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An "artificial milk" system, prepared under controlled conditionms,
was developed. This was used for the study of the initial phase of
rennet action on casein which results in gel formation. It was also
used for a study of factors contributing to syneresis of rennet-casein
gels.

"artificial ailks" containing calcium alone (60 - 125 mg% added
calciun;*;ore shown to contain micelles very similar in gross structure
and physical organisation to those in normal skim milk. It was
demonstrated by electron microscopy that the presence of phosghate ion

in the "artificial ailks ", whether as NaZHPOh or as H,F0O,, sharply

3
raduced the size of casein micelles which were them quite unlike those
in skim milk.

Kennet action at 0°C on both sodium caseinate and calcium caseinate
“milks'" was found to egignificantly reduce the viscosity and hydration
constant 'K' of the caseinate systems. An ultracentrifugal technigue
using haemoglobin e&s an indicator, showed that rennet action on casein
micelles in calcium caseinate '"milks" released, at or about gel point,

a quantity of "immobilised" water which amounted to about 70% of the
weight of the "wet' protein.

Electron Mierographs of calcium-caseinate "milks", calcium caseinate
- calcium phosphate "milks" and akim milk indicated that gel foraation
was essentially a micelle-surface phenomenon. No imdication was found
for the distortion of the micelles due to remnet action, nor did rennet
action appear to reduce the size of the micelles.

Whole casein was found to contain both cystine and cysteine.
However, sulphydryl - disulphide or disulphide exchange reactioms did not
appear to play a significant role in gel formatiom or im the syneresis

¥ added as CaCly- 2H:0




of rennet-casein systems. The studies indicated that the presence of
para-kappa casein in its entirety, probadly on the micelle surface, was
necessary for the development of a 3-~dimensional gel network.
Modification of para-kappa casein through scissiom of the disulphide
bond was found to give a precipitate rather than a gel network after
rennet action.

Calcium was shown to be important for both gel formation and
syneresis. In its absence, neither phenomena occurred in rennet-casein
systems. Despite this observed 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
formation. Both rennet modification of casein and the presence of
calcium was found to be necessary for syneresis to occur. In the
absence of either, no syneresis was observed even when the pH was
lowered below the isoelectric point.

The level of calcium in the '"'mi k8" was found to greatly influence
both the rate and the extent of syneresis. A sharp drop in syneresis
was observed in rennet-casein systems containing between 125 mgs and
175 mgh added calcium. It was postulated that the addition of such a
level of calcium neutralised by interactiom, the availadble negative charges
on the caseinate and that this caused the gel network to acquire a net
positive charge, thus giving rise to electrostatic forces promoting
swelling and opposing syneresis,

Pinitrophenylation studies and studies on heated "artificial atilk"®
systems containing reducing sugars showed that.P casein played a major
role in the interactions causing syneresis. Xs; and kappa casein did
not appear to play a significant role im this phenocmenocn. The studies
esphasised the important and possibly direct reole played by the free



amino groups of ﬁ.-caaoin. probably the epsilom amimo groups of

lysine, in syneresis. The attractive forces causing shrinkage of the
system after gel formation has occurred initially appear to be primarily
electrostatic in character.

It appears possible that free amino groupes are exposed by rennet
action on kappa casein and these are involved with calcium in the
gelation phenomenon.

It is postulated that both gelation and subsequently syneresis
result fros the formation of co-ordinate covaleat linkages batween
calcium and the separately involved free amino groups of the kappa casein

for gelation and/@ casein for syneresis.
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