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INTRODUZTION

The properties of dalry products zre Influen-
ced by ithe heat freatment to whichk the milk has been
subjected during their preparation. This treatment
is widely employed in the dairy industr;y; to improve the
keeping quality of milk and milk products. The chan-
ges which are causged in wilk by heat treatment have
been the subjeet of Intensive investigations over the

past 40 years.

It has been well established that when milk is
heated the whey proteins denatured and that sn intersc-
tion between them and casein occurs. Since that time
many investigators have suggested & complex between:

1} K-casein and B-lactoglobulin (Zittle, et al.,1962);
2) Crude K-casein and B-lactoglobulin (Long,et al.,
1963}; 3) Whey proteins and k-casein (illartman and Swan-
son, 1965); 4) Alpha Lectalbumin and nilk protein(Baer,
et al., 1976); 5) B-Laectoglobulin and casein micelles,
(Smits end Van Brouwershaven 1950) wnd ©) Tne effect
of ecarbohydrate moiety of k-casein on the complex forme-

tion with E-lactoglobulin, {Doi, et al., 1981).
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In contrest, only limited nunber of atudies have
been devoted to hesat induced complex formstion between
whey proteins snd other milk proteina in respect of buffa-
lce's milk, However, the effect of heat on serum prot-
eins ip particular is of industrial imporiance because of
its role in rennin sction, heat stablility and the product-
ion of cooked flavour in milk (Wiizson .. Wheeloek, 1972

and Pax and lorrissey, 19771}.

Conéidering this importeant points, the object of
this work is to determine precisely ithe role of the in-
teraction between whey protein and cacein wnen Egyptian
buffalcoe's milk subjected to different ueat treatments
between 60°C and 95°C, The study was carried out under
two main paris, The first puart was devoted to find out
the effect of heat treatment, hydrogen peroxide and iede
gcetic acid on buffalee's milk proteins. The second
part was concerned with the factors affecting the inter-

action of milk proteins Io a model system.
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REVIEW OF LITERATUKI

A i ——— i B e 4t vt U e v ——

In this literature survey an uttempt was made
to provide an adequate background knowledge to the
general festures of milk proteins, with particular
emphasie on the chemical changes which occur as a re-

gult of heat $treatment.

1. Casein:

Mulder (1838} was the first person whe precipi-
tated casein from bovine milk by the addition of agcid.
For many yesrs, casein was believed to be a single pro-
tein, However, Linderstrom-lang and Kodema (192%)
ahowed that casein wag in fact hetercgeneous. The ultra-
centrifugation studies by Pedersen {1934) demonstrated
that casein sediments &s & polydisperse. When inveg-
tigating the electrophoretic behaviour of cssein in
borate buffe; at pH 8.6, Kellander (1939) obtained
three bands, These were designated ©& -, B-, and §-

cagein in order cof decreasing electrophoretic mobility.

After the discovery of the hneterogeneity of the
cageln several eitempts were made to isclate the wvarious
components with ressonable purity. Present day methods

of preparation of each of these fractions are given by
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McKenzie (1967}, Nackinlay and Wake {1971), and Fox
(19823,

Weaugh and von Hippel {(1956) wers tirst disco-
vered that 4 -casein consist of CN;— urad k-caselin,
After the discovery of the heterczercity oi the &% -
casein, Ribadeau-Dumas (196l) reportecd that C*g-casein
was homogensous, But using ionexchunge chromatography
Waugh,et al, (13962) obtained two main fractions ( >a
and CM%E} and & few minor fractions.  Woreover, Thom-
pson et ml., (1362) were able to demonstrate three va-
riants for o< _;-cesein, which they named as &< ;-a, B,

and C ceagein.

The B-casein wag assumed to be homogeneous un-—
til Aschaffenburg (1961, 1963) had shown that B-casein
exhibits genetic polymorphism {A, B, and ¢). Variant
A wags found to be the most common and varisnt € the least
common, So far five genetic wvariants Al, A?, A%,B and

€ had been reported by Thompson.et al, {1964},

The most complex e¢asein component in its pro-
perties and functions is k-casein. Kirschenbaunm,

» (1973} reported that k-casein appears to be the simplest
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in genetic terms having only two genetiec variants (4
and B). Unlike the other caseins, k-casein contains
a significant amount of half c¢ygtine (1.4%) and carbo-

hydrste,

2, Whey proteins:

The solution which remains ater tne precipita-
tion of casein from milk at pH 4.6 contains the whey
protein. The isolation and properties of the indivi-

dual whey proteins have been reviewed by McKenzie(1l971).

