorus over 24 h using the same concentration of enzyme. Since the plot of the 
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phosphorus released under these conditions shows no sign of flattening out it is 
assumed that saturation or limiting conditions of the enzyme-substrate relationship 
have not yet been reached, and in an endeavour to apply approximate quantitative 
relationships between the released phosphorus and the exposed guanido groups of 
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Fig. 1. The effect of various enzymefsubstrate ratios on the release of phosphorus after different 
periods of incubation. Enzyme/substrata ratios : !::,., 1 : 87·5 ; 0, 1 : 182; e, 1 : 364. Scales : 
ordinate, log ( 1  cycle ) ;  abscissa, log (3 cycles) .  
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Fig. 2. The effect of various enzymefsubstrate ratios on the total amount of phosphorus released 
during 24 h incubation. Scales : ordinate, linear ; abscissa, log ( 1  cycle) .  
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arginine the curve has been extrapolated to zero to obtain the probable maximum 
value for phosphorus released. By calculation the regression equation for the data 
depicted in Fig. 2 is 

Ye = 19· 1 4 - 4·913x, 

where x is the log value of the enzymejsubstrate ratio, the variance is 0·24 and the 
standard error of the estimate is 0·49 % P. It would therefore appear that about 20 % 
of the total phosphorus of casein can be released by rennin. 

The pH of the casein solutions during a 24 h experiment with added rennin gene­
rally dropped from 6·7 to 6·2-6·3  and during this time the solution became increasingly 
opaque and ultimately deposited a precipitate. The opaqueness was very obvious 
when compared with non-rennin treated controls after 4 h incubation. It is possible 
that as a result of rennin action on the dispersed casein, reactive groups are exposed 
which permit casein aggregates of greater than colloidal dimensions to develop or, 
alternatively, the casein molecule may, under the action of rennin, be unfolding to 
give a denatured product as proposed by Berridge ( 1942) .  

The drop in pH was found to  have no measurable effect on rennin activity when a 
veronal-acetate buffer (Michaelis, 1 931 )  at pH 6· 7 was used to stabilize the reaction. 

Table 2. Exposure of guanido groups and liberation of phosphate from casein 
by rennin 

Phosphorus released Arginine exposed 

mg/100 g molesx 10'/ mgj100 g moles x 105/ ;\loles arginine exposed 

Sample Reaction* casein 100 g casein casein lOO g casein !\Joles phosphorus released 

l-! C 6·i + 5  ml distilled \\'ater Nil � il Nil Nil 
5 C 6· i + RNJ1 h 20 65 730 -!20 6·5: 1 
ti C 6·i+ RNJ2 h 41 132 860 500 3·8 : l 
7 C 6·7+ RNJ4 h 56 180 980 560 3 · 1 :  1 
8 C 6·i+ RNJ24 h i l  230 1210 700 3·0: 1 
9 C 6·7+ RNJ48 h 1 160 670 

1 0  C 6·i+6·25 m! Nil Nil 
"·NaOH+ RN/24 h 

* For explanation of abbreviations see footnote to Table 1 ;  enzymefsubstrate ratio, 1 : 8i·5. 

(d) Release of phosphorus and exposure of guanido groups of arginine as a result 
of rennin action on casein 

Table 2 indicates that exposure of guanido groups as the result of rennin action on 
casein occurred much more quickly than the release of phosphorus. The release of 
phosphorus was comparable with that of earlier experiments. Thus, the ratio of moles of 
phosphorus released to moles of arginine exposed was 1 :  6 ·5 at the end of the first hour, 
but was only 1 :  3·0 at the end of 24 h as phosphate release continued and arginine 
exposure levelled off. No further guanido groups were detectable on incubating for a 
further 24 h. Results discussed earlier (Fig. 2) indicate that ultimately around 20 % 
of the total phosphorus appears to be capable of release by rennin. Twenty per cent 
of the total phosphorus in the casein used is equivalent to 148 mg P/ 100 g casein or 
480 x I0-6 moles P/ 100 g casein. Thus, the ultimate ratio of moles of arginine exposed 
to moles phosphorus released approximates 1 · 5 :  1 .  
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DISCUSSION 
The present experiments have indicated that about 20 % of the phosphorus in 

casein may be released through the action of rennin, but no release of phosphorus was 
evident through phosphomonoesterase action. Purified rennin did not have phospha­
tase action on the synthetic substrate, di-sodium p-nitrophenyl phosphate, whereas 
the alkaline phosphomonoesterase was extremely active. Commercial rennet had 
some activity, which was not unexpected, since it is possible for contaminating 
enzymes from the calf mucosa to get into the rennet during its commercial extraction. 

Kalan & Telka ( 1 959) observed an 85 % dephosphorylation of whole casein, using 
calf intestinal mucosa acid phosphomonoesterase, which was in general agreement 
with Zittle & Bingham's finding ( 1 959) based on the use of alkaline milk phospho­
monoesterase which, however, had shown greatest activity on casein at neutral pH. 

Sampathkumar, Sundararajan & Sarma ( 1 957) reported 55 % dephosphorylation 
of whole casein using an acid pyrophosphatase from soyabean, and Sundararajan & 
Sarma ( 1957) dephosphorylated whole casein to the extent of 77 % using a phospho­
protein phosphatase (acid) from rat tissues. In general, results from the action of 
phosphatases on casein appear confusing. However, the results obtained by all the 
above workers indicate that about 1 5-20 % of the total 'phosphorus ' in casein was 
not released by their enzyme preparations. 

In this present study it has been deduced that rennin may be capable of liberating 
about 20 % of the total phosphorus in casein and in view of the quoted results of other 
workers with various phosphatases it is suggested that this phosphorus could arise 
from phosphate linkages which appear to resist the action of phosphatases in general. 

Perlman ( 1955) indicated that 40 % of the total phosphorus in a-casein was bound 
through an -N-P-0- link and Dyachenko ( 1 959) postulated a phosphoamidase 
action of rennin on casein, and suggested that the phosphoamidase action was on 
phosphorus linked to the guanido group of arginine. 

Perlman ( 1 955) considered that the remaining phosphate linkages in casein were of 
the ester or pyrophosphate type. No consideration was given to a linkage of the type 
-N-P-N-. 

If 40 % of the phosphate linkages in a-casein were of the -N-P-0- type, then 
it should be possible to liberate orthophosphate ions by the combined action of 
rennin and alkaline phosphomonoesterase. Table 1 (samples 4, 6 and 7)  showed that 
rennin plus the alkaline phosphomonoesterase prepared for these studies released no 
more orthophosphate than was released by rennin alone. Since free orthophosphate 
ions only are capable offorming the phosphomolybdate complex (Durrant & Durrant, 
1 962 ; Pauling, 1 952) ,  rennin must be capable of completely hydrolysing some of the 
phosphate linkages present, and since the rennin used in this study did not possess 
measurable phosphoesterase activity, it is reasonable to conclude that some phos­
phorus in casein is linked -N-P-N-. 

With regard to the exposure of guanido groups of the arginine residues in acid 
casein by rennin action the results indicate that ultimately for every mole of phos­
phorus released, more than 1 mole of arginine appeared to be exposed. 

This exposure of arginine appeared to go at a very much faster rate initially than 
the release of phosphorus. Thus, the ratio of phosphorus released to arginine exposed 
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(at the guanido groups) was of the order of 1 :  6-1 : 7 after 1 h. The ultimate 1 :  1 ·5  
ratio of phosphorus released to arginine exposed suggests an -N-P-N- link in 
the casein molecule, i.e. 2 arginine residues linked by their guanido groups through 
phosphorus as follows : 

NH 0 NH 
11 11 11 

-NH-C-N-P-N-C-NH-
H I H 

OH 

Half of the rennin-sensitive phosphorus is probably attached to only 1 guanido 
group. 

A reasonable explanation for the observed changing ratio of phosphorus released 
to guanido groups exposed can be derived if one bears in mind that only phosphorus 
completely released as orthophosphate ions is measurable, whereas the guanido group 
exposed through the hydrolysis of only one bond of the -N-P-N - linkage becomes 
detectable. Since a 1 : 1  ratio of -N-P-N- linkages and -N-P linkages has 
been proposed, let us consider for mathematical convenience the hydrolysis of 66 of 
each of these linkages in casein by rennin. It is assumed that one phosphorus bond in 
-N-P-N- is more readily hydrolysed than either the remaining bond or the 
simple N-P bond and that this difference in hydrolysis rate is of the order 1 1 : 1 . 
Table 3 indicates the gradual change in the ratio of guanido groups exposed to 
phosphorus released which would be expected with the passing of time. 

Table 3.  Calculated change in the ratio moles arginine exposed : nwles phosphorus 
released 

Time interval, h to t1 - x  t, t2 t, i2� tctJ 

No. of original -N-P-N- linkages remaining 66 55 0 
No. of original -N-P linkages remaining 66 65 60 
Total no. of -N-P linkages remaining 66 75 1 20 1 10·4 1 0 1 · 2  94·0 0 
No. of ' P '  released from all -N-P 2 1 2  2 1 · 6  30·8 38 132 
No. of ' N '  exposed from all -N-P 2 1 2  2 1 · 6  30·8 38 132 
No. of ' N '  exposed from all -N-P-N- 1 1  66 66 66 66 66 
Total no. of ' N '  exposed 1 3  78 87 ·6  96·8 104 198 

Ratio 
, 
N

, 
: 
, p , ( moles arginine exposed ) 

moles phosphorus released 
6·5 6·5 4·05 3·1 2 ·7  1 ·5  

Observed ratio ' N ' : ' P '  6·5 3·8 3 ·1  3 ·0 

To have an equivalent time basis for comparison with the observed change in 
' N ' :  ' P '  ratio, the number of moles of ' P '  released for the various time intervals used 
in the calculation is the same as that observed for the release of phosphate with an 
enzymefsubstrate ratio of 1 : 87 ·5  and since this is the same condition as used in 
determining the observed ' N ' :  ' P '  ratio the calculated and observed figures are 
comparable. The rates are found to agree very well. 

No new ex-amino end group has been demonstrated on the para-casein or para-K­
casein molecules formed during the initial fast reaction of rennin on casein. This 
would not be expected if, as suggested in this study, the phosphorus were attached to 
guanido groups at either end. Cleavage of either P-N bonds would only expose 
guanido groups and not produce a new ex-amino end group. 
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The work of Dyachenko ( 1 959) indicated that the basic groups exposed by rennin 
action on casein stem mainly from arginine, and results from this study support thi� 
view. 

In conclusion, it appears that an -N-P-N- link is present in casein ; the 
phosphorus links 2 arginine residues through their guanido groups ; rennin is capable 
of hydrolysing N-P bonds and may hydrolyse the bonds of -N-P-N- at 
different rates. 

Acknowledgement is made to the N.Z. Rennet Co. Ltd. for contributing the corn· 
mercial rennet from which the purified rennin was prepared_; to Aplin & Barret Ltd. ,  
for the sample of Nisin ; to The Dairy Research Institute (N.Z.) for the milk used in 
preparing the acid casein and for the buttermilk used in preparing the alkaline milk 
phosphatase. 
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