Beta-lactoglobulin makes up ubout 50% of the
whey protelns. Larson and Jenness, {(1951) reported
that B-lactoglobulin is the only milk protein whiech con-
taina the aminoe =seid cysteine and therefore has free-SH
groups. Aschaffenburg (1965), recognized three genetic

variants of B-lactoglobulin (A, B and C).

The second largest whey protein is € -lactalbu-
min, Gerdon (1971) reported that®{ -lactalbumin ceontains
4 disulphide bonds, has & high content cf trypteophan,
and also contains & high retio of polar to nonpolar

groups.,

w

Central Library™- Ain Shams University



3, The effect of heat on milk proteins:

The effect of heat on E-lacteglobulin was firat
investigated by Briggs and Hull {1945) at pH 7.0 using
moving boundery electrosphoresis technique. The iden-
tified two distinct reactions, The first occurred at
temperatures above 65°C and resulted in an increase in
the particle weight. The second reaction occurred
after the first onme if the temperature was then lowered.
The second resction caused a further increase in the
particle size, If the tempersture increased above 75°C
the second rehction became progressively less Important

and at 99°C was negligible,

The various proteins in whey were shown by
Larscn and Rolleri {195%) to be neat denatured at dif-
ferent rates; the immunoglobulin fraction was denatured
firet followed by the serum albumin which, although not
a milk protein per se. The B-lactozlobulin wes less
rapidly affected under the same hesting conditions

while & ~lactelbumin was the most resistant.

Della Monice,et al., {1958) nad shown that elec-
trophoretic studies slone did not provide conclusive

evidence a8 to whether B-lactoglobulin and X —casein
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form a complex when heated, because the heating of Be
lactoglobulin solutions increases electrophoretic mobi-
lity of the protein until it was close to the mobility
of X —¢asein. However, by using precipitation studies,
they found that in the mixture B-lactozlobulin was not
precipitated by & concentration of celcium chloride thet
will precipitate it when hested alone, It was conclu-
ded that the reduction in the precipitetion of B-lacteo-
globulin by caleium chloride in the presence of X~casein,

might be due ito formation of a complex with the casein.

Trautman and Swenson (1958 snd :1959) had shown
that the presence of sulfhydryl blocikin ugents during
heating of skimmilk prevented the transformation of B-
lactoglobulin into 8 complex which moved electirophore-
tically withO{ -casein at pH 6.8, u = 0.1, and the
well known stabilization of evaporated milk by fore-

warming.

A comparison haed been made on ihe heet denetura-
tion of B-lactoglobulin A apnd B by Gouzh and Jenness
(1962}, They found that B-lactoglobulin "B" was more
rapidly denmtured than B-lactoglobulin "A"™ by heat

treatment of skimmilk or =sclutisns of the isolated
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proteins at pH 6.7 in the temperature range from 67 to
750, Three criteria of densturstion, solubility at
pH 5.0, -83H groups ectivity, and specific optical rote-
tion, &)1 demonstrated the difference in denaturability

of the twe proteins,

Zittle,et al., (1962} demonstrnted by means of
moving-boundary electrophoresis, uwltra-centritugation,
gtabilization by calecium c¢hloride, ard clotting by re-
min, that mixtvres of k-caseln and B-lactoglobulin for-
ned a complex upon heating., The ccemplexz had an elec-
trophoretic mobility at pH 2.1 intermediute between
those of the two proteins heated singly. They suggesé
ted that the reaction may involve exposure of the -SH
groups in the B-lactoglobulin, Thay alsoc reperted that
it was unnecessgary tc heat the two proteins together to
cptain a complex but when B-lactoglobulin was heated
alcne and then mixed with unheated k-caseln, a complex

wag alsc formed.

Aurand,et &l., (1963} used gel and immuncelec-
trophoresis to provide that a complex formed on heating
between B-lactoglobulin and casein and between casein

and serum albumin, The sulfhydryl blocking agents used
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